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The research presents the response of Japanese larch (Larix leptolepis Gord) radial growth to climate change in the conditions
of the forest-steppe of Ukraine in the Arboretum planting at the State Biotechnological University. The article develops local-
tree chronologies of early, late and annual wood, considering three periods: 1979-1993, 1994-2008, and 2009-2022. The authors
emphasize that the sensitivity of the radial growth of trees to climate variations increased in the third period, as evidenced by
the increase in the number of significant correlation coefficients between index tree-ring chronologies and climatic factors
(temperatures and precipitation), as well as hydrothermal coefficients (O,, O, and the Standardized Precipitation Index (SPI)). This
indicates the weakening of the plantation because of temperature increase. Early wood turned out to be the most sensitive to

climate variations. The radial increment trend stabilized in 2020-2022.

Keywords: Japanese larch radial increment; temperature; precipitation, hydrothermal coefficients; arboretum of the State

Biotechnological University

1 Introduction

In Ukraine, Japanese larch (Larix leptolepis Gord) is
an introduced species and a promising species for
plantation forestry. In Ukraine, mixed stands with
a predominance of larch significantly prevail - 73.2
and 70.3% in area and stem wood stock, respectively
(Debrinyuk, & Belelya, 2019). Plantations located outside
the species’ range represent natural experiments for
assessing the resilience of trees to climate variability.
Climate change is exacerbating drought-related stress
on forest ecosystems. Currently, in the context of
climate change, an important issue arises regarding
the adaptation of Japanese larch to climate change,
which is intensifying and cannot be stopped. In recent
decades, this has caused many adverse consequences
for forest ecosystems in Europe. The most important
consequences of climate change in the Central and
Eastern European region include: increasing frequency
of extreme temperatures, decreasing summer

precipitation, more frequent floods in winter, rising water
temperatures, as well as increasing risk of forest fires and
decreasing forest resilience. High temperatures and
drought promote the development of diseases and pests,
including invasive species, increase the risk of fires and
accelerate the process of soil mineralization (Meshkova
et al, 2019). Due to climate change, the species
composition and types of forests will undergo significant
changes. The ecological optima of tree species may shift
to the northeast (Shvidenko et al., 2017).

It is important to establish the adaptive capacity of
Japanese larch to climate change, that is, to increase or
decrease the stability, vitality and productivity of forest
ecosystems.

Most studies of Japanese larch have been conducted for
the Carpathians, Polesia and the Western forest-steppe,
which is why it is so important to study Larix leptolepis
Gord in the Left-Bank Forest-Steppe. The radial growth
of trees is an integral indicator that reflects their state
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during ontogenesis (Cook, & Kairiukstis, 1990; Danek &
Chuchro, 2019; Koval & Maksymenko, 2020). Therefore, it
is relevant to study the response of the radial growth of
Japanese larch to climate change.

Larch plantations are widespread in Ukraine mainly
in the West, but in Eastern and Central Ukraine its
plantations also show high productivity and stability.
A number of scientists studied Japanese larch
in the Carpathians, Polesia, Western forest-steppe and
Left Bank forest-steppe (Fuchylo et al., 2018; Los et al.,
2018; Debrinyuk & Belelya, 2019).

The purpose of the article is to determine the response
of Japanese larch radial growth to climate change
conditions in the plantation of the Arboretum at
the State Biotechnological University, located in the Left
Bank forest-steppe.

2 Materials and Methods

2.1 Research Object

The Arboretum at the State Biotechnological University
is an object of the nature reserve fund of national
importance in the Kharkiv region, which was created
in the spring of 1972. Two-year-old seedlings of Japanese
larch were obtained from the forestry of the Lviv
Forestry Institute in 1973 (Ostapenko & Sytnik, 2011).
The climate is temperate continental with unstable
humidity. The average annual air temperature is +6.5 °C
with fluctuations from +38 to -35 °C. The average annual
precipitation is 520 mm with fluctuations from 330 to
740 mm. According to soil and climatic conditions, this is
the southern part of the Left Bank forest-steppe. The type
of forest-vegetation conditions is fresh loam. Soils are
typical chernozems.

Cores in the larch plantation were collected in June 2024
(Fig. 1).

2.2 Methods

The authors applied standard dendrochronological
and dendroclimatic methods in this research (Cook &
Kairiukstis, 1990). Cores were taken from 11 trees. Local
tree chronologies for late, early, and annual wood were
created from individual tree-ring chronologies. Indices of
chronologies were obtained by smoothing with a 3-year
sliding scale (Bitvinskas, 1974).

For dendroclimatic analysis, correlation analysis
was applied between the indices of early, late, and
annual wood on the one hand, and temperatures and
precipitation for the hydrological year on the other
hand. Moreover, for correlation analysis between index
chronologies and climatic factors, the research used

the average, minimum, maximum temperatures and
precipitation amounts for the hydrological year, relative
humidity and precipitation amounts for April-August, for
winter period - hydrothermal coefficients (de Marton’s
drought index (DM), Seljanin’s hydrothermal coefficient,
Standardized Precipitation Index (SPI), Forestry Aridity
Index (FAI), hydrothermal coefficients O, and O,
(Bitvinskas, 1974; Keyantash, 2023; Gavrilov et al., 2019;
Milentijevic et al., 2018).

A correlation analysis (Atramentova, & Utevska, 2007)
was conducted between the indices of early, late,
and annual wood and climatic factors (temperature,
precipitation, and hydrothermal coefficients (formulas
1-7)) for the same periods from June of the previous year
to August of the current year.

Awell-known aridity parameter is the De Martonne aridity
index (DM).This index can be calculated for different time
scales such as months, seasons, and years. The DM index
is used worldwide to determine the dry/humid climate
conditions of any given region or regions (Milentijevic et
al., 2018; Gavrilov et al., 2019). The annual and monthly
values of the aridity index DM, 1laDM and ImDM, can be
represented by formulas 1 and 2, respectively:

Pa

laDM =
Ta+C'

impM =M 2)
Tm+C'
where: Pa and Pm - annual and monthly precipitation
(tha'); Tm and Pm - the average annual and
monthly air temperatures; C" = 10 °C is the De
Martonne constant

Forestry Aridity Index (FAl) is defined as (Fuhrer et al,,
2011), see formula 3:

FAI=C, —Tow 3)

(R/-VII +PVII—VIII)
where: T .~ — the average temperature in July and
August (°C); P, — the sum of precipitation from

May to July; P, — the sum of precipitation for
July—August (mm); Cg - 100 mm.°C" - a constant

In contrast to the De Martonne aridity inde, in this case
humidity increases with decreasing FAI value and vice
versa.

The Standardized Precipitation Index (SP/) is defined as
the standardized anomaly of the precipitation (Keyantash
et al., 2025).
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Figure 1 Sampling location
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Formula 4:

p—p*

Oy

SPI =

(4)

where: P - precipitation; P*- mean precipitation;
c,- standard deviation of precipitation

The hydrothermal moisture coefficient of G.T. Selyaninova
(GTK) is the sum of precipitation during the period when
the average daily air temperature is above +10 °C divided
by the sum of active temperatures during the same
period when the temperature exceeded +10 °C, reduced
by a factor of 10. It is calculated according to the formula
(Milentijevi¢ et al., 2018), see formula 5:

GTK = (5)

_R_

01T

where: R - the amount of precipitation during the period
with a temperature above 10 °C; >T>10 °C -
the sum of active temperatures above 10 °C

To characterize environmental conditions, we used
complex climatic indicators — the ratio of air temperature
and precipitation for the hydrological year, which begins
in October of the previous year and ends in September of
the current year (Bitvinskas, 1974):

where: o, - the hydrothermal coefficient; t - the
temperature for a hydrological year (°C);
V_ - the amount of precipitation (mm) for
the same period

T.T. Bitvinskas found out that high results are obtained
by assessing the impact of climatic factors on the growth
of plantations over four years, which reflects a complex
hydrothermal indicator 0O, (Bitvinskas, 1974):

(V; +2V, +3V, +4V, ) x(t, +2t, +3t, + 4Vt ) xt,
10,000

3

7)

where: V - precipitation for the hydrological year;
t — average annual temperature for the same
period: indices for 0, 1, 2, 3 - years (current,
previous, and others)

3 Results and Discussion

Three periods of plantation development were
established: 1978-1993 - the period of maximum radial
growth of Japanese larch, 1994-2008 - the period of
gradual decrease in radial growth, and 2009-2023 -
the period of rapid decrease in radial growth. At
the same time, during 2020-2023, the growth trend
was not at the same level, that is, no decrease in growth
was observed. Similarly, there was a rapid increase
in temperature during the hydrological year. Thus,
in the first period, the average values of the temperature
of the hydrological year were 7.7, in the second - 8.5, and
in the third - 9.8 °C (Fig. 2).

Radial increment (mm)
o

T 12.0

+ 10.0

y =0.0003x? + 0.0473x +7.2104
R?=0.5206

o
(=]
Temperature ( °C)
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Figure 2

Dynamics of tree-ring chronologies of early, late, and annual wood and temperature of the hydrological year
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Figure 3 Correlation analysis between tree-ring chronologies of early, late, and annual wood and precipitation

* — months of the previous year; ** — significance at the 0.05 level
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Correlation analysis between tree-ring chronologies
of early, late, and annual wood and temperatures for
the period from June of the previous year to August
of the current year has shown that in the first period
in the first half of winter, the effect of temperatures on
growth was mainly positive, while in the second half of this
period - negative. In the second period, winter warming
had a positive effect on all types of wood. In the third
period, a further increase in winter temperatures had
a negative effect on growth. The greatest positive effect
of early spring temperatures (March) on growth was also
found in the second period. April and May temperatures
mainly had a negative effect on growth during all
periods. In June, temperatures negatively affected
the growth. Moreover, it was the strongest in the third
period. Positive effect of July and August temperatures
on the radial growth of trees gradually decreased during
all three periods. Temperatures during June-September
of the previous year had a more negative impact on
the radial growth of trees in the second period compared
to the first, and in the third period, this impact was again
mostly positive (Fig. 3).

The spring-summer season is a period of moisture
consumption, and the autumn-winter period (from
November of the previous year to February of the current
one) is a period of moisture accumulation. Correlation
analysis showed that the worst conditions for moisture
accumulation were observed in the third period. During
June-September of the previous year, in the first period,
there was a negative effect of precipitation on growth,
while in the following 2™ and 3™ periods this effect was
positive. The research confirmed that in 1994-2008,
precipitation had a significantly negative effect on tree-
ring chronologies of all wood species. March precipitation

Table 1

Climate factors

Early wood

Winter temperature T (K)

Winter maximum temperature T (K)

Winter minimum temperature T (K)
Hydrological year temperature T (K)
Hydrological year precipitation (mm)

Tree ring width

Winter minimum temperature T (K)
Hydrological year temperature T (K)
Hydrological year maximum temperature T (K)

* — correlation level at 0.05, * significance level

in the first and second periods had a positive effect
on growth, and in the third period this effect became
negative. April precipitation significantly negatively
affected growth in the first period, in the second period
this effect weakened. June precipitation mainly had
a positive effect on the radial growth of larch in all three
periods (Fig. 4).

Correlation analysis between indices of different wood
species and climatic factors for different periods of
the hydrological year showed that early wood was
the most sensitive to climate variations, as evidenced by
the largest number of significant correlations between
index tree-ring chronologies of early wood and climatic
factors. For 1979-1993, no significant relationships were
found between index tree-ring chronologies of early,
late and annual wood and climatic factors; in 1994-2008,
an increase in average, maximum and minimum
temperatures had a positive effect on tree growth.
During the following 2009-2022, the situation changed
dramatically: average, maximum temperatures and
precipitation during the hydrological year had a negative
effect on the formation of early and annual wood layers
(Table 1).

The study wuses hydrothermal coefficients for
dendroclimatic analysis. No significant correlations
were found between the radial growth indices of larch
and the Selyaninov GTC (formula 5), where Martonne
(formulas 1, 2) was not found. Negative significant
relationships were established between tree-ring
chronologies and hydrothermal indices O, (formula 6)
and O, (formula 7) and SPI (formula 4) in 2009-2022,
which indicates an increase in the sensitivity of radial
growth of trees in the third period (Table 2).

Correlation coefficients between index tree-ring chronologies and climatic factors

Period (years)

1979-1993 1994-2008 2009-2022
-0.13 0.53%* -0.46
-0.25 0.53* -0.48
-0.10 0.54* -0.52
-0.23 0.33 -0.55%
-0.08 -0.14 -0.54*
-0.02 0.53* -0.48
-0.13 0.39 -0.56*
-0.15 -0.20 -0.54*
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Figure 4 Correlation analysis between tree-ring chronologies of early, late, and annual wood and temperatures
* — months of the previous year; ** — significance at the 0.05 level
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Table 2

Hydrothermal indices
1979-1993

Early wood
01 -0.20
03 -0.18
SPI 0,12
Late wood
o1 0.22
03 0.24
SPI 0.09
Tree ring width
o1 -0.07
03 -0.13
SPI 0.12

* — correlation level at 0.05 significance level

Studies of European larch trees (Larix decidua Mill.)
in Poland have shown that the radial growth of trees
responds poorly to dry summers and precipitation
deficits (Danek & Chuchro, 2019; Szymanski et al., 2025).
Similar results were also obtained in our studies, as
evidenced by a decrease in the radial growth of Japanese
larch in 2009-2022 compared to the previous 1979-2008
and the negative impact of the average and maximum
temperatures of the hydrological year in this period.
Moreover, significant negative correlations between
tree-ring chronologies of early and annual wood and
hydrothermal coefficients 0, (formula 6), 0.. (formula
7) and SPI (formula 4) evidence increased sensitivity to
climate change.

Studies of the response of radial growth of European
Larch (Larix decidua Mill.) in the Polish Sudetes to climate
change during 1940-2010 recorded an increasing
positive relationship of tree-ring growth with May
temperatures and precipitation in July of the previous
year and a negative relationship with previous August
temperatures of the previous year. In the 1980s, there was
a rapid change in the level of correlation for the above-
mentioned factors. These trends in correlation can be
associated with the increasing temperature in recent
decades (Danek & Chuchro, 2019). We found a significant
positive effect of January temperatures on growth,
a negative effect of April precipitation and a positive
effect on June precipitation in 1979-1993, a negative
effect on precipitation in November of the previous
year in 1994-2008 and correlation coefficients between
the radial growth of Japanese larch and the positive effect
of July precipitation of the previous year, the positive

Correlation coefficients between radial growth indices and hydrothermal indices

Period (years)

1994-2008 2009-2022
0.34 -0.55%*
0.29 -0.53**
0.21 -0.53**
0.38 -0.47
0.23 -0.20
0.20 -0.44
0.37 -0.56**
0.25 -0.44
0.17 -0.53**

effect of June precipitation, and the negative effect of
July precipitation on radial growth of Japanese larch.

4 Conclusions

This study presented local tree chronologies of early,
late, and annual wood of Japanese larch developed
in the conditions of the Left Bank forest-steppe,
considering three periods: 1979-1993, 1994-2008, and
2009-2022.

The results have shown that in the third period
(2009-2022) the sensitivity of radial growth of trees to
climate variations increased, as evidenced by an increase
in the number of significant correlation coefficients
betweenindextree-ring chronologiesand climaticfactors
(temperatures and precipitation) and hydrothermal
coefficients. This indicates a plantation weakening. Early
wood was most sensitive to climate variations. The radial
growth trend stabilized in 2019-2022. It is necessary
to continue dendroclimatic studies of Japanese larch
in the Forest-Steppe in order to identify the adaptive
capabilities of this species to climate change more
accurately.
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