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analyses. It was established that in the Polissia zone the micronutrient content was as follows: manganese levels
ranged from 4.6 to 17.1 mg/kg, copper from 0.1 to 0.75 mg/kg, cobalt from 0.18 to 2.57 mg/kg, and cadmium from
0.08 to 0.5 mg/kg; in the Forest-Steppe zone, manganese ranged from 10.08 to 21 mg/kg, copper from 0.08 to
0.23 mg/kg, cobalt from 0.24 to 0.42 mg/kg, and cadmium from 0.05 to 0.14 mg/kg. Correlation and regression
analyses showed that the dynamics of changes in these elements exhibited significant fluctuations described by
stochastic models with weak and strong correlation relationships. It was determined that most districts within the
studied zones are unsuitable or only marginally suitable for the establishment of special raw material zones due to
low copper and cadmium content; in the Forest-Steppe zone, nine districts were assessed as unsuitable. To ensure
the production of raw materials suitable for infant and dietary nutrition, it is necessary to maintain high levels of
manganese, copper, and cadmium availability. The obtained data make it possible to substantiate measures aimed
at optimising soil micronutrient status and forming special raw material zones for the production of safe infant
and dietary products

Keywords: soil quality; assessment of soil suitability; soil contamination; infant nutrition; product quality; raw

material production

INTRODUCTION

The issue of establishing special raw material zones
(SRMZs) in Ukraine stems from insufficient production
volumes of raw materials for the manufacture of infant
food products, which currently fail to satisfy even half
of the existing demand. At the same time, due to the dif-
ficult socio-economic situation caused by the full-scale
invasion of Ukraine by the Russian Federation in 2022,
the process of granting SRMZ status to agricultural
producers cultivating raw materials suitable for infant
and dietary food production has slowed considerably.
Addressing this issue should be facilitated through the
implementation of strategic national priorities, in par-
ticular the organisational, social, and economic foun-
dations of state policy in the field of providing children
with adequate, high-quality, and safe nutrition in ac-
cordance with Law of Ukraine No. 142-V (2006). Equally
important is compliance with the procedures for grant-
ing producers the status of SRMZs for the production
of raw materials used in the manufacture of infant and
dietary food products, in accordance with Resolution of
the Cabinet of Ministers of Ukraine No. 1195 (2007).

An important aspect of ensuring the quality of such
raw materials is their micronutrient composition, which
directly influences the nutritional value of the products.
The widespread deficiency of micronutrients in humans
is attracting increasing attention from the internation-
al scientific community. One promising approach to
addressing micronutrient deficiencies in food systems
is the biofortification of crops (Mandial et al., 2023). In
particular, L. Galic et al. (2025) emphasised in their study
that optimal human health depends on an adequate
dietary intake of essential micronutrients, specifically
selenium, zinc, copper, boron, manganese, molybdenum,
iron, nickel and chlorine. At the same time, these ele-
ments play an important role in plant metabolic pro-
cesses, and their deficiency is widespread in various
agroecosystems around the world. There have been nu-
merous cases where trace elements are found in soils
at toxic concentrations, posing a risk to plant growth
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and human health. There is a need to understand the
complex relationship between soil quality and human
health, which occurs through the transfer of essential
trace elements from the soil, as an abiotic environment,
into the biotic systems of plants and animals that make
up the human diet.

The increasing intensity of the dispersion of heavy
metals and micronutrients in the environment and
their involvement in the biogenic cycle has been docu-
mented both globally and in Ukraine. The spread of mi-
cronutrients in the environment is caused by both nat-
ural and anthropogenic factors. Natural causes include
the weathering of rocks and minerals and soil erosion,
while anthropogenic factors include human economic
activities such as industrial emissions, the application
of organic and mineral fertilisers to soils, and the wide-
spread use of pesticides containing impurities of heavy
metals and micronutrients. S. Razanov et al. (2022) also
emphasised that the occurrence and accumulation of
micronutrients in soils depend on the chemical forms
in which they are present in parent materials or enter
soils through atmospheric precipitation and dust, while
the level of their toxicity within the “soil-plant-ani-
mal-human” system is determined by their content in
both total and mobile forms. Similar conclusions were
reported by (Emam & Soliman, 2022).

Despite the importance of ensuring adequate mi-
cronutrient availability in arable land for obtaining
high yields and products of appropriate biological qual-
ity suitable for infant and dietary nutrition, the assess-
ment of their content and spatial-temporal dynamics in
the soils of Rivne region remains insufficiently studied.
In this regard, the aim of the study was to assess the
level of micronutrient availability in the arable lands
of Rivne region for the subsequent establishment of
SRMZs. To achieve this aim, the following objectives
were set: (1) to evaluate the dynamics of changes in
micronutrient content and the level of micronutri-
ent availability in the arable lands of the Polissia and




Forest-Steppe zones of the region; (2) to determine the
suitability of these lands, according to their micronutri-
ent content, for the formation of SRMZs; (3) to substan-
tiate the feasibility of measures aimed at restoring the
optimal balance of micronutrients in arable soils.

LITERATURE REVIEW

Many scientists from other countries, including G. On-
drasek et al. (2025), emphasise that industrialisation,
urbanisation, and intensive agriculture accelerate the
global accumulation of heavy metals in soils. This is
confirmed by the results of studies conducted in var-
ious countries around the world. Thus, the study by
J. Qi et al. (2024) highlighted that industrial zones and
chemical production in China increase the risk of soil
contamination by heavy metals,among which cadmium
poses the greatest threat due to its high concentration
and ability to accumulate in plants, thereby negatively
affecting soil quality and, consequently, human health.
In the work of H. Binner et al. (2023), it was established
that metals such as lead, zinc, chromium, and nickel
exceed national safety limits in urban soils of Italy, Ser-
bia, and the United Kingdom, thereby reducing water
quality and posing a threat to human health. According
to T.T.H. Truong et al. (2025), industrialisation and ag-
ricultural development in southern Vietnam contribute
to increased concentrations of heavy metals in soils.
High concentrations of anthropogenic arsenic, cadmi-
um, manganese, lead, and zinc exceeding permissible
limits were identified by A.M.A. Ahogle et al. (2023) in
peri-urban agricultural soils of Nairobi, creating risks
to public health. Similar trends in the accumulation of
heavy metals in soils may be caused by various sourc-
es of input, particularly agrotechnogenic factors. For
example, increases in their concentrations in Belgian
soils by 1.7-5.3 times were observed during winter,
which has been associated with manure application
(Luo et al., 2025).

Elevated concentrations of heavy metals in the hu-
man body are associated with metabolic disorders. In
particular, the study by S. Cortés et al. (2021), conducted
among the population of Chile, established that high
concentrations of inorganic arsenic and nickel in blood
are associated with elevated glucose levels and an in-
creased risk of metabolic diseases. Research by R.Wu et
al. (2024) indicated the significant role of chronic ar-
senic exposure in the development of gestational di-
abetes, while increased blood lead levels, as noted in
the work of S. Heidari et al. (2022), result in reduced 1Q
in children under 12 years of age. V.A. Florez-Garcia et
al. (2022) established that elevated cadmium levels
are associated with an increased risk of breast cancer
in women, while even low concentrations of mercury
are capable of causing long-term adverse effects on
the nervous, respiratory, and cardiovascular systems
(Charkiewicz et al., 2025). High serum copper levels are
associated with an increased risk of stroke, myocardial
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infarction, and cardiovascular mortality (Munoz-Bra-
vo et al.,2023). According to F.U.Haque et al. (2023), mi-
cronutrients such as copper, nickel, and zinc play a key
role in crop production and food quality. It should also
be noted that the minimum risk associated with human
consumption of micronutrients through food products
is achieved under conditions where the adequacy cri-
terion, namely the boundary between deficiency and
excess, is maintained.

At the same time, most studies provide insufficient
coverage of the causes underlying both micronutrient
deficiency and excess in the human body, particularly
their relationship with soil properties. Manganese defi-
ciency contributes to the development of diabetes and
convulsive syndrome; zinc deficiency leads to congen-
ital malformations in infants; a lack of molybdenum in
the body results in intellectual disability; cobalt defi-
ciency causes vitamin B12 deficiency and atrophy of
the intestinal mucosa; while copper deficiency leads to
disorders in the formation of the cardiovascular system,
skeleton, and central nervous system, and aggravates
hereditary diseases and cholesterol accumulation. Re-
search by D.Jin et al. (2024) indicated that zinc deficien-
cyis associated with a high prevalence of infectious dis-
eases, whereas selenium deficiency may contribute to
increased incidence of cardiovascular diseases among
adults in the United States (Liang et al., 2025). Since
both deficiency and excess of micronutrients in the hu-
man body cause various pathological conditions, there
is a need for their proper regulation within food chains,
namely their content in soils, crop and livestock prod-
ucts, food products, dietary nutrition, and subsequent
intake by humans, which is consistent with the concept
of micronutrient transfer within the “soil-plant-human”
system (Kabata-Pendias, 2004). This will contribute to
the formation of a balanced micronutrient composi-
tion in the human body, which is a prerequisite for the
sustainable functioning of its cells, tissues, organs, and
systems, as well as for ensuring active longevity.

The content of micronutrients in soils is formed
under the influence of a number of natural and anthro-
pogenic factors. The content of mobile forms of micro-
nutrients such as arsenic, chromium, copper, iron, mag-
nesium, molybdenum, nickel, lead, strontium,and zinc is
positively influenced by seasonal changes during win-
ter-spring (wet seasons) compared with summer-au-
tumn (dry seasons), whereas under drought conditions
manganese, vanadium, and cadmium demonstrate in-
creased extractability. Similar processes of mobilisation
and transformation of micronutrients in soils are also
largely regulated by soil properties, particularly the
content of organic matter. According to the studies of
S.S. Dhaliwal et al. (2019), organic matter determines
the redistribution of zinc, copper, iron, manganese, bo-
ron, and molybdenum, since its accumulation promotes
the transformation of adsorbed fractions into forms
more available to plants.
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Agrotechnical measures, particularly fertiliser ap-
plication, play a significant role in the formation of
micronutrient content in soils. It has been established,
according to summarised data, that mineral fertilisers
contain the following micronutrients: phosphorite
meal contains manganese up to 1,800 mg/kg, zinc up
to 1,000 mg/kg, copper up to 300 mg/kg, and cobalt up
to 10 mg/kg. Simple superphosphate contains manga-
nese up to 1,000 mg/kg, zinc up to 600 mg/kg, copper
up to 270 mg/kg, and cobalt up to 10 mg/kg. Potassi-
um sulphate contains manganese up to 13 mg/kg, zinc
up to 8 mg/kg, copper up to 10 mg/kg, and cobalt up
to 0.1 mg/kg. Calcium carbonate contains manganese
up to 1,200 mg/kg, zinc up to 450 mg/kg, copper up to
125 mg/kg,and cobalt up to 0.4 mg/kg.Under conditions
of irrational application of organic and mineral fertil-
isers to arable land and uncontrolled use of pesticides,
contamination by heavy metals and micronutrients oc-
curs (Romheld, 1991; Lisoval et al., 2002). As a result,an
imbalance of micronutrients available to plants is ob-
served in arable soils due to certain elements occurring
either in deficient states (low or very low availability)
or in excessive states (high or very high availability).

MATERIALS AND METHODS

The methodological basis of the study consisted of
a set of approaches and methods aimed at assessing
the content and dynamics of micronutrients in soils.
The study was conducted during 2020-2025 in Rivne
region, Ukraine, within the Polissia and Forest-Steppe
zones (GPS coordinates 50°59' N, 26°24’ E). In the
Polissia zone, sod-podzolic sandy loam soils and grey
forest podzolised light loam soils predominate. The
Forest-Steppe zone is characterised by typical cher-
nozems and podzolised light loam chernozems, which
are mainly used for cultivating cereal and industrial
crops (winter wheat, soybean, maize, sunflower, rape-
seed, barley, and oats). Soil samples for determining the
content of manganese, copper, cobalt, and cadmium
were collected using the “envelope” method at a dis-
tance of no less than 30 m from roads. The composite
sample was formed from 20-25 point samples weighing
400-500 g. The sampling depth was no less than 20 cm.

The location of the composite sample collection
was linked to cartographic reference objects using a GPS
receiver and recorded in the field according to the coor-
dinate system established by DSTU 4287:2004 (2004).

The content of micronutrients in soil samples was deter-
mined by the atomic absorption method in accordance
with DSTU 4770.6:2007 (2007), 4770.1:2007 (2007),
4770.5:2007 (2007), and 4770.3:2007 (2007) at the
measurement laboratory for analytical support of agro-
chemical and agroecological research at the Rivne
branch of the State Soil Protection Agency, which holds
a certificate of conformity of the measurement system
with the requirements of DSTU I1SO 10012:2005 under
No.0117 dated 31 March 2013, issued by Testmetrstan-
dart LLC. The selection of experimental data for 2015-
2020 on micronutrient content in the soils of the region
included weighted average indicators calculated from
three replications, while the error values in determin-
ing micronutrient content in soils did not exceed those
specified in the certificate, namely: manganese €21%,
copper £9%, cobalt £7%, and cadmium <30%. The study
also employed methods of retrospective analysis and
comparison of data (2015-2020), generalisation (direc-
tions of changes in micronutrient content over time),
analogy (investigation of similarities in the dynamics
of changes in the content of individual micronutrients),
and mathematical methods (correlation and regression
analyses of micronutrient content dynamics using Micro-
soft Office Excel 2010), including determination of the
correlation coefficient at the 5% significance level and
testing of the null hypothesis Hy when F_ .. > Fieoreticar
The qualitative assessment of the obtained corre-
lation coefficients was determined according to a scale
ranging from O to 1: O - no relationship; 0.01-0.20 -
very weak relationship; 0.21-0.50 - weak relationship;
0.51-0.70 - moderate relationship; 0.71-0.90 - strong
relationship; and 0.91-1.0 - very strong relationship.
The suitability of arable land for SRMZ requirements
was determined according to the standard indicators of
the content of mobile forms of micronutrients, name-
ly: suitable - not lower than manganese 10.1 mg/kg,
copper 0.21 mg/kg, cobalt 0.16 mg/kg, and cadmium
1.01 mg/kg; limited suitability - not lower than man-
ganese 7.1 mg/kg, copper 0.16 mg/kg, cobalt 0.11 mg/
kg, and cadmium 0.51 mg/kg; unsuitable - lower than
manganese 7.0 mg/kg, copper 0.15 mg/kg, cobalt
0.1 mg/kg, and cadmium 0.5 mg/kg. The status of suit-
ability for establishing SRMZs was assigned according
to the micronutrient present at the minimum level. To
assess the level of soil micronutrient availability, the
standard grouping presented in Table 1 was used.

Table 1. Levels of agricultural crop supply with mobile forms of micronutrients, mg/kg

Micronutrient Very low Low Medium Elevated High Very high
Manganese <5.1 5.1-7.0 7.1-10 10.1-15.0 15.1-20 >20
Copper <0.11 0.11-0.15 0.16-0.20 0.21-0.30 0.31-0.5 >0.5
Cobalt 0.071 0.071-0.1 0.11-0.15 0.16-0.20 0.21-0.3 >0.3
Cadmium 0.1-0.2 0.21-0.50 0.51-1.0 1.01-1.50 1.51-2.0 >2.0

Note: the extractant solution was an ammonium acetate buffer solution with pH=4.8

Source: developed by the authors
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The indicated approaches and assessment criteria
were used to analyse the micronutrient availability of
arable land and to determine its suitability for the es-
tablishment of special raw material zones.

RESULTS AND DISCUSSION

Analysis of soil survey data from the arable lands of
Rivne region showed that the soil cover of the districts
within the Polissia zone is predominantly represented
by sod-podzolic, gleyed, in some areas drained, sandy
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loam, meadow, and less frequently meadow-bog soil
types. The Forest-Steppe zone is represented by grey
forest podzolised light loam soils, typical chernozems,
and podzolised light loam chernozems. According to
agrochemical monitoring, the content of mobile forms
of micronutrients in the soils of the districts within the
Polissia zone during 2015-2020 varied within the fol-
lowing ranges: manganese from 4.6 to 17.1 mg/kg; cop-
per from 0.1 to 0.75 mg/kg; cobalt from 0.18 to 2.57 mg/
kg; and cadmium from 0.08 to 0.5 mg/kg (Table 2).

Table 2. Content of mobile forms of micronutrients in the soils of the Polissia zone, mg/kg

District Element 2015 2016 2017 2018 2019 2020
Mn 9.23 14.6 149 129 12.75 127

Seresne Cu 0.18 0.19 022 017 015 017
Co 0.41 0.42 0.48 035 038 035

cd 0.12 012 011 012 011 011

Mn 460 6.70 7.90 6.40 6.24 6.30

Volodymyrets Cu 022 023 025 023 0.26 0.26
Co 0.41 0.40 0.38 0.40 0.36 0.30

cd 0.10 0.10 011 012 0.09 0.10

Mn 6.83 15.2 15.8 14.68 15.0 151

Dubrovici Cu 011 0.10 012 011 012 012
ubrovytsia Co 022 0.20 0.24 022 025 031
cd 0.07 0.08 0.08 0.08 0.08 0.08

Mn 120 10.1 134 125 120 120

B Cu 017 012 018 012 012 012
Co 0.41 0.44 0.45 0.42 0.41 0.41

cd 012 027 028 025 0.20 0.18

Mn 153 183 180 172 16.9 171

ostopl Cu 0.88 0.87 0.81 0.85 0.80 0.75
Co 2.56 2.54 2.60 257 261 257

cd 055 054 0.49 053 055 0.50

Mn 1048 14.6 16.0 14.0 14.0 14.0

Rokytne Cu 0.10 011 012 011 0.10 0.10
Co 032 0.31 0.33 032 031 0.31

cd 011 012 012 011 0.10 0.10

Mn 6.93 104 11.08 9.47 10.0 10.12

Sarny Cu 0.15 017 0.19 0.16 017 018
Co 0.20 0.20 024 021 021 018

cd 011 011 0.10 011 012 011

Source: compiled by the authors

The ranges of variation in the content of mobile
forms of micronutrients in the Forest-Steppe zone
were as follows: manganese from 10.08 to 23.5 mg/kg;

copper from 0.08 to 0.23 mg/kg; cobalt from 0.24 to
0.42 mg/kg; and cadmium from 0.05 to 0.14 mg/kg. The
micronutrient content by district is presented in Table 3.

Table 3. Content of mobile forms of micronutrients in the soils of the Forest-Steppe zone, mg/kg

District Element 2015 2016 2017 2018 2019 2020
Mn 16.2 18.6 19.0 15.83 1541 15.46

Hoshcha Cu 0.12 0.12 0.15 0.13 0.11 0.13
Co 0.35 0.36 0.32 0.34 0.34 0.35

Cd 0.05 0.07 0.08 0.07 0.05 0.06

Mn 18.3 19.0 211 19.63 20.03 20.2

Demydivka Cu 0.24 0.19 0.21 0.21 0.19 0.18
Co 0.33 0.32 0.29 0.31 0.35 0.36

Cd 0.09 0.09 0.09 0.08 0.09 0.09
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Table 3. Continued

District Element 2015 2016 2017 2018 2019 2020
Mn 12.21 13.45 14.01 13.5 13.21 134
Cu 0.11 0.09 0.09 0.10 0.10 0.08
Dubno
Co 0.23 0.29 0.31 0.28 0.30 0.34
Cd 0.12 0.12 0.12 0.11 0.11 0.11
Mn 10.08 12.3 121 11.5 12.23 12.31
Zdolbuniv Cu 0.1 0.14 0.16 0.13 0.15 0.14
Co 0.33 0.37 0.23 0.31 0.27 0.30
Cd 0.11 0.11 0.14 0.12 0.13 0.12
Mn 12.8 16.6 25.8 18.4 1791 18.0
Korets Cu 0.18 0.18 0.28 0.21 0.19 0.20
Co 0.31 0.36 0.29 0.32 0.34 0.31
Cd 0.09 0.10 0.08 0.09 0.08 0.08
Mn 16.9 16.8 16.3 17.65 18.02 179
. Cu 0.12 0.13 0.14 0.13 0.13 0.13
Mlyniv
Co 0.39 0.34 0.33 0.35 0.37 0.40
Cd 0.09 0.10 0.11 0.10 0.11 0.12
Mn 12.6 11.2 19.69 14.5 15.1 15.0
Ostroh Cu 0.11 0.12 0.17 0.13 0.11 0.11
Co 0.25 0.24 0.30 0.26 0.30 0.27
Cd 0.11 0.10 0.10 0.10 0.10 0.10
Mn 12.4 15.8 16.3 15.9 15.31 15.2
Radyvyliv Cu 0.12 0.13 0.12 0.13 0.15 0.17
Co 0.38 0.36 0.40 0.38 0.38 0.42
Cd 0.12 0.12 0.12 0.14 0.15 0.14
Mn 235 24.5 24.78 20.70 21.0 21.0
Rivne Cu 0.16 0.21 0.19 0.19 0.21 0.23
Co 0.46 0.44 0.41 0.44 0.40 0.42
Cd 0.15 0.15 0.14 0.16 0.15 0.14

Source: compiled by the authors

Analysis of the dynamics of micronutrient content
in the soils of the region demonstrates that during the
observation period of 2015-2020 not only increases
but also stabilisation or decreases in the investigated
micronutrients occurred in soils (Tables 2, 3). According
to D.R. Binde et al. (2025), the increase in the content
of certain micronutrients and toxic elements in soils is
caused by the intensification of agricultural land use,
which serves as an important signal for long-term
monitoring. Similar results regarding increases, sta-
bilisation, and decreases in the content of individual
elements in soils are demonstrated by Finnish monitor-
ing studies reported by H. Soinne et al. (2022), as well
as by the 25-year monitoring programme in Poland,
where A. Wdowczyk et al. (2023) observed an increase
in cadmium content in soils, while copper content re-
mained relatively stable. Element losses in soils may
be caused by filtration waters, whereas accumulation
may occur through fertilisers or irrigation with waste-
water, as demonstrated in the experiments of J. Wang et
al. (2021), where increases in cadmium and lead con-
tent were recorded.

As shown in Tables 2 and 3,according to the content
of mobile forms of micronutrients in the investigated soil
types, the following descending sequence was formed:

Scientific Horizons, 2026, Vol. 29, No. 2

manganese > cobalt > copper > cadmium. Regarding
micronutrients important for the nutrition of agricul-
tural crops, manganese content varied from very low to
very high availability, while cobalt content ranged from
elevated to very high availability. The content of the
moderately toxic micronutrient copper ranged from very
low to very high availability, whereas the highly toxic
cadmium ranged from very low to elevated availability.

As a result, an imbalance between the content of
mobile forms of manganese, copper, cobalt, and cad-
mium is observed in the soils of the region at levels
of very low, low, and very high availability, which, ac-
cording to D. Hou et al. (2025), poses a threat to ag-
ricultural production and public health and requires
regulation towards optimal values of elevated and high
availability. The advisability of combining the analysis
of micronutrients essential for plants with toxic ele-
ments was also noted by Q. Devalloir et al. (2023), who
indicated that this approach provides a more compre-
hensive ecological picture; otherwise, conclusions may
be oversimplified. Based on correlation and regression
analyses, an assessment of the dynamics of changes in
the content of mobile forms of micronutrients in the
arable lands of the districts was carried out, the results
of which are presented in Tables 4-7.




The table data demonstrate that the dynamics
of micronutrient changes in the arable lands of most
districts are described by stochastic models repre-
sented by increasing or decreasing linear trends with
correlation coefficients ranging from very weak to
strong relationships. Thus, in the arable lands of the
districts of the Polissia zone, manganese content in-
creased continuously during 2015-2020, most sharply
in Dubrovytsia district and, conversely, more slowly
in Kostopil district. According to the strength of the
identified relationships, the arable lands of the Polis-
sia zone in terms of annual manganese dynamics were
assessed as follows: one district - 0.20, very weak
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relationship; five districts - 0.24-0.49, weak relation-
ship; and one district - 0.62, moderate relationship.
In the arable lands of the Forest-Steppe zone, man-
ganese content changed inconsistently. In the soils
of Hoshcha and Rivne districts, manganese content
decreased during 2015-2020, whereas in the other
seven districts it increased. According to the strength
of the identified relationships, the arable lands of the
Forest-Steppe zone in terms of manganese dynamics
were assessed as follows: four districts — 0.28-0.46,
weak relationship; three districts - 0.54-0.63, moder-
ate relationship; and two districts - 0.76-0.77, strong
relationship (Table 4).

Table 4. Relationships of changes in mobile forms of manganese in the arable lands of Rivne region, 2015-2020

District Equation Correlation coefficient
Polissia zone
Berezne Y,=-552.0533+0.28x 0.266
Volodymyrets Y,=-317.5962 +0.1606x 0.280
Dubrovytsia Y,=-2270.6181+1.1323x 0.620
Zarichne Y,=-264.6857 +0.1371x 0.240
Kostopil Y.=-213.4381+0.1143x 0.200
Rokytne Y,=-781.6248+0.3943x 0.400
Sarny Y,=-747.7605+0.3754x 0.490
Forest-Steppe zone

Hoshcha Y,=964.3986-0.4697x -0.540
Demydivka Y,=-621.2786+0.3177x 0.600
Dubno Y,,=-258.7776 +0.1349x 0.420
Zdolbuniv Y,;=-584.2738+0.2954x 0.630
Korets Y,,=-1280.4419+0.6437x 0.280
Mlyniv Y,5=-559.7433 +0.286x 0.770
Ostroh Y,,=-1052.2876 +0.5289x 0.340
Radyvyliv Y,;=-684.0562 +0.3466x 0.460
Rivne Y= 1583.5486 - 0.7737x -0.760

Note: Y - content of mobile forms of manganese, mg/kg; X - year of calculation (forecast)

Source: developed by the authors

According to the results of the regression analysis
of changes in the dynamics of the content of mobile
forms of manganese in the soils of the districts, lin-
ear equations were obtained with regression coeffi-
cients ranging from +0.1143 to +0.3943 in the Polissia
zone and from +0.1349 to +0.6437 and from -0.4697
to -0.7737 in the Forest-Steppe zone. The obtained
regression coefficients indicate a gradual increase in
manganese content in the soils of the Polissia zone,
whereas in the soils of the Forest-Steppe zone a more
substantial increase in this micronutrient occurred
in seven districts, while in two districts, conversely,
its content decreased. The content of mobile forms
of copper during 2015-2020 in the arable lands of
Berezne, Zarichne, Kostopil, and Rokytne districts of
the Polissia zone decreased, whereas in the other
three districts it increased, most significantly in Volod-
ymyrets district from 0.22 to 0.26 mg/kg. According to

the strength of the identified relationships, the annual
dynamics of copper in the arable lands of the Polis-
sia zone were assessed as follows: three districts -
0.26-0.50, weak relationship; two districts — 0.58 and
0.65, moderate relationship; and two districts - 0.84
and 0.89, strong relationship. In the arable lands of
the Forest-Steppe zone, copper content also changed
inconsistently. Thus, in the arable lands of Hoshcha,
Demydivka, Dubno, and Ostroh districts, copper con-
tent decreased, whereas in the other five districts it
gradually increased. According to the strength of the
identified relationships, the arable lands of the For-
est-Steppe zone in terms of annual copper dynamics
were assessed as follows: two districts - 0.08 and
0.16, very weak relationship; two districts - 0.30 and
0.34, weak relationship; two districts — 0.52 and 0.56,
moderate relationship; and three districts — 0.74-0.87,
strong relationship (Table 5).
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Table 5. Relationships of changes in mobile forms of copper in the arable lands of Rivne region, 2015-2020

District Equation Correlation coefficient
Polissia zone
Berezne Y,=12.8614-0.0063x -0.500
Volodymyrets Y,=-15.3219+0.0077x 0.840
Dubrovytsia Y,=-5.651+0.0029x 0.650
Zarichne Y,=18.1225-0.0089x -0.580
Kostopil Y,=48.0938-0.0234x -0.890
Rokytne Y,=2.4124-0.0011x -0.260
Sarny Y,=-6.7471+0.0034x 0.450
Forest-Steppe zone

Hoshcha Y,=4.1502-0.00199x -0.30
Demydivka Y,=17.4962-0.00857x -0.740
Dubno Y,,=6.4357-0.0031x -0.420
Zdolbuniv Y,,=-11.3919+0.0057x 0.520
Korets Y,,=-3.2519+0.0017x 0.080
Mlyniv Y,3=-2.1757+0.0011x 0.340
Ostroh Y,,=4.16-0.0020x -0.160
Radyvyliv Y,;=-18.309+0.0091x 0.870
Rivne Y, =-19.9767+0.0100x 0.780

Note: Y - content of mobile forms of copper (mg/kg), X - year of calculation (forecast)

Source: developed by the authors

According to the results of the regression analysis
of changes in the dynamics of the content of mobile
forms of copper in the soils of the districts, linear equa-
tions were obtained with regression coefficients indi-
cating an increase in this micronutrient from +0.0029
to +0.0077 in three districts and a decrease from
-0.0011 to -0.0089 in four districts of the Polissia zone.
In the districts of the Forest-Steppe zone, the obtained
linear equations had regression coefficients indicating
an increase in copper content from +0.0011 to +0.01 in
five districts and a decrease from -0.00199 to -0.00857
in four districts. The content of mobile forms of cobalt
during 2015-2020 in the arable lands of Kostopil and
Dubrovytsia districts of the Polissia zone increased,
whereas in the other five districts it decreased. Accord-
ing to the strength of the identified relationships, the

annual dynamics of cobalt in the arable lands of the
districts of the Polissia zone were assessed as follows:
four districts — 0.27-0.48, weak relationship; one dis-
trict - 0.59, moderate relationship; and two districts -
0.80-0.85, strong relationship. In the arable lands of
the Forest-Steppe zone, cobalt content changed as
follows: in four districts it decreased over the years,
whereas in the other five districts it increased, most
significantly in Dubno district up to 0.34 mg/kg. Ac-
cording to the strength of the identified relationships,
the arable lands of the Forest-Steppe zone in terms
of annual cobalt dynamics were assessed as follows:
two districts - 0.06-0.16, very weak relationship; two
districts - 0.30-0.41, weak relationship; four districts -
0.51-0.70, moderate relationship; and one district -
0.80, strong relationship (Table 6).

Table 6. Relationships of changes in mobile forms of cobalt in the arable lands of Rivne region, 2015-2020

District Equation Correlation coefficient
Polissia zone
Berezne Y,=32.1019-0.0157x -0.590
Volodymyrets Y,=37.8429-0.0186x -0.850
Dubrovytsia Y,=-33.1929+0.0166x 0.800
Zarichne Y,=7.3405-0.0034x -0.370
Kostopil Y,=-10.6829+0.0066x 0.480
Rokytne Y,=3.7752-0.0017x -0.39
Sarny Y,=5.971-0.0029x -0.270
Forest-Steppe zone

Hoshcha Y,=2.649-0.0011x -0.16
Demydivka Y,=14.6605 +0.0074x 0.540
Dubno Y,,=-31.4119+0.0157x 0.800
Zdolbuniv Y,,=21.6295-0.0106x -0.410
Korets Y,,=2.051-0.0009x -0.060
Mlyniv Y,;=-8.8595+0.0046x 0.300
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Table 6. Continued

District Equation Correlation coefficient
Ostroh Y,,=-13.5643+0.0069x 0.510
Radyvyliv Y, =-13.4476+0.0069x 0.620

Rivne Y,,=17.1448-0.0083x -0.700

Source: compiled by the authors

According to the results of the regression analy-
sis of changes in the dynamics of the content of mo-
bile forms of cobalt in the soils of the districts, linear
equations were obtained with regression coefficients
indicating an increase in this micronutrient from
+0.0066 to +0.0166 in two districts and a decrease
from -0.0017 to -0.0186 in five districts of the Polissia
zone. In the districts of the Forest-Steppe zone, the
obtained linear equations had regression coefficients
indicating an increase in cobalt content in soils from
+0.0046 to +0.0157 in five districts and a decrease
from -0.0009 to -0.0106 in four districts. The content
of mobile forms of cadmium during 2015-2020 in the
arable lands of the Polissia zone increased noticeably
in three districts, namely Dubrovytsia, Zarichne, and
Sarny districts, whereas in the other four districts it
gradually decreased. According to the strength of the

identified relationships, the annual dynamics of cad-
mium in the arable lands of the Polissia zone were
assessed as follows: two districts - 0.05-0.10, very
weak relationship; two districts — 0.34-0.37, weak re-
lationship; two districts — 0.65-0.68, moderate rela-
tionship; and one district = 0.72, strong relationship.
In the arable lands of the Forest-Steppe zone, cad-
mium content decreased in seven districts to values
of 0.06 mg/kg, whereas in two districts it increased
to values of 0.14 mg/kg. According to the strength
of the identified relationships, the annual dynamics
of cadmium in the arable lands of the Forest-Steppe
zone were assessed as follows: two districts - 0.09-
0.13, very weak relationship; two districts - 0.21-0.41,
weak relationship; two districts - 0.65-0.65, moderate
relationship; and three districts — 0.84-0.88, strong
relationship (Table 7).

41

Table 7. Relationships of changes in mobile forms of cadmium in the arable lands of Rivne region, 2015-2020

District Equation Correlation coefficient
Polissia zone
Berezne Y,=4.15-0.002x -0.680
Volodymyrets Y,=1.2562-0.0006x -0.100
Dubrovytsia Y,=-2.8038+0.0014x 0.650
Zarichne Y,=-3.2419+0.0017x 0.050
Kostopil Y,=10.9024-0.0051x -0.370
Rokytne Y,=7.0271-0.0034x -0.72
Sarny Y,=-2.1957+0.0011x 0.340
Forest-Steppe zone

Hoshcha Y,=1.2162-0.0006x -0.090
Demydivka Y,=0.6648-0.0003x -0.130
Dubno Y,,=5.3029-0.0026x -0.880
Zdolbuniv Y,,=5.0662-0.00245x -0.410
Korets Y,,=5.851-0.0029x -0.650
Mlyniv Y,5=-9.6943+0.0049x 0.870
Ostroh Y,,=2.9838-0.0014x -0.650
Radyvyliv Y,;=-11.9733+0.006x 0.840
Rivne Y,,=1.8776-0.0009x -0.210

Note: Y - content of mobile forms of cadmium, mg/kg; X - year of calculation (forecast)
Source: compiled by the authors

According to the results of the regression analysis of  increase in cadmium content in soils from +0.0049 to

changes in the dynamics of the content of mobile forms
of cadmium in the soils of the districts, linear equations
were obtained with regression coefficients indicat-
ing an increase in this micronutrient from +0.0011 to
+0.0017 in three districts and a decrease from -0.0006
to -0.0051 in four districts of the Polissia zone. In the
districts of the Forest-Steppe zone, the obtained line-
ar equations had regression coefficients indicating an

+0.006 in two districts, whereas in seven districts it
decreased from -0.0003 to -0.0029. At the same time,
it should be noted that according to forecast calcula-
tions for 2025, manganese content in the arable lands
of the region is characterised by accumulation levels
that meet the requirements for the establishment of
SRMZs for the cultivation of products intended for in-
fant and dietary nutrition. In the soils of the Polissia
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zone, six out of seven districts correspond to the cate-
gories of elevated, high, and very high availability; ac-
cordingly, these lands are assessed as suitable for the

establishment of such zones, whereas the lands of Vo-
lodymyrets district, with medium manganese content,
belong to the category of limited suitability (Table 8).

Table 8. Assessment of the suitability of arable lands in the Polissia zone
for the establishment of special raw material zones

District Element 2015 2020 2025 Micronutrient availability Suitability for the establishment of SRMZs
Mn 9.23 12.7 1495 elevated suitable
Berezne Cu 0.18 0.17 0.10 very low unsuitable
Co 0.41 0.35 0.31 very high suitable
Cd 0.12 0.11 0.10 very low unsuitable
Mn 4.60 6.30 7.62 medium limited suitability
Volodymyrets Cu 0.22 0.26 0.27 elevated su?table
Co 0.41 0.30 0.18 elevated suitable
Cd 0.10 0.10 0.041 very low unsuitable
Mn 6.83 151 22.29 very high suitable
Dubrovytsia Cu 0.11 0.12 0.22 elevated suitable
Co 0.22 0.31 0.42 very high suitable
Cd 0.07 0.08 0.031 very low unsuitable
Mn 12.0 120 1294 elevated suitable
Zarichne Cu 0.17 0.12 0.10 very low unsuitable
Co 0.41 0.41 0.46 very high suitable
Cd 0.12 0.18 0.20 very low unsuitable
Mn 15.3 17.1 18.02 high suitable
Kostopil Cu 0.88 0.75 0.71 very high suitable
Co 2.56 2.57 2.68 very high suitable
Cd 0.55 0.50 0.58 medium limited suitability
Mn 1048 140 16.83 high suitable
Rokytne Cu 0.10 0.1 0.18 medium limited suitability
Co 0.32 0.31 0.33 very high suitable
Cd 0.11 0.10 0.14 very low unsuitable
Mn 6.93 10.1 12.42 elevated suitable
Sarny Cu 0.15 0.18 0.14 low unsuitable
Co 0.20 0.18 0.10 medium limited suitability
Cd 0.11 0.11 0.032 very low unsuitable

Source: compiled by the authors

According to the content of mobile forms of man-
ganese, the arable lands of the Forest-Steppe zone
belong to the categories of elevated, high, and very
high availability, which provides grounds for assessing
them as suitable for the establishment of special raw
material zones (Table 9). According to the forecast up
to 2025 regarding copper content, the arable lands of
the Polissia zone are characterised predominantly by
elevated and very high availability (three districts). At
the same time, Rokytne district, with medium copper
content, belongs to the category of limited suitability,

whereas Berezne, Zarichne, and Sarny districts, with
very low and low content, are classified as unsuitable
(Table 8). In the Forest-Steppe zone, according to the
content of mobile forms of copper, Rivne district cor-
responds to the category of elevated availability and is
suitable for the establishment of raw material zones.
Dubno and Korets districts belong to the category of
medium availability and are assessed as having limited
suitability. The lands of the other six districts, charac-
terised by very low and low copper content, were clas-
sified as unsuitable (Table 9).

Table 9. Assessment of the suitability of arable lands in the Forest-Steppe zone
for the establishment of special raw material zones

District Element 2015 2020 2025 Micronutrient availability Suitability for the establishment of SRMZs
Mn 16.2 1546 13.28 elevated suitable
Cu 0.12 0.13 0.12 low unsuitable
Hoshcha - -
Co 0.35 0.35 0.42 very high suitable
Cd 0.05 0.06 0.001 very low unsuitable
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Table 9. Continued

District Element 2015 2020 2025 Micronutrient availability Suitability for the establishment of SRMZs
Mn 18.3 20.2  22.06 very high suitable
Demydivka Cu 0.24 0.18 0.14 low unsuitable
Co 0.33 0.36 0.32 very high suitable
Cd 0.09 0.09 0.06 very low unsuitable
Mn 12.21 13.4 14.40 elevated suitable
Dubno Cu 0.11 0.08 0.16 medium limited suitability
Co 0.23 0.34 0.38 very high suitable
Cd 0.12 0.11 0.04 very low unsuitable
Mn 10.08 1231 13091 elevated suitable
Zdolbuniv Cu 0.1 0.14 0.15 low unsuitable
Co 0.33 0.30 0.16 elevated suitable
Cd 0.11 0.12 0.10 very low unsuitable
Mn 12.8 18.0  23.05 very high suitable
Korets Cu 0.18 0.20 0.19 medium limited suitability
Co 0.31 0.31 0.23 high unsuitable
Cd 0.09 0.08 0.02 very low unsuitable
Mn 16.9 179 1941 high suitable
Mlyniv Cu 0.12 0.13 0.05 very low unsuitable
Co 0.39 0.40 0.46 very high suitable
Cd 0.09 0.12 0.23 low unsuitable
Mn 12.6 150 18.73 high suitable
Cu 0.11 0.11 0.11 low unsuitable
Ostroh - -
Co 0.25 0.27 0.41 very high suitable
Cd 0.11 0.10 0.15 very low unsuitable
Mn 124 15.2 17.81 high suitable
Radyvyliv Cu 0.12 0.17 0.12 [OW. unsyitable
Co 0.38 0.42 0.52 very high suitable
Cd 0.12 0.14 0.18 very low unsuitable
Mn 235 21.0 16.81 high suitable
Rivne Cu 0.16 0.23 0.27 elevated suitable
Co 0.46 0.42 0.34 very high suitable
Cd 0.15 0.14 0.06 very low unsuitable

Source: compiled by the authors

According to forecast calculations up to 2025 re-
garding cobalt content, the arable lands of the Polis-
sia zone are predominantly characterised by elevated
and very high availability (six districts), which provides
grounds for classifying them as suitable for the estab-
lishment of special raw material zones. At the same
time, in Sarny district, where a medium level of avail-
ability was recorded, the lands are assessed as hav-
ing limited suitability (Table 8). In the Forest-Steppe
zone, according to the content of mobile forms of
cobalt, eight districts belong to the categories of el-
evated and very high availability, indicating the fea-
sibility of establishing special raw material zones
on these lands. The lands of Korets district, charac-
terised by a very low cobalt content, were classified
as unsuitable (Table 9). According to forecast calcu-
lations up to 2025 regarding cadmium content, the
arable lands of the Polissia zone are predominantly
characterised by a very low level of availability (six
districts) and belong to the category unsuitable for
the establishment of SRMZs. Only in Kostopil Dis-
trict was a medium level of availability recorded,

corresponding to the status of lands with limited
suitability (Table 8).In the Forest-Steppe zone, the ara-
ble lands of all nine districts, according to the content
of mobile forms of cadmium, belong to the categories
of low and very low availability and were therefore
classified as unsuitable for the establishment of spe-
cial raw material zones (Table 9).

According to the availability of the four micronutri-
ents,the arable lands of the Polissia zone were assessed
up to 2025 as follows. In Kostopil district, where me-
dium cadmium content, high manganese content, and
very high copper and cobalt content were recorded, the
lands were classified as having limited suitability for
the establishment of SRMZs. In Dubrovytsia, Rokytne,
and Volodymyrets districts, the lands were unsuita-
ble due to the very low cadmium content. In Berezne,
Zarichne, and Sarny districts, the lands also belonged to
the category of unsuitable because of the very low and
low contents of copper and cadmium.

According to the forecast up to 2025, the arable
lands of the Forest-Steppe zone are assessed as unsuit-
able for the establishment of SRMZs. In Rivne district,
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this is due to the very low cadmium content, whereas in
the other eight districts it is caused by the low and very
low content of mobile forms of copper and cadmium. In
order to transfer the arable lands of the region into the
category suitable for the establishment of SRMZs and
to obtain high-quality raw materials for the production
of infant and dietary food products under conditions of
very low copper and cadmium content in sod-podzolic,
grey forest, and podzolised chernozem soils, the appli-
cation of modern biotechnologies is considered appro-
priate. In particular, according to M. Tavan et al. (2024),
such approaches involve the use of traditional plant
breeding and agronomic practices aimed at increasing
micronutrient content to elevated and high levels of
soil availability through the application of organic and
mineral fertilisers (manure, superphosphate contain-
ing cadmium, and double superphosphate containing
copper). This analysis of micronutrient dynamics re-
veals the presence of certain limitations that may be
addressed in further research and publications. In par-
ticular, this concerns the study of the dynamics of heavy
metals such as nickel, lead, molybdenum, and arsenic in
different soil types of the region, the excess of which
in organisms may produce toxic effects and influence
the classification of these soils as unsuitable for the
establishment of SRMZs. The absence of such data indi-
cates the limitations of the present study and points to
directions for further investigation.

CONCLUSIONS

For the first time, it was established that the dynamics
of changes in the content of mobile forms of micronu-
trients in the arable lands of the region are described
by stochastic models of the following types: for man-
ganese, increasing linear trends were identified in all
seven districts of the Polissia zone, while in the For-
est-Steppe zone increasing linear trends were identi-
fied in seven districts and decreasing linear trends in
two districts. For copper, increasing linear trends were
identified in three districts of the Polissia zone, where-
as decreasing linear trends were identified in four dis-
tricts; in the Forest-Steppe zone, the content remained
unchanged or followed increasing linear trends in five
districts, while decreasing linear trends were observed
in four districts. For cobalt, increasing linear trends
were identified in two districts of the Polissia zone and
decreasing linear trends in the remaining five districts;
in the Forest-Steppe zone, increasing linear trends
were observed in five districts and decreasing linear
trends in the remaining four districts. For cadmium, in-
creasing linear trends were observed in three districts
of the Polissia zone and decreasing linear trends in four
districts, whereas in the Forest-Steppe zone increasing
linear trends were identified in two districts and de-
creasing linear trends in the remaining seven districts.

According to the indicators of mobile forms of mi-
cronutrient availability, the arable lands of the region,

Scientific Horizons, 2026, Vol. 29, No. 2

based on the forecast up to 2025, were assessed for the
establishment of SRMZs as follows: in Kostopil District
of the Polissia zone, with a limiting medium cadmium
content, the lands were classified as having limited
suitability; in Volodymyrets, Dubrovytsia, and Rokytne
districts, with limiting very low cadmium content, and
in three other districts of this zone, with low and very
low copper and cadmium content, the lands were classi-
fied as unsuitable. In Rivne District of the Forest-Steppe
zone, with limiting very low cadmium content, and in
the other eight districts of this zone, with low and very
low copper and cadmium content, the lands were clas-
sified as unsuitable. The sod-podzolic, grey forest, typ-
ical chernozem, and podzolised chernozem soils of the
region, since the content of mobile forms of manga-
nese, copper, cobalt, and cadmium does not exceed the
maximum permissible levels, are suitable for obtain-
ing environmentally safe agricultural products. How-
ever, for the production of raw materials suitable for
the manufacture of infant and dietary food products,
adjustment of the micronutrient content in these dis-
trict soils is required in order to restore their optimal
balance (at the level of elevated and high availability),
namely: manganese from 15 to 20 mg/kg, copper from
0.31 to 0.5 mg/kg, cobalt from 0.16 to 0.30 mg/kg, and
cadmium from 1.0 to 1.5 mg/kg.

Producers of raw materials cultivated on the arable
lands of the region and used in the manufacture of in-
fant and dietary food products are advised to maintain
an optimal balance of mobile forms of micronutrients
through the application of organic and mineral fertil-
isers containing micronutrients as impurities, namely
phosphorite meal, simple superphosphate, 40% po-
tassium salt, potassium sulphate, calcium carbonate,
and manure. Prospects for further research include the
refinement and validation of the proposed stochastic
models describing the dynamics of mobile forms of mi-
cronutrients, the expansion of spatial analysis to other
soil-climatic zones, and the assessment of the effec-
tiveness of measures aimed at optimising their content
while taking environmental risks and the impacts of
climate change into account.
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AHoTauis. 3a6pyaHeHHS I'PYHTIB BXXKUMM MeTanamu Ta fedilumuT MikpoeneMeHTIB Yy CiflbCbKOroCnoaapCbkux yrigasax
3HMXKYIOTb SIKiCTb MPOAYKLIT Ta 0OMEXYTb MOXUBICTb 1i BUKOPUCTAHHS A8 AUTAYOrO i AIETUYHOMO Xap4yBaHHS,
O 3YMOBJIHOE HEODOXiAHICTb KOMMIEKCHOrO AOC/IAKEHHS BMICTY MiKPOENEMEHTIB Y rpyHTaX. MeTor LOCNiAKEHHS
6yno oLiHOBaHHSA 33a6e3ne4yeHoCTi MikpoeneMeHTaMu OpHUX 3eMenb PiBHEHCbKOT 061acTi A CTBOPEHHS HA HUX
cneuianbHUX CUPOBUHHUX 30H. [locnigkeHHS 6yno BUKOHAHO Ha OCHOBI AAHWMX arpoXiMi4YHOro MOHITOpUHry 3a 2015-
2020 poKM 3 BMKOPUCTAHHAM KOPEnsiLiMHOro Ta perpecinHoro aHanisis. BctaHoBneHo, wo y 30Hi lMonicca BMicT
MiKpO€eneMeHTIB CTaHOBMB: piBeHb MapraHuto byB — 4,6-17,1 mr/kr, migi - 0,1-0,75 mr/kr,, kobanety - 0,18-2,57 mr/kr,,
kagMmito — 0,08-0,5 mr/kr,; y 30Hi Jlicocteny - mapranuto 10,08-21 mr/kr,, migi 0,08-0,23 mr/kr,, kobanbty 0,24-0,42 mr/
Kr,, kagMmito 0,05-0,14 mr/kr,. KopenauiiHuii Ta perpeciinHuin aHanisu nokasanu, Wo AMHAMIKA 3MiH LUMX eNeMEHTIB
Mana 3Ha4YyHi KONMBAHHS, LLO OMMUCYHTbCA CTOXACTUYHUMM MOLENSMU 3i CNabKMMU Ta CUABHUMU KOpensiLinHUMu
3B913KaMu. BctaHoBREHO, WO 6inbLWicTb paioHiB AOCNIAXKYBAHMX 30H € HENpUAATHUMKU abo 0OMeEXEHO NPUAATHUMM
[ONS CTBOPEHHS CneuiaNbHUX CUPOBMHHUX 30H 4epe3 HM3bKMK BMICT Migi Ta KagMito; y 30Hi Jlicocteny aesdrtb
paloHIB OLIHIOTbCA 9K HenpuaaTHi. [Ing 3abe3nevyeHHs BUMPOOHMLTBA CMPOBMHU, MPUAATHOI AN AUTAYOrO Ta
LIETMYHOIO XapyyBaHHS, HEOOXiAHO NiATPMMYBATU BUCOKMIA piBeHb 3abe3neveHOoCTi MapraHLeMm, Mifito Ta KaLMIieM.,
OTpuMaHi faHi f,03BONSIOTb OBIPYHTYBATM 3aX04M LLOAO ONTMMI3aLii 3abe3neyeHoCTi rpyHTIB MikpoeneMeHTaMu Ta
hopMyBaHHS cneLjianbHUX CUPOBUHHMX 30H AN5 BUpOOHMLTBA Be3neyHoi AUTAYOi Ta LIETUYHOI NpoayKLii

KniouoBi cnoBa: sKicTb IPyHTY; OLiHKA NPWAATHOCTI IPYHTIB; 3aOpyAHEHHS FPYHTIB; AUTSAYE XapuyyBaHHS; SKiCTb
NpoAyKLii; BAPOOHMLTBO CMPOBUHM
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