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Forest site conditions and other features of Scots pine stands
favorable for bark beetles

V.L. Meshkova', O.1. Borysenko?, V.I. Pryhornytskyi?

The aim of research was to evaluate the dependence of bark beetles foci distribution on forest site conditions as well
as on Scots pine stands origin and other characteristics.

Field studies were carried out in 2014-2016 in Scots pine stands of Teterivske Forestry of the State Enterprise
“Teterivske Forest Enterprise” (Ukraine, Central Polissya). Data on bark beetles foci location were obtained by
inspection of Scots pine stands of this forestry. Data on Scots pine stands characteristics were taken from Forest
inventory Database of Production Association “Ukrderzhlisproekt” (database of forest inventory for short) as of 2014.

The distribution of bark beetles infested “spots” in forest subcompartments depending on stand origin (plantations
or natural stands), forest site conditions, stand age, relative density of stocking and bonitet class was compared with
respective distribution of all Scots pine stands using chi-square analyses (i’ test) and Kolmogorov-Smirnov test (2.

1t was found that in Teterivske Forestry bark beetles foci occupy 5.4 % area of Scots pine plantations and 13.1 % of
natural Scots pine stands. Confinement of bark beetles foci to Scots pine stands of natural origin is statistically confirmed.

Bark beetles foci are absent in stands growing in dry and moist relatively poor forest site conditions (B, and B,
respectively).

In frame of relatively poor (B) and relatively fertile (C) forest site conditions bark beetles foci are confined to humid
Jorest site conditions (B, and C), but age and tree species composition of stand override the effect of forest site conditions.

Percentage of bark beetles foci area from Scots pine stands area increases with stand age: 52.7 % of Scots pine
stands over 100 years old were infested by bark beetles. Weighted average age of all pine stands of Teterivske Forestry
is 67.9 years old and in the bark beetles foci it increased from 96.5 years old in 2014 to 105.2 years old in 2016. Average
age of forest stands infested by “spring” generation of bark beetles was less than infested by “summer” generation.

Confinement of bark beetles foci to Scots pine stands with relative stocking density 0.6—0.8 is proved statistically.
Weighted average relative stocking density of infested Scots pine stands decreased from 0.73 in 2014-2015 to 0.67 in
2016 in result of selective sanitary felling in the first years of bark beetles outbreak.

Confinement of bark beetles foci to pure Scots pine stands is proved statistically for plantations and natural forests.
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Hypothesis about bark beetles foci confinement to the stands with bonitet class I was proved both for plantations and

natural forests.

Key words: outbreak; focus of insect mass propagation, pine engraver beetle (Ips acuminatus), natural forest;
plantation; relative density of stocking; stand age, participation of pine in stand composition.

Introduction. Periodic outbreaks of bark beetles
can destroy thousands of hectares of forest, resulting
in economic losses and degradation of ecosystem
services (Wermelinger, 2008; Winter et al., 2017).
However, over the past 20 years, forest disturbances
have increased in size, intensity, and frequency in
many regions of the world (Faccoli et al., 2011, 2012;
Colombari et al., 2013; Siitonen, 2014; Lieutier et al.,
2016), and particularly in Ukraine, where Scots pine
(Pinus sylvestris L.) forest decline covers considerable
part of Polissya and spreads to other natural zones
(Andreieva, 2016; Turko et al., 2016; Andreieva &
Martynchuk, 2018; Andreieva et al., 2018; Burdulanyuk
et al., 2018). Bark beetles complex with dominance of
pine engraver beetle Ips acuminatus (Gyllenhal, 1827:
Curculionidae, Scolytinae) is the main visible cause of
Scots pine mortality (Meshkova & Borysenko, 2017a).

According to P. Manion concepts (Manion, 1981),
predisposing  factors (long-term factors) create
preconditions that determine the stand susceptibility
to inciting factors (short-term factors), which provoke
forest health worsening.

Thus, the growth of air temperature and reduction of
precipitation are registered in many regions (Lausch et
al.,2013; Siitonen, 2014), including Polissya (Balabukh
et al., 2013). Reduction of precipitation decreases
tree resistance, and growth of annual temperature
accelerates development of insects, promotes their
survival, propagation and range expansion (Bigler
et al. 2006; Berner et al., 2017).

With climate change some insect species increased
their participation in forest decline. Ips acuminatus is
one of such insects because of its ability to develop
several generations and sister broods per season, to
weaken trees during maturation feeding and vectoring
plant pathogenic fungi (Davydenko et al., 2017;
Meshkova, 2017; Meshkova et al., 2017c). However,
despite low precipitation in 2015-2016, the intensity
of Scots pine decline in different forest plots was
not the same (Meshkova & Borisenko, 2017a). Stem
pests infesting weakened trees are contributing factors
(Manion, 1981), which “accompany” the forest decline.

Usually bark beetles outbreaks develop after distur-
bance caused by wind, fire, recreation, or forest manage-
ment operations which result in considerable changes
in stand structure (and microclimate) and provide large
amount of breeding substrate for bark beetles (Bouget
& Duelli, 2004; Lopez & Goldarazenam, 2012; Lausch
et al. 2013; Williams et al., 2017; Winter et al., 2017).

At the same time every insect has some preferences
for forest type and structure parameters, which are
favorable for its survival and development.

Thus a rating of forest plots preferences for the main
species of foliage browsing insects considers the type
of forest site conditions, age of stand, relative density of

stocking, and the part of pine in the stand composition
(Meshkova, 2006). The plots with maximal threat of
foliage browsing insects’ outbreaks were recommended
for high priority field inspection in different regions of
Ukraine (Meshkova & Borysenko, 2017b).

Similar approach was used in research of stem
pests. Particularly it was shown, that southern pine
beetle (Dendroctonus frontalis Zimmermann) spread
in southeastern United States does not depend on site
index, and effects of stand type (wetland or upland) are
overridden by the effect of stand composition (Aoki
et al., 2018). Usually, bark beetles preferentially attack
older trees and stands in later stages of development.
However investigations in Colorado show that due
to climate warming the stands in early stages of
development now are being affected by outbreaks
(Mietkiewicz et al. 2018).

The aim of this research was to evaluate the
dependence of bark beetles foci distribution on forest
site conditions as well as on Scots pine stands origin
and other characteristics.

Objects and methods. Distribution of bark beetles
foci in Scots pine stands was the object of research,
which was carried out in 2014-2016 in Scots pine
stands of Teterivske Forestry of the State Enterprise
“Teterivske Forest Economy” (50 °41 © N; 29 °36 ‘ E)
(Ukraine, Central Polissya).

Data on bark beetles foci were obtained by
inspection of Scots pine stands of the State Enterprise
“Teterivske Forest Economy”. Data on Scots pine
stands characteristics were taken from Forest
inventory Database of Production Association
“Ukrderzhlisproekt” (database of forest inventory for
short) as of 2014. This database was converted into
Access and Excel tables using applications developed
in Ukrainian Research Institute of Forestry & Forest
Melioration named after G. M. Vysotsky (URIFFM).

The distribution of bark beetles foci in forest
subcompartments depending on stand origin
(plantations or natural stands), forest site conditions,
stand age, relative density of stocking, Scots pine
participation in the stand composition, and bonitet
classes was compared with respective distribution of
all Scots pine stands using chi-square analyses ()* test)
and Kolmogorov-Smirnov test (A) (Atramentova and
Utevskaya 2008) using MS Excel.

Results and discussion. Analysis of model trees
show, that pine engraver beetle (Ips acuminatus)
dominated among other stem pests, which infested
visually healthy trees. Six-toothed pine bark beetle
(Ips sexdentatus Boerner 1776) infested more often the
trees already being colonized by pine engraver beetle.

Dependence of bark beetles foci distribution on
stand origin. Data analysis shows that from 3961.2
hectares of Scots pine stands 79.1 % (3132.1 ha) are
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plantations, and 20.9 % (829.1 ha) have natural origin.
At the same time in bark beetles foci plantations cover
60.9 % of area, and natural stands cover 13.1 % of area
(Fig. 1). It means that the foci occupy 5.4 % of Scots
pine plantations area and 13.1 % of natural Scots pine
stands area. Difference of bark beetles foci distribution
in Scots pine stands of different origin is proved
statistically (*= 19.93; 2, ;= 3.84).

100% -+

50% A

Distribution, %

All stands

Bark beetles foci

Forest plantations O Stands of natural origin

Fig. 1. Distribution by origin of all Scots pine stands
of Teterivske Forestry (“all stands”) and Scots pine stands
in bark beetles foci

Taking into account this conclusion we analyzed
the distribution of bark beetle foci by other forest
characteristics separately for stands of artificial and
natural origin.

Dependence of bark beetles foci distribution on
forest site conditions. Natural Scots pine stands of
Teterivske Forestry grow in nine types of forest site
conditions. Plantations grow in seven types of forest
site conditions and are absent in dry (B,) and moist
relatively poor (B,) forest site conditions (Table 1).

Bark beetles foci in Scots pine plantations were
revealed in five types of forest site conditions, and
were absent in dry poor (A)), and dry relatively poor
(B,) forest site conditions. In natural forest bark beetles
foci occurred in six types of forest site conditions from
eight existing types. Bark beetles foci were absent in
natural stands growing in dry and moist relatively poor
forest site conditions (B, and B, respectively).

The largest part of Scots pine stands grow in
fresh relatively poor forest site conditions (B,).
Such percentage in B, is almost the same in all pine
plantations and in bark beetles foci in pine plantations
(77 and 77.2 % respectively). Percentage of natural
Scots pine stands in B, is 80.1 %, and it is much less
in bark beetles foci (56.1 %). It may be explained by
different forest stand composition or stand age in such
forests.

Scots pine stands of artificial and natural origin in
fresh poor forest site conditions (A,) are represented
almost the same (3.8 and 3.4 %). However, in bark
beetles foci the percentage of artificial and natural
stands area in A, is 0.2 and 12.2 % respectively. Thus
in such forest site conditions the part of bark beetles
infested area is 17 times less, than in all plantations of
such forest site conditions, and in natural stands the
part of bark beetles infested area is 3.6 times more.
Obtained data are statistically proved for natural stands
(¢ = 22.3; %, s = 3-84), but it may be also connected
with different forest stand composition or stand age.

Percentage of area of humid relatively poor (B,) and
humid relatively fertile (C,) forest site conditions in
bark beetles foci is considerably more than in all stands
of respective origin (see Table 1). Thus in artificial
stands humid relatively poor and humid relatively
fertile forest site conditions occupy each only 0.2 %
of the area, and in bark beetles foci they occupy 1.9
and 3,9 % of the area respectively, and the difference
is significant (y*= 195.9 for B, and y*= 771.5 for C;
Loos = 3-84).

Obtained data prove the confinement of bark beetles
foci to more humid forest site conditions. It may be
explained by the fact, that pine roots in such stands
are located closer to the soil surface. Recent deepening
of ground water level in result of low precipitation
(Meshkova & Borysenko, 2017a) caused stand
weakening and increase of tree susceptibility to bark
beetles attacks.

However Kolmogorov-Smirnov test (A) does
not prove significant differences in all Scots pine
stand distribution by forest site conditions and such
distribution in bark beetles foci (for artificial stands
A= 0.27; for natural stands A = 0.58; A .= 1.36).

> 740.05
Table 1

Distribution (%) by forest site conditions the area of all Scots pine stands in Teterivske Forestry
(*“all stands™) and pine stands in bark beetles foci (average for 2014-2016)

Forest site conditions type.

Forest plantations

Stands of natural origin

Index and name all stands bark beetles foci all stands bark beetles foci
A, —dry poor 0.1 0.0 0.8 0.4
A, — fresh poor 3.8 0.2 34 12.2
B, — dry relatively poor 0.1 0.0 0.1 0.0
B, — fresh relatively poor 77.0 77.2 80.1 56.1
B, — humid relatively poor 0.2 1.9 0.9 12.9
B, — moist relatively poor 0.0 0.0 0.2 0.0
C, — fresh relatively fertile 18.6 16.8 14.3 11.7
C, — humid relatively fertile 0.2 3.9 0.1 6.7
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In artificial stands share of Scots pine area in fresh
relatively poor forest site conditions (B,)) was the
highest (61.9-78.4 % from all bark beetles foci area) in
2014-2016 (Fig. 2). The stands in the fresh relatively
fertile forest site conditions (C,) are on the 2™ place by
area (17.5-37.8 % from total foci area). The rest types
of forest site conditions were characteristic for 4.5 %,
0.3 % and 0.4 % of foci area in 2014, 2015 and 2016
respectively.

In 2015 share of bark beetles foci area decreased by
16.5 % in fresh relatively poor forest site conditions
(B,) and increased by 20.3 % in fresh relatively fertile
(C,) forest site conditions. In 2016 proportion of bark
beetles foci area increased by 13 % in fresh relatively
poor forest site conditions (B,) and decreased by 13.1 %
in fresh relatively fertile forest site conditions (C,). It
may be connected with the change of attractiveness
of certain stands for bark beetles in result of low
precipitation of 2015 (Meshkova & Borysenko, 2017a).

In natural stands, bark beetles foci occurred in
the more diverse forest site conditions, than in forest
plantations (see Fig. 2b). Although the most proportion
of foci area occurred in the fresh relatively poor forest
site conditions (B,), it was slightly more than half of
the total foci area (56.1 and 56.7 % in 2014 and 2015
respectively, and in 2016 increased up to 86.4 %.
Number of types of forest site conditions with bark
beetles foci decreased from six in 2014 to three in
2015. Like in plantations, in natural forest stands in
2015 the share of foci area in the fresh relatively poor
site conditions increased from 11.7 to 41.1 %. One can
assume that in 2014 forest weakening was provoked by
certain climatic events, and then bark beetles colonized
trees in the most represented forest site conditions.
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Fig. 2. Distribution by the types of forest site conditions the
Scots pine stands area in bark beetles foci in different years
(a — forest plantations; b — stands of natural origin)

Dependence of bark beetles foci distribution on
stand age. In total bark beetles foci area in Teterivske
Forestry for 3 years made up 22 % of Scots pine forest
area. However Scots pine stands distribution by age
was not similar in all pine stands and in bark beetles
foci (Fig. 3).

Scots pine stands of Teterivske Forestry represented
by I to XVIII ten-years age classes, and in bark beetles
foci (for 2014-2016) by V to XVIII age classes.

In the stands of I, Il and IV age classes, bark beetles
foci were not revealed, and in the stands of III class

their area was 0.3 % from all Scots pine stands area of
such age. In the stands of the V age class it was 2.8 %,
and in VI age class it was 9.5 % (see Fig. 3).

Proportion of bark beetles foci area from Scots pine
stands area increases with age. It is almost 50 % in IX
age class and exceeds this value in X—XII age classes.

In Scots pine stands over 100 years old 52.7 % were
infested by bark beetles.

Obtained data show that young pine stands were
not infested by bark beetles. It is possible that these
stands formed their root systems in changed climatic
conditions and are adapted to them.

Analysis of forest inventory database shows, that
weighted average age of all pine stands of Teterivske
Forestry is 67.9 years old (Fig. 4). However it is 114.5
and 55.6 years old in natural Scots pine stands and
plantations respectively.
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Fig. 3. Distribution of all Scots pine stands (“all stands”)
and bark beetles foci area by ten-years age classes
(Teterivske Forestry; 2014-2016)
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Fig. 4. Weighted average age of all Scots pine stands of
Teterivske Forestry and bark beetles foci in plantations
and natural stands

Weighted average age of Scots pine stands in the
bark beetles foci increased from 96.5 years old in 2014
to 105.2 years old in 2016. In plantations it was from
89.4 to 94.5 years old and in 1.6-1.7 times exceeded
weighted average age of all Scots pine stands. Weighted
average age of natural stands in bark beetles foci in
2014 (104.3 years old) was in 1.1 times less than age
of all natural Scots pine stands, and in 2015-2016 this
index in bark beetles foci was in 1.2—1.4 times more
than in all natural Scots pine stands.

It should be noticed, that in 2014 the age of
plantations and natural Scots pine stands in bark beetles
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foci differed only by 15 years (in 1.2 times), and in 2015
by 66 years (in 1.7 times). Trend to increase the age of
Scots pine stands in bark beetles foci during outbreak
of bark beetles may be connected with decrease of trees
resistance as well as with larger crowns and lateral
surface available for bark beetles infestation.

Ips acuminatus, which plays the main role in Scots
pine decline in the region of our research, develops in
two main partly overlapping generations per year and
sister broods. “Spring” generation is started by adults
after hibernation, and “summer” generation is a progeny
of “spring” generation (Meshkova et al., 2017¢c).

Each year an average age of stands infested by
“spring” generation of bark beetles was less than age of
forest stands infested by “summer” generation (Fig. 5).
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Fig. 5. Average age of forest stands in bark beetles foci
during development of Ips acuminatus “spring” and
“summer” generations

In 2014 the difference was only 5.8 year, but in
2015 and 2016 it increased up to 32.2 and 44.5 year
respectively. Such phenomena may be connected with
large number of young shoots per tree in old stands or
with low intensity of protective chemicals synthesis
after termination of shoot growth.

Dependence of bark beetles foci distribution on
relative stocking density. Relative stocking density of
Scots pine stands in Teterivske Forestry is from 0.3 to
0.9, and it 1s from 0.4 to 0.9 in the bark beetles foci
(Fig. 6).

Proportion of bark beetles foci area from whole
area of Scots pine stands with relative stocking density
0.6-0.8 is the largest (24.7-33.2 %), which is proved
statistically (> = 225.6; x°,,; = 3.8). Significance of
confinement of bark beetles foci to relative stocking
density 0.6 is the highest (= 48.5; *, .= 3.8), itis less
for relative stocking density 0.7 (x*= 36.8; 3%, ;= 3.8),
and the least for relative stocking density 0.8 (y*= 6.1;
g0 = 3-8). Obtained data show, that the stands with
relative stocking density 0.6 and 0.7 must be inspected
in the first turn for bark beetles foci detection.

Analysis of bark beetles foci area distribution
shows, that in 2014-2015 the stands with larger relative
stocking density were infested (Fig. 7).

Weighted average relative stocking density of
infested Scots pine stands was 0.73 in 2014-2015, and
it was 0.67 in 2016. It may be explained by a decrease

of relative stocking density of Scots pine stands in
result of selective sanitary felling in the first years of
bark beetles outbreak.
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Fig. 6. Distribution of area in all Scots pine stands and bark
beetles foci by relative stocking density
(Teterivske Forestry, 2014-2016)
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Fig. 7. Distribution of bark beetles foci area by relative
stocking density in 2014, 2015 and 2016

Dependence of bark beetles foci distribution on
Scots pine participation in the stand composition.
The greater resistance of mixed stands compared with
pure Scots pine stands was proved by many studies of
foliage browsing insects, pests of unclosed plantations,
stem pests etc. (Meshkova, 2006; Lieutier et al., 2016).

Since prolonged outbreak of Ips acuminatus in large
area earlier has not been registered, its spread in pure
and mixed stands was not yet studied.

The stands with 3 to 10 units of Scots pine grow in
Teterivske Forestry (Fig. 8).

The share of Scots pine stands area increased with
larger part of this tree species in the forest composition.
At the same participation of Scots pine in the forest
composition the area of plantations exceeded the area
of natural Scots pine stands.

Bark beetles foci area increased with Scots pine
participation in stands composition and was the
highest in pure Scots pine stands both in plantations
and natural stands. Proportion of area with 8, 9 and 10
units of Scots pine in stand composition was 18.4,21.9
and 47.2 % in plantations and 15.3, 18.4 and 42.1 %
in natural stands respectively (see Fig. 8). Weighted
average part of Scots pine in forest stand composition
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was 8.9 and 8.6 units in plantations and natural stands
respectively.
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Fig. 8. Distribution by Scots pine proportion in all pine
stands of Teterivske Forestry and in bark beetles foci
(a — forest plantations; b — stands of natural origin)

However, in bark beetles foci the pure Scots pine
stands occupy 63.2 and 66.4 % of all foci bark beetles
area for plantations and natural stands respectively,
and the stands with 9 units of Scots pine in forest
stand composition occupy 28.7 and 7.8 % of area
respectively. Weighted average part of Scots pine in
stand composition in bark beetles foci is 9.5 and 9
units in plantations and natural stands respectively.
Confinement of bark beetles foci to pure Scots pine
stands is proved statistically for plantations (y>*= 17.9;
*’y0s = 3-8) and natural forests (x*= 27.9; ¢* .= 3.8).

Dependence of bark beetles foci distribution on
stand bonitet. The most proportion of Scots pine
plantations area in Teterivske Forestry (50.6 %) is
characterized by Ia bonitet class, and 35.2 % by I
bonitet class (Fig. 9).
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Fig. 9. Distribution by bonitet classes of all Scots pine stands
and Scots pine stands in bark beetles foci of Teterivske
Forestry (a — forest plantations; b — natural stands)

Bark beetles foci are also often located in the stands
oflaand I bonitet classes (48.7 and 43.3 % of plantations
and natural forests respectively). Weighted average
bonitet class is la and I for all Scots pine plantations
and bark beetles foci there respectively. Proportion of
natural Scots pine stands of Ia, I, II and III bonitet class
is 30.3, 37.5, 21.8 and 8.7 %, and weighted bonitet
class is I. The largest area of bark beetles foci in natural
Scots pine stands (48.2 %) is located in I bonitet class.
Proportion of bark beetles foci area in natural stands of
la and II bonitet classes is 28.7 and 17.3 % respectively.

Weighted average bonitet class of all natural Scots pine
stands and of stands in bark beetles foci is I.

Differences of area distribution by bonitet classes
are significant between plantations and natural Scots
pine stands (x*= 101.6, x?, ;= 3.8), between Scots pine
stands and bark beetles foci in plantations (y*>= 42.5,
Loos = 3-8), as well as between Scots pine stands
and bark beetles foci in natural Scots pine stands
(¢ =253, x°,0s = 3-8). Hypothesis about bark beetles
foci confinement to the stands with bonitet classes la
and II was not proved both for plantations and natural
forests. Hypothesis about bark beetles foci confinement
to the stands with bonitet class I was proved both for
plantations (x> = 5.1, ¥*,,, = 3.8) and natural forests
(= 6.0, ,s=3-8).

Conclusions. In Teterivske Forestry, bark beetles
foci occupy 5.4 % area of Scots pine plantations and
13.1 % of natural Scots pine stands. Confinement of
bark beetles foci to Scots pine stands of natural origin
is statistically confirmed.

Bark beetles foci are absent in stands growing in dry
and moist relatively poor forest site conditions (B, and
B, respectively).

In frame of relatively poor (B) and relatively fertile
(C) forest site conditions bark beetles foci are confined
to more humid forest site conditions (B, and C,), but
age and tree species composition of stand override the
effect of forest site conditions.

Percentage of bark beetles foci area from Scots pine
stands area increases with stand age: 52.7 % of Scots
pine stands over 100 years old were infested by bark
beetles. Weighted average age of all pine stands of
Teterivske Forestry is 67.9 years old and in the bark
beetles foci it increased from 96.5 years old in 2014 to
105.2 years old in 2016. Average age of forest stands
infested by “spring” generation of bark beetles was less
than infested by “summer” generation.

Confinement of bark beetles foci to Scots pine
stands with relative stocking density 0.6—0.8 is proved
statistically. Weighted average relative stocking density
of infested Scots pine stands decreased from 0.73 in
2014-2015t0 0.67 in 2016 in result of selective sanitary
felling in the first years of bark beetles outbreak.

Confinement of bark beetles foci to pure Scots pine
stands, as well as to the stands with bonitet class I was
proved both for plantations and natural forests.
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JlicopocnnHHi ymoBM Ta iHWI
XapaKTepUCTUKN HacapKeHb COCHMN
3BMYaAHOI, CNTPUATANBI ANA KOPOiAiB

B.J1. Mewkoga', O.l. bopuceHko?,
B.l. MpuropHuubknin®

Hocmimxenns 2014-2016 pp. cBiguath, 0 TUIOIA
OCepenKiB KOpPOimiB y HACAHKEHHSIX COCHU 3BUYAWHO1
TetepiBchKoro JicHUITBA JlepKaBHOTO MMiIPHEMCTBA
«TerepiBchke JIicOBE TOCTIOAAPCTBO» CTAHOBUTH 5,4 %
IO JTIICIB IITYYHOTO MoXo/keHnst Ta 13,1 % turormi
MPUPOIHUX COCHOBHUX JiciB. CTaTUCTHYHO IIiTBEP-
JDKEHO TMPHYPOUYEHICTh OCEPEIKiB KOPOiAiB 10 MPUPOI-
HUX COCHOBHX JICIB.

Ocepenku KOpOiiB BiJICYTHI y CyXUX 1 MOKpHX
cybopax (B, ta B, BianosisHo). ¥ mexax CyOopiB i
CYTPYIiB OCEpEIIKH KOPOINiB MPUYpPOUCHi 0 BOJOTHUX
YMOB (B3 Ta Cj,), aJie BIK 1 CKJIaJl HAca»KeHb BIUIABA-
I0Th Ha TMOIIMUPEHHs OCEepeaKiB OlblIe, HIXK THM JTicOo-
POCIMHHUX YMOB.

Yacrka mmomii ocepenkiB KOpOimiB Bif IJIOMI CO-
CHOBUX JICIB 30UIBIIY€ETHCSI 3 BIKOM JEPEBOCTaHIB:

1  Mewxosa Barenmuna Jlveiena — nificanii wieH JliciBHUYOI aka-
neMil HayK YKpaiHH, JOKTOP CLILCHKOTOCIIOAAPCHKHUX HAyK, Ipo-
(decop, YKpalHCHKHH HAyKOBO-JOCTITHHI IHCTUTYT JIiCOBOTO
rocriomapcTBa Ta arpoiicomeniopanii iM. I. M. Bucouskoro,
Byan. Ilymkinceka, 86, XapkiB, 61024, Vkpaina. Ten.: +38-097-
371-94-58. E-mail: Valentynameshkova@gmail.com

2 Bopucenro Onexcandp leoposuy — HayKOBHH CIIBPOOITHHK, YKpa-
THCBKUIT HAYKOBO-JOCIIHUI {HCTUTYT JIICOBOTO IOCIIONAPCTBA Ta
arpomicomenioparii im. I. M. Bucorpkoro, Byi. I[lymikinceka, 86,
Xapkis, 61024, YVkpaina. Tein.: +38-066-888-83-49. E-mail: xalek-
ter@gmail.com

3 [lpueopruysruii Bikmop lsanosuy — imxenep-nicomnaroinor, [ep-
xaBHe mignpueMcTso «Terepisebke JII», c. [TickiBka, Byi. ®inino-
Ba, 36, BopoxsiHchkuii paiion, KuiBebka o0macts., 07820 Ykpaina.
Ten.: +38-097-371-94-58.E-mail: office@tetdlg.kiev.ua

52,7 % cocHOBUX HacaKeHb BikoM moHaa 100 poki
3aceneHo kopoigamu. CepenHill 3BakeHUH BiK yCiX CO-
CHOBUX HacaKeHb TeTepiBCHKOTO JIICHHULTBA CTaHO-
BUTH 67,9 poKiB, a Bik HaCaHKEHb B OCEpeKax Kopoi-
IiB 30imbmmBCs Bix 96,5 poxy y 2014 p. mo 105,2 poxy
y 2016 pori. Kopoinu “nmiTHROro” MOKOJIIHHS 3aCesuin
Haca/DKeHHS OUTBII CTapIIOTO BiKy, HIXK KOpOinan “Bec-
HSIHOTO”” TIOKOJIIHHSI.

[IpuypoueHicTh ocepenkiB KOPOidiB O COCHOBHX
HacaJpKeHb 13 BigHOCHOIO noBHOTOIO 0,6-0,8 mosene-
Ha crarucTuyHO. CepenHs 3BaKeHa BIJHOCHA ITIOBHOTA
3aceeHuX KOpOoiJaMH COCHOBUX Haca/KeHb 3MEHILH-
nacs Big 0,73 y 2014-2015 pp. mo 0,67 y 2016 p. BHa-
CIIIJIOK TIPOBEICHHS BHOIPKOBUX CaHITAPHHUX PYOOK Y
TMIEPII POKH Cliajaxy IUX NIKITHUKIB.

[IpuypodeHicTe OcepenkiB KOpOimiB A0 YHUCTHX
COCHOBHX JIEPEBOCTaHIB JOBEACHA CTAaTHCTUYHO IS
HITYYHHX 1 IPUPOTHUX COCHOBUX HACAIKECHb.

VY WTYy4HUX 1 TPUPOIHUX HACAJDKEHHSIX OCEPEIKH
KOpOiiB MpHypoUeHi 10 aepeBocTaHiB I kiacy GoHi-
TETY.

KarwuoBi ciioBa: crnanmax; ocepesok MacoBo-
ro PO3MHOXCHHSI KOMax; BEpXiBKOBUH Kopoin (Ips
acuminatus); HaCaJKEHHs MPUPOAHOTO MOXOKCHHS;
JCOBI KYJIBTYpH; BITHOCHA TIOBHOTA; BiK HACAKEHB;
y4acTb COCHH Y CKJIa/li HACaPKEHb.

JlecopacTutenbHble yCNoBUA 1 apyrue
XapaKTepUCTUKN HaCaXKAEeHUIA COCHbI
06bIKHOBEHHOI, GnaronpuATHble
ANA Kopoeaos

B.J1. MewkoBa', A. /. BopuceHko?,
B.W. MpuropHuuknin®

UccnenoBanus nposenensl B 2014-2016 rr. B Ha-
CaXICHIIX COCHBI OOBIKHOBEHHOU TeTepeBCKOro jec-
HuyecTBa ['ocynapcTBenHoro npeanpustus «Terepes-
CKoe JiecHOe X03s1icTBO» (YKpauHa, llentpansuoe [1o-
necwe). /laHHbIe OTHOCUTETHHO PAaCTIPOCTPAaHEHHS Oda-
TOB KOPOEJOB TMOJYYEHBI MPU OOCIIEOBAHUH HACAXK-
JICHUI COCHBI OOBIKHOBEHHOM B JIECHOM (POHJIE 3TOTO
MPEANpUATHS. AHAIN3 JTeCOPACTUTENHHBIX YCIOBUH U

Mewrxosa Banenmuna JIveoéna — NeicTBUTENbHBI wieH JlecHOH
aKaJieMHUH HayK YKpauHbI, TOKTOp CEIbCKOXO3SHCTBEHHBIX HAyK,
npodeccop, YKpauHCKHI Hay4HO-HCCIIEI0BATEIbCKUI HHCTUTYT
JIECHOTO X03s1iicTBa M arpoaecoMenuopanuu um. I. H. Beicoukoro,
yi. Ilymknuckas, 86, Xapekos, 61024, Vkpanna. Ten.: +38-097-
371-94-58. E-mail: Valentynameshkova@gmail.com

bopucenxo  Anexcandp Heopeeuu — HaydHBI —COTpYIHUK,
YKpanHCKHI HAy4YHO-HUCCIIEOBATENbCKUNA WHCTUTYT JIECHOTO
Xo3diicTBa M arpoinecomenuopaunu uMm. I. H. Beiconxkoro,
yi. Iymkunckas, 86, Xapbkos, 61024, Ykpauna.. Ten.: +38-066-
888-83-49. E-mail: xalekter@gmail.com
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«Tetepesckoe JIX». c. [TeckoBka, yn. ®unumnosa, 36, boponsackuit
paiion, Kuesckast o6iactb, 07820, Ykpauna. Ten.: +38-097-371-
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XapaKTCPUCTUK COCHOBBIX Haca)K)ICHI/Iﬁ IIPOBECJICH I10
NMaHHBIM 0a3bl JecoycTpoiictBa [IponsBopcTBeHHOTO
OObenuHeHust « YKProciaecnpoekT» M0 COCTOSIHUIO Ha
2014 ron.

PacnipocTpanenne o4aroB KOpoegoB B 3aBUCHUMOC-
TH OT TPOUCXOXKJCHHS HAacCaXJIeHUH (MCKYyCCTBEHHOE
WIM €CTECTBEHHOE), THIa JIECOPACTUTENBHBIX YCIIO-
BHIA, BO3pacTa, OTHOCUTEIHFHON MTOJTHOTHI M Kjtacca 00-
HUTETA COMOCTABIISUIN C PAcIpOCTPAaHEHWEM BCEX Ha-
CaKICHUH COCHBI OOBIKHOBEHHOH C MCIIOJIb30BaHUEM
kpurepues x> u A (Konmmoroposa-CmupHOBa).

ITyrem ananu3a MOZAEIBHBIX JE€PEBBEB MOJITBEPXK-
JIEHO JIOMHHHMPOBAHHWE BEPITUHHOTO Kopoema (Ips
acuminatus), 3aceisIoLIeT0 340pPOBbIe Ha BHUI JAepe-
Bbsl. lllectnzyOuarsiii kopoen (Ips sexdentatus) Jaie
3acesisiyl IEPEBbs, PaHEE 3aCENIEHHbIE BEPIIIMHHBIM KO-
poenom.

VYcTaHOBIIEHO, YTO IUIOIIAJL OYaroB KOpPOEIOB B
TerepeBckoM JtecHHYECTBE cocTaBiseT 5,4 % ruroma-
I JIECOB MCKYCCTBEHHOTO npoucxoxzaenus u 13,1 %
IUIOILA/IM JIECOB €CTECTBEHHOTO MpoucxokaeHus. Cra-
TUCTHUYECKH TOATBEPKIEHA MPUYPOUEHHOCTh OYaroB
KOpOE/IOB K JIeCaM €CTECTBEHHOTI'O MTPOUCXOXKICHUS.

Ouaru kopoenoB He ObIITM 00HAPYKEHBI B CyXUX U
MOKpBIX CyOopsiX (B, u B, COOTBETCTBEHHO).

B mpenemax cybopeit (B) u cyrpynkos (C) oua-
M KOPOENOB NPUYPOUCHBI K BIAXHBIM YCIOBHUIM
(B, m C,), HO BO3pPACT U COCTaB HACAKJICHUH BIIHsA-
€T Ha pacnpoCTpaHEHHE 04aroB OOJbIlIe, YeM THII
JIECOPACTUTEIIBHBIX YCIOBUI.

Jlonst mIoIiagyd O4aroB KOPOEIOB OT ILIOIIAIN
COCHOBBIX JIECOB YBEITMYMBAETCS C BO3PACTOM JIPEBOC-
Tos1: 52,7 % COCHOBBIX HACKIEHUHN, KOTOPHIE CTapIIIe
100 nert, 3acenensl kopoeaamu. CpemnHeB3BEIICHHBIN
BO3pacT BCEX COCHOBBIX HacaxaeHWH TeTepeBcKoro
JIECHUYECTBA COCTABIsIET 67,9 5eT, B oyarax KOpoenoB
ATOT TOKa3aTeslb Bo3poc oT 96,5 roga B 2014 romy mo
105.2 rona B 2016 romy. Kopoeas! «aeTHero» mokoie-
HUSl 3aCeJIsUIM HACaXK IeHHs OoJiee CTapIiero Bo3pacra,
YeM KOPOE/IbI «BECCHHETO» IMOKOJICHHUSI.

[IprypodeHHOCTh O4YaroB KOPOEIOB K COCHOBBIM
HaCa)XJICHUSM C OTHOCUTENIbHOM 1oaHoToi# 0,6-0,8 mno-
KazaHa craTucThdecku. CpelHeB3BElICHHAs OTHOCH-
TeJbHAS TOJHOTA 3aCENIEHHBIX KOPOEIaMHU COCHOBBIX
HacaxaeHui ymensimmiack ¢ 0,73 B 2014-2015 rr. no
0,67 8 2016 TT. B pe3yipTaTe IpoBeIeHUS BRIOOPOUHBIX
CaHUTAPHBIX PYOOK B TEPBBIC TOJBI BCIBIIIKH ITHX
BpEAUTEIIEH.

[IpuypodeHHOCTh OYaroB KOPOCIOB K YHCTHIM
COCHOBBIM JIPEBOCTOSIM JOKa3aHO CTaTUCTHYECKH ISt
COCHOBBIX HaCaXJICHHI NCKYCCTBEHHOTO U €CTECTBEH-
HOTO TTPOUCXOMKICHUSI.

B MCKyCCTBEHHBIX U €CTECTBEHHBIX HACAKICHHSIX
ouyard KOpoezioB MpUypoUeHBI K apeBoctosiM | kiacca
Oonwmrera.

KaroueBble cJioBa: BCIIBINIKA; OYar MacCOBOTO
pa3MHOXKEHHsI HACEKOMBIX; BEpUIMHHBIN Kopoen (Ips
acuminatus); HaCaXJICHHUSI €CTECTBEHHOTO TTPOUCXOXK-
JISHUSI; JIECHBIE KYyJIBTYPBI; OTHOCHUTEIbHAS ITOJHOTA;
BO3pacT HACaXJICHUH; y4acTHE COCHBI B COCTaBE Ha-
CAXKJICHU.
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