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Abstract. The condition of pine stands in Polissia is deteriorating due to an 
increase in the number of outbreaks of sharp-dentated bark beetle (Ips 
acuminatus) against the background of climate change, therefore, the 
relevance of this problem is beyond doubt. The purpose of the study is 
to identify the features of the dynamics of late and early Scots pine wood 
(Pinus Sylvestris  L.) in areas with varying degrees of illumination after 
continuous cutting in the foci of the sharp-dentated bark beetle (Ips 
acuminatus) in Polissia. Standard dendrochronological, dendroclimatic, and 
statistical methods are used. It is established that after continuous logging 
in 2013 in the adjacent areas, on the one hand, there was an increase in 
the radial growth of pine trees, because the nutrition areas increased and 
the lighting conditions of trees improved, and on the other hand, trees 
growing next to the logging area are weakened and have fragile cores, 
which indicates a loss of wood quality. After cutting, during 2014-2020, the 
average values of late pine trees of illuminated time trial areas compared to 
the corresponding values in the control were 43-45%. For early wood, these 
values ranged from 38-42%. The growth change indices showed, that after 
the 2013 logging, violations occurred for trees in illuminated temporary 
trial areas as opposed to the control. The most sensitive to climatic factors 
were tree-ring chronologies of late wood in the most illuminated trial area. 
An increase in the sensitivity of the radial growth of pine trees was found 
depending on the increase in the degree of illumination. The weakening 
of plantings in the most illuminated area is indicated by the fact that the 
greatest number of significant relationships between growth and climate 
were found for the tree-ring chronology of early and late wood, while there 
was no critical decrease in trends in late and early wood layers. The findings 
can be used for planning forest management activities

Keywords: Pinus sylvestris L., Ips acuminatus, tree-ring chronologies of early 
and late wood, continuous logging, indices of growth changes, climatic factors



INTRODUCTION
Scots pine (Pinus sylvestris L.) responds to an increase 
in temperature by reducing the functions of the hydrau-
lic system, mainly the protection system. V.L. Meshkova 
proved that warming is a favourable condition for bark 
beetles, that is, the growing seasons lengthen, the 
growth and development rates of larvae accelerate, the 
reproductive potential and the success of overwintering 
increase. Consequently, the pest population is grow-
ing and the pressure on weakened trees is increasing. 
Pests can adapt to new conditions, create new popu-
lations, quickly settle and cause huge damage, which 
leads to the deterioration of forests and their drying 
up. Extreme climatic conditions have been gaining mo-
mentum since the 1880s and are considered a long-
term factor increasing the mortality of Scots pine trees 
(Pinus sylvestris L.). Weather monitoring over the past 
120 years shows that in Europe, air temperatures are 
rising at a rate of 0.18°C per decade. Bark beetles and 
their increasing outbreaks accelerate and enhance the 
impact of forest ecosystems' sensitivity to climate fluc-
tuations (Meshkova, 2021). 

C.F. Aoki and colleagues from the USA also found
that in recent years, high temperatures that coincided 
with periods of drought have led to an increase in the 
number of outbreaks of sharp-dentated bark beetles 
(Ips acuminatus). Sharp-dentated bark beetle is one of 
the most dangerous pests of pine stands, which among 
wetland coniferous, wetland mixed pine-oak, upland 
(dry) coniferous, and upland mixed pine-oak plantations 
with a high percentage of pine were more likely to be 
infested than mixed pine-deciduous plantations (Aoki 
et al., 2018). 

Scots pine is one of the main forest-forming tree 
species in Ukraine, which occupies 33% of the entire 
wooded area. Studies by V.L. Meshkova and O.I. Borysenko 
revealed that the predominant development of Scots 
pine dying in Polissia is associated with a large propor-
tion of same-age pure pine stands, untimely thinning 
and relatively slow drying of felling residues, in which 
the bark beetle has time to complete its development. 
An algorithm for predicting the spread of bark beetle 
foci has been developed. This helps to improve the 
accuracy of the forecast, evaluate the survey area and 
pest control measures (Meshkova & Borysenko, 2018). 
O.Yu. Andreieva and A.F. Goychuk also emphasises that 
only timely removal of colonised trees can slow down 
the decline of pine forests (Andreieva & Goychuk, 2018; 
Andreieva & Goychuk, 2020). 

Mortality of pine trees, which can be attributed 
to I. acuminatus, is widespread in the surveyed area of 
southern Finland, which was proved by J. Siitonen. The 
researcher found that in the dead-standing trees, the 
passages I.  acuminatus are located at the top of the 
trunks, usually at a height of more than 5 metres, and 
binoculars are needed to identify passages from the 
ground. This means that the passages on dead trees 

will go unnoticed. On the other hand, I. acuminatus also 
breeds in fallen pines and logging remains with thin bark 
(Siitonen, 2014). However, information on the impact 
of cambioxylophagous pests on the condition of Scots 
pine in Europe is still insufficient (Frelich et. al., 2021).

Dendrochronological methods are widely used 
in modern research on the dynamics of forest eco-
systems, the response of plantings to climate change, 
and the assessment of plant damage and productivity 
(Huang et al., 2021; Soulé et al., 2021; Sun et al., 2021). 
Radial tree growth is a bioindicator that can be used to 
determine the level of forest damage, the response of 
trees to climate stress factors (Koval, 2020; Kipfmueller 
et al., 2022), increased lighting, etc. (Altman, 2020; Carter 
et al., 2021; Kraj et al., 2022). 

An increase in the radial growth of trees after 
a disturbance is often referred to as a release, because 
after it, subdominant trees are released from the sup-
pression of dominant trees (Altman, 2020; Carter et al., 
2021; Venegas-González et al., 2022). The forest's re-
sponse to disturbance depends on the magnitude, 
severity, and type of disturbance, which alter the suc-
cession trajectory and productivity of affected forests 
with significant implications for their future diversity 
and structure. This is partly conditioned by reduced un-
derground competition for nutrients and aboveground 
competition for light (Kern et al., 2017; Danneyrolles 
et al., 2019; Altman, 2020), residual tree species that 
are not hosts benefit from such disturbances (Bretfeld 
et al., 2015). Previous studies have shown that in forests 
in the western United States, outbreaks of bark beetles 
that infect conifers have led to the rapid release of as-
pen (Populus tremuloides Michx.). However, the effect of 
the level of natural disturbances on such bursts of ra-
dial increment remains largely unknown. By counting 
dated bursts from numerous series of tree rings, it is 
possible to reconstruct the history of tent disturbance 
in a given forest area (Radaković & Stajić, 2021).

Intense, widespread disturbances responsible 
for at least strengthening the overall trend of climate 
change can affect the sensitivity of trees to climate fac-
tors (Frelich et al., 2021). K. Izworska et al. found that 
changes in the condition of trees after, for example, a 
windfall, when the stand is thinned, may be associated 
with a lack of water in an open stand in the summer, 
which was confirmed by a correlation analysis that 
showed an increase in the dependence of the radial 
growth of European larch (Larix decidua Mill.) in the 
summer from precipitation in the Slovak Tatras. The 
growth response of surviving larch trees after a windfall 
in plantings that are illuminated after this phenomenon 
can be compared to a similar response associated with 
a shift towards a lower altitude in the mountains or 
with a shift towards a more continental climate, where 
high summer temperatures and water scarcity are factors 
limiting tree growth (Izworska et al., 2022).
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Due to the fact that the radial growth of trees is a 
complex indicator that reflects the state of trees in forest 
ecosystems, it makes sense to use dendrochronological 
methods in the study of plantings under the influence of 
changes in the natural environment due to continuous 
logging in the cells of the sharp-dentated bark beetle.

The purpose of the study consists in identifying 
the dynamics of late and early Scots pine wood (Pinus 
Sylvestris L.) after continuous sanitary logging in the foci 
of the sharp-dentated bark beetle (Ips acuminatus) in 
Polissia, in areas with different degrees of illumination.

MATERIALS AND METHODS
In pure same-age pine (compartment 22, department 
25 of SE “Korostyshivske Forestry” Zhytomyr Regional 
Forestry and Hunting Range Administration) in wet su-
bor conditions, three temporary trial areas (TTA) were 
established – on the south-eastern (most illuminated), 
north-western (least illuminated) sides of the area 
of continuous logging in 2013 in the focus of the 
sharp-dentated bark beetle and in the forest (control). The 
studied pure middle-aged pine stands grow in genetic 
reserves. The climate of the region under study is mod-
erately continental. The average annual air temperature 
is 9.1°C. In January, this figure reaches -3.2°C, and in 
July – 20.5°C. 662.6 mm of precipitation falls per year, 
and 358 mm during the growing season (April-Septem-
ber). The analysis of cores (20 from each TTA) selected 
in 2020 was carried out using standard dendochro-
nological and statistical methods (Cook & Kairiukstis, 
1990).

To take samples of wood cores, a Swedish-made 
age drill (Haglof) was used to take cores with a di-
ameter of 5 mm at a height of 1.3 m from the ground 
perpendicular to the longitudinal axis of the tree. The 
cores were placed in paper containers in which they 
were transported, dried, and stored. The next step was 
the laboratory investigation of the samples. The surface 
of the cores was carefully cleaned with a blade. To in-
crease the contrast when measuring layers of late, early 
and summer wood, the surface of the cores was moist-
ened with water, or chalk was rubbed into the sample. 
Layers of late and early wood were measured using the 
Henson digital instrument with an accuracy of 0.01 mm 
(Bitvinskas, 1974; Fritts, 1976; Cook & Kairiukstis, 1990).

Based on the measurement data, radial incre-
ment graphs are constructed for each tree, which are 
used for cross-dating (Holmes, 1983). The result of 
cross-dating is the establishment of a calendar date for 
each layer of wood, when performing cross-dating, ex-
treme growth values (extremely narrow or wide layers 
of summer wood) were used, including rings that have a 
pathological structure (frost-resistant, light false rings, 
etc.), which are usually used to determine the correct-
ness of dating. Segments of cores with low correlation 
values and cores that were not subject to dating were 

excluded from the sample. Methods of comparative and 
intra-row analysis are used to investigate general trends 
in changes in the radial growth of trees over time, identify 
growth extremes and relationships of radial growth 
indices with meteorological conditions.

20 samples of wood cores were taken by Presler 
drill from the tree trunk at a height of 1.3 m from each 
TTA. The values of late and early wood layers were mea-
sured with a HENSON digital instrument with an accuracy 
of 0.01 mm. Cross-dating was performed to determine 
the date of formation for each layer of wood. The con-
cept of reference years is used to study the extreme 
values of radial growth, when the value of the annual 
ring of the current year is less or greater than the corre-
sponding value of the previous year by 25% and 75% of 
trees in the sample have the same trend. A comparative 
analysis was performed between the chronology of pine 
trees in the illuminated areas and the corresponding 
values in the control. Tree-ring chronologies are calcu-
lated by three-year smoothing. Correlation analysis was 
applied to identify the relationship between radial tree 
growth and climate factors.

For dendroclimatic analysis, data from the Zhy-
tomyr weather station was used (geographical coor-
dinates: latitude: 50°15'53" N, longitude: 28°40'36" E, 
the height above sea level is 228 m). The influence of 
monthly precipitation amounts and average monthly 
temperatures on the radial growth of trees from June of 
the previous year to August of the year of study is ana-
lysed, and the relationship between the radial growth 
of pine trees and the hydrothermal indices according to 
Selyaninov, which reflects the conditions of the grow-
ing season; De Martonne, which contains information 
on the hydrothermal conditions of the current year and 
O3 according to T.T. Bitvinskas, which reflects the hydro-
thermal conditions of the three previous and current 
years (Bitvinskas, 1974).

To identify violations in plantings under the in-
fluence of stress factors, growth change indices were 
calculated (GCt) for the year of damage (t), which are 
universal for all types of species and growing condi-
tions (Cook et al., 1990).

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 =
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴2 − 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴1
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴1 ∗ 100 (1)

where Agr1 – average annual growth for the period 
n 1 before the year characterised by stress factors (t); 
Agr2 – average annual growth for the period n 2 after 
the action of the stress factor.

It is considered that changes in growth occurred 
when the index GGT exceeded the threshold of 25%. 
A significant violation in the planting occurs when 
GGT≥75%, average between 50 and 75%, and insig-
nificant between 25 and 50%. Growth change indi-
ces are universal for all types of species and growing 
conditions. Using a window of reasonable length, this 
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method filters out the response to short-term changes 
in temperature and precipitation. In practice, the per-
centage increase in growth is calculated for all possible 
pairs of consecutive pre- and post-windows of different 
values. Correlation analysis was used to establish the 
relationship between late and early wood on the one 
hand and climatic factors on the other.

RESULTS AND DISCUSSION
Late wood. It was found that the cores selected from 
Scots pine from the forest side are of higher quality, in 
contrast to the cores that are selected on the less il-
luminated northwest side of the logging area and the 
more illuminated southeast side of the logging area and 
which are extremely fragile. The widest layers of late 

wood were observed in trees on the most illuminated 
side, and a “release” growth was observed on the less 
illuminated part of the logging area, and the narrow-
est layers of late wood were characteristic of trees in 
the control area. Comparison of the size of layers of late 
Scots pine wood for two periods – 2006-2012 and 2014-
2020. In areas with less illumination, layers of late pine 
wood increased by 22% in the second period (2014-
2020) compared to the first period (2006-2012). At the 
same time, at the more illuminated TTA, this excess was 
13%. For trees from the control TTA, the opposite pro-
cess occurred – the values of late wood layers decreased 
by 24%. After 2019, the trend of late Pine layers began 
to decrease in illuminated areas, but this decline was 
not critical (Fig. 1, Table 1).
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Figure 1. Dynamics of layers of late Scots pine wood at the TTAs 
with different lighting levels near the logging area of 2013

Note: a – less illuminated north-western side of the logging area; b – more illuminated south-eastern side; c – forest side
Source: compiled by the authors
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Table 1. Comparison of late Scots pine wood values at the TTA
with different lighting levels for 2006-2012 and 2014-2020

Note: a – less illuminated north-western side of the logging area; b – more illuminated south-eastern side of the logging 
area; c – forest side; Aavg – average value of the annual wood layer; m – error of the average annual wood layer; σ – 
standard square deviation; σ2 – variance
Source: calculated by the authors

Area of 
sampling

Statistical
factors 2006-2012 2014-2020

Reliability of the difference between the average values
of radial growth for 2006-2012 and 2014-2020

tfact ttheor

a

Aavg/m 0.44 ± 0.03 0.56 ± 0.03

2.860.05 1.76σ 0.07 0.09

σ2 0.005 0.008

b

Aavg/m 0.50 ± 0.04 0.58 ± 0.03

1.700.05 1.76σ 0.09 0.07

σ2 0.009 0.005

c

Aavg/m 0.42 ± 0.05 0.32 ± 0.04

1.540.05 1.76σ 0.129 0.112

σ2 0.002 0.001
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The excess of the average values of late wood 
layers for trees with less illuminated and more illumi-
nated TTAs is comparable to the corresponding values 
in the control for the post-felling period (2014-2020 
PP.) was 43 % and 45 %. This excess was significant: 
for less illuminated and more illuminated TTAs com-
pared to the corresponding values for the control area 
for 2014-2020 (tfact=4.49 and, respectively, tfact=4.79005, 
ttheor=1.76. That is tfact> ttheor indicates a rejection of the 
zero hypothesis that there is no difference between the 
samples (Gorkavy, 2019).

Early wood. The average values of early wood layers 
for the periods before continuous cutting in 2013 (2006-
2012) and after it (2014-2020) are compared. It was found 
that in the second period, the excess of the values of ear-
ly wood layers for trees with TTA on the less illuminated 
side compared to the first period was 20%, while for trees 
with more illuminated TTA, the corresponding value was 
9%. The growth of early wood, on the contrary, decreased 
slightly (by 3%) for trees growing in the control area. After 
2019, the radial growth of pine trees in illuminated areas 
began to decrease sharply, in contrast to the control (Fig. 2).

Figure 2. . Dynamics of layers of early Scots pine wood at the TTA 
with different lighting levels near the logging area of 2013

Note: a – less illuminated north-western side of the logging area; b – more illuminated south-eastern side; c – forest side
Source: compiled by the authors
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When comparing the average values of early wood 
layers for the two periods 2006-2012 and 2014-2020, 
a significant difference was found only for trees grow-
ing in less illuminated TTA compared to trees growing 

in other areas. The average values of early wood layers 
on the side of a less illuminated TTA exceed the corre-
sponding values at the control by 38%, and at the TTA 
with more lighting – by 42% (Table 2).

Table 2. Statistical characteristics of layers of early Scots pine wood near the logging area of 2013

Note: a – less illuminated north-western side of the logging area; b – more illuminated south-eastern side of the 
logging area; c – forest side; Aavg – average value of the annual wood layer; m – error of the average annual wood layer; 
σ – standard square deviation; σ2 – variance
Source: calculated by the authors

Area of 
sampling

Statistical
factors 2006-2012 2014-2020

Reliability of the difference between the average values
of radial growth for 2006-2012 and 2014-2020

tfact ttheor

a

Aavg/m 0.58 ± 0.02 0.73 ± 0.05

2.530.05 1.76σ 0.056 0.14

σ2 0.003 0.02

b

Aavg/m 0.71 ± 0.03 0.78 ± 0.04

1.410.05 1.76σ 0.071 0.114

σ2 0.005 0.013

c

Aavg/m 0.473 ± 0.04 0.453 ± 0.04

0.230.05 1.76σ 0.114 0.108

σ2 0.013 0.011
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The average values of layers of early wood of 
trees with TTAs with different degrees of illumination 
and trees from the forest side for 2014-2020 are com-
pared. A significant difference was found between the 
average values of early wood layer values for trees 
with less illuminated TTA and the corresponding val-
ues for trees with control TTA (tfact4.08>ttheor1.76 at the 
significance level of 0.05).

Growth change indices (GCt) for the year of 
damage (t), which express the degree of disturbance 

of plantings, calculated for TTAs with different light-
ing levels for 2013, during which continuous logging 
took place, is the year of the stress factor's action. The 
growth change indices are calculated with a 3-year 
window for 2010-2012 and 2014-2016. It was found 
that after logging in 2013, violations occurred at all 
at the TTAs for late wood, as opposed to early wood, 
where no changes occurred at the control, which indi-
cates a greater sensitivity of late wood to changes in 
environmental conditions (Table 3).

Note: a – less illuminated north-western side of the logging area; b – more illuminated south-eastern side of the logging 
area; c – side of the forest; GCt – index of changes in growth after a violation of the stand due to continuous logging in 
2013.; Aavg – average value of the annual wood layer; m – error of the average annual wood layer
Source: calculated by the authors

Table 3. Statistical characteristics of layers of early Scots pine wood near the logging area of 2013

Area of sampling Aavg, mm/m GCt, % Degree of violation

Late wood

a 0.40 ± 0.019 0.61 ± 0.03 53 Average violation

b 0.447 ± 0.020 0.584 ± 0.065 31 Minor violation

c 0.354 ± 0.006 0.455 ± 0.064 29 Minor violation

Early wood

a 0.538 ± 0.020 0.866 ± 0.077 61 Average violation

b 0.672 ± 0.046 0.866 ± 0.077 29 Minor violation

c 0.377 ± 0.024 0.463 ± 0.049 23 No changes occurred

Percentage of late wood. The proportion of late 
wood is calculated for trees with different degrees 
of illumination. In 2013, in the year of logging at the 
most illuminated TTA, the share of late wood was 
57.5%, at the less illuminated TTA – 39.1%, and at the 
control – 40%. That is, the proportion of late wood 
was highest in the most illuminated TTA, which may 

indicate a deterioration in the condition of the plant-
ings. Later, during 2014-2020, the share of late wood 
in the most illuminated TTA ranged from 36.5-45.0%, 
in the less illuminated TTA – 37.7-50.9%, and in the 
control TTA – 31.4-51.2%. That is, thinning during this 
period did not significantly affect the percentage of 
late wood (Fig. 3).

Figure 3. The share of late Scots pine wood near the logging area of 2013
Note: a – less illuminated north-western side of the logging area; b – more illuminated south-eastern side; c – forest side
Source: compiled by the authors
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Influence of late and early wood climate on TTA 
with different lighting levels. A significant positive effect 

of March temperatures on late pine wood in a less 
illuminated TTA was found. At the same time, the  
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temperatures of the growing season and autumn months 
of the previous year negatively affected the formation 
of layers of late wood. It was found that at the most illu-
minated TTA, the dependence of late wood on tempera-
tures increased, as evidenced by the largest number of 
significant correlations between temperatures and late 
wood indices compared to other TTA. Significant posi-
tive correlations were found between late wood indices 
and winter and hydrological year temperatures. On less 
illuminated TTA, the positive effect of temperatures on 

late wood during the growing season and winter increased. 
For the control TTA, a significant positive effect of tem-
peratures on late wood was found in November of the 
previous year and a negative effect of temperatures 
during August. Overall, the most negative effect of tem-
peratures on late wood during the growing season was 
observed for trees with the control TTA. For trees for 
the most illuminated TTA, on the contrary, this effect 
was positive, while trees of the less illuminated TTA 
occupied an intermediate position (Fig. 4).

Figure 4. Correlation coefficients between the indices of late Scots pine wood in areas with different lighting levels due 
to continuous logging in 2013 and the temperature of the Zhytomyr weather station for 2006-2019

Note: * – months of the previous year, dark green column –significant correlation coefficient at the level of 0.01 significance
Source: compiled by the authors
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The relationship between late wood and pre-
cipitation indices is analysed. For a less illuminated 
TTA, a positive effect of precipitation in June of the 
previous year and the current June on late wood was 
found. For a more illuminated TTA, a negative effect of 
precipitation from the previous September on the val-
ues of late wood layers was found. At the same time, 
for the control TTA, precipitation in August of the pre-
vious year and the growing season had a positive ef-
fect on the formation of late wood layers. Precipitation 
in June-August of the previous year mainly had a pos-
itive impact on the formation of late wood layers. The 

exception was the less illuminated TTA, which showed 
a significant effect of precipitation on late wood only 
for June of the previous year. From September 2019 to 
April 2020, a negative effect of precipitation on growth 
was found for all plots, while during the growing sea-
son, the strongest positive effect of precipitation was 
found for the control. Winter precipitation negatively 
affected radial growth at all TTAs. Precipitation in July 
and August is the main factor controlling the forma-
tion of late wood layers. For the control TTA, a significant 
effect of August precipitation on the formation of late 
wood layers was found (Fig. 5).

Figure 5. Correlation coefficients between the indices of late Scots pine wood in areas with different lighting levels due 
to continuous logging in 2013 and the temperature of the Zhytomyr weather station for 2006-2019

Note: * – months of the previous year, dark green column –significant correlation coefficient at the level of 0.01 significance
Source: compiled by the authors
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Consequently, it was found that on more illumi-
nated TTA, late wood was more sensitive to temperature, 
while the tree-ring chronologies of late wood at the 
control TTA were more sensitive to precipitation.

A correlation analysis was performed between early 
wood indexes and temperatures. A positive effect of De-
cember temperatures of the previous year was found for 
two TTAs – more illuminated and the control. A significant 
positive effect of March temperatures on the formation 

of early wood layers was found for all areas with different 
illumination levels. July temperatures of the current year 
had a positive effect on the formation of early Scots pine 
wood at the control. Significant correlations between 
early wood indices and average hydrological year tem-
peratures were found for a more illuminated area and 
control. From May to August, there was a positive effect 
of temperatures on early wood at the control, while in 
illuminated areas this effect was mainly negative (Fig. 6).

Figure 6. Correlation coefficients between the indices of early Scots pine wood in areas with different lighting levels 
due to continuous logging in 2013 and the temperatures of the Zhytomyr weather station for 2006-2019

Note: * – months of the previous year, dark green column –significant correlation coefficient at the level of 0.01
Source: compiled by the authors
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Correlations between early timber indices and 
precipitation over different periods were calculated. 
Significant negative correlations were found between 
early timber indices and October and December pre-
cipitation of the previous year for illuminated TTA and 
the control. Overall, precipitation from the previous 

year had a positive effect on early wood at the control, 
while in illuminated areas this effect decreased. In the 
control from August of the previous year to May of the 
current year (with the exception of March), the con-
trol showed a negative effect of precipitation on early 
wood (Fig. 7).

Figure 7. Correlation coefficients between the indices of early Scots pine wood in areas with different lighting levels 
due to continuous logging in 2013 and precipitation of the Zhytomyr weather station for 2006-2019

Note: * – months of the previous year, dark blue column – significant correlation coefficient at the level of 0.01 significance
Source: compiled by the authors
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The relationship between hydrothermal coefficients 
and late and early wood indices was studied. Significant 
mean negative relationships were found between early 

wood for illuminated TTA on the one hand and hydro-
thermal index, De Martonne, and O3 indices – on the 
other side (Table 4).
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Note: *  – significance at the level of 0.05; a  – less illuminated north-western side of the logging area; b  – more 
illuminated south-eastern side of the logging area ; c – forest side
Source: calculated by the authors

Table 4. Correlation coefficients between tree-ring chronologies of Scots pine growing 
in conditions with different lighting levels and hydrothermal coefficients

Hydrothermal coefficients

Hydrothermal humidification coefficient according to G.T. Selyaninov (hydrothermal index)

Types of wood a b c

Late wood -0.15 -0.02 -0.16

Early wood -0.37 -29.86 -0.28

De Martonne

Late wood -0.19 0.17 -0.18

Early wood -29.86 -29.86 -0.09

O3

Late wood 0.19 -0.02 -0.02

Early wood -0.04 0.11 0.29

The study found that early wood was most sen-
sitive to climate changes in illuminated areas, as evi-
denced by the highest correlation between early wood 
and the de Martonne aridity coefficient. This coefficient 
has been preferred in climate research by Spanish sci-
entists because it can better distinguish between dif-
ferent climatic conditions (Moral et al., 2016).

Studies of radial growth of European larch (Larix 
decidua) in a centuries-old group of trees in the Slovak 
High Tatras, it was found that after the catastrophic 
storm of 2004, a surge in radial tree growth, which was 
calculated from the growth change index, occurred 
within 4.6 years (Izworska et al., 2022). In study study, 
in a same-age pine stand that is most illuminated, the 
radial growth of pine occurred faster, that is, the next 
year after continuous logging. 

10-year-old loblolly pine plantation Pinustaeda L.)
in southeastern Oklahoma (USA) was thinned out. The 
percentage of late wood, the date of transition from 
early wood to late, growth and climate variables were 
measured within two years after logging, which did not 
significantly affect the percentage of late wood in the 
annual ring (Cregg, 1988). In this study, the change in 
the light regime also did not significantly affect the 
percentage of late wood, that is, its density after con-
tinuous logging in 2013 in a pine plantation during 
2014-2020.

Studies of the reaction of early and late oak 
wood (Quercus petraea (Matt.) Liebl.) on climate factors 
in northeastern Serbia, late wood was found to be more 
sensitive to climate changes than early wood. Late wood 
showed a positive response to precipitation during the 
summer months (June and July) of the current growing 
season. At the same time, the size of early wood layers 
did not show a direct dependence on climatic factors. 
It was found that temperature does not significantly  

affect oak growth. Precipitation during the summer months 
was a crucial climatic factor that led to years with ex-
ceptionally wide or narrow layers of late wood (Radaković 
& Stajić, 2021). The influence of climatic factors on the 
growth of black pine, which grows at low altitudes in 
western France, was estimated by comparing the indices 
of early and late wood with monthly data on tempera-
ture and precipitation for the period of 1922-1991. 
Late wood formation was found to be more sensitive 
to climate than early wood formation. It was found that 
the summer drought was the main factor limiting the 
growth of trees. The extreme reduction in growth has 
particularly highlighted the impact of low precipitation 
(Lebourgeois, 2000). In the control, a higher dependence 
of late wood layers was found on precipitation (posi-
tive effect for the previous August and April-August), 
and for early wood – on temperature (positive effect of 
temperatures in the previous August, March, July, and 
hydrological year on early wood). After continuous log-
ging in 2013, the dependence of late wood on tempera-
tures increased at the most illuminated TTA.

Winter photosynthesis and an advance in the time 
of restoration of cambial activity were possible reasons 
for the positive correlation of winter temperature with 
early wood. The cool and humid spring also contributed to 
growth, as it affected the water balance of trees at the 
beginning of the growing season (Lebourgeois, 2000). 
The temperature of February is the main climatic factor 
associated with the radial growth of Scots pine in Lat-
via (Elferts, 2007). This study also revealed a positive 
effect of March and winter temperatures on the forma-
tion of early and late pine wood. 

Studies of the radial growth of Scots pine in 
Mongolia and China have shown that the growth of nat-
ural forests was closely related to the climatic factors of 
the previous year, while the growth of plantation stands 
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Анотація. Стан соснових насаджень в Поліссі погіршується у зв’язку зі збільшенням кількості спалахів 
верхівкового короїда (Ips acuminatus) на тлі зміни клімату, тому актуальність цієї проблеми не викликає сумнівів. 
Мета дослідження – виявлення особливостей динаміки пізньої та ранньої деревини сосни звичайної (Pinus 
Sylvestris L.) на ділянках із різним ступенем освітлення після суцільної рубки в осередках верхівкового короїда 
(Ips acuminatus) в Поліссі. Застосовано стандартні дендрохронологічні, дендрокліматичні та статистичні методи. 
Встановлено, що після суцільної рубки 2013 року на ділянках, розташованих поряд з цією рубкою, з одного 
боку відбулося підвищення радіального приросту сосни, бо збільшилися площі живлення та покращився режим 
освітлення дерев, а з іншого боку дерева, які ростуть поряд зі зрубами є ослабленими и мають крихкі керни, 
що свідчить про втрату якості деревини. Після рубки, упродовж 2014–2020 рр. перевищення середніх величин 
шарів пізньої деревини сосни для дерев освітлених тимчасових пробних площ порівняно з відповідними 
величинами на контролі становили 43–45%. Для ранньої деревини ці величини коливалися в межах 38–42%. 
Індекси зміни приросту показали, що після рубки 2013 року порушення відбулися для дерев на освітлених 
тимчасових пробних площах на відміну від контролю. Найбільш чутливими до кліматичних чинників виявилися 
деревно-кільцеві хронології пізньої деревини на найбільш освітленій тимчасовій пробній площі. Встановлено 
підвищення чутливості радіального приросту сосни в залежності від збільшення ступеню освітлення. Про 
ослаблення насадження на найбільш освітленій ділянці свідчить те, що для деревно-кільцевої хронології ранньої 
та пізньої деревини виявлено найбільшу кількість значущів взаємозв’язків між приростом та кліматом, при цьому 
критичного зниження трендів шарів пізньої та ранньої деревини не відбулося. Результати досліджень можна 
використати для планування лісогосподарських заходів

Ключові слова: Pinus sylvestris L., Ips acuminatus, деревно-кільцеві хронології ранньої та пізньої деревини, 
суцільна рубка, індекси зміни приросту, кліматичні чинники
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