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INTRODUCTION

Reproduction of biologically stable productive forest
stands is an important indicator of sustainable forest
development, the decrease in the biotic stability of
forests is caused by the violation of established links
between the components of forest ecosystems, there-
fore, the sanitary condition of forests is determined by
the influence of anthropogenic factors.

There have been significant changes in hydro-
logical and weather conditions, which, in turn, has led
to a sharp depletion of pine stands, weakening of trees,
deterioration of sanitary conditions and drying of stands
(Jaime et al., 2022; Meshkova & Borysenko, 2018; Weather
archive, n.d.). An increase in the average temperature
and a decrease in precipitation leads to a decrease in
the groundwater level and creates optimal conditions
for the infestation of harmful insects, in particular, bark
beetles (Meshkova et al., 2017; Porohniach, 2018).

If in the past years drying was characterised by
the death of individual trees or their small groups, now
there is a dynamic group drying of pine stands in differ-
ent types of forest-growing conditions, which is char-
acterised by intense yellowing or reddening of needles,
followed by the fall of shoots and bark with the expo-
sure of the wood layer. Davydenko et al., 2017, Meshkova
& Borysenko, 2018, Meshkova et al., 2017, noted that
earlier pathological processes were mainly inherent
in ripening stands at the age of more than 80 years,
now rapid drying is observed in young and middle-aged
stands. Consequently, the decline in the resistance of
Scots pine to the effects of stress factors associated
with climate change, and the mass spread of the popu-
lations of xylophagous insects caused a large-scale dry-
ing of coniferous forests and Scots pine, in particular, in
most European countries, where over the past decade
it has been registered in Poland, Italy, Germany, and
in the Scandinavian countries - Finland and Sweden
(Gémez-Pineda et al., 2022; Batllori et al., 2022; Pineau
et al., 2017). According to the scientific publications of
European researchers (Hajek et al., 2022; Batllori et al.,
2022), the leading role in the weakening of stands and
the formation of foci of mass reproduction of harmful
insects is played by unfavourable changes in weather
and climatic conditions,among which the main role be-
longs to the level of moisture and temperature regime.

According to the state agency for forest resources
of Ukraine, intensive drying caused by xylophagous
insects has covered more than 23% of the area of all
foci of harmful insects since 2018, and the area of foci
has increased 7.7 times in recent years (Agency of For-
est Resources of Ukraine, n.d.). The first foci of drying
of pine forests in Ukraine were observed in 2011 in the
Zhytomyr Oblast, since 2015, such foci have spread to
the north-western direction, in 2017, pine drying was
observed in the central regions of Ukraine, and in the
spring of 2018 - in the Forest-Steppe. The dry and hot
summer of 2018-2019 caused the drying of large areas
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of stands in Central European forests, but since 2020,
a sufficient amount of moisture in the summer period
has contributed to the restoration of the hydrological
regime and the gradual extinction of drying foci.

The purpose of the study is to investigate the
main factors of drying of pine stands with the analysis
of the species composition of pathogens, phytophagous
insects, and their number over a thirty-year period.

MATERIALS AND METHODS

The study was conducted in pine stands of the National
University of Life and Environmental Sciences of Ukraine
“Boyarka Forestry Research Station”. Field studies and
information from the Boyarka FRS scientific database
for the period since 1990 were used to determine the
dynamics of pathological processes and the volume of
drying of pine forests. The results are based on data
from 12 constant and 10 temporary sample plots.

In particular, in pine forest stands with signs
of the presence of pathological processes and drying,
reconnaissance and detailed surveys were carried out
on permanent and temporary test areas established in
stands of different age groups with foci of drying trees.
Within the selected sites, the localisation of drying foci,
the type of drying, damage by pathogens, and infesta-
tion by harmful insects were determined. The type of
drying was determined by its area: up to 10 trees - single
(group),up to 0.25 ha - block, over 0.25 ha - continuous.

Detailed forest pathological studies of the dy-
namics of the spread of drying foci in pine stands since
2011 have also been conducted on temporary test areas
established around existing group foci of dying trees,
according to generally accepted methods (Methodolog-
ical guidelines..., 2020; Puzrina et al., 2021) and in ac-
cordance with regulatory reference materials (Standard
of organisations of Ukraine, 2007). The state of forest
stands was determined by the average index of sanitary
condition of trees (Is), the sanitary condition of each
tree was determined in accordance with the Sanitary
rules in the forests of Ukraine (Sanitary rules in the
forests of Ukraine, 2016).

During field work, biotic and abiotic factors of the
pathological process and their manifestations in stands
(phytophagous insects and pathogens, forest fires, dam-
age by late frosts, animals, etc.) were recorded in test areas.

Sanitary condition (Is) of stands were calculated
using the equation (1):

= Mki - ni (1)
ST N
where I - index of sanitary condition of stands; k,-k, -
tree condition category (from 1 to 6); ni - number of
examined trees of the corresponding condition category;
N - total number of trees surveyed.

The level of damage to stands was determined on
the scale of values of sanitary condition indices shown in
Table 1.
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Table 1. Scale of indices of sanitary condition of stands

Sanitary condition index

Degree of damage

Stand condition

1.00-1.50 Absent Healthy
1.51-2.50 Weak Weakened
2.51-3.50 Medium Severely weakened
3.51-4.50 Strong Drying
4.51-6.00 Very strong Dead wood

Source: (Methodological guidelines..., 2020; Puzrina et al., 2021)

The degree of weakening of stands was deter-
mined as a weighted average value for estimating the
distribution of trees of different conditioned categories.
Based on the results of accounting for test areas, the in-
dex (average category) of the sanitary condition of the
stand as a whole was calculated. Indices of the sanitary
condition of stands are characterised by the following
indicators: 1.0-1.50 - healthy; 1.51-2.50 - weakened;
2.51-3.50 - severely weakened; 3.51-4.50 - drying;
4.51-6.00 - dead wood.

Population indicators of insects that inhabit-
ed trees in drying foci were determined by the pallet
method on model Scots pine trees (Methodological
guidelines..., 2020; Puzrina, 2020; Puzrina et al., 2021).
The state of the population and its impact on forest

stands allow assessing the quantitative characteris-
tics of the insect population, in particular: the number,
prevalence and harmfulness of insects. In addition, the
indicators used to determine the level and dynamics
of insect populations include: population, density, and
frequency of occurrence.

When studying the species composition of xylo-
phagous insects, each model tree was cleaned of knots,
removing a 10 cm wide part of the bark from the base
to the top. Within the identified areas of each species,
accounting sticks were used, on which the infestation
density was determined by the number of uterine pas-
sages per 1 dm2 for the subfamily Scolytinae and by the
number of larvae on the bark-free part of the trunk for
families Cerambycidae and Buprestidae (Table 2).

Table 2. Estimation of xylophagous insect settlement density

Settlement density, units*dm (uterine passages for bark beetles;

Species number of larvae per 1 tree - for sawyer beetles and jewel beetles)
Low ‘ Average ‘ High

Phaenops cyanea 0.4 or less 0.5-0.8 0.9 or more
Monochamus galloprovincialis 0.3 or less 0.4-0.8 0.9 or more
Tomicus piniperda 0.7 or less 0.8-1.5 1.6 or more
Tomicus minor 2.9 or less 3.0-5.0 5.1 or more

Ips sexdentatus 0.5 or less 0.6-1.2 1.3 or more

Ips acuminatus 2.0 or less 2.1-5.0 5.1 or more

Source: (Methodological guidelines..., 2020; Puzrina et al., 2021)

The relative density was determined by the ratio
of the number of individuals of a certain species per
unit of accounting (the number of trees surveyed) using
the equation (2):

()

where Vd - relative density; k - the sum of all individ-
uals of a certain species on the examined trees, units;
n - the number of trees surveyed, units.

The density of individuals of a particular species
of xylophagous insect is a significant indicator of the
accounting of forest biocenosis components; when de-
termining the density it is mandatory to consider data

from sample plots where no individuals of that species
have been found infesting.

Infestation rate (K)), which calculates the propor-
tion of trees with the presence of xylophagous insect
populations, is calculated by the equation (3):

m* 100%

1 — n )

©)

where m - number of trees with the presence of xylopha-
gous insect settlements, units; n - total number of test areas.

The degree of climate humidity (De Morton aridity
index) is calculated to assess the impact of changes in
weather conditions for the period 2010-2020 using the
equation:
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. R
Tt+ 10

where R — amount of precipitation per year,cm; t — average
annual temperature, °C.

The complex of methodological approaches pro-
vided objective information on the specific features of
the dynamics of the sanitary condition of pine stands of
the Boyarka Forestry Research Station over a thirty-year
period.

(4)

RESULTS AND DISCUSSION

The drying of pine stands is chronic, and during the
observation period from 1991 to 2020, pathological
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processes and, as a result, deterioration of the sanitary
condition of the studied forest stands occurred unevenly.

As a result of the conducted research, reflecting
the generalised research data on the sanitary condition
of pine stands of the National University of Life and
Environmental Sciences of Ukraine “Boyarka Forestry
Research Station” for the period from 1990 to 2010,
according to the data of 12 permanent sample plots
and according to the author's research for the period
2011-2020, dynamic trends in changes in the index of
their sanitary condition were established. The dynamics
of the weighted average index of the sanitary condition
of pine stands for the period 1991-2000 is shown in
Figure 1.
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Figure 1. Dynamics of the weighted average index of the sanitary condition of pine stands for the period 1991-2000

Source: compiled by the authors

Comparison of the obtained generalised data on
the sanitary condition of the studied pine stands shows
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that the sanitary condition index (Is) varies between
1.5-2.5 and increases with age (Fig. 2).
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Figure 2. Dynamics of the weighted average index of the sanitary condition of pine stands for the period 2001-2010

Source: compiled by the authors

According to the analysis of information from
the database of the Boyarka Forestry Research Sta-
tion during this period, the main pathological factors
of the weakening of pine stands in the region under
study were the pine fungus Heterobasidion annosum (Fr.)

Scientific Horizons, 2022, Vol. 25, No. 10

Bref. (detection rate was 60%) and a complex of stem
pests (Table 2). Four species of bark beetles (family
Curculionidae, subfamily Scolytinae) most often inhab-
ited viable Scots pine trees: large and small ash bark
beetles Tomicus piniperda and T. minor, pine bark beetle




Ips sexdentatus. A jewel beetle Phaenops cyaneus (family
Buprestidae) and sawyer beetle Monochamus gallopro-
vincialis (family Cerambycidae) were also found.

The analysis of pine stands damaged by pine
fungus indicated that temperature conditions and soil
moisture favourable for the development of Heteroba-
sidion annosum were formed in pine forests on sandy
loamy and sandy soils mainly with the roots in the litter
and with the established surface root system. Artificial-
ly created pine stands under these growing conditions
were in ecological optimum, were highly productive,
and were characterised by slow differentiation of trees
during growth. Spread of the pathogen Heterobasidion
annosum contributed to the creation of monocultures
of Scots pine on old arable, agricultural, or unsuitable
for agriculture lands and the formation of high-growth
young trees. Due to the infection with the pathogen
Heterobasidion annosum, changes in external mor-
phological features were observed in Scots pine trees
due to the deterioration of physiological functions.

Puzrina et al.

Negative impact of Heterobasidion annosum consisted
in the accumulation of fresh and old dead wood and
deterioration of the sanitary and, as a result, fire safe-
ty conditions of pine stands. In the absence of forest
fires, pine crops affected by the pine fungus pathogen
formed mixed stands with pine fungus-resistant spec-
imens of Scots pine in the first tier and soft-leaved tree
species and self-seeding of pine in the second. Analy-
sis of the phytosanitary state of pine forest stands in
dynamics indicates that the foci of Heterobasidion an-
nosum under favourable conditions for the pathogen,
become potential reserves of pathogens and phytoph-
agous insects and can pass into active foci.

The areas and density of xylophagous insect
settlements were determined by comparing the num-
ber of uterine passages of stem pests (per 1 dm?) and
the number of larvae (per 1 tree) on the rootless side of
the trunk with tabular indicators (Table 3), which were
used to determine the degree of tree infestation in the
test areas.

Table 3. Species composition of xylophagous insects (for the period 1991-2010)

Settlement density, units*dm

Species Settlement area In:g:;ag}on (uterine passages for bark beetles; number of larvae iE?egsl;g‘:ig;
70 per 1 tree - for sawyer beetles and jewel beetles)
Rough, transitional,

Phaenops cyanea thin bark 45 0.3%£0.2 Low

Monochamus Rough, transitional . .
galloprovincialis bark 52 0705 Medium
Tomicus piniperda Rough bark 54 19+0.8 High

Tomicus minor Thin bark 46 3.6*0.7 Medium

Ips sexdentatus Rough bark 36 1.0+04 Low

Source: compiled by the authors

It was found that at the highest rate of infesta-
tion, the dominant species in the stands under study
were ash bark beetles Tomicus piniperda (54%) and
Tomicus minor (46%) with high and medium infestation
rates, respectively, and Monochamus galloprovincialis
with a tree infestation rate of 52% and an average de-
gree of infestation, mainly in areas of the trunk with
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transitional and rough bark. Moreover, during addi-
tional nutrition of ash bark beetles, intensive damage
to annual and biennial shoots is noted in the crowns
of Scots pine. During the period of monitoring studies
since 2011, pine stands on temporary test areas were
examined and their sanitary condition was established

(Fig. 3).
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Figure 3. Dynamics of the weighted average index of the sanitary condition of pine stands for the period 2011-2020

Source: compiled by the authors
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Calculated as the proportion of the distribution
of annual precipitation and average annual air tem-
perature, the De Morton aridity index allowed esti-
mating the degree of climate humidity and changes
in climatic conditions over the studied years (Fig. 4).
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The gradual increase in the sanitary conditions index of
pine stands, and, consequently, the deterioration of the
state of forests during the study period, depended on
weather conditions and arid climate.
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Figure 4. Climate aridity index of Kyiv Polissia
Source: developed by the authors based on the weather archive

It is revealed that a typical sign of climate change
is a persistent tendency to sharp fluctuations in the
amount of precipitation. This was especially evident in
recent years, as the average amount of precipitation for
the growing seasons of 2012-2013 exceeded the norm,
and in 2015, 2017, and 2019 there was a sharp short-
age of atmospheric moisture. Deviation of the average
air temperature for the year from the norm is proof of
gradual changes in the thermal regime and climate
warming, so the main factor of epiphytotic drying of
Scots pine and forest woody plants in Ukraine is hydro-
thermal stress. Thus, in the last decade, with an annual
amount of precipitation in the range of 491-625 mm,
up to 115 mm of precipitation fell during the growing
season, which is typical for the region under study.
Therefore, the deterioration of the sanitary condition of
pine stands is associated with their ecological features,
in particular, the attitude to humidity and soil fertility.
Evidently, under such conditions, there are droughts
(atmospheric and soil), and sometimes temperature in-
dicators have abnormally high values throughout the
year. There is also a certain deformation of hygrotopes
with an increase in the dryness index of forest-growing
conditions, which leads to a weakening and deterioration
of the condition of pine stands.

During monitoring studies since 2018, a dynamic
drying of pine stands has been noted. The largest num-
ber of new drying foci in pine stands occurred in 2017-
2018, and the predominance of group and single types
of drying of pine trees was established. In the resulting
foci of drying out, a sharp increase in the population
size of Ips acuminatus was recorded, including a rapid
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expansion of existing foci and the establishment of new
ones. Notably, an increase in the number of sharp-den-
tated bark beetles was recorded during 2018, and since
2019, the population has gradually decreased due to
unfavourable conditions for wintering in the young
beetle phase and climatic indicators, in particular, low
temperatures and excessive precipitation at the beginning
of the growing season.

During the examination of drying foci and detailed
analysis of model trees of the 4™ and 5" categories of
sanitary condition, chronic damage by the pine fungus
pathogen was established according to the characteristic
symptoms of root system rot. Notably, the volume of
drying of pine stands from the pine fungus has signifi-
cantly decreased, the degree of damage is weak, but the
drying processes have not stopped.

It was also found that a complex of xylopha-
gous insects acts in the focus, which infected the pine
tree with fungi of the genus Ophiostoma with a pre-
dominance of the apical type of lesion, followed by the
spread of pathogens along the trunk. The population
indicates the dominance of the sharp-dentated bark
beetle (inhabiting thin bark) and the large ash bark
beetle (inhabiting weakened pines in the zone of thick
and transitional bark), which are aggressive species.
Most of the identified insect species tended to inhabit
weakened trees, preferring trees of category 6 of sani-
tary condition, pine bark beetle and ash bark beetle also
caused damage to trees during additional feeding in
the crowns, weakening them (Fig. 5), which increased
the susceptibility of trees to infestation by other trunk
insects.
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Figure 5. Additional nutrition of ash bark beetles (‘crown cutting”)

Source: photographed by the authors

Big ash bark beetles Tomicus piniperda and pine
tree beetles Ips sexdentatus populated the trunk in the
lower part in areas with rough bark (Table 4). In the foci

of the sharp-dentated bark beetle, the needles of in-
habited trees changed colour from green to light green,
and then to reddish within 4-6 weeks.

Table 4. Species composition of xylophagous insects (for the period 2011-2020)

Settlement density, units

Species Settlement area Infestation rate, % per 1 dm? Degree of infestation
Ips acuminatus Thin bark 68 64+14 High
Tomicus piniperda Rough bark 58 0.6 0.5 Medium
Ips sexdentatus Rough bark 45 1.5+09 High
Tomicus minor Thin bark 52 4211 Medium
Phaenops cyanea Rough, transitional bark 44 0.6 0.5 Medium
Monachamus Rough, transitional bark 37 0.8+04 Medium

galloprovincialis

Source: compiled by the authors

The frequency of detection on the trunk of the
surveyed trees was dominated by the sharp-dentated
bark beetle (68% of the analysed trees), to a slightly
lesser extent there was big ash bark beetle (58%), pine
tree beetle (45%), the lowest infestation coefficient of
the small ash bark beetle (32%),which does not stand up
to the competition with the sharp-dentated bark beetle.

On model trees, the presence of numerous pas-
sages of sharp-dentated bark beetles and pine tree bee-
tles was clearly traced, the sharp-dentated bark beetle
formed several generations per year, therefore, some in-
dividuals overwintered in the adult stage in the litter and
under the bark, some - in the larval stage. This explains
the long period of departure of adult generations from
May to September, since after wintering, imagos that
overwintered under the bark first fly out, then imagos
that overwintered in the litter and those that overwin-
tered at the larval stage. Notably, with such a rapid in-
crease in the number of natural entomophages, they
cannot regulate bark beetle populations, which also

contributes to an increase in the number and expansion
of the boundaries of existing tree drying foci.

Of particular importance in forest biogeocenoses
now are the issues of protecting pine stands from
pathogens and phytophagous insects. Global climate
change makes research on the biological stability and
productivity of Scots pine stands relevant, especially in
the context of investigating outbreaks of mass repro-
duction of xylophagous insects and fungal associations,
which is confirmed by the presence of a number of pub-
lications (Davydenko et al., 2017; Meshkova & Borysenko,
2018; Gémez-Pineda et al., 2022).

Ustskyi (2011) found that the period 2001-2006
was characterised by a significant deterioration in the
sanitary condition of forest stands of Ukraine and scots
pine, in particular, the area of pine stands in which
pathological processes were recorded, as of 2006, com-
pared with the records as of 1994 and 1997, increased
by 1.3-1.4 times, therefore, a steady trend of deterio-
ration of the sanitary condition was also traced in the

Scientific Horizons, 2022, Vol. 25, No. 10
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monitoring observations of the presented study of pine
stands in the Boyarka Forestry Research Station. Zhe-
zhkun et al. (2021) for the period 2017-2019 in pine
stands of Eastern Polissya analysed the dynamics of
drying of Ips acuminatus foci and noted the apical dry-
ing with the mass spread of the sharp-dentated bark
beetle, which is consistent with the results of forest
pathological monitoring of the dynamics of the number
of foci in the sample areas. Based on the conducted
studies, the pattern of occurrence of foci of drying of
Scots pine was established, and a clear synchronisation
of the distribution areas of xylophagous insects with
the weakening of pine stands. In the studies by Boro-
davka et al. (2017) in the stands of the Volyn Polissia,
rapid drying of Scots pine was diagnosed, namely, the
spread of aggressive associations of ash bark beetles in
stands aged from 40 years with the presence of active,
growing foci of drying with a rapid course of patho-
logical decline, that is, the above-mentioned processes
were observed in all regions of Ukraine.

Most natural forest biocenoses have a disturbed
structure as a result of forestry activities, so the deter-
mining factors for regulating the number of phytoph-
agous insects are health-improving forestry measures,
considering the methods of logging and the time of its
implementation. According to the authors' observations,
drying was observed mainly in middle-aged, ripe and
over-mature pine stands of artificial origin of low full-
ness, clean in composition in all types of forest, which is
consistent with studies of the sanitary condition of pine
stands in the Rivne Polissia by Andreieva et al. (2018),
where it is statistically proved that bark beetle foci are
confined to pure medium-high pine stands of 5-8 age
classes. Meshkova & Borysenko (2018) also note that
the age and proportion of Scots pine in the forest are of
the greatest importance for the threat of the spread of
xylophagous insect populations. However, after continu-
ous logging is carried out in the drying foci due to the re-
striction of the food supply, bark beetles can later popu-
late young trees. Yukhnovskyi et al. (2018), investigating
the drying of pine trees on reclaimed land, note that the
timely application of the system of measures in young
trees will reduce the natural fall and excessive sampling
of trees by sanitary condition and, accordingly, will allow
compliance with the standards for reducing the fullness
and number of trees per unit area. Therefore, conducting
selective sanitary logging in the autumn-winter period is
a fairly effective forestry measure, since its terms coincide
with the period of winter dormancy of insects.

Notably, the adaptation of Scots pine to the
so-called “bark beetle drying” under conditions of high
ecological plasticity of its genotype can lead to the ap-
pearance of stress-resistant specimens (Vysotska et al.,
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2020), so further monitoring studies would allow track-
ing dynamic changes in the complex system ‘environ-
ment-plant-pathological factors”.

In the conditions of leaving trees freshly populated
by xylophagous insects after selective sanitary logging
during the current year, they may dry out, which, in turn,
will lead to the need for repeated logging. If trees are
properly assigned to selective sanitary logging and reg-
ularly carried out at the appropriate time, the drying
area of pine stands will significantly decrease, and their
sanitary condition will improve.

CONCLUSIONS

The drying of pine stands in previous years occurred
mainly due to pine fungus damage and covered more
than 30% of their total area. Due to changes in weather
conditions during 2011-2020, pine stands weakened
and stem pests, mainly bark beetles, spread. Artificial
pine stands were not always created in accordance with
forest-growing conditions, especially in areas after ag-
ricultural use, as a result of which significant areas of
pine forests were created in unsuitable environments
and were unstable to the action of pine fungus and
xylophagous insects. With the mass spread of phytoph-
agous insects and pathogens, the death of trees intensified
and acquired an epiphytotic character with infectious or
pathological disappearance.

In general, the analysis of materials of the forest
pathological state of pine stands in the region indicates
the establishment of a forest pathological situation cy-
clically to changes in the age and species structure of
forests, the establishment of which is determined by
the forestry strategy; the most susceptible to damage
by phytophagous insects and pathogens are pure Pine
stands created by homogeneous massifs, which are also
the most dangerous in terms of fire. Nowadays, in the
conditions of martial law, there is a negative impact of
the anthropogenic factor on the forest; in particular,
partial mining of woodlands, the termination of regular
care and economic activities in stands due to military
operations will lead to the activation of natural regu-
latory processes and structural and functional changes
in tree stands. Due to the lack of care and sanitary log-
ging in artificial stands, there will be a gradual accu-
mulation of dead wood, and, as a result, disruption of
pine stands due to their damage by harmful insects and
pathogens. Therefore, to stabilise the ecological and
sanitary condition of pine stands, it is necessary to fur-
ther study the sanitary condition of pine forests in the
region, constantly monitor and forecast the dynamics
of the development of xylophagous insect populations,
considering the current difficult conditions that have
developed in the region.
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TpuauaTUpiuHa AMHaMiKa caHiTapHOro ctaHy COCHOBUX Hacag)XeHb
BospcbKoi nicosoi gocnigHoi ctaHuii

Hartanis BacunisHa MyspiHa?, AHaTonii IBaHoBuu Kapnyk?, Poman OMutpoBuy Bacunuwmn?,
Onekcanap MukonaitoBuu MenbHuk?, Onbra BiktopiBHa TokapeBa*

'HauioHanbHWit yHiBEpCUTET BiopecypciB i MPUPOAOKOPUCTYBaHHS YKpaiHK
03041, syn. lepois O6opoHu, 15, M. Kuis, YkpaiHa

2BINM HYBIlM Ykpaiuu «bosipcbka nicoBa mocnigHa cTaHuiss
08150, Byn. JliconocniaHa, 12, M. bospka, YkpaiHa

AHoTauif. BcuxaHHS XBOMHKMX niciB € npobnemoto sik ang €Bponu, Tak i ana YKpaiHu, fie NaoLla BCUXaHHS COCHOBUX
HacaeHb oxonuna perioH lMoniccs 1 nowmnpmunacs Ha iHWI NpUPOAHI 30HM, BIATAK, aHaNi3 NATONOMYHUX YNHHUKIB
NPUYKMH ocnabneHHs Ta NOripLIeHHS CaHITapHOTO CTaHy € akTyanbHMM. MeTa AOCNiAXeHHS Nnepenbavac y3aranbHeHHs
NPWYUH MOTipLIEHHS CaHITaPHOro CTaHy COCHOBMX HAaCa[KeHb Ta MaTONOriYHMX MpoueciB B AnHaMmiui 3a 30 pokis.
Pe3ynbratn 6a3yotbes Ha faHux 12 nocTiiHnx Ta 10 TMMYacoBuX NpoBHUX NAOLL, 3aKNaAeHUX Y BiAOKPEMIEHOMY
niapo3ain HauioHanbHoro yHiBepcuTeTy 6iopecypcis i NpMpoaoKOpUCTYBaHHS YKpaiHu «bospcbka nicoBa pocnigHa
CTaHuig». B pocnigpkeHHi 6yno BUKOPUCTAHO eMMipUYHi Ta CUCTEMHUI MeToaM. BUsBneHO nepeBaXaHHS YCUXaHHS
COCHOBMX HACaKeHb BHACNiLOK iHDiKyBaHHS 30yaHWUKOM Heterobasidion annosum ((F.) Bref.),BoaHo4ac,3a HaMBULLOrO
KoediLiEHTY 3aceneHHs LOMiHYUYMMM BUAAMU B LOCNIIKYBaHUX HAacamKeHHsIX 6ynu nyboian Tomicus piniperda L. (54 %),
Tomicus minor Hartig (46 %) 3 BUCOKMM | CcepeaHiM cTyneHeMm 3aceneHHs Ta Monochamus galloprovincialis Olivier
3 KoedilieHTOM 3aceneHHs nepeB 52 % Ta cepefHiM CTyNeHEM 3aceNeHHs Ha AinsHkax ctoBbypa i3 nepexigHoo
Ta rpyboto kopot. B auHamiui cnoctepexeHb 3 2011 poKy BCTAHOBMEHO 36iMblUEHHS iHAEKCY CaHITapHOro CTaHy
COCHOBMX HAaCa[KeHb Ta MOripLWEeHHs CTaHy NiCiB 3@ PaXyHOK 3MiHM MOrofHMX YMOB Ta apuAHOCTI Knimarty. Micna
nocywnmBmx BereTauinHmx nepiofis 2015-2017 pp. BUSBNEHO BCUXAHHS COCHAKIB 33 BEPXOBUM TUMOM i3 MaCOBUM
PO3MHOXEHHAM CTOBOYPOBMX LUKIAHMKIB, KOE@iLLiEHT 3aceneHHs SKMMMU CBiAYMTb MPO AOMiHYBaHHSA Kopoiaa
BEPXiBKOBOro Ips acuminatus Gyll. Ta Benukoro cocHoBoro nyboiga Tomicus minor, SKi € arpecMBHUMU BUAAMM.
3 2019 p. BigMiYEHO 3MEHLLEHHSI YMCENIbHOCTI KOPOiAiB BHACNILOK NepeBuLLEHHS 6araTopiyHoi HOpMK onaais 3a
3HMXKEHHS TeMnepaTypu MOYaTKy BEreTauiMHOro Ce30Hy Ta HeCnpuUSTAMBKUX AN 3UMIBAI KOMax 3a3HaYeHMX BUAIB
norogHux ymoB. OTpUMaHi pe3ynbtati CTaHyTb iHOOPMALIMHOK CK1aaoBo GOPMYBaHHS CTpaTerii NOBOAXKEHHS 3
MOLWKOAXEHUMM LiNgHKaMK ficy

KntouoBi cnoBsa: natonoriyHui npouec, NiconaTonoriyHnini MOHITOPWHI, COCHOBI HaCa[XKeHHS, BCUXAHHS MiCiB,
KoMaxu-kcunodaru
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