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INTRODUCTION

Climate changes in Ukraine are more intense than global
changes in the world. According to scientific research
of the Institute of Irrigated Agriculture of the National
Academy of Agrarian Sciences (NAAS) [1], the Institute
of Plant Protection of the NAAS [2] and the Institute of
Agroecology and Nature Management of the NAAS [3]
in Ukraine for 1973-2016, the average annual air tem-
perature increased by 2°C, an increase in precipitation,
which had the nature of heavy rains, as well as an in-
crease in the wind regime. Such changes adversely af-
fect both agricultural crops and woody plants.According
to literature sources, mass drying of coniferous woody
plants is observed in forest biocenoses. The causes of death
of pineries include increased anthropogenic impact on
the environment, climate changes, namely an increase
in air temperature, a decrease in precipitation [4-6]. Apart
from the weakening of woody plants, there is an increase
in foci of insect pests [7-9] and phyto-diseases [10-12].

Forest conservation is an important task because
in comparison with other natural ecosystems, forest eco-
systems are of great climate-stabilising importance and
constitute a natural framework for natural landscapes
and preserve forest biodiversity under their tent. Even
though among the main forest-forming species in Ukraine,
Scots pine is the predominant tree species and occupies
33% of the land area of the Forest Fund of Ukraine, pine
forests require conservation. Diverse scientific research
to identify the causes of forest death will contribute to
solving the issues of their restoration and multiplica-
tion [13; 14].

Since 2010, Ukraine has seen a massive withering
of numerous main forest-forming tree species - Pine
(Pinus), Oak (Quercus), spruce (Picea), Birch (Betula) and
ash (Fraxinus). A similar situation is observed on all
continents in the forest biocoenoses of the temperate
zone of the Northern Hemisphere [7-9]. The situation
is particularly catastrophic in coniferous forests. Thus,
the withering of coniferous species in North America and
Siberia totals millions of hectares. The situation is no better
in Europe, where over the past two decades there has been
a massive withering of Scots pine (Pinus sylvestris L.)
and European spruce (Picea abies (L.) H.Karst). Withering
of the main forest-forming tree species in the forests of
the Northern Hemisphere in most cases have similar signs
of the process and are caused by outbreaks of mass
reproduction, similar in biology to stem pests. For exam-
ple, North America has recently witnessed a massive
reproduction of dendrocton (Dendroctonus micans Kud),
East Asia - the Ussuri polygraph (Polygraphus proximus
Blandford),a spruce bark beetle in Europe (/ps typographus
Linnaeus) and sharp-dentated bark beetle (/ps acuminatus
Gyllenhal) [15-17]. Nematodes also cause significant
damage to pine forests [14]. Among phyto-diseases,
harmful effect is caused by a fungus from the class of
Basidiomycetes - Heterobasidion annosum (Fr.) Bref. to the
Scots Pine (Pinus sylvestris L.) [10-12]. The simultaneous
emergence of foci of shrunken tree species in many
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countries and an increase in their area indicates the global
nature of the processes. It is most probable that this is
connected with cyclical planetary processes enhanced
by anthropogenic impact and expressed in an increase
in air temperature and a decrease in precipitation in recent
decades in most of the globe [6; 18; 19].

The purpose of this study is to analyse the influence
of environmental (air temperature, humidity, precipitation,
CO, emissions, hydrothermal regime) and planetary (solar
activity) factors on the occurrence of foci of insect pests
and phyto-diseases in the Zhytomyr Polissia zone.

LITERATURE REVIEW

Various climate changes that occur in the world are plan-
etary in nature. In his study Earth Echo of Solar Storms,
which was published in 1976, Professor A.L. Chizhevsky
drew attention to the fact that there is a certain cor-
relation between the activity of the sun and the periods
of outbreaks of pandemics, epidemics, epiphytic epizootics
on Earth [20]. Italian-born microbiologist P.Faraone (1995)
drew attention to the pattern of growth of bacterial col-
onies during years of minimal solar activity [21]. Later,
Ukrainian researchers V.S. Martynyuk, N.A. Temuryants,
B.M.Vladimirsky[22]in their monograph Nature Does Not
Have Bad Weather: Space Weather in Our Lives addressed
the change in biological, social, and technological pro-
cesses impacted by solar activity. In their scientific study
The Influence of Solar Activity on the Temperature of
the Troposphere and Ocean Surface H.O. Zherebtsov,
V.A.Kovalenko, S.I. Molodykh, K.E. Kirichenko [23] noted
that the ambient temperature affects the concentration
of CO, and geomagnetic activity. P.P. Melnyk [24] in his
monograph Ecological and Economic Foundations of Na-
ture Management in Agroecosystems pointed out that
wheat yield depends on the number of sunspots. In his
scientific paper, V.B. Chernyshev drew attention to the
fact that the activity of the sun affects the vital activity
of insects [25]. Scientific publications of foreign authors
note that the activity of the sun has a direct impact on
forest fires in Southern Europe [26]. More detailed in-
formation about this correlation was published in their
papers by researchers M.M. Radovanovic, TA.M. Pavlovic¢
et al.[26].

When conducting statistical analysis, scientists
VV.Lavniy and V.H. Mazepa [27] found a direct correlation
between such indicators as solar activity and annual
winds. In their research, I. Dorotovic, J. Louzada, J. Ro-
drigues, V.Karlovsky analysed the effect of solar activity
on pine growth [28].

To date, over fifty forecasts of the 24" cycle of solar
activity have been published, which indicate the value
of the maximum Wolf number from 42 to 190 [29-31].
The change in the hydrological regime is directly re-
lated to the average annual air temperature, which has
recently increased in Ukraine by 2°C. Lately, the level of
subsurface water and the water level in reservoirs has
considerably decreased. One of the causes of climate




change is human activity, since 67% of greenhouse
gases are released into the environment through the
burning of fossil fuels and energy. To assess changes in
the hydrological regime, the Selyaninov hydrothermal
coefficient (HTC) is applied [19]. The hydrothermal hu-
midification coefficient allows identifying the humidity
of the territory and is determined by the amount of
precipitation for the period when the average daily air
temperature was above 10°C, which is the period of ac-
tive vegetation of plants. After all, moisture availability
has a direct impact on the sanitary condition of forest
stands [5; 19; 32].

Apart from anthropogenic human activity, natural
factors, such as volcanic eruptions, also have an adverse
environmental impact, and 3-4 gigatonnes per year are
released into the environment under their influence. In
natural conditions, carbon dioxide constitutes a limiting
factor in photosynthesis and not all plants can withstand
high concentrations of CO, (ten times or more). Increased
CO, concentration in the environment slows down the
growth and development of the plant and a state of
suspended animation occurs. More sensitive plants are
damaged by phyto-diseases. Furthermore, according
to scientists P.G. Guerenstein, and J.G. Hildebrand [33],
V.P. Akatov [34], A. Fangmeier [35], R.M. Srinivasa [36],
an increase in the concentration of carbon dioxide pro-
motes the reproduction of insect pests [37; 38].

MATERIALS AND METHODS

To achieve the purpose of this study, the necessary sta-
tistical information was collected, which included the
data from the Main Statistics Department of the Zhyto-
myrska Oblast, indicators of Ukrainian hydrometeoro-
logical centre and the State Agency for Forest Resources
of Ukraine (Form No. 12-F), as well as the materials pro-
vided by the S.I. Subbotin Institute of geophysics of the
National Academy of Sciences of Ukraine (NAS of Ukraine).

According to the obtained data of the Ukrainian
hydrometeorological centre, the study analysed the dy-
namics of climate change for 1961-2020, namely the
average annual air temperature, average annual relative
humidity, and average annual precipitation.

According to the provided statistical indicators of
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the State Agency for Forest Resources of Ukraine, the au-
thor of this paper analysed the dynamics of the occurrence
of insect pests and Heterobasidion annosum in pineries
of Zhytomyr Polissia for 2009-2020. The years of increase
in forest areas covered with forest vegetation damaged
by harmful entomofauna and phyto-diseases were de-
termined.

According to the materials provided by the
S.I. Subotin Institute of Geophysics of the NAS of Ukraine,
the study established periods of growth and decline of
solar activity (W number) for 2009-2020.

To establish the quantitative indicator of aridity
of the studied area, the formula of H.T. Selyaninov was
used [11]:

P
HTC = Z— 1)
0.1 X X trer>10

where Y P is the sum of precipitation for the month, in
mm; Y t is the sum of the average daily temperature
above 10°C.

According to Eq. (1), if HTC<0.4 is a very severe
drought, HTC 0.4-0.5 is a severe drought, HTC 0.6-0.7
is an average drought, HTC 0.8-0.9 is a weak drought,
HTC 1.0-1.5 is sufficiently humid, HTC 1.5 is excessively
humid.

The author of this paper established the years
of drought and humidity in the region under study for
2009-2020, and the calculated the amount of green-
house gas emissions (CO,) to the environment (according
to statistical indicators of the State Statistics Service of
Ukraine).

Mathematical and statistical processing of the
conducted research results was conducted using the data
analysis package programme Microsoft Excel.

RESULTS AND DISCUSSION

According to the data from the Ukrainian hydrometeo-
rological centre, a detailed analysis of air temperature
changes, precipitation, and relative humidity in Zhytomyr
Polissia was conducted for 1961-2020. Lately, the region
under study has seen an increase in the average annual
air temperature by 3.0°C (Fig. 1).

1990 2000 2010 2020 2030
Years

Figure 1. Changes in the average annual air temperature in Zhytomyr Polissia for 1961-2020
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This warming directly affected the relative humidity
of the air (Fig. 2), so over the past fifty-nine years, the
relative humidity of the air has decreased by 3%.
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There is also an increase in the average annual
precipitation by 2 mm (Fig. 3).

1990 2000 2010 2020 2030
Years

Figure 2. Average annual relative humidity in Zhytomyr Polissia for 1961-2020
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Figure 3. Average annual precipitation in Zhytomyr Polissia for 1961-2020

Thus, the analysis of climate indicators demon-
strated substantial climate changes in the region under
study, such climate changes have an impact on biodiversity.

Since 2009, the State Agency for Forest Resources
in Ukraine has carefully kept records of the occurrence
of insect pest foci. According to the submitted reports
of 2009-2020: Report on Forest Protection Works (Form
No. 7 F), during research, the analysis revealed that the
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greatest harmful effect to pine woods in Zhytomyr Polissia
is caused by:

- needle-eating pest — pine noctuid (Panolis flammea
Denis & Schiffermuller), pine sawfly (Diprion pini L.),
European pine sawfly (Neodiprion sertifer Geoffroy);

- other pest — pine bark bug (Aradus cinnamomeus
Panz), pine lappet (Dendrolimus pini L.), pine looper (Bupalus
piniarius L.) (Fig. 4).

1.2
mmm Panolis flammea (Denis & Schiffermuller)
1
i Neodiprion sertifer Geoffroy
0.8
Aradus cinnamomeus Panz
0.6
Dendrolimus pini L.
0.4
= Bupalus piniarius L.
0.2
=== Diprion pini L.
0

Figure 4. Dynamics of the emergence of insect pests in pineries for 2009-2020
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According to Figure 4, the greatest harmful effect
is caused to pineries by a needle-eating pest - pine sawfly
(Diprion pini L.) its largest foci were observed in 2011-2014
and amounted to 11.1 thousand hectares. Over the past
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four years, this number has decreased by almost 2 times.
Pineries of Zhytomyr Polissia occupy 59% (Fig. 5) from
other tree species, over 12 years, 20% of their area was
damaged by insect pests.

Other wood

Black alder
5%

European birch
17%

European oak
16%

species
3%

Scots pine
59%

Figure 5. Share of forest areas covered with forest vegetation by tree species in Zhytomyr Polissia

Studying the dynamics of solar activity, the Wolf
number (W number) for 2009-2020 indicated that the
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greatest solar activity was observed in 2011-2014; start-
ing from 2015, there is a decrease in the W number (Fig. 6).

2009 20102011 20122013 2014 2015 2016 2017 2018 2019 2020
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Figure 6. Values of the average annual W numbers for 2010-2020

Analysis of the dynamics of the W number (Fig. 6)
and the area of trees damaged by insect pests (Fig. 4),
reveals a certain pattern: during the solar activity increase
in 2011-2014, the number of damaged pineries also in-
creased, and in years of decreasing solar activity - vice
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versa. The same situation is observed upon analysing
the impact of Heterobasidion annosum (Fr)) Bref. on piner-
ies; since 2015, the area of plantings damaged by the
root sponge has decreased with a decrease in solar ac-
tivity (Fig. 7).

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Years

Figure 7. Dynamics of Heterobasidion annosum occurrence for 2009-2020
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Applying the Eq. (1) by G.T. Selyaninov, the author of
this study established the change in climate humidity in
the conditions of Zhytomyr Polissia for 2009-2020 (Fig. 8).

According to the analysis results, 2015 was de-
scribed by a year of average drought; 2009 and 2016 -
years of mild drought; 2010-2012,2018-2020 - years of
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adequate humidity; and 2013 - excessively humid year.

To find out if there is a correlation between the
W number and CO, emissions, the study analysed the
carbon dioxide emissions into the environment for
2009-2020 (Fig. 9).
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Figure 9. CO, emissions in the natural environment for 2009-2020
(According to the Main Statistics Department of Zhytomyrska Oblast)

According to the data presented in Figure 9, since
2014, the amount of CO, emissions has decreased almost
three times. To establish correlations between the area
of occurrence of insect pests and Heterobasidion anno-
sum, CO, emissions, the W number, the Selyaninov HTC

and the average annual air temperature, the average
annual relative humidity, and the average annual pre-
cipitation sum, the author of this paper applied the data
analysis package Microsoft Excel and constructed the
correlation matrix (Table 1).

Table 1. Correlation matrix of paired coefficients

Indicators

Area of trees damaged by
thousand hectares
W number

Area of trees damaged
by insect pests, thousand
hectares
Heterobasidion annosum,

humidity, %
Selyaninov

million tonnes

Average annual air
temperature, °C
Average annual

precipitation, mm
CO, emissions,

Average annual relative
Selyaninov HTC coefficient

Area of trees damaged by

insect pests, thousand hectares 1.000

Scientific Horizons, 2021, Vol. 24, No. 8




Moroz and Nykytiuk

Table 1, Continued
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Area of trees damaged by
Heterobasidion annosum, 0.849 1.000
thousand hectares
W number 0.899 0.895 1.000
Average annual air -0.567  -0.539  -0.424 1.000
temperature, °C
Average annual relative 0.220 0.131 0.005 -0.643 1.000
humidity, %
verage annual precipitation, mm . . . -0. . .
A L ipitati 0.200 0.092 0.113 0.461 0.789 1.000
Selyaninov HTC coefficient 0.292 0.026 0.238 -0.343 0.563 0.586 1.000
CO, emissions, million tonnes 0.746 0.748 0.599 -0.642 0.354 0.193 0.216 1.000

The results of the analysis of indicators suggest
that the correlation is quite high (0.899; 0.895) between
the following indicators: area of trees damaged by
insect pests, area of trees damaged by Heterobasidion
annosum and Wolf number. There is also a sufficient
correlation between CO, emissions in the environment
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and the area of pineries damaged by insect pests and
Heterobasidion annosum (0.746, 0.748). High paired
correlation coefficients between solar activity and the
area of damaged pineries by biotic factors contributed
to the construction of cross-plots (Figs. 10, 11).
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Figure 10. Influence of the Wolf number on the area of woods damaged by insect pests
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Figure 11. Influence of the Wolf number on the area of woods damaged by Heterobasidion annosum
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The obtained mathematical dependences are 80%
approximated with indicators and have a sufficiently high
correlation coefficient, which allows applying empirical
equations to predict the influence of the W number on
damage to pineries by pests and forest diseases in the
conditions of Zhytomyr Polissia.

CONCLUSIONS

In the conditions of Zhytomyr Polissia, climatic changes
are observed, namely an increase in the average annual
air temperature by 3.0°C, a decrease in the average an-
nual relative humidity by 3%, and an increase in the
average annual precipitation by 2 mm. It was found out
that the greatest harmful effect of pine woods in Zhy-
tomyr polissia is caused by pine noctuid (Panolis flammea
Denis & Schiffermuller), pine sawfly (Diprion pini L.),

bark bug (Aradus cinnamomeus Panz), pine lappet (Den-
drolimus pini L), pine looper (Bupalus piniarius L.), and
among phyto-diseases, Heterobasidion annosum (Fr.) Bref.
causes significant harm.

A comprehensive analysis of various indicators
for 2010-2020 confirmed the researchers’ claims con-
cerning the influence of the Wolf number and carbon
dioxide emissions on the spread of insect pests and
phyto-disease damage to pineries in Zhytomyr Polissia.
It was established that the increase and decrease in solar
activity directly affects the growth and decrease in the
number of insect pests and phyto-diseases, respectively.
The obtained mathematical dependencies can be of
practical importance; they can be applied to predict
outbreaks of insect pests and phyto-diseases to prevent
their occurrence and predict measures to combat them.

European pine sawfly (Neodiprion sertifer Geoffroy), pine

REFERENCES

[1] Vozhegova, R.A. (2012). Adaptation of agriculture of the steppe zone to the conditions of increasing aridity of the
climate.Retrieved from http://unt.org.ua/adaptats-ya-zemlerobstva-stepovo-zonido-umov-p-dvishchennya-
posushlivost-kl-matu.

[2] Kozak, G.P. (2006). Influence of ecological factors on the state of winter wheat phytophagous populations in the
Forest-Steppe of Ukraine (Doctoral dissertation, National Academy of Agrarian Sciences of Ukraine, Kyiv, Ukraine).

[3] Tarariko, O.H., Ilienko, TV., & Kuchma, T.L. (2016). The impact of climate hange on productivity and gross
harvest of grain crops: Analysis and forecast. Ukrainian Geographical Journal, 1, 14-22.

[4] Shunkina, E.A. (2015). Estimation the impact of climatic change on the emergence and spread of forest fires
in the North-West of Russia. Forestry Information, 4, 39-45.

[5] Yavorskiy, PP. (2015). Impact of climate change on forest ecosystems. Forestry and Landscape Gardening, 6.
Retrieved from http://journals.nubip.edu.ua/index.php/Lis/article/view/9995.

[6] Getmanchuk, A., Kychylyuk, O., Voytyuk, V., & Borodavka, V. (2017). The regional changes of climate as primary
causes of strong withering of pine stands in Volyn Polissya. Scientific Bulletin of UNFU, 27(1), 120-124.
doi: 10.15421/40270127.

[7]1 Simonenkova, V.A. (2011). Analysis of the occurrence and development of outbreaks of mass reproduction
of the main leaf-eating pests. Bulletin of the Orenburg State Agrarian University, 2(30), 242-244.

[8] Simonenkova, V.A. (2011). Multivariate regression analysis of the relationship between the area of foci of insect
pests and ecological and climatic factors. Bulletin of the Orenburg State Agrarian University, 3(31),292-295.

[9] Simonenkova,V.A.(2011). Substantiation of the regression model for assessing the area of foci of insect pests.
Bulletin of the Orenburg State Agrarian University, 4(32), 276-280.

[10] Hrunyk, N.I., Yusypovych, Yu.M., Kovaleva, V.A., & Gout, R.T. (2015). Heterobasidion annosum root rot infection
development in scots pine and evaluation of the expression levels of lipid transfer protein and defensins
in infected tissues. Scientific Bulletin of UNFU, 25(8), 25-32. doi: 10.15421/40250803.

[11] Levchenko, V., Martenuk, G., Pasichnyk, I., & Maksymova, T. (2020). Pathological process of root sponge of
pine in the conditions of forest edatops and climate change state enterprise “Zarichanske forestry”. Paradigm
of Knowledge, 5(43). doi: 10.26886/2520-7474.5(43)2020.2.

[12] Levchenko,V.B.,Shulga, V., & Zalewski,R.A.(2017). Entomologizes factory in the process of spreading common
pine root sponge under the conditions of ship timber forestry of state enterprise “Zhytomyr Forestry”. Innovative
Solutions in Modern Science, 1(20). doi: 10.26886/2414-634x.1(20)2018.2.

[13] Ustskiy, .M., Mikhailichenko, O.A., & Dyshko, V.A. (2020). Hereditary characters resistance to heterobasidion
annosum resistance of pine seedlings grown from tree seeds in the disease foci. Ukrainian Journal of Forest
and Wood Science, 11(1), 78-86. doi: 10.31548/forest2020.01.078

[14] Ozair, M., Hussain, T.,Aslam,A., Anees, R., Tanveer, M., & Gomez-Aguilar,J.F. (2021). Management of pine forests
by assessment of insect pests and nematodes. European Physical Journal Plus, 107,2411-2502

[15] Bentz, BJ., Régniére, )., Fettig, Ch.J.,Hansen, E.M., Hayes, J.L., Hicke, J.A., Kelsey, R.G., Negron, J.F., & Seybold, S.J.
(2010). Climate change and bark beetles of the Western United States and Canada: Direct and indirect effect.
BioScience, 60(8), 602-613. doi: 10.1525/bi0.2010.60.8.6.

Scientific Horizons, 2021, Vol. 24, No. 8




Moroz and Nykytiuk

[16] Muller, J., Bubler H., Gobner, M., Rettelbach, T., & Duelli, P. (2008). The European spruce bark beetle Ips
typographus in a national park: from pest to keystone species. Biodiversity and Conservation, 17(12),2979-3001.
doi: 10.1007/s10531-008-9409-1.

[17] Wermelinger, B. (2004). Ecology and management of the spruce bark beetle Ips typographus - review of recent
research. Forest Ecology and Management, 202, 67-82. doi: 10.1016/j.foreco.2004.07.018.

[18] Didukh, Ya.P. (2009). Ecological aspects of the global climate changes: Reasons, consequences and actions.
Bulletin of the National Academy of Sciences of Ukraine, 2, 34-44.

[19] Semenova, I.G. (2014). An assessment of drought conditions in Ukraine in the end of the 20™ the beginning
of the 21 centuries. Bulletin of the Inmanuel Kant Baltic Federal University, 1,20-29.

[20] Chizhevsky, A.L. (1976). Earth echo of solar storms. Moscow: MysL.

[21] Faraone,P.(1995). Daily observations (1970-1992) of fluctuations in frequency of occurrence of a sector structure
in bacterial colonies selected from open air and from S. aureus cultures. Biofizika, 40(4), 786-792.

[22] Martynyuk, V.S., Temuryants, N.A., & Vladimirsky, B.M. (2008). Nature does not have bad weather: Space weather
in our life. Kyiv: Publisher V.S. Martynyuk.

[23] Zherebtsov, G.A., Kovalenko, V.A., Molodykh, S.I., & Kirichenko, K.E. (2013). Influence of solar activity on
temperature of the troposphere and ocean surface. Bulletin of the Irkutsk State Agrarian University. Series “Earth
Sciences”, 6(1), 61-79.

[24] Melnyk, P.P. (2016). Ecological and economic bases of environmental management in agroecosystems. Kyiv: DAI.

[25] Chernyshey, V.B. (1989). Solar activity and insects. In Space biology problems (pp. 215-224). Leningrad: Nauka.

[26] Radovanovi¢, M.M., Pavlovi¢, TA.M., Stanojevi¢, G.B., Milanovi¢, M.M., Pavlovi¢, M.A., & Radivojevi¢,A.R. (2015).
The influence of solar activities on occurrence of the forest fires in South Europe. Thermal Science, 19(2),435-446.
doi: 10.2298/TSCI130930036R.

[27] Lavniy, V.V., & Mazepa, V.H. (2012). Influence of solar activity on forest windthrows and windfalls in the
Ukrainian Carpathians. Scientific Bulletin of UNFU, 23.3,97-103.

[28] Dorotovi, I., Louzada,J., Rodrigues, J., & Karlovsky, V. (2014). Impact of solar on the growth of pine trees: A case
study. European Journal of Forest Research, 133, 639-648. doi: 10/1007/s10342-014-0792-8.

[29] Clilverd,M.A,, Clarke, E., Ulich, T., Rishbeth, H., & Jarvis, M.J. (2006). Predicting solar cycle 24 and beyond. Space
weather, 4,509005. doi: 10.1029/2005SW000207.

[30] Li,K-J., Gao, P-X., & Su, T-W. (2005). Estimating the size and timing of the maximum amplitude of solar cycle 24.
Chinese Journal of Astronomy and Astrophysics, 5, 539-545. doi: 10.1088/1009-9271/5/5/011.

[31] Pesnell,W.D. (2008). Predictions of solar cycle 24. Solar Phys, 252,209-220. doi: 10.1007 / s11207-008-9252-2.

[32] Jactel, H., Petit, J., Desprez-Loustau, M-L., Delzon, S., Piou, D., Battisti, A., & Koricheva, J. (2012). Drought effect
on damage by forest insects and pathogens: A meta-analysis. Global Change Biology, 18(1), 267-276.

[33] Guerenstein,P.G., & Hildebrand,J.G.(2008).Roles and effects of environmental carbon dioxide in insect life. Annual
Review of Entomology, 53, 161-78. doi: 10.1146/annurev.ento.53.103106.093402.

[34] Akatov, PV. (2013). Response of plants to rising of atmospheric carbon dioxide, Living and Bioinert Systems, 5.
Retrieved from http://www.jbks.ru/archive/issue-5/article-14.

[35] Fangmeier,A.(2012). Effects of elevated atmospheric CO, concentrations on insects and pathogens of spring wheat
(Triticum aestivum L. cv. Triso) and oilseed rape (Brassica napus cv. Campino). (Doctoral dissertation, University of
Hohenheim, Poltawa, Ukraine).

[36] Srinivasa Rao, M., Manimanjari, D., Vanaja, M., Rama Rao, C.A,, Srinivas, K., Rao, V., & Venkateswarlu, B. (2012).
Impact of elevated CO, on tobacco caterpillar, Spodoptera litura on peanut, Arachis hypogea. Journal of Insect
Science, 12, article number 103.

[37] Moroz, VV., & Vorobyova, O.V. (2020). The effects of solar activity on the occurrence of insect persts sites
in Zhytomyr Polissya. Norwegian Journal of Development of the International Science, 2(51), 18-21.

[38] Moroz,VV., & Nikityuk, Yu.A.(2020). The effects of solar activity, moisture supply,and carbon dioxide on Ukrainian
forest plantation death. Danish Scientific Journal, 2(34), 8-14.

Scientific Horizons, 2021, Vol. 24, No. 8

45



46

Current state of pineries in Zhytomyr Polissia under the influence of environmental factors

Cy4yaCcHUM CTaH COCHOBUX HacamXeHb YXutomumpcbkoro Monicca
3a BNJIMBY €KOJIOriYHMX YNHHUKIB

Bipa BacunisHa Mopo3s, lOpii AnapinoBuy Hukutiok

onicbKMii HaLWioOHaNbHWIA YHiBEpCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHoTauis. B octaHHi poku No LinoMy CBIiTi CNOCTEPIraeTbCs MacoBe BCUXAHHA XBOMHUX nopia. Y MiBHIYHIN AMepuui
Ta CMBipy HapaxoBYETbCA MiNbMOHM rekTap BCOX/IMX HAacamKeHb, y €Bponi, 33 ocTaHHi 20 pokiB BCMXAKOTb COCHM
i annHKn. KpiMm TOro, 3Ha4HMX NOLLKOAKEHb 3aBAAIOTb AEPEBHUM POCIMHAM QITOLKiIAHUKM Ta BHITOXBOPOOU, OCKINbKM
B €BpONi OCTaHHIMW POKAMW CNOCTEPIraETbCs MAaCcoBe PO3MHOXEHHS Ips typographus Linnaeus, Ips acuminatus
Gyllenhal, y MisHiuHi AmMepuui Dendroctonus micans Kud, B CxigHin Asii Polygraphus proximus Blandford. Takox
3HaYHOI LIKOAM COCHOBMM JlicaM 3aBAatoTb HemaToam. Cepen GiToXBOpO6 WKOAOUMHHY Aito Pinus sylvestris L. 3aBaae
Heterobasidion annosum (Fr.) Bref. BUHMKHEHHS ocepeaKiB BCOXMX AEPEB Y Pi3HUX YAaCTUHAX 3€MHOI Kyi, BKA3ye
Ha rnobanbHiCTb NPOLECiB, WO MOBA3aHO 3 LMKAIYHUMMU NAAHETAPHUMUM NPOLECaMM Ta KNIMATUYUHUMM 3MiHaAMKU. Y
CTaTTi HafaHO XapaKTepUCTUKY KNiIMAaTUYHMX 3MiH y perioHi pocnigkeHb 3a nepiog 1961-2020 pp. BianosigHo
[0 NpoBeAeHOro aHanisy BusHauveHo, wo 3a nepiog 2009-2020 pp. 3HaYHOI WKOAM COCHOBMM HACALAXKEHHSIM
XXutomupcoekoro Nonicca 3aBpatoTb cepen xBoerpusyumnx — Panolis flammea Denis & Schiffermuller, Diprion pini L.,
Neodiprion sertifer Geoffroy; cepen iHWMX WKigHWKIB — Aradus cinnamomeus Panz, Dendrolimus pini L., Bupalus
piniarius L. HanbinbLy WKOAOUYMHHY Ait0 33 OCTAaHHI POKM 3aBAAE COCHOBMM HacamxeHHaM — Diprion pini L. Takox
3'9CoBaHo, Wo cepen GiTOXBOPOO COCHOBMM JlicaM 3HAYHOI WKoaM 3aBpae Heterobasidion annosum (Fr.) Bref.,
NoLIKoAXKeHa nnowa ctaHoBuTb Big 13,0-14,2 Tuc. ra. [poBeseHo rinpotepMmiyHmii aHanis 3a nepiog 2009-2020 pp.
[poaHanizoBaHO BMAMB COHAYHOI aKTUBHOCTI Ha YMCENbHICTb ITOWKIAHMKIB Ta XBOpO6. HagaHo OuUiHKY KifbKOCTI
Bukunais CO, y HaBKONMWHE NpupoaHe cepenosuule 3a nepiog 2009-2020 pp. i 3acoBaHo wo 3 2014 p. KinbKicTb
BMKUAIB Jiokcuay Byrnewto 3amMeHwmnaca 3 1,5 mnaH 1T Ha 0,6 MiH T. KopensiLiinHuiA aHani3 BCiX MOKAa3HMKIB BKa3aB Ha
BMCOKMIM B3aEMOBI/IMB MiXK M/IOLLEI MOLIKOOXEHUX AepPeB EHTOMOLLKIAHWKAMM, KOpeHeBO rybkoto, yucnom Bonbda
Ta Bukngamu CO, B noBKinng. OnepxxaHo MaTeMaTUYHi 3a/1€XHOCTI 3 METOK NPOrHO3yBaHHA BM/MBY Ynucia W Ha
MOLUKOMKEHHS COCHOBMX HAaCamKeHb WKiAHMKaMK Ta xBopobamu nicy B ymoBax XXutomupcbkoro [Moniccs

KntouoBi cnoBa: 3MiHuM KnimMaTy, QiTOLWKIAHWKM Ta XBOPOOU, BUKUAM COZ, COHSIYHA AKTUBHICTb, FApOTEPMiUHMI KoediLi€eHT,
KopensLiga, MaTeMaTUYHe MOLENOBAHHS
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