Received: 06/01/2021; Revised: 04/03/2021; Accepted: 26/03/2021

UKRAINIAN
JOURNAL OF
FOREST AND
WOOD SCIENCE

UKRAINIAN JOURNAL OF FOREST AND WOOD SCIENCE

Journal homepage: https://forestscience.com.ua/en

Ukrainian Journal of Forest and Wood Science, 12(1), 57-67

UDC 502/504:630%232:622.339(477.42)
DOI: 10.31548/forest2021.01.007

Environmental consequences of the adverse impact
of unauthorized amber mining on forest areas of Zhytomyr region

Serhii Kovalevskii, Yurii Marchuk, Konstiantyn
Maevskii, Serhii Kovalevskyi, Andrii Churilov

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. Amber mining has already led to a regional environmental disaster. According to official data, over
a thousand hectares of land, which are mainly located in the central Polissia region (Zhytomyr region), have
suffered very severe damage and need to be restored. The environmental significance of such territories has
been lost, and further use for forestry or agriculture is very risky. To develop the norms of anthropogenic
loads on landscapes, it is mandatory to investigate anthropogenic transformation by identifying their
current ecological state, establishing the dependence of changes on the intensity of anthropogenic loads
individually for each natural region. The source materials for obtaining results are field research materials,
tax descriptions of plantings, satellite and aerial photographs, as well as laying temporary test areas according
to the generally accepted method in forestry. As a result of unauthorized amber mining in Zhytomyr region,
the anthropogenic load on forestry landscapes is rapidly increasing, which causes irreparable damage, leads
to an environmental and economic crisis of the region, an imbalance in the social situation of the region
residents, significant losses in the field of forestry, and creates grounds for related environmental issues.
There are considerable changes in the structure and mineral composition of the soil layer of forest lands,
the herbaceous ground vegetation and understorey are completely or partially destroyed, the undergrowth
undergoes a considerable transformation of growing conditions and anthropogenic pressure. Violation of
the ecological balance of the forest at various stages of biological development can lead to irreversible
consequences in the forestry sector. The results obtained are promising for further development of the
method for ecological and economic estimation of the damage caused, which results in illegal amber mining
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Introduction

Ukraine is distinguished by the richness of miner-
al resources, the development of which inevitably
disrupts the existing ecosystems. In recent years,
the problem of restoring considerable land areas
damaged as a result of unauthorized amber mining
in the Polissia amber-bearing district has become
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acute. According to official data, over a thousand
hectares of land have suffered very severe damage
and need to be restored. The environmental signif-
icance of such territories has been lost, and further
use for forestry or agriculture is very risky. The ex-
traction of amber using motorized pumps destroys
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the soil structure and leads to abrupt deterioration
of its water-physical properties. The difficulty of
restoring such territories is related not only to fi-
nancing, but also to the fact that there is no expe-
rience in dendro-reclamation of land with similar
damage in the world practice. Therefore, a compre-
hensive assessment of the damage and its impact on
all components of the ecosystem, specifically tree
stands, is essential. Forest dendro-reclamation, as
a relatively cheap and quite effective way of reha-
bilitating lands damaged by industry, has become
widespread in the forest zone of Europe, russia, and
North America. During forest dendro-reclamation
of disturbed lands, much attention is paid to the se-
lection of an assortment of tree and bush species,
the main element of the types of projected artificial
forest stands.

Analysis of recent studies and publications Cen-
tral (Zhytomyr) Polissia is one of the most wood-
ed regions of Ukraine. The land fund of Zhytomyr
region is 2,982.7 thousand hectares. In its compo-
sition, agricultural land has the highest specific
weight — more than half (53.9%, or 1,608.5 thou-
sand hectares) (Trembitskyi et al., 2011). More than
a third of the land is made up of forests and forest
areas covered with forest vegetation. Only 166.7
thousand hectares of land in the region are in their
natural state: swamps, lakes, rivers, open lands.

Erosion processes are progressing on the ter-
ritory of the region, the areas of eroded and ero-
sion-dangerous lands are constantly growing. Ero-
sion processes are widespread on 104.8 thousand
hectares of agricultural land, which is 3.5% of the
region’s territory and 6.5% of the farmland area
(Trembitskyi et al., 2011).

Forest vegetation in the past, a fairly humid
and mild climate, a positive balance of moisture
in the soil, a light mechanical composition and
the lack of carbonation of the rocks led to the
emergence of sod-podzolic (ungleyed and gleyed)
soils, mainly of a light mechanical composition, in
Polissia, namely in its central part (sandy, clayed-
sandy, sandy-loam and sandy-light loamy) (Hooke
et al., 1958). Sod-podzolic soils of Polissia are
characterized by some negative features: acidic
reaction, unsaturation of bases, scarcity of humus,
the gross amount of nutrients (nitrogen, phos-
phate, potassium) and trace elements (Huck et al.,
1958). The lack of any chemical elements in the
soil causes their lack in plants.

The forest cover of the territory of Central Polis-
sia increases from the southern regions to the north-
ern ones from 5% to 50% and averages 33.3% (Pyl-
ypenko et al., 2010). Among all types of forests in the
territory of Central Polissia, suboral type forests are
most common, which are mainly confined to sod-
weak-podzolic and sod-medium-podzolic clayed-
sandy and sandy soils of varying degrees of mois-
ture (Lavrinenko, 1954). In fresh subors, pine is in
optimal conditions for its development and produc-
es the best quality timber (Kucheriavyi et al., 2006).

Amber manifestations within the forest part of
the Zhytomyr region, discovered by scientists and
locals, belong to the borders of the Zhytomyr Polis-
sia. In its geological structure, the main place is
occupied by Precambrian rocks covered by anthro-
pogenic deposits (Vyshnivskyi & Kushnir, 2007).
Considering the relatively small distance between
the Klesivske deposit and the discovered areas of
amber deposits, where it is currently being illegally
mined in Olevskyi and Korostenskyi districts, as well
as the similarity of the geomorphological and soil
conditions of the territories, these areas should be
considered a continuation of the Klesivske deposit.
The lower layer of quartz sands of the intermoun-
tain formation of the Kharkiv series of the Oligo-
cene is considered the most amber-bearing. It is
represented by fine- and medium-grained sands of
mainly greenish-grey colour with Glauconite, the
content of which reaches 5%. The thickness of the
layer of water-saturated sand is from one to five
meters. The average amber content in sands of this
type is 57 km?3 (Shcherbak & Hoshovskyi, 2006).

Recently, the greatest activity of unauthorized
amber mining on forest lands was observed with-
in Olevskyi and Ovrutskyi districts of Zhytomyr re-
gion, Rokytnivskyi, Dubrovytskyi, Volodymyretskyi,
Zarichnenskyi and Sarneskyi districts of Rivne region
and Ratnivskyi and Liubeshivskyi districts of Volyn
region. In addition, considering the geography of
deposits, several other areas of the listed regions, as
well as the territory of the Kyiv region, fall into a kind
of risk zone. In fact, unauthorized amber mining cov-
ers almost the entire north-western part of Ukraine
with an area over 14,600 km? (Kovalevsky & Legky,
2018; Nadtochii, 2007; Vyshnivskyi & Kushnir, 2007).

Amber mining is carried out by manual and hy-
dro-mechanical methods (pump method, pumping).
The latter currently prevails and has more cata-
strophic consequences for the environment. The
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hydro-mechanical method of extraction consists
in washing away the soil with a jet of water under
high pressure up to 6-10 meters deep (Kovalevsky
& Legky, 2018; Nadtochii & Myslyva, 2007, 2015;
Slobodian, 2009). Extraction in this way destroys
the fertile soil layer in the place of the probable oc-
currence of minerals because during “erosion” the
humus layer is mixed with the main mass of under-
lying sandy and sandy-loam rocks. It takes decades
to restore the fertile layer. During extraction by the
pump method, the root system of trees is destroyed,
which leads to the destruction of tens and hundreds
of hectares of forest. Considerable damage to woody
vegetation by such amber mining is explained by
the fact that unauthorized development is mainly
carried out in closed and semi-closed areas: forests,
shrubs, forest belts, remote from settlements, in
off-road conditions, which does not allow ensuring
proper protection of deposits and manifestations
(Nadtochii & Myslyva, 2007; Nadtochii & Myslyva,
2015; Slobodian, 2009).

However, the issue of reclamation and den-
dro-reclamation of forest lands affected by unau-
thorized amber mining in the territory of Ukraini-
an Polissia, specifically in Zhytomyr region, is new
and understudied. The first scientific papers on
this issue appeared only five years ago, their main
topics are satellite monitoring of affected areas
(Slobodian, 2009) and assessment of environmen-
tal consequences and economic damage (Dorenko,
1979; Vovk et al., 2008; Nadtochii & Myslyva, 2015)
caused by amber mining. In the studies of scientists,
the authors of this paper found no analogues of a
comprehensive approach to the assessment and res-
toration of forest areas disturbed as a result of am-
ber mining in the Ukrainian Polissia.

Quite interesting today are the scientific studies
of M. Kazimir and T. Bedernichek “Reclamation of
Lands Disturbed Due to Amber Mining in Polissia:
Problems and Prospects” (Kazimir & Bedernichek,
2017) and P. Nadtochii “Ecological and economic as-
sessment of the impact of activities related to illegal
amber mining on the environment of Zhytomyr re-
gion” (Nadtochii, 2015).

The scientific papers of S. Kovalevskyi and V. Leg-
ky “Integral assessment of anthropogenic transfor-
mation of forest landscapes of the Dubrovytskyi
district as a result of unauthorized amber min-
ing” and “Typological evaluation of forest areas of
the Dubrovytskyi Forestry, disturbed as a result of

unauthorized amber mining” highlight the results of
the study of forest stands of the Dubrovytskyi Forest-
ry damaged as a result of illegal amber mining (Kova-
levsky & Legky, 2017; Kovalevsky & Legky, 2018).

The purpose of this study lies in identifying the
environmental consequences of the adverse impact
of unauthorized amber mining on the land of the
Forest Fund of the Zhytomyr region, which was cov-
ered with woody vegetation.

Materials and Methods

Research was conducted during 2018-2020 on the
territory of the forest fund of the Zhytomyr Region-
al Department of Forestry and Hunting. According
to the results of the reconnaissance of the damage
on the territory of the mentioned enterprises, three
state enterprises and seven forestry enterprises as
part of them have been identified for further work:
SE “Bilokorovytske Forestry” (Zamyslovytske, Ozeri-
anske, Tepenytske, Poyaskiv forestries), SE “Olevske
Forestry” (Yurivske and Kamianske forestries), SE
“Slovechanske Forestry” (Syrnytsia and Mozhariv
forestries). In the future, temporary experimen-
tal plots were laid out on the territory of blocks 20
and 21 of the Poiaskivske forestry, block 27 of the
Mozharivske Forestry and block 29 of the Syrnytske
forestry. Temporary experimental plots were laid in
places of the most intense damage to sites due to
amber mining, and in adjacent areas that were not
adversely affected.

The source materials for this paper included field
research materials, inventory descriptions of tree
stands, satellite and aerial photographs, data from
specialized literature, and orders of state authorities
of Ukraine (Yanchuk et al., 2017). The study was con-
ducted per generally accepted guidelines in forestry
(Gordienko et al., 2000). The technology of the creat-
ed forest cultivars, the conduct of economic activities
in them was restored based on archival data and for-
est management materials and clarified during the
survey in nature.

Experimental plots were laid in places character-
istic of the sites. The experimental area was linked to
the quarterly network. In nature, experimental plots
were limited by visors, and pits (30x30x30 cm) were
dug at the corners, and earth was left at a distance of
30-35 cm. The age of individual woody plants was
determined according to the data of inventory de-
scriptions, and if there were no such - visually, ac-
cording to the general condition of plants, inventory
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indicators, conditions of local growth. Measurements
of the principal inventory indicators of trees were
conducted according to the generally accepted meth-
od (Anuchin, 1982). The type of forest vegetation
conditions was determined according to the forest
typological classification of Alekseev-Pogrebniak
(Pogrebniak, 1968) considering the indicators of for-
est types, soil, and relief. The volumetric mass was
determined according to the pycnometric method
in twofold repetition, the pH of the salt extract was
determined by the potentiometric method, the hy-
drolytic acidity was determined according to Kap-
pen, the amount of absorbed bases was determined
by Kappen-Gilkovits, and the humus content was
determined according to Turin. Soil analyses were
performed in threefold repetition, with a permissible
deviation from the arithmetic mean of no more than
*5% (Arinushkina, 1970).

Results and Discussion

Mass amber mining in the Zhytomyr region began
somewhat later than in the neighbouring Volyn and
Rivne regions. This was one of the prerequisites for
the fact that the total area of damaged territories and
forestry land is less than in neighbouring regions.

Areas of forest stands that require dendro-rec-
lamation were identified on the territory of three
enterprises. The most disturbed areas (336.60 ha)
are on the territory of the “Bilokorovytske Forest-
ry”, “Olevske Forestry” (30.70 ha) and “Slovechan-
ske Forestry” (2.15 ha). According to the results of
the damage analysis, seven forestries have been
identified for further research on the territory of
the mentioned enterprises: SE “Bilokorovytske
Forestry” (Zamyslovytske, Ozerianske, Tepenytske,
Poyaskivske forestries), SE “Olevske Forestry” (Yu-
rivske and Kamianske forestries), SE “Slovechanske
Forestry” (Syrnytske and Mozharivske forestries). In
the future, temporary experimental plots were laid
out on the territory of blocks 20 and 21 of the Poi-
askivske forestry, block 27 of the Mozharivske For-
estry and block 29 of the Syrnytske forestry.

On the territory of the SE “Belokorovytske For-
estry”, the largest area of damaged land falls on
blocks 20, 21, 22, and 25 of the Poiaskivske forestry,
blocks 60 and 64 of the Yurivske forestry of the SE
“Olevske Forestry”, block 29 of the Syrnitske forest-
ry of the SE “Slovechanske Forestry”. Forest man-
agement data and visual inspection of disturbed
areas indicate that, as a result of amber mining,

mainly medieval stands of Pinus sylvestris L., some-
times with an admixture of Quercus robur L., as well
as young Betula pendula Roth, and maturing stands
of Alnus glutinosa (L.) Gaertn were destroyed. In
the vast majority of cases, forest stands were com-
pletely cut down, and in some cases burned together
with the under-canopy cover. Part of the tree stands,
specifically young Betula pendula Roth., died after
flooding the top layer of soil with pulp from sandy
horizons due to hydraulic washing from motor
pumps. In many areas, washing operations led to a
violation of the groundwater level.

As a result of the survey of sites, several types of
soil cover violations were found. These are channels
for water supply to hydraulic pumps, several types of
craters, pits from primary and secondary manual dig-
ging, and so-called mining pits with reinforced walls.

Temporary experimental plots were laid in plac-
es of the most intense damage to sites due to amber
mining, and in adjacent areas that were not adverse-
ly affected. Only on the territory of the Mozharivske
forestry, experimental plots for comparison were
laid out in relatively slightly disturbed areas.

Given the fact that, according to geologists, only
about 20-30% of amber is extracted from the sub-
surface by pumping, there is an elevated risk of re-
peated violations of the territory.

In the practice of local foresters, there have al-
ready been cases when areas prepared or already
planted with forest cultivars were repeatedly dis-
turbed. In addition, considering the already ex-
plored density of amber deposits, there is a signifi-
cant probability of expansion of disturbed areas in
the future.

Agrochemical indicators of soils, namely their
chemical composition and physical and mechanical
properties, often play a decisive role in the choice
of tree species and the technology of creating tree
stands. Since considerable areas of the surface of
the territory under study within the boundaries of
the lands of SE “Bilokorovitske Forestry” during il-
legal extraction of amber by the hydromechanical
method are covered with a layer of overburden, the
thickness of which reaches 0.9 m, there is a need
to investigate the indicated potential substrate. In
general, the overburden rocks that comprise the
washed layer — quartz, quartz-glaucomite, Lower
Cretaceous and Tertiary quartz sands, as well as
Quaternary sandy-clayed deposits, are character-
ized by the corresponding indicators (Table 1).
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Table 1. Composition and agrochemical properties of overburden on the territory of SE “Bilokorovytske
Forestry” (2019 research)

Overburden rocks

Indicat
ndicators quartz-glauconite sand quartz sand sandy loam soil
quartz, glauconite,
. . feldspars, phosphate, quartz, feldspars, qt‘lartz, feldspetrs,
Mineralogical . . . . micas, hydromica,
.o calcium, gypsum, pyrite, micas, hydromica, . . .
composition . h . . chlorite, kaolinite,
montmorillonite, montmorillonite montmorillonite
hydromica, kaolinite
Dry residue, % 0.1-0.4 0.04-0.05 0.002-0.04
pH of water 5.4-6.8 4.1-5.7 6.3-6.5
Sum of absorbed bases mg-
eq:(100 )" 7-11 0-0.3 2.0-6.2
fraction < 0.01 mm, % 10 7.5-9.3 10.5
Humus, % 0.3-0.7 0.2-0.5 1.5-3.9
Mobile phosphorus,
mg-eq-(100 g)* 14 2.5 7.5
Mobile potassium, 10 25 50

mg-eq-(100 g)"!

The complex total interaction of abiotic and an-
thropogenic factors, which are differently balanced
in the territories under study, leads to the formation
of different properties of disturbed land plots. As a
rule, highly disturbed lands are covered with a layer
of quartz sand. Areas formed by quartz-glaucomite
sands are more favourable for plant growth. Accord-
ing to the results of the tests, it was found that they
contain a considerable amount of nutrients, specif-
ically calcium, potassium, phosphorus, manganese,
sulphur, and trace elements. The pH index of sands
containing glaucomite is close to neutral, and this
can explain the decrease in acidity in areas where

pumping of acidified water took place in horizons
containing glaucomite.

After illegal amber mining by hydro-mechan-
ical method, disturbed forest lands are mainly rep-
resented by substrates composed of a mixture of
fine-grained quartz sands. The main indicators of
overburden that limit or sharply reduce the efficien-
cy of biological development of land include acidity,
nutrient content, and water content. The results of
studies of the agrochemical properties of sandy sub-
strates at the TEPs within the blocks 19, 20, 21, 22
of the Poiaskivske forestry of the SE “Bilokorovytske
Forestry” are presented in Table 2.

Table 2. Agrochemical properties of substrates with an admixture of overburden on the TEPs,
covered with self-seeding, within the boundaries of the Poiaskivske forestry
of the SE “Bilokorovytske Forestry” (overburden layer 0-40 cm)

Agrochemical properties
No. | Species ;zii’s Months pH |humus, nlil;)(:)glli P,0,, mg- K,0, - - v
(KCI) % mg:-(100 g)’.1 eq-(100 g)"! | mg-(100 g)!

Ps \Y% 3.96 0.20 2.19 6.2 8.5 0.67 1.86 26.5

1 Bp’ 5 VII 4.13 0.21 1.64 7.7 10.7 1.04 1.86 49.8
IX 4.15 0.19 1.49 6.9 10.9 1.18 1.48 44.4

Ps, A% 4.01 0.18 1.04 7.5 14.5 0.40 1.64 19.6

2 Bp, 3-4 VII 4.16 0.24 2.79 9.2 9.0 1.55 1.64 48.6
Pt IX 4.04 0.24 1.42 7.9 14.0 0.61 1.64 27.1
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Table 2, Continued

Agrochemical properties
. Age, -
No. | Species years Months pH | humus, moblle PO, mg- KO0,
o nitrogen, 275 B 2 R S H \%
(KCI) % mg-(100 g)" eq:(100 g) mg-(100 g)
\Y 3.82 0.18 1.68 6.6 8.5 0.45 1.64 20.4
4 Bp 34 VII 3.76 0.18 1.47 7.0 13.5 0.99 3.45 22.3
IX 3.84 0.22 1.82 7.4 12.0 0.55 1.97 21.8
Bp, \Y% 4.49 0.22 2.78 9.0 12.0 2.67 1.15 69.3
5 Ag, 2-4 VII 4.39 0.22 1.77 9.0 14.5 1.73 1.15 60.1
Ps IX 4.25 0.20 2.01 6.3 10.5 1.37 1.31 51.0
Bp, \Y 4.20 0.14 1.14 5.2 13.5 1.37 1.31 51.0
6 Ps, 2-3 VII 4.24 0.22 2.66 5.6 15.5 0.98 1.15 46.0
Pt IX 4.21 0.22 1.26 5.0 14.5 1.17 1.15 50.4
Ps \Y 4.19 0.22 1.89 6.0 9.0 0.42 1.31 24.2
7 B 2-4 VII 4.09 0.24 3.10 8.2 114 0.61 1.31 31.8
p IX 4.06 0.20 1.16 4.0 10.0 0.61 1.48 29.2

H* is the hydrolytic acidity, mg-EQ per 100 g substrate;

V*is the degree of saturation of the substrate with bases;

Ps is Pinus sylvestris L.;

Bp is Betula pendula Roth.;

Pt is Populus tremula L.;

Ag is Alnus glutinosa (L.) Gaerth.

According to the degree of acidity, the substrates
under study are highly acidic. The pH response is
within 2.76-4.49. Zonal soils are characterized by
a low content of organic matter. According to the
present study, the humus content in all the areas
under study covered with a layer of overburden is
extremely low and amounts to 0.14-0.24%. However,
this fact indicates the presence of a humus-forming
process and its connection with the functioning and
development of biota. Overburden rocks in the study
area contain a small amount of nitrogen, and there-
fore the content of its available form is estimated
as very low. Almost all mobile nitrogen in the areas
under study is in the ammonia form, since nitrate is
prone to either rapid absorption by plant roots, or
leaching into deeper layers, or transformation. The
amount of available nitrogen (Table 2) indicates
only the nature of its circulation in continuous cy-
cles between vegetation and the substrate.

There are no substantial seasonal changes in the
content of mobile nitrogen in anthropogenic wash-
ing substrates. In almost all the areas under study,
there are two periods during the year, quite sharply

separated from each other: the period of predomi-
nant consumption, which coincides in time with the
season of active vegetation, and the period of filling
the labile fund, which covers the cold season. There-
with, the formation of long-term reserves (humus
reserves) almost does not occur. The content of mo-
bile nitrogen in anthropogenic substrates may only
be sufficient to meet the current needs of biota, but
it may not be in reserve.

Agrochemical analysis of anthropogenic sub-
strates allowed establishing that the content of
available phosphorus (P,0,) during the entire grow-
ing season was 4.0-9.2 mg-(100 g)’!, with some ten-
dency to increase until the end of July. According
to the degree of supply with available phosphorus
(P,0,), the substrates under study also belong to the
poor.

According to these indicators, they are inferior
to zonal soils, where the P,O, content ranges with-
in 9.3-14.7 mg-(100 g)*!' of soil. The amount of ex-
changeable potassium (K,0) in the substrates of the
experimental plots for the entire growing season
was at 8.5-15.5 mg-(100 g)! of the substrate, which
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corresponds to the content of exchangeable potas-
sium in zonal soils, where its amount ranges with-
in 10.7-14.5 mg-(100 g)! of soil. At plots No. 2 and
3, a decrease in the content of K,O was observed in
June, compared to the presence in May, and then
it increases again until the end of September. In
all other areas, the maximum content of metabolic
potassium in substrates occurs in July. The highest
K,O content is observed during the growing season
at plot No. 6, where its amount ranges within 13.5-
15.5 mg-(100 g)! of the substrate. Determining the
degree of soil saturation with bases, along with de-
termining the pH of the salt extract, hydrolytic acid-
ity and the amount of exchangeable bases is one of
the key methods of researching acidic soils for lim-
ing. On land plots No. 1, 2, 3, 4, 6, 7, the substrates
under study belong to Group I according to the need
for lime, since the degree of their saturation with

bases is 50% or less. Group II includes substrates at
Plot No. 5, the degree of their saturation with bases
is within 51.0-69.3%. These substrates require less
lime. Thus, the data of the presented studies indi-
cate the peculiarity of agrochemical properties of
substrates. However, these substrates are non-toxic
and because of their agrochemical properties, are
quite suitable for the growth of both local and in-
troduced woody plant species.

As a result of hydraulic washing, deep layers of
soil are brought to the surface of the plots, and the
upper layer of zonal soil is buried under a layer of up
to 0.9 m. This affects the physical properties of over-
burden rocks, depending on the types of their sub-
strate (Table 3). As a result of strong mixing, when
using the hydro-mechanical method of amber ex-
traction, all layers are mixed and, as a result, the hu-
mus layer is inferior in many respects to quartz sand.

Table 3. Physical properties of overburden on the territory of “Bilokorovytske Forestry”

Specific . . . Filtration Total porosity
Substrate type gravity; Volumetric Hygroscopic Porosity coefficient of the
’ . 3)-1 s Jitv © : s
g-(cm’)! mass, g-(cm?®) humidity, % coefficient m-(day)’ substrate, %
Hu“tll‘:: L‘Xfr of 2.66 1.50 2.20 0.785 1.32 43.6
Quartz sand 2.65 1.55 0.80 0.724 1.61 41.5
Quartz
sand with
admixtures of 2.65 1.40 4.60 0.893 1.37 47.1
glauconite and
kaolin

Mineral nutrition is of significant importance for
the physiology of the tree, since its normal growth re-
quires a sufficient supply of certain mineral elements.
At certain stages of growth and development, plants
experience unique needs for elements of mineral nu-
trition, and therefore knowledge of the dynamics of
consumption and redistribution of nutrients in the
first years of plant life serves as the biological ba-
sis for agricultural technology of their cultivation.

The share of disturbed land is rather consider-
able and is growing every day. This indicator points
to the considerable losses of wood raw materials,
non-wood resources of the forest, understorey,
undergrowth, and ground vegetation. At the same
time, these losses increase the class of fire danger
in damaged areas, which can lead to inevitable con-
sequences. Disturbed forest areas are a source of
forest pests and fungal diseases. The negative trend
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that has developed in the forest massifs of individ-
ual forest farms renders forest certification impos-
sible, which would otherwise allow the enterprise to
move to a new level of management.

Conclusions

The massive spread of amber mining in recent years
has socio-economic, legal, and geological pre-
requisites and entails environmental, social, and
economic consequences. Mining is carried out by
manual and hydro-mechanical methods, the latter
currently prevails and is more catastrophic for the
ecology of the region.

A catastrophic environmental situation is in-
herent in the centres of mass amber mining, which
is the driving force for the imbalance of all ecolog-
ical indicators of the area, the emergence of side
environmental problems and can lead to irreversi-
ble consequences. The forest ecosystem is adversely
affected at various stages of its development. Forest
stands suffer from changes in the hydrological sys-
tem of the region, which are associated with illegal
extraction, which, in turn, can lead to an increase in
the volume of lost timber. Having analysed the total

anthropogenic load on forest landscape systems, the
authors of this paper found that most of the territory
under study is characterized by substantial anthro-
pogenic transformation. Within the area under study,
powerful foci of unsatisfactory ecological state were
formed due to unauthorized amber mining. Current-
ly, there is a trend of rapid growth in the share of land
converted as a result of illegal mining.

The main reasons for the negative changes in the
region are the lack of a single ecologically balanced
system of rational nature management and ignoring
the parameters of permissible standards of load on
landscape systems, the lack of relevant legislative
acts on the regulation of illegal amber mining, the
inaction of law enforcement agencies, the obstruc-
tion of the activities of forestry workers, the difficult
socio-economic situation of the local population.

Further research is to establish the features and
ways of stimulating natural vegetation renewal in areas
degraded duetoillegal amber mining, to investigate the
influence of abiotic environmental factors on the pro-
cesses of vegetation renewal, to develop a method for
ecological and economic estimation of damage caused
to forests as a result of unauthorized amber mining.
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EKoJIoriuHi HaCTiZKY HEraTMBHOTO BIUIMBY HECAHKIIIOHOBAHOTO BUAOOYTKY OYPIITUHY
Ha JIicoBi OistHKY JKuroMupuimam

Cepriii BopucoBuu KoBaneBcbkuii, IOpiii MukosnaiioBuu Mapuyk,
KoctsaaTua BacuinboBuu MaeBcbkuii, Cepriit CepriiioBuu. KoBajieBcbKMii,
Anppint Muxaiiosuu Yypinos

HauionanbHMit yHiBepcuTeT 6iopecypciB i mpMpogoKOpUCTYBaHHSI YKpaiHu
03041, Byn. 'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHoTarnisa. Bumo6yTok OypIITMHY BKe IMPU3BiB M0 eKoJoriyHoi KaTacTpodu perioHaJbHOTO MacIiTaby.
3a oQililiHMMM TAaHMMM, ITOHAJM THUCSYA TeKTapiB 3eMeJib, SIKi IepeBakHO PO3TalllOBaHi Ha TepuTopii
LleHTpanbHOTO TOJiCbKOTO perioHy (CKuTomMmpchKa 0067aCTh), 3a3HAIM TyKe CWIBHUX YIIKOIKEHDb i
MOTpeOYIOTh BiTHOBIEHHS. IIpMPOAOOXOPOHHE 3HAUEHHS TaKMX TEePUTOPiil BTpayeHO, a IOAaIbIie
BUKOPMCTAHHS [IJIsT BeIeHHS JTiICOBOTO UM CiJIbChKOTO FOCIIOAAPCTBA € TysKe PU3UKOBAHUM. JIJIs1 pO3pOo6IeHHS
HOPM aHTPOIIOTeHHMX HaBaHTa)keHb Ha JJaHAmadTy O06OB’SI3KOBMM € [OCTIIKEeHHS aHTPOIIOTeHHOi
TpaHcopMallii MIIXOM BUSIBJEHHS iX Cy4acHOT'O €KOJIOTiYHOIO CTaHy, BCTAHOBJIEHHS 3aJIEKHOCTiI 3MiH
BiJi iHTEHCMBHOCTI aHTPOIIOTEeHHMUX HaBaHTaKeHb iHAMBIZyaJbHO [JISI KOXXHOTO IPUPOSHOTO PETioHY.
BuximuuMmmu matepiamamMu It OTPUMMAaHHSI pe3y/IbTaTiB € MaTepiasy IOJbOBMUX AOCTiIKeHb, TaKCalliliHi
OTMCY HAaCaIKeHb, CYMMyTHMUKOBI Ta aepodOTO3HIMKM, a TaKOX 3aKJaJaHHS TUMYACOBUX IMPOOHUX
TUION 3a 3arajbHOINPUIHSITOI Y JIiICOBOMY TOCIIOJApPCTBI METOAMKOW. YHACTiIOK HeCaHKI[iOHOBAaHOTO
BUAOOYTKY OYpIITMHY Ha TepuTopii JKMTOMUPLIMHM CTPIMKO 3pOCTAa€ aHTPOIIOreHHe HaBaHTaXKeHHS
Ha JIiCOrocIogapchki JaHamadTH, o 3aBaae iM HemompaBMMOI IIKOAM, MTPU3BOIUTD A0 €KOJOriyHoi Ta
€KOHOMIYHOi KpMU3¥ paiioHy, AucOaNIaHCy COIia/IbHOTO CTAHOBUINA JKUTEIIB paiioHy, 3HAUYHUX 30UTKIB y
cdepi icoBOro rocrmomapcTBa, CTBOPIOE MiAIPYHTS MJIsI BUHMKHEHHSI CYIYTHIX €KOJIOTiYHMX IpOOGJIeM.
Bin6yBaloTbcs 3HAUHI MePEeTBOPEHHS Y CTPYKTYPi Ta MiHEpPaIbHOMY CKJIAi MIapy I'PYHTY JiCOBUX 3€MeJib,
TTOBHICTIO 260 YaCTKOBO 3HUIIYETHCS SKUBUII HAAIPYHTOBUIT TTOKPUB i MiJTiCOK, MiApicT 3a3HAa€E 3HAYHOTO
TepeTBOPEHHS YMOB MiCIle3pOCTaHHS Ta aHTPOMOTEHHOTO TUCKY. [TopyIlieHHST eKOJIOTiYHO1 piBHOBArM Jiicy
Ha pi3HUX eTanax 6i0JIOTiYHOTO PO3BUTKY, MOXKE ITPU3BECTH 10 HE3BOPOTHUX HAC/IIKiB Y TiCOrOCTIOapChKiit
ranysi. OTpuMaHi pe3yibTaTy € MEePCIeKTUBHUMM [IJISI MONAIbIIOTO PO3POOJIEHHS BJIACHOI METOIMKU
€KOJIOI'0-eKOHOMIUHO1 OIIiHKM 3aMOisIHOT IITKOAM, HACTiTKOM SIKMX € He3aKOHHMIA BUIOOYTOK OYPIITUHY

KniouoBi citoBa: meHIpopeKyabTUBAlLisT, OYPIITHH, JIiCOBi AiISTHKY, €p03is, eKOJIOTis
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