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Dynamics of soil fertility indicators in the Chernivtsi region

Abstract. Agrochemical assessment of soils is important for the development of measures for the rational use of
soils. The purpose of the study was to establish the dynamics of changes in soil fertility indicators in the Chernivtsi
region during 2011-2020. Laboratory and field methods, analysis, and generalisation were used. The reaction of the
soil, humus content, the nitrogen content of easily hydrolysed compounds, mobile phosphates, and exchangeable
potassium were determined in soil samples. It was identified that the acidity of the soil solution in the region is
dominated by soils close to neutral (31.8%) and neutral (36.5%). The weighted average salt pH is 5.8, which corresponds
to a close to the neutral reaction of the soil solution. Compared to the previous round of the examination (2011-
2015), the weighted average pH indicator did not change in terms of the level of humus supply, soils with an average
humus content (66.7%) predominate, and the weighted average humus content in the region is 2.7%. Compared to
the previous round of the examination, the weighted average humus content increased by 0.1% in terms of nitrogen
content, which is easily hydrolysed, most lands have very low (48.3%) and low (48.7%) indicators. The weighted average
content of easily hydrolysed nitrogen for the reporting period is 106.4 mg/kg of soil, which corresponds to the low
availability of this element. Compared to the previous round of the examination, the weighted average content of
easily hydrolysed nitrogen increased by 0.9 mg/kg of soil. The region is dominated by land with an average content
of mobile phosphorus compounds (31.5%), and the weighted average content of mobile phosphorus compounds is
56 mg/kg, which corresponds to the average availability. Compared to the previous round of the examination, the
weighted average phosphorus content increased by 4.0 mg/kg. The content of mobile potassium compounds is
dominated by soils with a very high content of potassium (51.5%), although the weighted average content of mobile
potassium compounds is 78 mg/kg, which corresponds to the average availability of this macronutrient. Compared
to the previous round of the examination, the weighted average phosphorus content increased by 15.4 mg/kg. The
results of the paper can be used in the process of training specialists in soil science and agronomy, and will also be
useful for land users of the Chernivtsi region when planning measures for the rational use of soils

Keywords: soil reaction, soil humus content, easily hydrolysed nitrogen compounds, mobile phosphorus,
exchangeable potassium, agrochemical examination

INTRODUCTION
The rational use and protection of land resources are  the main national wealth - land. For practical solutions
one of the most important socio-economic issues of to problems of preserving soil fertility, it is necessary
the present time. Its multidimensional nature deter- to have objective and reliable information about their
mines a systematic approach to solving practical prob-  ecological-agrochemical state (Bandurovych et al., 2017,
lems of organising the effective and integrated use of — Hryshchenko et al, 2019). That is why in Ukraine, to
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timely establish the nature and dynamics of changes in
the soils of agricultural land, protect them, and restore
fertility in accordance with the Law of Ukraine “On Land
Protection” (2003), it is necessary to conduct their eco-
logical-agrochemical certification. Ultimately, the data
obtained allow for establishing the state of soil fertil-
ity and its changes and developing agrotechnical, ag-
rochemical, technological, and economically justified
measures to preserve and restore soil fertility.

Bulygin et al. (2020) note that the quality of soils
can be assessed by the totality of their properties, which
can be both positive and negative, which is associated
with the specific features of their use.

Balyuk et al. (2018) indicate that the most press-
ing issues of modern times are those that ensure an in-
crease in the level of the information content of data on
the soil cover of Ukraine, its formation under the influ-
ence of both natural and anthropogenic factors.

Soil degradation processes are developing over
large areas and the current state of land resources in
Ukraine is of concern. The main reasons are non-com-
pliance with an ecologically balanced ratio of agricultural
land, forest-covered areas, reservoirs, and a substantial
increase in anthropogenic load on soil cover in recent
decades, which has negatively affected the sustainability of
agricultural landscapes (Berezhniak et al., 2020). Losses of
humus and nutrients in Ukraine were recorded in 43%
of all areas (Truskavets'kyy & Tsapko, 2016). The impor-
tance of soils is noted in supporting food production and
providing ecosystem services, but the soils are under
pressure due to population growth, higher demand for
food, and competition in land use. For the sustainable
use of soil resources, there is a growing demand for up-
to-date soil information (Chen et al., 2022).

With the introduction of Soil Day (World Soil
Day.., 2021) in December 2013, the term soil health is
gaining popularity. Healthy soil is a dynamic living sys-
tem that can ensure the cultivation of plants, breeding
of animals, maintain their health, improve water and air
quality, control the availability of nutrients, accumulate
carbon in the soil, etc. Soil health is considered the foun-
dation of plant health and productivity, and the basis of
sustainable agricultural production (Handayani § Hale,
2022). The fact that land use should be conducted based
on land use stabilisation by optimising natural compo-
nents, introducing adaptive farming systems, and the
latest technologies for realising the high biological po-
tential of modern crop varieties is also mentioned by
Novakovs'kyy & Novakovs'ka, (2017).

Dem’yanyuk & Boyko (2019) note that the issue of
soil condition for various reasons on the land territories
of Ukraine is currently being considered insufficiently.
Soils need a comprehensive assessment of their con-
dition for forecasting and timely prevention of degra-
dation processes, protection, and rational use of land
(Balyuk et al., 2017; Graham, 2021; Hunchak, 2022;).
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Cherlinka V. et al. (2019) indicate that in the cur-
rent conditions, there is a growing need for updated land
taxation methods based on accurate information about
the ground cover. Ukraine has a large area of land, so field
examinations often do not cover the entire territory, which
can lead to errors in determining soil varieties and their
properties. That is why the examination of indicators of
effective soil fertility in a particular territory is relevant,
which is what the paper is devoted to.

Smaha § Kazimir (2013) note that various genetic
soil types are common in the Chernivtsi region. Sod-
brown-earth and podzolic brown-earth soils were formed
on eluvial-diluvial deposits, and in foothill areas, 25 thou-
sand hectares are occupied by brownish-podzolic soils.
In the forest-steppe districts of the region, 68.3 thou-
sand hectares are occupied by light grey and grey forest
soils, 90.8 thousand hectares - by dark grey forest soils.
Podzolic chernozems cover an area of 41.9 thousand hect-
ares and are confined to plateaus and shallow slopes of
slightly hilly terrain. Such soils as light grey, grey, dark
grey forest, podzolic chernozems, semi-hydromorphic
meadow-chernozem and hydromorphic meadow-swamp
are common in all administrative regions with the ex-
ception of Vyzhnytsia and Putyla districts. Brown moun-
tain-forest soils are common in Storozhynets, Vyzhnytsia,
and Putyla districts, sod-brown-earth and brown-earth-
podzolic soils are typical for the Putyla district, and
brown-earth-podzolic soils are common for Hertsa,
Storozhynets, and Vyzhnytsia districts.

The purpose of the study - examine agricultural
land, assess the state of the main indicators of soil fertil-
ity in the Chernivtsi region, and determine the dynamics
of changes in these indicators for 2011-2020.

MATERIALS AND METHODS
The Chernivtsi branch of the state institution “Institute
of Soil Protection of Ukraine” researched soils to deter-
mine the main indicators of soil fertility. The study was
conducted in 2016-2020 according to the methods de-
scribed in the methodology for agrochemical certifica-
tion of agricultural land (Yatsuk et al., 2019).

Soil samples were taken from a depth of 0-30 cm
in accordance with DSTU 4287:2004 (2005). The combined
sample consisted of 20-25 point samples weighing about
500 g. If there are two soil types or agricultural production
groups of soils within the same basic site, point samples
were taken from the type that prevailed in terms of area. If
the areas of the two types were equivalent, then two sam-
ples were taken. When taking soil samples on agricultural
land, a distance of at least thirty meters from buildings,
forests, forest belts, warehouses of organic and mineral
fertilisers, roads, and other linear objects was observed.
In addition, when selecting combined samples, agricul-
tural crops that were grown in the fields were considered:
combined samples were taken for each crop. The average
sample is made from an area of 50 hectares, provided that
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the granulometric composition is uniform. If the granulo-
metric composition was different, two or more averaged
samples were taken for each soil type. Soil samples were
dried for analysis. An average sample from at least 5 differ-
ent locations was taken with a spatula from the dried soil
sample. They determined the humus content by the Tyurin
method (DSTU 4289:2004, 2005), the reaction of the soil me-
dium according to DSTU ISO 10390:2007 (2007), the con-
tent of easily hydrolysed nitrogen compounds according to
DSTU 7863:2015 (2015), mobile phosphates and exchange-
able potassium according to DSTU 4115-2002 (2003).
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During the period from 2016 to 2020, the
Chernivtsi branch of the state institution “Institute of soil
protection of Ukraine” examined 182.4 thousand hect-
ares of agricultural land in Vyzhnytsia, Hertsa, Hlyboka,
Zastavna, Kelmentsi, Kitsman, Novoselytsia, Putyla,
Sokyriany, Storozhynets, and Khotyn districts.

RESULTS AND DISCUSSION
Figure 1 shows that in the Chernivtsi region, the largest
areas are occupied by soils with a neutral and close to
neutral reaction of the soil environment.

w highly acidic (pH 4.1-4.5)

= medium acidic (pH 4.6-5.0)
slightly acidic (pH5.1-5.5)

m close to neutral (pH 5.6-6.0)

m neutral (pH 6.1-7.0)

m weak alkaline (pH 7.1-7.5)

medium alkaline (pH 7.6-8.0)

Figure 1. Distribution of the area of agricultural land in Chernivtsi region by the reaction of soil solution, %

Based on the results of the analysis of the reaction
of the soil medium (salt pH), the areas under study were
distributed as follows (Fig. 1): very highly acidic soils with
a pH of less than 4.0 are absent in the area, highly acidic
lands with a pH of 4.1-4.5 occupy 4.5 thousand hectares,
whichis 2.4% of the land area under study, medium acidic
with pH 4.6-5.0 - 11.9 thousand hectares (6.5%), slightly
acidic (pH 5.1-5.5) - 36.8 thousand hectares (20.2%), close
to neutral (pH 5.6-6.0) - 57.9 thousand hectares (31.8%),
neutral (pH 6.1-70) - 66.6 thousand hectares (36.5%),
weak and medium alkaline (water pH 7.1-8.0) - 4.6 thou-
sand hectares (2.6%). The weighted average pH of salt
in the 11th round of examinations was 5.8, which corre-
sponds to a close to neutral reaction of the soil solution.

Compared to the previous round of the examination
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(20112015), the weighted average pH value did not change
(Fig. 2). However, there was a decrease in the area of acidic
soils by 6%. The area of land with a close to neutral reaction
of the soil environment increased by 3.7%, and neutral land
decreased by 0.2%. Analysing the results of the study of the
reaction of the soil environment in the context of districts,
it was identified that in the Hertsa district, the weighted
average pH indicator decreased by 0.2 compared to the
previous round of the examination, and in the Kitsman
and Hlyboka districts — by 01 units. This is due to the lack
of measures for liming acidic soils. As for Kelmentsi,
Zastavna, Storozhynets, and Putyla districts, their weighted
average pH indicator remained at the level of the previous
round. In Novoselytsia, Vyzhnytsia, Sokyriany, and Khotyn
districts, there is a slight increase in the pH value.
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Figure 2. Dynamics of changes in the reaction of the soil (salt pH) of the lands of the Chernivtsi region for the 10th-
11th round of agroecological examinations
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Soil organic matter (SOM) is an important indica-
tor of its fertility since changes in its content can indicate
the presence or absence of soil degradation processes.
SOM directly or indirectly improves soil health. That is
why efforts must be made to persuade farmers or other
land users to increase resource efficiency and the ability
to preserve soil to maximise the benefits of agriculture
(Sharma et al., 2021; Yu et al., 2022). Humus is the main
component of SOM and its importance, first of all, lies in
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the fact that it serves as a reserve fund of the soil in rela-
tion to nitrogen, which, as is known, is not part of min-
eral compounds. In addition, 40-80% of all phosphorus
is also located in its organic matter. Humus also affects
the physico-chemical, biological, agrochemical proper-
ties of soils, and their water and air regimes, on which the
productivity of agricultural crops depends. The weighted
average humus content in the region is 2.7%, which cor-
responds to reserves of 81 tons per 1 ha (Fig. 3).

m low (1.1-2.0%)

m average (21-3.0%)
increased (3.1-4.0%)

m high (4.1-5.0%)

m very high (>5.0%)

66.7

Figure 3. Distribution of the area of agricultural land in Chernivtsi region by humus content, %

In terms of humus content, the soils of the
Chernivtsi region were distributed as follows: soils with
a very low humus content in the region are absent, with
a low content occupy 25.3 thousand hectares (13.9%),
with an average - 121.5 thousand hectares (66.7%), with
increased content - 272 thousand hectares (14.9%), with
a high content - 59 thousand hectares (3.2%), with a
very high content - 2.4 thousand hectares (1.3%). Thus,
the region is dominated by soils with an average humus
content. Thus, two-thirds of the soils of the region have

an average potential fertility in terms of humus content,
which is why it is necessary to pay special attention to
the preservation of organic matter in the soil and pre-
vent the development of dehumification processes in
the soils. Therewith, 19.4% of the land is characterised by
a humus content of more than 3%.

In general, the weighted average humus content
in the region increased by 0.1%, which indicates effective
land use and 3revention of losses of organic matter in
soils (Fig. 4).
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Figure 4. Dynamics of changes in humus content indicators of the examined lands of the Chernivtsi region
for the 10th-11th round of agroecological examinations, %

The largest increases in humus content were ob-
served in Zastavna (+0.3%), Hlyboka, Vyzhnytsia, and
Khotyn (+0.2%) districts. However, there are areas where
a decrease in the weighted average humus content was
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recorded: in Kitsman district, the decrease was 0.2%,
and in Kelmentsi and Storozhynets districts - 0.1%. This
indicates an irrational use of soil. Yatskiv (2008) indi-
cates a decrease in the humus content in the soils of the
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Chernivtsi region from 2003 to 2008 by 01% from 2.5 to
2.4. Poznyak et al. (2020) note that the most productive
soils with a high content and reserves of humus, a suffi-
cient level of supply of nutrients, and favourable physical
properties are used as arable land, the share of which in
the Chernivtsi region is 60.2%. The reasons for the de-
crease in humus content are an increase in the area of
row crops sown against the background of an insuffi-
cient number of perennial grasses, etc. In addition, the
removal of crop by-products from the fields and an un-
balanced crop fertilisation system lead to soil dehumifi-
cation. Therewith, the introduction of straw provides an
increase in the stability of soil aggregates and bacterial
diversity (Tonkha et al., 2019). A decrease in the percent-
age of areas with low humus content and an increase
in areas with medium and very high humus content is
present in the region.

Nitrogen is one of the main elements of plant nu-
trition, which is necessary for their growth and devel-
opment. The level of nitrogen nutrition determines the
size and intensity of the synthesis of proteins and other
nitrogenous organic compounds in the plant, which
substantially affect the growth processes. Insufficient
nitrogen supply delays plant growth, reduces the size of
the assimilation surface of leaves, the duration of their
functioning in the active state, and the level of yield and
worsens its quality (Tonkha et al., 2019; Tsentylo § Tsyuk,
2019). According to the nitrogen content of compounds
that are easily hydrolysed, the area of the examined land
is distributed as follows: land with a very low nitrogen
content - 881 thousand hectares (48.3%), with a low -
887 thousand hectares (48.7%), with an average - 2.0
thousand hectares (1.1%), and with an increased nitrogen
content - 3.5 thousand hectares (1.9%) (Fig. 5).

m very low (<101 mg/kg)
= low (101-150 mg/kg)
average (151-200 mg/kg)

m increased (>200 mg/kg)

Figure 5. Distribution of the area of agricultural land in Chernivtsi region by nitrogen content,
which is easily hydrolysed, %

The weighted average content of easily hy-
drolysed nitrogen for the period of 2016-2020 is
1064 mg/kg of soil, which corresponds to reserves
of 319 kg/ha. During the two rounds of examinations,
the weighted average content of easily hydrolysed ni-
trogen increased by 0.9 mg/kg (Fig. 6). The greatest
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increase in easily hydrolysed nitrogen content was ob-
served in Kelmentsi (+14 mg/kg), Hlyboka (+12 mg/kg),
and Novoselytsia (+11 mg/kg) districts. A decrease
in the weighted average indicator was identified in
Putyla (-18 mg/kg), Khotyn (-14 mg/kg), and Vyzhnytsia
(-9 mg/kg) districts.
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M 11th round (2016-2020)
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Figure 6. Dynamics of changes in the content of nitrogen, which is easily hydrolysed in the soils of Chernivtsi region
according to the 10th-11th round of agroecological examinations, mg/kg
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The effective fertility and effect of fertilisers are
influenced by the phosphorous regime of the soil. The
level of providing the soil with phosphorus mobile com-
pounds is an important indicator of effective fertility
since this element is involved in metabolic processes,
and is part of DNA, RNA, and other substances, which is
why its content in soils affects crop yields. A special fea-
ture of phosphorus is that in most varieties of soils, it is
in poorly soluble mineral and organic forms inaccessible
to plants (Yaliang et al., 2022; Kramariov et al., 2015).

According to the results of the agrochemical ex-
amination of agricultural land in the region, the content

>

of mobile phosphorus compounds is distributed as
follows: with a very low content - 4.5 thousand hect-
ares (2.5%), with a low content - 21.9 thousand hectares
(12.0%), with an average content - 57.5 thousand hect-
ares (31.5%), with an increased content - 52.3 thousand
hectares (28.7%), with a high content - 33.6 thousand
hectares (184%), with a very high content - 12.5 thou-
sand ha (6.9%) (Fig. 7) the weighted average content of
mobile phosphorus compounds is 56 mg/kg. Compared
to the previous round of the examination (2011-2015),
the weighted average phosphorus content increased by
4.0 mg/kg (Fig. 8).

m very low (<21 mg/kg)

m low (21-50 mg/kg)
average (51-100 mg/kg)

m increased (101-150 mg/kg)

m high (151-200 mg/kg)

315
m very high (>200 mg/kg)

Figure 7. Distribution of the area of agricultural land in Chernivtsi region
by the content of mobile phosphorus compounds, %
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Figure 8. Dynamics of changes in the content of mobile phosphorus compounds in the soils of Chernivtsi region
according to the 10th-11th round of agroecological examinations, mg/kg

In general, the content of mobile phosphorus
compounds increased in all districts of the region, but
most of all in Khotyn (+26 mg/kg), Zastavna (+23 mg/kg),
Kitsman, and Sokyriany (+22 mg/kg) districts.

According to the results of an agrochemical ex-
amination, agricultural land in the region is distributed
according to the content of exchangeable potassium

Plant and Soil Science (13) 3

compounds as follows: with very low content and low
content — absent. With an average content - 12.2 thousand
hectares (6.7%), with an increased content - 21.3 thou-
sand hectares (11.7%), with a high content - 54.9 thousand
hectares (30.1%), with a very high content - 93.9 thousand
hectares (51.5%) (Fig. 9). The weighted average content of
exchangeable potassium compounds is 78 mg/kg.
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6.7

m average (41-80 mg/kg)
m increased (81-120 mg/kg)
high (121-180 mg/kg)

m very high (180 mg/kg)

Figure 9. Distribution of the area of agricultural land in Chernivtsi region by the content of mobile potassium
compounds, %

The weighted average potassium content increased
by an average of 154 mg/kg in the region (Fig. 10). In
general, the content of mobile potassium compounds
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increased in all districts of the region, but the largest in-
crease is observed in Sokyriany (+21 mg/kg), Zastavna,
Vyzhnytsia (+19 mg/kg), and Kelmentsi (+17 mg/kg) districts.

M 10th round (2011-2015)

M 11th round (2016-2020)
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Figure 10. Dynamics of changes in the content of mobile potassium compounds in the soils of Chernivtsi region
according to the 10th-11th round of agroecological examinations, mg/kg

Khrystenko (2016) notes that the low availability
of mobile phosphates in the arable land of the Chernivtsi
region in 2016 amounted to 37 mg of P205/kg of soil and
is due to the high acidity of brown-earth-podzolic soils.
The researcher draws attention to the fact that often the
assessment of soil fertility, due to under-examination of
the least fertile soils, is somewhat overestimated. In the
study, the weighted average value of mobile phosphates
was 56 mg/kg for the period from 2016 to 2020, which in-
dicates a positive trend.

CONCLUSIONS

1. According to the results of agrochemical examina-
tions of agricultural land in the Chernivtsi region, it was

)

identified that the reaction of the soil environment in the
region is dominated by soils close to neutral (31.8%) and
neutral (36.5%).

2. In terms of humus content soils with a humus
content of 31-4% account for 66.7% of the total, and the
weighted average for the region is 2.7%.

3. In terms of easily hydrolysed nitrogen content,
most lands have very low (48.3%) and low (48.7%) nitro-
gen content. 31.5% of all lands have an average phospho-
rus content, and the weighted average content of this
macronutrient is 56 mg/kg of soil. In terms of the content
of exchange potassium, lands with a very high content of
potassium (51.5%) predominate with a weighted average
of 78 mg/kg of soil.
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The research on a comprehensive assessment of  points and the development of measures to protect and
land quality in the Chernivtsi region based on bonitet restore soil fertility is considered promising.
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Muxaitno Bonogumuposuu MN'yHuak?!, Muxaiino Metposuy Conomiiuyk?,
OneHa BonogmmupisHa lMikoBcbKa®

YepHiBelbka dinia oep»aBHOi YCTaHOBU «IHCTUTYT OXOPOHM FPYHTIB YKpaiHW»

58029, Byn. lepoiB MamngaHy, 194-A, M. HepHiBLi, YKpaiHa

2YKpaiHCbKa HayKOBO-4OCIAHA CTaHLig KapaHTUHY POCAUH IHCTUTYTY 3axmcTy pocnmnH HAAH
60321, Byn. HaykoBa, 1, c. BosaHu, YepHiBelbka o6nacTb, YKpaiHa

3HauioHanbHUIM yHiBepCcUTET BiopecypciB i MPUPOaOKOPUCTYBaHHS YKpaiHu

03041, Byn. lepois O6opoHMU, 15, M. Ku1iB, YKpaiHa

OdvHaMiKa NoKa3HMKIB POAIYOCTI 'PYHTIB YepHiBeubKoi o6bnacTi

AHoTauiq. [y po3pobKU 3aXOAiB 3 pallioHAJIBHOTO BUKOPUCTaHHS I'PYHTIB B&JKJIMBOIO € arpoxiMiuHa OIfiHKa
IPyHTIB. MeToI0 JOCTiIKeHb 6y/I0 BCTAHOBIEHHA OUHAMIKY 3MiH ITOKA3HUKIB POMIOYOCTI I'PYHTIB YepHiBEIIbKOI
obtacri rpotarom 2011-2020 pp. B pob0Ti 6y/1u BUROpUCTaHi 1abopaTopHi, IT0JI0Bi METOIH, aHAJIi3 Ta y3araJbHEeHHS.
V 3pasKax I'pyHTY BH3HaualIW peaKllilo IPyHTOBOrO CepefioBUINA, BMICT IyMycy, BMICT a30Ty CIOJYK, IO JIETKO
rigposisyioTh, pyxomMux docdaTiB Ta 06MIHHOTO Kastifo. BCTAHOBIIEHO, 110 3@ KUCJIOTHICTIO IPYHTOBOTO PO3YUHY
B 06J1aCTi MepeBasKaTh 3eMJIi 6JIM3bKI 10 HelTpanbHuX (31,8 %) Ta HelTpasibHi (36,5 %). CepeqHbO3BAKEHUN
MTOKa3HUK pH conboBe - 5,8, 1110 BiATOBimae 6/IM3bKil 10 HEUTPaIbHOI peaKIil I'PyHTOBOTO PO3YMHY. B opiBHAHHI
i3 monmepenHiM TypoM obcreskeHHs (2011-2015 pp.) cepeAHbO3BasKEHMM MOKAasHUK pH He 3MiHUBCA 3a piBHEM
3a6e3meyeHHs IyMyCy ITepeBaskaloTh IPYHTHU 3 CEPEAHIM Horo BMicToM (66,7 %), a cepeHbO3BAXKEHUH YMICT [yMyCy
110 06J1acTi CTAaHOBUTD 2,7 %. B MOPIBHAHHI 3 IONIEpeIHIM TYPOM O6CTEKEHHS CEpPeJHBO3BAIKEHUN YMICT TyMycy
36impImBCea Ha 0,1 % 3a BMiCTOM @30Ty, 10 JIETKO TiApoITi3yeThes HAaNbiIblie 3eMeJTb MaloTh AysKe HU3bKUL (48,3 %)
Ta HU3BKUU HOT0 BMICT (48,7 %). CepeIHpO3BaykEeHU TOKa3HUK YMICTY a30Ty, LI0 JIETKO TiAPOJTi3yeThcs 3a 3BITHUN
niepioft cTaHOBUTH 106,4 MI/KT IPYHTY, ILI0 BiITTOBiZae HU3bKi 3a6€31eYeHOCTi JaHUM eJIEMEHTOM. [IpU OpiBHAHHI 3
TIOTIepeIHIM TypOM 06CTeKEHHS CepeIHbO3BAYKEHUM ITOKA3HUK YMICTY a30TY, 1110 JIETKO TipoJIi3yeThcs 36ibIINBC
Ha 0,9 MI/Kr IpyHTY. B 061acTi mepeBakaloTb 3eMJIi 3 cepefHiM BMICTOM pyxoMmux crionyk docdopy (31,5 %), a
CepeIHBO3BAKEHUI ITOKA3HUK YMICTy pyXoMUX CIONYyK ¢ocdopy CTaHOBUTH 56 MI/KT, IO BifIIOBiIae cepenHin
3a6e3revyeHOCTi. B TOPiBHAHHI 3 IOIIEpeIHIM TYpOM 06CTesKeHHS cepeIHbO3BaYKEHU MTOKA3HUK yMicTy docdopy
36inbmuBcs Ha 4,0 MI/KT. 3a BMiCTOM 06MiHHUX CITOJIYK KaJIifo IIepeBayKaloTh 3eMJIi 3 Iy’Ke BUCOKUM HOT0 BMiCTOM
(51,5 %), xoua cepeIHbO3BAKEHMH [TOKA3HIK IX BMICTY CRJIafia€ 78 MI/KT, IO BiAIIOBigae cepenHiit 3a6e3me4eHoCTi
MaKpOEeJIEMEHTOM. B TOpIBHAHHI 3 IONepemHIM TYpOM OGCTEKEHHS CEpeJHBO3BKEHUMN IIOKA3HUK YMIiCTy
docdopy 36inpImMBCA Ha 15,4 MI/KT. Pe3ysraty po60TU MOXKYTh 6YTH BUKOPUCTaHI y Ipolieci MiAroToBKU daxiBIiiB
3 IPYHTO3HABCTBA Ta arpOHOMil, a TaKOK 6YIoyTh KOPUCHUMU IS 3€MJIEKOPUCTYBauiB YepHiBellpKoi 061acTi mpu
IUIaHYBaHHI 3aX0/iB 3 pPalliOHaJIBHOI'O BUKOPUCTaHHS I'PYHTIB

Krno4yoBi cnoBa: peakilis IPyHTOBOIO CEpeOBUIIA, BMIiCT TYMyCy Y I'PyHTI, JIETKOTiAPOJTi30BaHi CIIOIYKU a30Ty,
pyxoMuii pocdhop, 06MiHHMY KaJil, arpoxiMiuHe 06CTesReHHS
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