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ABSTRACT: The main goal set by researchers in this article was to gather knowledge on the
structure of the basic biometric features of tree-rings of two species of poplars, belonging to
different sections of Aegeiros — Populus xcanadensis and Tacamahaca — Populus maximowiczii,
and to define and understand the correlation between weather and annual increment. A supple-
mentary objective of the article was to determine pointer years of species found in individual
populations. Our research used the standard methodology applied in dendroclimatology. In the
analysis of correlation of the tree species studied, stronger statistically significant relationships
were obtained in terms of precipitation-increment compared to temperature-increment. The annu-
al increment in the Canadian poplar was enhanced by wet autumns and winters, especially by the
rainfall in Oct and Dec in the previous year, as well as in Apr of this year. The tested Maximovich’s
poplars tested preferred rainfall during spring going into summer, especially in June of this year.
Seven specific pointer years were determined for the Canadian poplar, comprising 4 positive
(1987, 2008, 2010, 2012) and 3 negative years (2000, 2011, 2014). For P. maximowiczii,
11 pointer years were determined, i.e. 5 positive years (1987, 1991, 1999, 2009, 2012) and
6 negative (1984, 2000, 2002, 2010, 2013, 2015). In the pointer years, monthly sums of
atmospheric precipitation and the average monthly air temperatures differed from the multi-year
period. In the process of forming the secondary growth of the wood of the studied poplar spe-
cies, the predominant role was played by atmospheric precipitation.

Keywords: Populus xcanadensis, Populus maximowiczii, dendroclimatology, synchronisation
of tree-ring widths, pointer years

Introduction

Studies on the impact of meteorological elements
on the annual growth of trees in Poland started only in
the mid-twentieth century, and as of today the majority of
indigenous tree species and selected introduced species
have already been analysed. In particular, the issues of
the influence of thermal-pluvial conditions on the width
of annual growth rings of coniferous forest tree species
have been of great interest to researchers (Bijak, 2013).
The most commonly chosen for long-term absolute
chronology studies are long-lived trees with distinctive
growth rings, i.e., ring-porous coniferous and deciduous
trees. Diffuse-porous deciduous species are character-
ised by much greater irregularity of growth and the oc-
currence of growth anomalies under the influence of ex-
treme growth conditions. They are the source of several
problems in determining the age of wood (Speer, 2010).
Poplar wood is classified as a diffuse-porous type, i.e.,
in which the vessels are distributed more or less evenly
throughout the annual growth ring. As a consequence,
the boundaries between early and late growth are un-
clear and almost imperceptible in the cross-section to
the naked eye (Bialobok, 1973). To a great extent, the
distribution of vessels in the poplar wood depends on
the water contained in the substrate. In trees that grow
on soil rich in water, the rings are wide and have evenly
distributed vessels. However, narrow rings of wood are
formed in trees growing under water stress conditions
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(Liphschitz and Waisel, 1970). The trees of the Populus
genus belong to typical heliophilic species. Light condi-
tions are of great importance to them in the process of
photosynthesis, and, more precisely, its intensity which
increases in direct proportion to the intensity of light
(Dickmann et al., 2001). In current studies of trees of
the genus Populus, researchers mostly focus on using
them as biomass, which is a source of renewable energy
(Moreno-Cortés et al., 2017; Aylott et al., 2008), on us-
ing their wood for construction and industry purposes
(Kretschmann et al., 1999), and on pulp for the pulp and
paper industry (Przybysz and Przybysz, 2013), as well as
its application in the pharmaceutical industry (Belkhodja
et al., 2016). Many studies focus on the efficiency of pop-
lar cultivation as related to different lengths of production
cycles (Pereira et al., 2016; Lamerre et al., 2015; Moreno-
Cortés et al., 2017). Unfortunately, knowledge about the
correlation between weather and the annual growth of
poplar wood, documented by research, is very scarce. In
this study, an attempt was made to learn about the struc-
ture of the basic biometric features of annual growth of
secondary xylem of the Populus xcanadensis and Populus
maximowiczii species and determine the impact of me-
teorological elements, i.e. atmospheric precipitation and
air temperature on the variability of their annual growth.
The specific pointer years appearing in individual popula-
tions were also determined. The study used samples from
trees that perform windbreak and landscape functions,
not samples from trees from forest plantations.
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Materials and Methods

Research location

The research material came from three research
areas: Wilkéw near Namystow (latitude: 51°05'56" N,
longitude: 17°40'13" E, altitude: 155 m), located in the
Opolskie Voivodeship, and from Wroctaw (latitude:
51°08'47" N, longitude: 17°04'17" E, altitude: 116 m)
and Kwietno (latitude: 51°09'28" N, longitude: 16°28'34"
E, altitude: 142 m) in the Lower Silesian Voivodeship in
Poland (Figure 1).

Annual xylem growth - preparation of material
for testing and measurement method

The study was performed on wood discs cut from
selected trunks of dominant units and on samples tak-
en using the Pressler increment borer, in accordance
with the strategy defined for dendroclimatological re-
search. All samples were taken from the same height,
i.e. 1.3 m above the ground. In total, 76 slices of wood
and 26 core bore samples were obtained in the form of
rolls with a diameter of approx. 5 mm (Table 1).

The necessary permits were obtained for sam-
pling, including cutting down trees. Before sampling,
the circumferences of tree trunks in (cm) were mea-
sured using a measuring tape at a height of 1.3 m. The
discs were dried, cut with a gas saw, and their surface
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was planed with an electric jack plane. Bore samples
collected with the use of the Pressler borer were glued
to the wooden slats, then their surface was polished
with a belt sander and gently cut off.

Annual xylem growth - measurement

The width of the annual rings was measured us-
ing LINTAB™ 6 with an accuracy of 0.01 mm, applying
a water filter to increase the contrast between the early
and latewood layer (Cedro, 2016). When measuring the
width of the annual rings, the incomplete growth of the
sampling year was deliberately omitted, as at the time
when the field work continued, the cambium activity
had not yet finished. The width of the annual growth
in the paths selected for measurement paths was mea-
sured on the bark-core section with several repetitions.
The following codes were created as a result of measur-
ing individual sequences of the annual rings’ width: N,
- Wilkéw, W, - Wroctaw, W, - Kwietno.

Synchronisation of growth sequences, accepted
criteria

All measured series of annual poplar incre-
ments were synchronised. While assessing the qual-
ity of the dating of the tested individual sequences,
the Gleichldufigkeit coefficient of convergence (glk,
%) was calculated to assess the degree of similarity
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Figure 1 - Area of study in the south-west of Poland and a climograph for Wroctaw, 1971-2015.

Table 1 - Basic statistical characteristics of the research material.

l;ggsggge/ code Species llflzcbtj(jo/f(:r?l;zéz())re rse?gle;* Area and type of land from which samples were taken
Wilkéw/N,, Populus xcanadensis 55/(39) 16 5.45 hectare, agricultural land

Wroctaw,/W Populus xcanadensis 21/(14) 7 2.50 hectare, land currently under development (formerly agricultural)
Kwietno/W, Populus maximowiczii 26/(26) 0 > 10.00 hectare, agricultural land

sum: 102/(79) 23

*Unsynchronised or damaged during the initial preparatory work.
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in the course of compared growth curves (Kaennell
and Schweingruber, 1995). The accuracy of the mea-
surements of annual rings was also assessed by using
the graphical compatibility of dendrograms and ¢-test
values according to Bailie-Pichler (tvbp) and Hollstein
(tvh) (Baillie and Pilcher, 1973; Cook and Kairiuks-
tis, 1990; Rinn, 2012). Studies in the literature have
shown that the value of the Hollstein t-test should be
above 3.5 when o = 0.001. Using the TSAP-Win soft-
ware program, the study also determined the cross-
dating index (cdi), which is an indicator that takes into
account the values of the t-tvbp and t-tvh tests, as well
as glk. The cdi minimum threshold value mentioned
in the literature is > 20 at o = 0.001 (Rinn, 2012). For
the series of annual increments, the value of the cross-
correlation was also determined (cc, %) (Rinn, 2012).
The Cofecha software program (Grissino-Mayer, 2001)
was also used to assess the quality of the dated se-
quences, which tested each individual sequence in
relation to the mean of all the tested sequences and
compared the values of r-Pearson correlation coeffi-
cients. In dendrochronology, the value of the Pearson
correlation coefficient (0.328) has been considered to
be the critical value of this parameter (Holmes, 1983;
Holmes, 1994). Individual sequences, N, W, i W,
were also described by means of medium sensitiv-
ity (X, mm), which defines the degree of differentia-
tion between successive values in the time data series
(Fritts, 1976; Ladanyi and Blanka, 2015).

Due to the cambial age of annual increments of
trees selected for research, extensive synchronisation
criteria were adopted, i.e. obtaining internal consis-
tency and, consequently, the reliability of the chro-
nologies being developed. As a result, by ending the
synchronisation phase of the growth curves, a series of
those less than 30 years old was rejected, and it signifi-
cantly influenced the above-described synchronisation
parameters. The highest percentage of samples, 33 %,
in the form of discs were rejected in the group of Cana-
dian poplars, in sequences coded W,. In bore samples
from the Maximovich poplars, the sequences with the
W, code were synchronised in their entirety, without
rejecting any bore samples taken with the increment
borer (Table 1).

Meteorological conditions

The meteorological variables used in the study
came from meteorological stations closest to the re-
search area. They were acquired from the Institute of
Meteorology and Water Management - National Re-
search Institute (IMGW-PIB) for Wroctaw, operating
within the national atmosphere monitoring network,
and from the Meteorological Observatory of the De-
partment of Climatology and Atmosphere Protection of
the University of Wroctaw (OMZKiOA UW). In den-
droclimatological analyses, mean monthly sums of pre-
cipitation (rf, mm) and average monthly values of air
temperature were used (ta, °C).
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Characteristics of chronologies and their
dependence on meteorological conditions

Chronologies: raw, standard and residual were
described by means of basic statistical characteristics,
including the arithmetic mean (X, mm), standard de-
viation (sd, mm), minimum (Min, mm) and maximum
values (Max, mm), as well as the coefficient of variation
(V, %). In addition, Pearson's correlation coefficient for
the linear trend (rt) and the autocorrelation coefficient I°
(rp) were calculated for the chronologies. The creation of
chronologies, as well as the determination of individual
characteristics, was made using the TSAP-Win software
(Time Series Analysis Program) and the Cofecha, Arstan
and Statistica 12.5 programs. The ARSTAN software pro-
gram was used to determine the expressed population
signal (EPS), a measure of the similarity between a given
tree-ring chronology and a hypothetical chronology that
had been infinitely replicated from the individual radii
included for a specific common time interval (Wigley et
al., 1984). Coherence in the series within a chronology
was assessed using the inter-series correlation (rbar) in
the detrended tree-ring series.

The influence of meteorological conditions on the
increments of the studied poplars was determined by
correlation analysis combining the dependent variable
(the width of the annual growth rings in the form of
residual chronology) with independent variables, i.e.
with pluvial and thermal conditions in the growth year
of the tree, i.e. in the months of the current year (from
Jan to Sept - 1-9), as well as the year preceding the for-
mation of annual rings (from Sept to Dec - 9p-12p),
as well as in the combinations of selected months and
seasons. The correlation analysis was performed for
the common period of all chronologies, i.e. 1984-2014.
When determining the species pointer years, one-way
changes were assumed in > 90 % of the tested annual
growth sequences. Positive pointer years and negative
pointer years, i.e. years in which trees developed par-
ticularly wide and particularly narrow annual growth
rings, were interpreted by assessing deviations from the
average long-term monthly values of precipitation totals
(rf, mm) and average monthly air temperature (ta, °C),
calculated for specific pointer years. The relatively strict
compliance criterion of > 90 % reduced the number of
cases analysed.

Results

Assessment of the quality of individual sequences

The highest degree of similarity of the course of the
compared growth curves was demonstrated by the se-
quence of the Canadian poplar with the W code, which
was confirmed by a glk indicator that was approx. 85 %
(Table 2). On all surfaces tested, the sequences showed
higher than required (i.e. > 0.65 %) convergence coef-
ficient values. In the case of the poplars analysed, the
highest value of the t test according to Bailie-Pichler
(tvbp) and Hollstein (tvh) was obtained for the Canadian
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poplar sequence with the N, code (which was 6.9) and
for the W, code - 6.4. A slightly lower value was ob-
tained for the Maximovich poplars with W, code - 5.4.
Satisfactory results for the growth curves mea-
sured were also obtained using the cross-dating index
(cdi), as cdi for N, was 52.0, while for W, it was - 47.8
and for W, - 47.5. The cross-correlation values (cc, %)
ranged from approx. 66 to as much as 85 %; and the
highest was determined for W,. In turn, Pearson correla-
tion coefficient values were similar for all poplar growth
sequences, ranging from 0.66 for N, to 0.68 for W .

Statistical characteristics of annual increments
The average age of a Canadian poplar sequence
with the N code accepted for analysis was 42 years, with
the W, code it was 32 years, and the for the Maximov-
ich poplar sequence 31 years (Table 3). The mean annual
ring width of Populus canadensis was 6.63 mm for the N,
sequence and 8.30 mm for the W, sequence. The mean
annual ring width determined for Populus maximowiczii
was 7.38 mm. The widest increment was measured in the
sequences with the W, code, and it was as much as 29.71

Table 2 - Statistical evaluation of the dating quality relating to the
tested individual sequences N, W, W,.

Populus Populus
o canadensis maximowiczii
Synchronisation parameter Software S
equence code

N, W W,
Gleichlaufigkeit, (%) (glk) 78 85 80
t-value Bailie-Pichler (tvbp) 6.2 45 5.8
t-value Hollstein (tvh) TSAPWin 69 6.4 5.4
Cross-Date Index (cdi) 52.0 47.8 47.5
Cross-correlation, (%) (cc) 66 78 85

r- Pearson correlation coefficient COFECHA 0.66 0.67 0.68
Explanatory note: glk, % = coefficient of convergence (calculated at o =
0.05); tvbp = values of t test according to Bailie-Pichler; tvh = values of t test
according to Hollstein; cdi = cross-dating index; cc, % = cross-correlation
value, r-Pearson correlation coefficient.

Dendroclimatological analysis of poplar

mm. The narrowest annual ring was determined for N,
and it was 0.70 mm. The annual growths of Maximovich
poplar wood were characterised by the highest coefficient
of variation (V, %), which was 66 %, and a slightly lower
value of the coefficient was obtained for the Canadian
poplar (W, sequence - 50 % and N, - 46 %) (Table 3). The
average sensitivity (X ) that determines tree susceptibility
to environmental stresses for Populus canadensis was 0.26,
and for Populus maximowiczii 0.37.

Larger trunk circumferences were obtained for
the Canadian poplar trees both in Wilkéw and Wroctaw
(Table 3). The average circumference of the trunk of
the Maximovich poplar was only 156 cm and was 36
cm smaller than the average circumference of the Ca-
nadian poplars from the Wilkéw research area and 11
cm smaller than the trees from Wroctaw. The maximum
circumference of the trunk (260 cm) was measured for
the Canadian poplar tree; the smallest circumference
(108 cm) was for the Maximovich poplar tree. On all
research surfaces, the trees grew in similar spacing, in a
row configuration, performing the same windbreak and
landscape functions.

Site chronologies

All raw chronologies of the studied poplars were
created by averaging individual growth curves. The first
of Populus canadensis chronology with an NWP code was
44 years old and lasted from 1971 to 2014; the second
chronology of the same species with a WSP code was
34 years old and lasted from 1984 to 2015. The Popu-
lus maximowiczii chronology with a WKP code was the
shortest at 32 years old and lasted only from 1984 to
2015 (Figure 2A). The average width of the annual rings
in all raw chronologies produced in the mentioned
multi-year periods was similar and was, respectively, -
6.38 mm for the NWP chronology, 7.62 mm for the WSP
and 7.23 for the WKP (Table 4). The smallest and largest
width of the annual increment was recorded in the raw
chronology of the Maximovich poplar; its lowest value

Table 3 - Statistical characteristics of annual increments of individual sequences and trunk circumferences of the studied trees.

Species name

Populus canadensis

Populus maximowiczii

Characteristics
Sequence code

N,, W, W,
Cambial age (number of years) 44-38 34-30 32-30
% + sd (mm) 6.63 + 3.05 8.30 + 5.72 7.38 +4.78
Min (mm)/year 0.70/2005 1.39/2005 0.79/2011
Max (mm)/year 18.58/1980 29.71/1986 25.48/1990
V (%) 46 50 66
X 0.26 0.26 0.37
Te, X + sd (cm) 192.0 + 34 167 = 30 156 + 21
Tc, Min (cm) 113 142 108
Tc, Max (cm) 260 249 193
Te, V(%) 18 18 14

Explanatory note: X + sd = mean + standard deviation (mm); Min = the minimum value (mm); Max = the maximum value (mm); V = coefficient of variation (%); X, =

medium sensitivity; Tc = trunk circumference at h = 1.3 m (cm).

Sci. Agric. v.77, n.5, e20180151, 2020
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Table 4 - Statistical indicators describing raw, standard and residual chronologies of NWP, WSP, WKP.
Chronologies - codes

Indicators Raw-data Standard Residual
P. canadensis P. maximowiczii P. canadensis P. maximowiczii P. canadensis P. maximowiczii

NWP WSP WKP NWP WSP WKP NWP WSP WKP
Time interval  1971-2014 1981-2014 1984-2015 1971-2014 1981-2014 1984-2015 1971-2014 1981-2014 1984-2015
X +sd(mm) 6.38+1.867.62 +3.11 7.23+4.12 0.99 +0.22 1.01 £0.27 1.04 £ 0.40 0.99+0.19 099+0.23 1.00+0.39
Min (mm) 3.75 3.44 2.22 0.62 0.45 0.40 0.64 0.37 0.52
Max (mm) 10.89 14.54 14.70 1.64 1.74 2.43 1.47 1.64 1.81
V (%) 25 41 57 23 27 38 19 23 39
rt 0.371 0.62! -0.58! 0.0l ns 0.05 ns 0.18 ns -0.08 ns 0.22 ns 0.15ns
n 0.58 0.75 0.85 0.48 0.39 0.22 ns -0.22 ns 0.05 ns 0.19ns

Explanatory note: NWP, WSP, WKP = codes of chronology, X + sd = mean + standard deviation (mm); Min = the minimum value (mm); Max = the maximum value
(mm); V = coefficient of variation (%); X, = medium sensitivity; rt = correlation coefficient of linear trend; !significant at p < 0.05, rp = coefficient of autocorrelation I°

at least at o < 0.05; ns = statistically insignificant at least at o < 0.1.

was 2.22 mm, and the highest - 14.70 mm. Whatsmore,
in the case of this chronology, the coefficient of variation
was the highest and was as much as 57 %.

The time distributions of the annual growths of
the poplars tested were characterised by a negative,
statistically significant age trend, which indicates that
each year the secondary increments of the wood were
smaller (for NWP rt = -0.37, for WSP rt = -0.62, for
WKP rt = -0.58; a. < 0.01) (Table 4). The structure of the
annual increments of wood of the trees examined was
also characterised by a positive, statistically significant
coefficient of first-degree autocorrelation (for NWP rp
= 0.58, for WSP rp = 0.75, for WKP rp = 0.85; a <
0.05). In connection with the above, the time series of
annual increments of P. canadensis and P. maximowiczil
were transformed first into standard chronologies, thus
eliminating the linear trend (for NWP rt = -0.01, for
WSP rt = 0.05, for WKP rt = -0.18; a < 0.05), then into
a residual chronology, excluding first degree autocorrela-
tion (for NWP rp = -0.22, for WSP rp = 0.05, for WKP
rp = 0.19; at a < 0.05). The chronologies presented in
the study should be regarded as representative, since
the coefficients of the expressed population signal (EPS)
reached high values for all chronologies (EPS for NWP
= 0.96; EPS for WSP = 0.94; EPS for WKP = 0.95). Rbar
values for individual chronologies achieved the follow-
ing values: for NWP = 0.47; for WSP and WKP = 0.55.

Dendroclimatological analysis

Strong statistical relationships were observed in
the analysis of correlation in the precipitation-increment
relation for the Canadian poplar. The study found only
positive values for the correlation coefficient, which
reached statistically significant values in Oct and Dec
of the year preceding the growth under analysis (r =
0.39 for Oct and r = 0.50 for Dec, at a < 0.05) and in
Apr this year (r = 0.43 at a < 0.05). When considering
the impact of rainfall on the course of chronology of
poplars in longer periods of 2-3 months, a statistically
significant correlation was found at the turn of the year,
i.e. the Dec-Jan period (r = 0.49 at a < 0.05), and in the
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Figure 2 - Summary of the course of raw chronologies a. and
residual chronologies b. along with an indication of the occurrence
of specific pointer years. Black, gray and brown markers are
negative pointer years, and markers without filling are positive
pointer years

aforementioned seasons of the year, for winter (r = 0.46
at a < 0.05) (Figure 3.). When assessing the correlation
between precipitation and annual growth for Maximov-
ich poplars, statistically significant coefficients for Nov
of the year preceding the growth (r = -0.48 at o < 0.05)
and for June of the current year (r = 0.43 at o < 0.05),
and, additionally, for the combination of months May-
June (r = 0.50 at o < 0.05) and June-July (r = 0.35at o <
0.05), were observed.

The correlation analysis showed a minor role for
air temperature (ta, °C) in the process of forming the an-
nual increment of P. canadensis. A statistically significant
value was achieved only in Sept of the current year (r
= -0.38 at a < 0.05) for the WSP chronology (Figure 3).
Similarly for P. maximowiczii, chronology with the WKP
code, air temperature played a minor role in the annual
ring formation process. All calculated indicators had
negative values and were mainly related to one month.
Statistically significant values were calculated for June
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NWP A, WSP B, WKP C and atmospheric precipitation (rf) - columns
and air temperatures (ta) - continuous line; statistically significant
values at o = 0.05 are shown in the form of outlined columns and
filled black markers. Time range from 9p ... to 9, which is from Sept
of the year preceding the growth of rings to Sept in the growth year
of the tree, p - the year preceding the formation of the rings.

autumn

Month/season

of the current year (r = -0.41 at a < 0.05) and combina-
tions of months of May-June of the current year (r =
-0.36 at o < 0.05), and in the season under analysis, for
the summer (r = -0.35 at o < 0.05), as well as this year.

Pointer years

For two site chronologies of P. canadensis of NWP
and WSP codes, 7 specific pointer years were calculat-
ed, including 4 positive (1987, 2008, 2010, 2012) and 3
negative years (2000, 2011, 2014) (Figure 2A, B). For the
site chronology of P. maximowiczii with a WKP code, 11
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pointer years were identified, i.e. 5 positive years (1987,
1991, 1999, 2009, 2012) and 6 negative years (1984,
2000, 2002, 2010, 2013, 2015). In addition, there were
3 "common” pointer years found for all chronologies of
both the Canadian poplar and Maximovich poplar, in-
cluding 2 positive years (1987, 2012) and 1 negative year
(2000). There was a special year in 2012, when 100 % of
the surveyed trees produced increased growth.

Pluvial-thermal conditions prevailing in the
pointer years of P. canadensis

Analysis of weather conditions in the years deter-
mined to be specific to P. canadensis allowed for linking
the occurrence of positive pointer years with higher at-
mospheric precipitation than in the multi-year period,
especially in May and at the turn of the year, i.e. in
Dec of the year preceding the increment and Jan of the
current year. Significantly higher rainfall was also re-
corded in Aug and Sept of the current year. The Cana-
dian poplars developed wider growth rings in positive
years, when the air temperature was higher than in the
multi-year period in Nov and Dec of the year preced-
ing the formation of the growth, as well as June and
especially in July of the current year. It was also found
that the formation of wider growth rings of Canadian
poplar was accompanied by lower temperatures than
in the multi-year period, especially from Jan to Mar of
the current year and in May (Figure 4). In the monitor-
ing period of development of the Canadian poplar (over
13 months), narrower annual growths of wood formed
in negative pointer years could be linked to lower than
normal precipitation in as many as 7 months, i.e. June
of the current year and Oct of the year preceding the
growth, as well as Feb and Apr of the current year. In
the negative pointer years, the rainfall was also lower
than in the multi-year period for Dec of the year pre-
ceding the growth, and in Aug and Sept of the current
year (Figure 4). The average monthly air temperatures
in the months of the negative pointer years analysed
were more often higher than during the multi-year pe-
riod.

On the basis of the analysis of pluvial and thermal
conditions in the pointer years, it was found that the
Canadian poplar prefers (then produces wider annual
growth rings) temperatures that are colder than the av-
erage winter months (Jan, Feb) and higher than normal
precipitation in winter (Dec, Jan). A warmer than nor-
mal month was also observed in spring around Apr, and
rainfall was higher than in the multi-year period at the
end of spring, i.e. in May. In summer (June, July) when
assessing the rainfall-thermal conditions for the Cana-
dian poplar, less than average atmospheric precipitation
was observed at simultaneous higher temperatures than
in the multi-year period. The conditions recorded in the
last month of summer (Aug) and at the beginning of au-
tumn (Sept), when rainfall is higher than average togeth-
er with a lower temperature than normal, also favor the
formation of wider annual rings.
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Figure 4 - Deviations from the average multi-year precipitation (rf, mm) and air temperature (ta, oC) totals in the growth year of the tree, i.e.
from 9p ... to 9 (from Sept to Sept) in the positive and negative pointer years; p is the year preceding the growth. Columns mean deviations

for (rf), lines - for (ta).

The pluvial-thermal conditions prevailing in the
pointer years of P. maximowiczii

In the positive pointer years of Maximovich pop-
lars, there was higher precipitation compared to the
multi-year period, especially in June of the current
year, Oct in the year preceding the growth, as well
as in Feb of the current year. The Maximovich pop-
lar formed wider growth rings in positive years, when
the air temperature was higher than in the multi-year
period, especially in Sept of the current year and in
Dec in the year preceding the growth. In the months
considered in the growth year of P. maximowiczii, the
formation of wider rings was accompanied more often
by lower average monthly air temperatures than in the
multi-year period. For the 13 months analysed in 8 of
them the average monthly air temperature was lower
and the deviation from the norm was in the range of
1.3 °C to -2.2 °C (Figure 4). In the time of tree develop-
ment under consideration, the formation of narrower
growths in P. maximowiczii was accompanied by higher
monthly average temperatures compared to the multi-
year period in as many as 9 out of 13 months. Higher
temperatures were recorded, especially in Feb and Aug
of the current year.

As a result of the analysis of pointer years, it
was found on examination that P. maximowiczii prefers
producing wider annual rings in cooler winter months
(Jan, Feb) than in the multi-year period and higher
than standard rainfall in all winter months (Dec, Jan,
Feb). Preferences were also found, expressed in larger
annual growth for warmer than average months in
spring (Mar, Apr). The higher growth in May, how-
ever, was determined by lower rainfall and lower
temperatures compared to the multi-year period.
Maximovich poplar produces wider growth rings in
the summer months (in June and July) when there is
more rainfall and lower air temperatures (in July the
average). The analysed thermal-pluvial conditions at
the end of the summer (Aug) and the beginning of au-
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tumn (Sept), responsible for wider growth rings, were
varied and meant less rainfall than average, as well as
lower in Aug and higher in Sept average monthly air
temperatures.

Discussion

In the study, consistency and similarity in the var-
iability of the time series of annual growths of the Ca-
nadian poplars (W, W) and Maximovich poplars were
observed (W,) (Figure 2), and these suggest the influ-
ence of environmental factors on the annual growth of
the trees examined. The high values of growth sequence
synchronisation parameters included in the study (Ta-
ble 2) (glk, tvp, tvh, cdi, cc and Pearson correlation co-
efficient) allowed the assumption to be made that the
annual growth data sets obtained were well synchro-
nised and can be used in the study of weather-growth
correlation (Rinn, 2012; Grissino-Mayer, 2001; Holmes,
1994; Schweingruber, 1988). Annual growths of the spe-
cies studied were sensitive to weather conditions, which
showed statistically significant high values of coeffi-
cients in the correlation analysis. In the study of weath-
er-growth correlation, in the case of the two independ-
ent variables considered, the factor limiting the process
of annual growth formation in both P. canadensis and P.
maximowiczii was atmospheric precipitation. A different
situation, where the limiting factor was the air tempera-
ture, was observed by the Senhof team (2016) in studies
on fast growing poplar hybrids and aspen poplar hybrids
in western and central Latvia. Such a difference in the
reaction of trees may be due to a higher total of annual
atmospheric precipitation, as well as the greater thick-
ness of the snow cover and the duration of its retention
in this part of Latvia (Auce and Skéde, 620 mm) than in
south-western Poland (Wroctaw, 577 mm). In the study;,
statistically significant conformity of the reaction of two
chronologies of the Canadian poplar to atmospheric pre-
cipitation in Apr under the conditions of south-eastern
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Poland was observed. This can be explained by the large
demand of trees for water during the period of entry
into the phenological phase of leaves unfolding and
during the reactivation of the cambium after the winter
rest (Bialobok, 1973). The spring demand of poplars for
water is also related to the date of the beginning of the
growing season, which in the research area begins at the
earliest in Poland in mid-Mar (Tomczyk and Szyga-Pluta,
2018). P. canadensis reacted significantly to precipitation
in winter, in the period of Dec-Jan and especially in Dec.
Precipitation and snow cover in the winter months has
an impact on the level of groundwater, which in ear-
ly spring provides the opportunity to supplement any
shortages and start the uptake of nutrients for trees. In
addition, poplars tolerate possible high groundwater lev-
els, so that even a large water supply due to winter pre-
cipitation is safe for the trees. According to the research
carried out in south-western Slovakia by Paganova et
al. (2009), the size of the annual growth of poplars is
influenced not only by meteorological but also by hy-
drological elements expressed by the level of groundwa-
ter. Statistically significant values were examined, espe-
cially during periods of the lowering of the water table.
Knowledge of the correlation between weather and the
growth of hybrids of the Populus genus growing in vari-
ous European edaphic and climate conditions is current-
ly very limited. A small amount of published, long-term
research in the field of dendroclimatology of trees of
the genus Populus has also been mentioned by other re-
searchers such as Trnka et al. (2016), and Senhofa et al.
(2016) among others. In the study of the climate-growth
correlation, the difference in reaction of the Canadian
poplar trees between the Wilkéw and Wroctaw sites was
observed. The authors assume that a partial difference
of the reaction may be the result of the different density
of trees during the growth at sites, and the impact of
the surroundings (neighborhood) including the vicinity
of the road and various soil conditions. The thermal con-
ditions analysed in the growth year of the Canadian pop-
lar tree in negative years can be interpreted as follows:
narrower growth rings are due to lower temperatures in
Oct and Dec of the year preceding growth and higher av-
erage temperatures in Jan and Feb, as well as from Apr
to June of the current year. In the time interval analysed
(13 months), narrower annual wood growths emerging
in negative pointer years P. maximowiczii can be related
to those lower than in the multi-year period rainfall
values, especially in June and July of the current year,
and in Nov and Dec of the year preceding growth. The
pointer years, both positive and negative, identified in
the study have also been demonstrated in other studies
in Poland and Europe. The periods of 2000-2002, and
2015 are the years in which deep droughts occurred
(Ionita et al., 2017; Spinoni et al., 2015; Zielinski et
al., 2009). Thus, in many dendroclimatological studies,
these years were defined as negative pointer years, es-
pecially 2000 (Ducié¢ et al., 2015; European Commis-
sion, 2011; Cejkova and Kolaf, 2009). Annual growth
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rings in poplar hybrids in Latvia in 2002 reacted with a
decrease in growth (Senhofa et al., 2016), as did sessile
oaks in Romania (Nechita, 2013) and Serbia (Staji¢ et
al., 2014), as well as P. maksymowiczii in south-western
Poland. In the chronology of P. maximowiczii, pointer
years were recorded, which were also analysed by the
team of Bijak et al. (2012) in Quercus robur and Q. ru-
bra research in Central Poland, as well as in research
on Fraxinus excelsior and Alnus glutinosa, conducted by
Wojtan and Tomusiak (2014), also in Central Poland.
The pointer years specified for P. canadensis were also
described in the research of Cedro (2016) for Sorbus
torminalis.

Conclusions

The results obtained in this research can be used
to develop new production and regionalization tech-
nologies which can be applied to the cultivation of
fast-growing trees under agroforestry meteorological
protection together with agrometeorological forecasts,
to develop adaptive strategies and mechanisms for ex-
panding the cultivation of fast-growing trees in the con-
text of predicted and identified climate changes. Taking
into account the distribution of rainfall and temperature
values, it is possible to effectively plan the location of
poplar plantations. Knowing the pluvial and thermal
preferences of the species studied, one can also try to
influence production efficiency in the area of already ex-
isting poplar plantations, especially in short production
cycles. Selection of all specimens within the surveyed
populations and economic species with even, intensive
increments and desirable qualitative traits can contrib-
ute to the extensive production of wood pulp, and thus
reduce the CO, content in the atmosphere and improve
production efficiency.
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