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Parameters of Pinus sylvestris health condition and Ips acuminatus
population in pure and mixed stands of Sumy region

V.L. Meshkova', I.O. Bobrov?

Outbreaks of bark beetles have increased in recent years in various regions. Pine engraver beetle (Ips acuminatus
(Gyllenhal, 1827); Coleoptera: Curculionidae: Scolytinae) is most common in the pine forests of many European
countries. Research on its biology and spread carried out in different natural conditions, phases of pest outbreak and
considered various parameters to characterize the population of the pest and forest health condition.

The aim of the research was to compare the health condition of Scots pine stands and population parameters of
1. acuminatus in its two generations in pure and mixed stands in Polissya and Forest-steppe parts of Sumy region.
Research was carried out in 2017 in the pure Scots pine stands and mixed stands with Scots pine and other forest
species in Polissya (State Enterprise «Seredyno-Budsky Agroforest Economyy, State Enterprise «Seredyno-Budsky
Forest Economy») and Forest-steppe parts (State Enterprise « Velykopysarivske Agroforest Economyy, State Enterprise
«Okhtyrske Forest Economyy) of Sumy region at 26 sample plots. In sample plots, parameters of forest health condition
and bark beetle population were assessed in June and in September, after completion of development of spring and
summer generation of I. acuminatus.

By most of the parameters assessed, significant differences between sample plots in Forest-Steppe and Polissya parts
of Sumy region were not found. In pure Scots pine stands the mean area of bark beetles’foci and bark beetles’ production
were larger in Forest-steppe in June, and the density of Ips acuminatus nuptial chambers in June and September.

In pure Scots pine stands the area of I. acuminatus focus, the number of colonized trees, the proportion of recently died
trees, health condition indices, the density of egg galleries and nuptial chambers as well as young beetle’s production
increased from June to September. In mixed stands the focus area, the number of colonized trees and health condition
index increased insignificantly, and population parameters of 1. acuminatus decreased from June to September. Pure
Scots pine stands changed the health condition from «severely weakenedy to «drying upy» in three months, and mixed
ones remained in the «weakenedy category.
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In pure pine stands, the density of egg galleries and beetles of the young generation increased for three months from
the lower limit of a moderate level to a high level, the density of nuptial chambers — from low to a high level. In mixed
stands, all population parameters of I. acuminatus correspond to a low population level. The parameters characterizing
the investigated foci of 1. acuminatus in the Sumy region significantly correlated with the participation of pine in the
stand composition, and in September the correlation is closer than in June. The data obtained indicate the feasibility of

creating predominantly mixed pine stands.

Key words: bark beetle; outbreak; health condition index; tree mortality, egg galleries; nuptial chambers; young

beetle’s production.

Introduction. Outbreaks of bark beetles
have increased in recent years in various regions
(Wermelinger, Rigling, Schneider, & Dobbertin, 2008;
Siitonen, 2014; Andreieva, Guzii, & Vyshnevskyi,
2018; Meshkova, 2019), which is explained by climate
change (Andreieva, & Goychuk, 2018; Andreieva,
Korma, Zhytova, Martynchuk, & Vyshnevskyi, 2020)
and anthropogenic impacts (Bjorkman, Bylund,
Nilsson, Nordlander, & Schroeder, 2015; Foit, 2015;
Shvidenko, Buksha, Krakovska, & Lakyda, 2017;
Meshkova, Borysenko, & Pryhornytskyi, 2018; Jaime
et al., 2019). Pine engraver beetle (Ips acuminatus
(Gyllenhal, 1827); Coleoptera: Curculionidae:
Scolytinae) is most common in the pine forests of
many European countries (Colombari et al., 2012,
2013; Andreieva, Vyshnevskyi, & Boliukh, 2019). Its
harmfulness increases due to its possibility of vectoring
ophiostomatoid fungi to Scots pine trees (Davydenko,
Vasaitis, & Menkis, 2017; Davydenko, 2019).

Recently, much research has been published on the
biological characteristics of the pine engraver beetle
and its distribution in forest stands (Colombari et al.,
2012, 2013; Siitonen, 2014; Meshkova, Borysenko,
& Pryhornytskyi, 2018; Meshkova, Kochetova,
Zinchenko, & Skrylnik, 2017, Andreieva, Guzii,
& Vyshnevskyi, 2018; Andreieva, Vyshnevskyi, &
Boliukh, 2019).

Pine engraver beetle is found to inhabit trees and
forest residues of pine at the beginning of the growing
season — in April, but in a few weeks, the females
again lay eggs from which the sister brood develops
(Colombari et al., 2012). Due to the ability of the
pine engraver beetle to hibernate as larvae and imago,
under the bark and in the forest litter, to develop in
several generations a year, including sister broodi,
tree colonization occurs throughout whole summer
(Meshkova, Kochetova, Zinchenko, & Skrylnik,
2017). Infested trees have been dying for several weeks
(Meshkova, 2019). External signs of tree colonization
by pine engraver beetle are the change in the color shade
of needles and the presence within the projection of
crowns of fallen twigs and branches with the galleries
of this pest (Colombari et al., 2012). The study of the
spatial dynamics of the foci of pine engraver beetle
revealed that they are formed from a well-lighted
forest wall, clear-cuts or other plots where there has
been intensive forest thinning or removal (Andreieva,
Guzii, & Vyshnevskyi, 2018; Meshkova, Borysenko, &
Pryhornytskyi, 2018).

However, each researcher carried out his studies
in certain natural conditions, in different phases of
pest outbreak and considered various parameters
to characterize the population of the pest and forest
health condition. We assumed, that decline of Scots
pine caused by pine engraver beetle depends on the
natural zone and forest stand structure, particularly its
tree composition, and the population parameters of this
pest vary in different generations of the same pest at
the same year.

Objects and methods. Object of research — forest
health condition and Ips acuminatus population
parameters. Subject of research — parameters of Scots
pine (Pinus sylvestris L.) health condition and Ips
acuminatus population in pure and mixed stands.

The aim of the research was to compare the
health condition of Scots pine stands and population
parameters of Ips acuminatus in its two generations in
pure and mixed stands in Polissya and Forest-steppe
parts of Sumy region.

Research was carried outin 2017 in the pure Scots pine
stands and mixed stands with Scots pine and other forest
species in Polissya (State Enterprise «Seredyno-Budsky
Agroforest Economy»; State Enterprise «Seredyno-
Budsky Forest Economy») and Forest-steppe parts (State
Enterprise «Velykopysarivske Agroforest Economyy;
State Enterprise «Okhtyrske Forest Economy») of Sumy
region at 26 sample plots (Tab. 1).

Fresh poor forest site conditions (4,) and fresh
relatively poor forest site conditions (B,) were presented
in sample plots. In fresh poor forest site conditions
mainly Scots pine is presented with single silver birch
(Betula pendula Roth.) trees. In fresh relatively poor
forest site conditions from 7 to 10 units of Scots pine
were mixed with silver birch, English oak (Quercus
robur L.) and Northern Red oak (Quercus rubra L.).

The age of stands in sample plots was from 40 to 65
years old (see Tab. 1).

Two groups of parameters were analyzed in sample
plots. The first group described the health condition of
the forest stand, and the second group characterized
the bark beetle population. Taking into account the fact
that pure pine stands are represented in all sample plots
with fresh poor forest site conditions (4,), and mixed
stands in all sample plots with fresh relatively poor
forest site conditions (B,), all the results of comparing
the parameters stand health condition and the bark
beetle population in the groups of sample plots A,
and B, correspond to a comparison of pure and mixed
forests.
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Table 1

Characteristics of sample plots in the bark beetles’ foci in Sumy region

Sample plot  Forest Subcom-

Forest site

(SP) plot partment Area, ha Age, years Species composition* conditions**
State Enterprise «Seredyno-Budsky Agroforest Economy» (Polissya)
1 92 15 12.5 42 10 Pinsyl 4,
2 15 2 14.7 54 10 Pinsyl + Betpen A,
3 18 1 3.5 44 10 Pinsyl A,
4 75 37 9.8 60 10 Pinsyl B,
5 84 12 10.7 62 9 Pinsyl 1Betpen B,
6 110 12 6.3 54 10 Pinsyl + Betpen B,
State Enterprise «Seredyno-Budsky Forest Economy» (Polissya)

7 43 10 11.9 43 8 Pinsyl 2Betpen B,

5 14 7.5 51 7 Pinsyl 3Betpen B,
9 12 4 17.9 54 8 Pinsyl 2Betpen B,
10 72 19 10.4 56 10 Pinsyl A,
11 85 27 13.7 45 10 Pinsyl A,
12 92 13 18.4 61 10 Pinsyl 4,
13 94 20 3.7 65 10 Pinsyl A,

State Enterprise «Velykopysarivske Agroforest Economy» (Forest-steppe)
14 2 4 10.7 56 10 Pinsyl A,
15 7 12 17.3 55 10 Pinsyl A,
16 10 15 8.4 47 10 Pinsyl A,
17 10 18 6.7 62 10 Pinsyl A,
18 12 8 15.9 51 7 Pinsyl 3 Betpen B,
19 12 18 10.4 56 8 Pinsyl 2 Betpen B,
20 24 2 18.3 44 9 Pinsyl 1 Betpen B,
State Enterprise «Okhtyrske Forest Economy» (Forest-steppe)

21 124 13 20.5 53 10 Pinsyl A,
22 50 3 4.7 62 10 Pinsyl A,
23 50 42 5.8 62 10 Pinsyl + Betpen A,
24 43 14 6.9 54 8 Pinsyl 1 Betpen 1 Querob B,
25 58 24 11.4 67 7 Pinsyl 2 Querob 1 Betpen B,
26 62 74 10.1 63 7 Pinsyl 2 Betpen 1 Querub B,

Notes: *Pinsyl — Pinus sylvestris;, Querob — Quercus robur; Querub — Quercus rubra; Betpen — Betula pendula; ** B, — fresh relatively poor
forest type condition; C, —freshrelatively fertile forest type condition; D,— fresh fertile forest type condition (classes by Alekseev-Pogrebnyak).

All parameters were assessed twice — in June and
in September, after completion of the development of
spring and summer generation of Ips acuminatus.

Average focus area was evaluated in each
subcompartment with a sample plot by stand inspection
(Mozolevskaya, Kataev, & Sokolova, 1984). The
proportion of trees colonized by Ips acuminatus as well
as the health condition of trees were evaluated only
for Scots pine trees in all sample plots. Category of
health condition for each tree was evaluated on a range
of visual characteristics according to «Sanitary rules

in the forests of Ukraine» (Anonimous, 1995) by the
following classes: 15 — healthy; 2™ — weakened; 3™ —
severely weakened; 4™ — drying up; 5™ — recently died;
6" — died over a year ago. Health condition index (HCI)
was calculated as mean weighted from trees number
of each category of health condition, separately for all
living and dead trees (HCI ) and for living trees only
(HCT, ).

The number of egg galleries, nuptial chambers,
and young beetles was evaluated in model branch
sections (with diameter 0.5-2.6 cm and length 10-
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15 cm, 7-10 branches per sample plot) and recalculated
on 1 dm?.

Summary statistics, one-way analysis of variance
(ANOVA) and correlation analysis (Atramentova &
Utevskaya, 2008) were performed using Microsoft
Excel applications.

Results and discussion. The analysis shows a
significant difference by the mean area of bark beetles’
foci in pure and mixed stands both in Polissya and
Forest-steppe parts of Sumy region (Fig. 1).
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Fig.1. Area of bark beetles’ foci in pure and mixed
pine stands in the Polissya and Forest-steppe parts of
Sumy region in different dates of assessment

The mean area of bark beetles’ foci was significantly
higher in the Forest-Steppe than in Polissya part of
Sumy region in June in pure pine stands in 1.8 times
(F w41 F =46, p=0.1) and insignificantly
in nnxed stands 1 (F e =025 Fy =535 p=0.7), in
September — insignificantly both in pure and mixed
stands (F,_ =2.1; F =46, p=05 and F _ =0.1;
Fs=35.3; p £0.7 respectlvely)

In the Pohssya part of Sumy region, the mean area of
bark beetles’ foci in pure pine stands was significantly
larger than in mixed ones. In June it was 8 times larger
fw—4 72; F,i=4.70; p=0.05), and in September —
17.7 times larger (F,  =14.0; F005—4 8; p=0.003). In
the Forest-steppe part of Sumy region in June the mean
area of bark beetles’ foci in pure pine stands was also
significantly larger than in mixed ones. In June it was
14 times larger than in mixed ones (F, =31; F  =4.8;
p<0.001), and in September — 17 3 times larger
(F,..=180.6; F  =4.8; p=<0.001).

In the Polissya part of Sumy region the mean foci
area increased in September compared to June in 2.2
times in the pure pine stands (F =71.5; F ~4.5;
p=<0.01) and did not increase in “the rmxed stands
(F,.=0.04; F  =5.99; p=0.85). In the Forest-steppe
part of Sumy region the mean foci area increased
in September compared to June in 1.6 times in the
pure pine stands (F  =12.5; F =4.7; p=0.004)
and increased insignificantly in the mixed stands

ne =001, F =4.96; p=0.94).
At the time of June assessment, the trees of the 5%
and 6™ categories of health condition were available in
all sample plots. Proportion of trees which have died

over a year ago (the 6™ category of health condition)

could not change during the season, so the comparison
of its share was made only according to the assessment
made in June (Fig. 2).
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Fig. 2. Proportion of Scots pine trees of the 6™ category
of health condition in pure and mixed pine stands in the
Polissya and Forest-steppe parts of Sumy region in June

Proportion of the trees of the 6" category of health
condition in June was insignificantly larger in pure
pine stands than in mixed ones in Polissya (F,_=0.7;
F,s~4.8;p=0.4) and 51gn1ﬁcantly 4 tlmes larger in the
Forest-steppe part of Sumy region (F, = F ,s=4.8;
p=0.01). The differences in this parameter between
Polissya and Forest-steppe parts of Sumy region were
insignificant both for pure (F,_ =0.5; F  =4.6; p=0.2)
and mixed stands (F__ =2.3; F005 5. 3 p=0.2).

Recently died Scots pine trees (the 5t category of
health condition) were found in June in all sample plots
in the pure Scots pine stands and in 90 % sample plots
in mixed stands (Fig. 3). Assessment in September
shows an increase the proportion of the trees of the 5™
category of health condition compared to June at all
sample plots in pure Scots pine stands and in about half
of sample plots in mixed stands.

In Polissya part of Sumy region the difference
between the proportion of the trees of the 5% category
of health condition was significantly (in 3.3 times)
larger in pure Scots pine stands than in mixed stands in
June (F, =5.5; F  =4.7; p=0.04) and in September
(Ffm:9.5 F =4 7 p=0.01). In Forest-steppe part of
Sumy region the dlfference between pure and mixed
stands was insignificant in June (Ffact,:3'7; F s=48;
p=0.1) and significant (in 7.4 times) in September
(F, =116.7;F =48, p<0.001).

In Polissya part of Sumy region the proportion
of the trees of the 5™ category of health condition
was significantly larger in September (in 5.7 times)
compared to June in pure stands (F, =27.9; F  =4.5;
p<0.001) and insignificant in mixed stands (F —1 2;
Fi0s=5.0; p=0. 3). In Forest-steppe part of* Sumy
region the proportion of the trees of the 5" category
of health condition was also significantly larger (in 5.7
times) in September compared to June in pure stands
(F,,=107.7; ¥ =4.7; p<0.001) and insignificant
in"mixed stands (F =1.8; F ,,=5.0; p=0.2). The
proportion of recently ‘dead Scots pine trees differed
insignificantly between sample plots in Polissya and

Forest-steppe part of Sumy region for pure Scots
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pine stands in June (F, =0.2; F  =4.6; p=0.6) and
September (F, =1.3; F0 05—4 6 p ~0. 3), as well as for
mixed stands i June (F,..=0. 8 F,,s=5.0; p=0.4) and
September (F, =0.3; F; —5 0; p=0.6).
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Fig. 3. Proportion of Scots pine trees of the 5™ category
of health condition in pure and mixed pine stands in the
Polissya and Forest-steppe parts of Sumy region in different
dates of assessment

Health condition index for all liVing and dead trees
(HCI ) was significantly larger in pure Scots pine
stands compared to mixed stands in both natural zones
and in both dates of assessment (Fig. 4).
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Fig. 4. Health condition index for all living and dead trees
(HCI ) in pure and mixed pine stands in the Polissya and
Forest-steppe parts of Sumy region in different dates of
assessment

Such difference of HCI, , between pure and mixed
stands was significant for Polissya part of Sumy region
in June (F, =9.5; F =4.8; p=0.01) and September
(F,.=20.5; F005—4 8 p 0. 001) as well as for Forest-
steppe part of Surny region in June (F _ =59.9;

o548, p<0.001) and September (F, —223 7;

005—4 8; p<0.001).

The HCI . Increased significantly in September
compared to June in pure (F, =83;F =4.5,p<0.01)
and insignificantly in mixed stands of Polissya
(F,.=44; F, ,=6.0; p<0.1). However, the difference
was significant both in pure (F, =548, F  =4.7;
p<0.001) and mixed stands of Forest-steppe part of
Sumy region (F, =6.1;F =5.0; p=0.03).

The difference of HCI , between Polissya and
Forest-steppe parts of Sumy region was insignificant

for pure Scots pine stands in June (F, =1.6; F  =4.6;

p=0.2) and September (F, =2.0; F 05—4 6;p=0.2), as
well as for mixed stands in June (F...=0. 1 F,0s=5.3;

p=0.7) and September (F, =1.6; F, 05—5 3;p 0 2).

Health condition 1ndex for 11V1ng trees (HCI ,) was
significantly larger in pure Scots pine stands cornpared
to mixed stands in both natural zones and in both dates
of assessment (Fig. 5).
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Fig. 5. Health condition index for living trees (HCI, ,) in
pure and mixed pine stands in the Polissya and Forest-
steppe parts of Sumy region in different dates of assessment

The difference in HCI, , was significantly larger
in pure Scots pine stands compared to mixed stands
of Polissya in June (F  =11.0; F =4.8; p=0.01)
and September (F, = 13 9 F005—4 8 p= 0 003) as
well as of Forest- steppe part of Sumy region in June
(F,.=90.7; F,  =4.8; p<0.001) and September
(F,, . = 156. O F,,=4.8;p<0.002).

“The HCI 1nsrgniﬁcantly increased in September
compared to June in pure (F, =4.3;F =4.5;p=0.1)
and mixed stands of Polissya part of Surny region
(F,.=44; F =6.0; p=0.1). However, such an
increase of HCI, , was significant in the Forest-steppe
part of Sumy region both for pure (F,  =29.9;F =4.7,
p<0.001) and mixed stands (F, —9 8; F —5.0;
p=0.01).

The difference of HCI , between Polissya and
Forest-steppe parts of Sumy region was insignificant

for pure Scots pine stands in June (F, =1.4; F  =4.6;
p=0.3) and September (F, =2.1; F, 05—4 6;p=0.2), as
well as for mixed stands 1n June (F,.=0. 7 Fo0s=3.3;
p=0.4) and September (F__ =0.8; F, 05—5 3;p= °0. 4).

The number of trees colonrzed by pine engraver
beetle was higher in pure stands compared to mixed
ones (Fig. 6).

This difference in Polissya part of Sumy region
was 7.8 times in June (F, =12.3; F  =4.8; p=0.005)
and 5.2 times in September (F  =12.2; F  =4.8;
p=0.005). In the Forest-steppe part of Sumy region the
difference between a number of colonized trees in pure
and mixed stands was 4.8 times in June (F,_=13.3;

F,,s=5.0; p=0.005) and 9.4 times in September
(Ffacl'—34 2, F, ,s=5.0; p=0.00025).

Increase of colonized trees from June to September
in Polissya part of Sumy region in pure stands (3.8
times) is significant (F__ =17.4; F =4.7, p=0.001),
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and in mixed stands (5.8 times) is not significant
(F,.=1.0;F ,.=5.0; p=03) because an amount of such
trees is rather low. In the Forest-steppe part of Sumy
region, we see the similar situation: the number of trees
increased for three months in 2.6 and 1.3 times in pure
and mixed stands respectively (F, =17.1; F =5.0;
p= 0.002 and F,_ =0.1; F  =5.0; p=0. 8) but such

increase is 1ns1gn1ﬁcant in mixed stands
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Polissya Forest-steppe
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Fig. 6. Number of bark beetle colonized trees in pure and
mixed pine stands in Polissya and Forest-steppe parts of
Sumy region in different dates of assessment

The differences between sample plots in Polissya
and Forest-steppe parts of Sumy region by colonized
trees number are insignificant in June (F  =1.5;
F,,s=48; p=03 and F,_=09; F =5.0; p= 0.4 in
pure and mixed stands respectlvely) and in September
(F,..=0.01; F  =4.8; p=0.9 and F,_=0.3; F  ,=5.0;
p=0.6 in pure and mixed stands respectively).

Mother galleries of pine engraver beetle were
found at all sample plots in pure stands and at 20 %
sample plots in mixed stands. In the Polissya part of
Sumy region in June the density of egg galleries in pure
and mixed stands differed insignificantly (F  =4.3;
F,,s=4.8; p=0.1), and in September it dlffered in 18
times Wthh was significant (F, =15.0; F  =4.38;

p=0.003) (Fig. 7).
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Fig. 7. Density of egg galleries in pure and mixed
pine stands in the Polissya and Forest-steppe parts of Sumy
region in different dates of assessment

In the Forest-steppe part of Sumy region the density
of egg galleries in pure and mixed stands differed
significantly both in June (F, =625, F  =4.38;

p<0.001) and in September (F,
p<0.001).

From June to September the density of egg galleries
significantly increased in pure stands of Polissya part
of Sumy region (F,_=16.5; F =4.5; p<0.001). It
significantly decreased mlxed stands of Polissya part

of Sumy region (F, =270.0; F, =4.7; p<0.001), pure

0.05

=340.4; F, =48;

(F,.=6.2; F, 05—6 O p=0. 05) and mlxed stands of
Forest—steppe part of Sumy region (F, =5.7,F  =5.0;
p<0.04).

The differences in density of egg galleries in
Polissya and Forest-steppe parts of Sumy region are
insignificant in June for pure (F,  =3,I; F  =4.6;

p=0.1) and mixed stands (F,_=1,4; F =33 p=0.3)
and in September for pure (F  =4,0; F =4,6;,p=0,07)
and mixed stands (F__ =0, 03 F0 5= - 3 p 0 9)

The density of nuptial chambers of pine engraver
beetle in June was almost 5 times more in pure stands
compared to mixed ones (Fig. 8). In September this
parameter increased in pure stands and decreased in
mixed stands.
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Fig. 8. Density of nuptial chambers in pure and mixed
pine stands in the Polissya and Forest-steppe parts of Sumy
region in different dates of assessment

In the Polissya part of Sumy region the density of
nuptial chambers was significantly larger in pure stands
compared to mixed stands in June (F, =5.9;F  =4.8;
p=0,03) and in September (F =9, 7; F005 4,8;
p=0,01) — in 4.8 and 66 times in “June and Septem-
ber respectively. In the Forest-steppe part of Sumy
region the density of nuptial chambers was signifi-
cantly larger in pure stands compared to mixed stands
in June (F, =28.6;F  =4,8; p<0,001) and in Septem-
ber (F, = ~T12. 3; F005—4 8; p<0 001) —in 3.5 and 33.3
times m June and September respectively.

The density of nuptial chambers significantly
increased in September compared to June in pure
stands of Polissya (in 5.2 times) (F, =14.9; F  =4,5;
p=0,001) and Forest-Steppe (in 5. 7 tlmes) (Fr —98 2;
F,,s=4.7; p<0.001) and insignificantly decreased in
mixed stands of Polissya (F, =2.4; F  =6.0; p=0,2)
and Forest-Steppe parts of Sumy reglon (F,.=0.2;
F,,=5.0;p=0,7).

In pure stands, the density of nuptial chambers
was significantly larger in Forest-steppe compared to

Polissya both in June (F, =7.8;F  =4.6,p=0,01)and
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September (F, =13.3; F =4.6; p=0,003). In mixed
stands, the dlfferences between Polissya and Forest-
steppe parts of Sumy region were insignificant both
in June (F, =1.9; F =5.3; p=0,2) and September
(F,..=0.4; F005 5.3; p=0,6).

The densny of young beetles (production) of pine
engraver beetle was significantly larger in pure pine

stands compared to mixed ones (Fig. 9).
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June September June September
Polissya Forest-steppe
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Fig. 9. Production of bark beetles in pure and mixed pine
stands in the Polissya and Forest-steppe parts of Sumy
region in different dates of assessment

The difference of bark beetles’ production in pure
and mixed pine stands in the Polissya part of Sumy
region was significant in June (F, =3.1; F  =4.8;
p=0,1) and in September (F Z16. 6; F005 4.8;

p=0,002). In the Forest-steppe part “of Sumy region the

bark beetles’ production was also significantly larger in
pure stands in June (F, =82.1, F  =4.8;p<0,001) and
in September (F, =206. T F o5 vy 8 p<O 001).

The bark beetles productlon 1ncreased in 1.8 times
from June to September in pure stands (F i o= 28.5;
F,,s=4.7; p<0,001) and decreased 3.7 times in mlxed
stands (F =5.4;F ,=5.0;, p=0,04) of Polissya part of
Sumy reglon In the Forest-steppe part of Sumy region
the bark beetles’ production increased in 1.6 times from
June to September in pure stands (F, =30.7; F  =4.7;
p<0,001) and decreased 3.6 times in mixed stands
na =205 F =5.0, p=0,04).

The differences on bark beetles’ production in pure
stands of Polissya and Forest-steppe parts of Sumy
region were significant in June (F,_=6.3; F  ,=4.6;
p=0.03) and insignificant in September (F.,.=2.3;
F,,s=4.6; p=0,2). Such differences in mlxed “stands

were also significant in June (F, =7.8; F  =5.3;
p=0.02) and insignificant in September (F —0 2;
F,,s=5.3;p=0,6).

Within the age range of Scots pine stands in sample
plots (40-65 years old), no dependence of forest
condition and bark beetle population parameters was
found on the age of stands (r — 0.01-0.18; p>0.1). A
significant dependence of foci area, the number of
colonized trees, the proportion of recently died trees,
HCI , HCI ,, the density of egg galleries, nuptial
chambers, and production from proportion of Scots
pine in the stand composition was shown, which was is

in September closer than in June (Tab. 2).

Table 2

Correlation of parameters of forest health and Ips acuminatus population with Scots pine proportion
in Sumy region

r ] t*
Parameters June September June r September June September
Foci area 0.65 0.8 0.16 0.12 4.19 6.53
Number of colonized trees 0.6 0.74 0.16 0.14 3.67 5.39
Proportion of trees of 5 HCI 0.42 0.78 0.19 0.13 2.27 6.11
HCI, 0.77 0.83 0.13 0.11 5.91 7.29
HCI 0.81 0.81 0.12 0.12 6.77 6.77
Density of egg galleries 0.71 0.80 0.14 0.12 4.94 6.53
Density of nuptial chambers 0.58 0.73 0.17 0.14 3.49 5.23
Production 0.69 0.81 0.15 0.12 4.67 6.77
Note: *N =26;t, =2.06;t —italic; t, = 3.75 —bold.

> 1005 > 001 2 70.001

Conclusions. By most of the parameters of Ips
acuminatus outbreak, significant differences between
sample plots in Forest-Steppe and Polissya parts of
Sumy region were not found. In pure Scots pine stands
the mean area of bark beetles’ foci and bark beetles’
production were larger in Forest-steppe in June, and the
density of Ips acuminatus nuptial chambers in June and
September.

In pure Scots pine stands the area of Ips acuminatus
focus, the number of colonized trees, the proportion

of recently died trees, health condition indices, the
density of egg galleries and nuptial chambers, as well
as young beetle’s production, increased from June to
September. In mixed stands, the focus area, the number
of colonized trees and health condition index increased
insignificantly, and population parameters of Ips
acuminatus decreased from June to September. Pure
Scots pine stands changed the health condition from
«severely weakened» to «drying up» in three months,
and mixed ones remained in the «weakened» category.
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The abundance of Ips acuminatus in pure pine
stands by the density of egg galleries and by production
(the density of beetles of the young generation)
increased for three months from the lower limit of a
moderate level to a high level, by the density of nuptial
chambers — from low to a high level. In mixed stands,
all population parameters of Ips acuminatus correspond
to a low population level.

The parameters characterizing the investigated foci
of Ips acuminatus in the Sumy region significantly
correlated with the participation of pine in the stand
composition, and in September the correlation is closer
than in June.

The data obtained indicate the feasibility of creating
predominantly mixed pine stands.
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MoKa3HuKN caHiTapHOro CTaHy
Pinus sylvestris Ta nonynauin
Ips acuminatus y unctux i milwaHmnx
HacagKeHHAX CymcbKoi obnacTi

B.J1. Mewkoga', I.O. bobpos?

Crianaxy MacoBOTO PO3MHOXEHHSI KOPOiIiB MOCH-
JWIIACS OCTaHHIM YacoM y Oararthox perioHax. Bep-
xiBkoBU# kopoix (Ips acuminatus (Gyllenhal, 1827);
Coleoptera: Curculionidae: Scolytinae) Ha#OiIbII TTO-
IMIMPEHNH Y COCHOBHX JIicax 0ararbox KpaiH €Bporm.
I[ocnimKeHHﬂ fioro 610J10Tii Ta MOMIMPEHHS 3IACHIITN
Y Pi3HHX PHPOJHHX YMOBAX, (hasax crianaxy Ta Opanu
J10 yBArH Pi3Hi IOKA3HUKH JUIsl XapaKTEPHCTHKH TIOITy-
JALT WKIHEKE 1 CAHITAPHOTO CTAHy HACAUKCHD.

Mema Oocnidxceny monsrana y NOPIBHSIHHI CaHi-
TAPHOTO CTaHy COCHH 3BHYAIHOI Ta MapameTpis 1o-
MyJIALIA BEPXIBKOBOTO KOPOifia y ABOX MOKOMIHHSX Y
YUCTUX 1 MIIIAHUX HACa/PKEHHSIX IMOJICHKOI Ta Jico-
creroBoi wactTmH CyMcbkoi o6macti. JlocmimkeHHs
3aificaeni y 2017 p. Ha 26 mpoOHUX IUIOMIAX, 3aKiia-
nennx y nomicekiit (11 «Cepenuno-byncekuit arpo-
microcy; [I1 «Cepennnro-byncbke icoBe rocmomap-
cTBOY) Ta JicoctenoBiii yactuHax (/11 «Bemukonuca-
piBchKuit arpomicrocmy; JI1 «OXTHpchKe JTicoBe roc-
nogapctBo») Cymcbkoi o0macti. Ha mpoOHuX 1umommax
OLIIHIOBAJIM TIOKA3HUKHU CaHITApHOTO CTaHy HACaIKCHb
1 TOMyJISALIN BEpXiBKOBOTO KOPOi/a y UEpBHI Ta Bepec-
Hi — TICJIA 3aBEPIICHHS PO3BHUTKY HOTO BECHSHOTO i
JITHBOTO TTOKOJiHb.

3a OUIBLIICTIO OL[IHEHUX MapaMeTpiB HE BHSBICHO
JIOCTOBIPHOT PI3HUIN MK MPOOHUMH IUIOMIAMH Y TI0-
JCBKiH 1 icocTenosiit yactuHax Cymcbkoi obmacTi. Y
YHCTUX COCHOBUX HACAKEHHSX CEpe/IHs IJIOoMIa oce-
penka Kopoimga Ta Horo mpoaykuis (IIUTBHICTH MOJIO-
JIUX KYKiB) Oyau OUIBLIMMHU y JICOCTENOBIH YacTHHI
CyMCBhKOT 0011aCTi Y YepBHI, a IIJIBHICTD ILTIOOHUX Ka-
Mep — y YepBHI Ta BEPECHi.

Mewrosa Banenmuna Jlvsiéna — axageMik JIiciBHMYOI akaje-
Mmii Hayk VYkpainu, kepiBHuk Cxignoro Binginenus JIAH VYkpa-
1HH, JOKTOpP CILIBCBKOTOCIIOAAPCHKUX HaykK, mpodecop. YkpaiH-
CBKHI HayKOBO-JIOCIIHHI IHCTUTYT JIICOBOTO TOCIOJApCTBa Ta
arponicomeniopanii im. I'M. Bucouskoro, Byn. Ilymkinceka,
86, Xapkis, 61024, VYkpaina. Ten.: +38-097-371-94-58. E-mail:
Valentynameshkova@gmail.com ORCID: https:// orcid.org/0000-
0001-6483-2736

bob6pos Isan Onekcitioguy — KaHIUAAT CUILCHKOTOCIIOAAPCHKUX
HayK, iHXKeHep-TakcaTop 1-i kareropii KOMIUIEKCHOT JIiCOBIOPSAHOT
eKcrenuii YkpaiHChKOTO JepKaBHOTO IIPOSKTHOTO JIICOrOCIIonap-
CbKOTO BUpOOHHUYOTrO 00’ eHaHHS BO «YKpaepkiIicpoeKT, ByIl.
Tpoiubka, M. Ipnine, Kuiscska o6i., 08200, Ykpaina. Ten.: +38-
097-890-55-26. E-mail: bobrov.ivan.org@gmail.com ORCID:
https://orcid.org/0000-0003-3087-561X

VY 49MCTHX COCHOBUX HACAKCHHSIX CEPEIHS TUIOIIA
ocepenky I. acuminatus, KiTbKICTh 3aCENICHUX JEPEB,
4acTKa CBI)KOTO CYXOCTOR0, IHICKCH caH1TapHor0 CTaHy
COCHH, IIIJIBHICTh MAaTOYHHUX XOJIB 1 IIIHOOHUX Kamep
KOpOiJia, a TAKOXK HOTO MPOAYKIIisS 301IBITYyBaTUCS Bif
YepBHS A0 BepecHs. Y MilIaHUX HAaca/KEHHSX 32 LeH
TIepioj] cepeHs TUIoIIa ocepenky . acuminatus Ta 1H-
JIEKCH CaHITapHOTO CTaHy COCHHU 3MIiHHIIUCS HEIOCTO-
BIpHO, a MapaMeTpu Monysisuii /. acuminatus 3MEHIIIN-
Jmcs. 3a CaHITApHUM CTAHOM BIIPOJIOBXK TPHOX MICSIIIB
YHUCTi COCHOBI HACA[KEHHS 3MIHIIIN CTATYC BiJl «CHITb-
HO OCIA0JIEHUX) 0 «BCHXAIOUUX», a MIIIaHl 3aJIAIIH-
JIACS «OCTTa0JICHUMID.

V 4HCTHUX COCHOBHMX HACAJKCHHSX INIIBHICTH Ma-
TOYHUX XOIB 1 npo,uyKui;I 3POCIIH POTATOM TPHOX Mi-
CSAIIB BiJI HIOKHBOT MEXK1 TIOMIPHOTO plBHSI JIO BHCOKOTO
PiBHS, a MUTBHICT NITFOOHUX KaMep — BiJ HU3LKOTO 110
BHCOKOTO PiBHs. Y MIIIAHUX HACA/PKEHHSX YCI mapa-
METPH TOMYJAii /. acuminatus BilITOBITAIOTh HU3HKO-
My piBHIO. 3HaYCHHS TTOKA3HUKIB, SIKi XapaKTePH3YIOTh
oOctexeHi ocepenku 1. acuminatus y CyMchbKiit o0Omac-
Ti, JOCTOBIPHO KOPEJIOIOTH 13 y4acTIO COCHH y CKJa-
Il HACA/KEHb; y BEPECHI 3B’SI30K € TICHIINM, HIXK Y
YepBHi.

3 morsimy Ol0THYHOI CTIWKOCTI, Omep:kaHi maHi
CBiJT4aTh PO JOIUIBHICTh CTBOPEHHS MEPEBAKHO Mi-
[IAaHUX COCHOBUX HACA)KCHb.

KurouoBi cioBa: xopoinm; cranax; iHIeKC caHiTap-
HOTO CTaHy; BiJIaJ JepeB; MaTOYHI XOJH; UTFOOHI Ka-
MepH; IPOAYKIIisl MOJIOAUX *KYKIB.

MokasaTenn caHMTapHOro COCTOAHUA
Pinus sylvestris n nonynaunn
Ips acuminatus B UNCTbIX N CMeLUAHHbIX
HacaxpaeHuax Cymckom obnactu

B.J1. MewkoBa', . A.bo6poB?

BCIBIIIKH  MAacCOBOTO  Pa3sMHOKEHHS KOPOEIOB
YCWJIMIIUCh B TIOC/ICIHEE BPEMsi BO MHOTHX DPEruo-
Hax. Beprmnunsiii kopoen (Ips acuminatus (Gyllenhal,
1827); Coleoptera: Curculionidae: Scolytinae) Han6o-
Jiee pacrpoCTPaHEH B COCHOBBIX JIECaX MHOTHX CTPaH

Mewrkosa Banenmuna Jlbeoéna — axkageMuk JlecHOW akajzeMuu
HayK YKpauHbl, pykoBoauTens Bocrounoro ornenenus JIAH Vipa-
MHBI, JIOKTOP CEJBCKOXO3SIHCTBEHHBIX HayK, Mpodeccop. YkpauH-
CKUH Hay4HO-MCCIIEO0BATEIbCKHM HMHCTUTYT JECHOTO XO3siiicTBa
n arponecomenuopanuu uM. I H. Beicoukoro, yn. ITymxkunckas,
86, XapbkoB, 61024, Ykpauna. Ten.: +38-097-371-94-58. E-mail:
Valentynameshkova@gmail.com ORCID: https:// orcid.org/0000-
0001-6483-2736

bobpos Hean Anekceeéuy — KaHIUIAT CEIbCKOXO3SHCTBEHHBIX
HayK, HHXKeHep-TakcaTop 1-i KaTeropuu KOMILIEKCHOU J1ecoycTpo-
WUTEIBHOM AKCHEIUINN YKPAaHHCKOTO TOCYAAapCTBEHHOTO MPOEK-
THOTO JIECOXO3SHICTBEHHOTO IPOM3BOJCTBEHHOTO OOBEAMHEHHS
BO «¥Yxprocnecnpoexr», yi. Tpouikas, . Upnens Kuesckoii o0u1.,
08200, Ykpauna. Tein.: +38-097-890-55-26. E-mail: bobrov.ivan.
org@gmail.com ORCID: https://orcid.org/0000-0003-3087-561X
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EBpombl. UccinenoBanus ero OMOJIOTUH W PacIpocTpa-
HEHUS TPOBENU B PA3HBIX MPUPOAHBIX YCIOBHAX, (a-
3aX BCIBIIIKH W YYUTHIBAIN pa3HbIe MOKA3aTeNd s
XapaKTEPUCTUKH TIOMYJISIIUN BPEIUTEIS U CAHUTAPHO-
T'O COCTOSIHUSI HACAKICHH.

L]env uccnedosanuii 3akinodanach B CpaBHEHUH Ca-
HUTAPHOTO COCTOSIHUSI COCHBI OOBIKHOBEHHOW U TIapa-
METPOB TOMYJSANNAN BEPIIMHHOTO KOPOEaa JABYX IOKO-
JIEHUH B YHUCTHIX U CMEIIAHHBIX HACAKICHUSIX IOJIeC-
CKOM m mecocTenHo 300 Cymckoii obmactu. Mccmeno-
BaHUs 1poBeieHbl B 2017 1. Ha 26 MPOOHBIX TUTOIIAISX,
3anoxeHHbIXx B nonecckor (I'TI «Cepenuno-bynckuit
arponecxo3y; I'Tl «Cepenuno-bynckoe mecHoe X03si-
cTBO») U necoctenHoi yactsax (I'T1 «Bemukonucapes-
ckuil arposiecxo3»; I'Tl «AXTbIpckoe JecHOe XO3si-
ctBay) Cymckoit obmactu. Ha TpoOHBIX ImITOmIamsIx
OIICHMBAJIM TIOKA3aTelId CAHUTAPHOTO COCTOSHHS Ha-
CaXJICHUI U NOIYJISILUN BEPILIUHHOIO KOPOEJa B HIOHE
U CEHTSIOpE — MOCIIE 3aBEPIICHUS PA3BUTHS €TO BECCH-
HETO W JICTHETO IMTOKOJICHUH.

[To OOJNBIIMHCTBY OICHEHHBIX MApaMeTPOB HE 00-
Hapy»XEHO TOCTOBEPHBIX PA3INIUN MEXKIY MPOOHBIMHU
IJIOLIASIMU B MOJIECCKOM U JiecocTenHOM 30Hax CyM-
CKOl oOmacTh. B YHCTBIX COCHOBBIX HACaKIEHUAX
CpemHss TUIOIMIANb Odara KOpoeda W €ro IPOMYKIIHS
(TUTOTHOCTH MOJIOZIBIX KYKOB) OBUTH 0OJIee BBICOKUMU
B JiecocTenHoi dactu Cymckoil 007acTé B HIOHE, a
IJIOTHOCTH OPavYHBIX KaMep — B MIOHE U CEHTIOpE.

B 4HCTBIX COCHOBBIX HACAKICHHUAX CPEIHSS ILIO-
maabp ovara I. acuminatus, KOTUYECTBO 3aCEICHHBIX

JIEPEBBEB, [I0JII CBEIKEIO CYXOCTOSl, MHAECKCHI CAHM-
TApHOTO COCTOSIHUSI COCHBI, TIIOTHOCTh MATOYHBIX XO-
JIOB ¥ OpayHBIX KaMmep KOpoena, a TakkKe ero MpoayK-
IIMST BO3pACTANI C MIOHS 10 CEHTA0ph. B cMernranHbix
HaCaXICHUSIX 32 ATOT MEPUOJ CPEIHsIs IUIOAaAb Oua-
ra I. acuminatus 1 MHACKCHl CAHUTAPHOTO COCTOSHUS
COCHBI U3MEHWINCh HEIOCTOBEPHO, a MapaMeTphl Mo-
nyasiuuu 1. acuminatus ymensmninuck. [lo canutapso-
My COCTOSIHUIO 33 TPHM Mecdlla YHCThle COCHOBbIE Ha-
CaXX/IEHUS N3MEHWIIN CTATYC C «CHUIIBHO OCIIa0NEHHBIX)»
Ha  «yChIXalOIIMe», a CMEIIAHHBIE  OCTaJUCh
«0CIa0JICHHBIMIY.

B 4HCTBIX COCHOBBIX HACAKIACHUSAX IUIOTHOCTb
MaTOYHBIX XOJIOB U MPOAYKLHS BO3POCIHU 3a TPU Me-
csAlla OT HW)XKHEW TpaHULbl YMEPEHHOIO YPOBHS N0
BBICOKOTO YPOBHSI, @ TUIOTHOCTh OpadHBIX Kamep — OT
HU3KOTO JI0 BBICOKOTO YPOBHS. Y CMEUIaHHBIX HACAXK-
JISHUSIX BCE MapaMeTpbl MOMyNsALUuu [. acuminatus co-
OTBETCTBYIOT HHW3KOMY YPOBHIO. 3HA4YeHHs IIOKa3a-
TeJel, XapaKTepu3yIOIMX OOCIeOBaHHbIE OYaru
1. acuminatus B CyMcKoii 00JIaCTH, JIOCTOBEPHO KOP-
PETUPYIOT C JI0JIEN COCHBI B COCTAaBE HACAXKJICHU, a B
ceHTI0pe cBs3b OoJiee TeCHa, UeM B HIOHE.

C TOuKM 3peHHsl OHMOTHYECKOW YCTOHYMBOCTH,
[IOJIyYECHHbBIE JaHHbIE CBUJIETEIBCTBYIOT O LEIECO0-
Opa3HOCTH CO3TaHMS MTPEHMYIIECTBEHHO CMEITaHHBIX
COCHOBBIX HaCaKJICHUI.

KuroueBble ci1oBa: KOpoe[; BCIBIIIKA; HHIEKC Ca-
HUTAapHOTO COCTOSIHUSA;, OTHaa JEPEBBEB; MATOUHbIC
XOJIbl; OpavHbIe KaMepbl; MPOAYKIHS MOJOBIX JKYKOB.
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