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Introduction
Since the time of great geographic discoveries many tree species, new to our continent, have been
brought to Europe. Eastern white pine (Pinus strobus L.) and Douglas fir (Pseudotsuga manziesii
var. viridis Franco) were among those species that found their place in Polish forests the earliest
(Senet 1973; Fabijanowski et al. 1980). The first Polish studies on the acclimatization of Douglas fir
in Poland date back to the 1920s (Suchocki 1926). Initial attempts to determine the impact of
climatic and soil conditions on growth of that tree species were made by Borowiec (1965). More
recent studies (Cedro 2006, Wilczyński and Feliksik 2007) confirm the relevance of further
investigations. Surveys dedicated to Eastern white pine are less numerous, however this species is
considered to play a significant role in Polish forests (Ważynska 1969, Król 1988, Kochańska
2006)
In Poland, both eastern white pine and Douglas fir find good opportunities for growth and
development, corresponding to the climate conditions in the central regions of their natural range
(Jaworski 1995). Under local growing conditions productivity of Douglas fir can reach more than
500 m3ha-1 at the age of 50, making this species the most productive one in the country
(Chylarecki 2004). In Poland, more than 3000 hectares is estimated to be occupied only by
Douglas fir. Despite their large productivity and other advantages, the future of Douglas fir and
eastern white pine in Polish forests is uncertain, due to latest international and country level legal
regulations.
The objective of this study was to construct a local tree-ring width chronology of the two introduced
species growing in the same locality and compare their growth pattern with pluvial conditions.
Study site
The study was performed in the Lidzbark Forest District (Fig. 1) in the province of Warmia and
Mazury (north-eastern Poland). Study material originates from two sample plots located in stands
characterised with similar habitat conditions. Both, eastern white pine (mixed with Norway spruce)
and Douglas fir (mixed with Scots pine) were planted as an experimental plots to investigate the
characteristics of alien species in Polish forest.
Sampling plots were located in two stands located 500 meters from each other. Douglas fir
constituted more than 50% of the species structure and average breast height diameter of this
species reached 55 cm. Eastern white pine constituted circa 25% of the species structure and
mean dbh equalled 52 cm. According to the classification used in Polish forestry, both stands grow
on fresh deciduous (Lśw) forest habitat types (Plan Urządzania Lasu). Precipitation in that region is
rather not profuse, ranging 540-610 mm annually. During the vegetation period (lasting for 181
days), 340-360 mm of rain is noted on average.

Scientific Technical Report STR 13/05
DOI: 10.2312/GFZ.b103-13058

Deutsches GeoForschungsZentrum GFZ

Ludwisiak & Magnuszewski (TRACE Vol. 11)

27

Figure 1: Study site and dendroclimatic regions for Douglas fir in Poland (Wilczyński 2007)

Material and methods
On each study plots 20 dominant, healthy and undamaged trees were sampled. Increment cores
were collected in 2011 just before the final felling of the stands. One increment core from the
breast height per tree was taken with Pressler borer from dominat and co-dominat trees.
Cores were sanded with finer grade until the tree-ring boundaries became easily distinguishable
and then scanned with the flat-blatt scanner. CooRecorder image analysing program
(www.cybis.se) was used for measuring tree-ring widths to the nearest to 0.01 mm. Individual
series were cross-dated visually with the CDendro (www.cybis.se) software. The synchronization
was checked with COFECHA program (Holmes 1999, Grissino-Mayer 2001). Series that showed
highest dissimilarity of growth pattern were excluded from the further analysis in order to prevent
limitation of the common signal exhibited by the chronologies. In total, 36 individual tree-ring width
series were used in the chronology forming. Chronologies were constructed according to the
conventional procedures (Cook & Kairiukstis 1990). Residual chronologies were computed for
individual study plots with ARSTAN software used detrending method negative exponetial curve
with straight line (Holmes 1999).
According to the previous research, the lack of water has a significant impact on native species
(Bijak 2010) and alien (Wilczyński and Feliksik 2007) tree species in Polish forests. Having
valuable local information data authors decided to focus on pluvial records which were collected in
satisfactory long period of time. Climate data used in this study originate from Kostkowo station
(1988-2011 period) located within 10 km range from the sites. Correlation analysis was used to
study relationship between annual ring width and precipitation. Each chronology was correlated
with monthly values starting from June of the year prior to ring formation to December of the year
of cambium activity.
Results
Chronologies cover the period of 1906-2011 for eastern white pine and 1909-2011 for Douglas fir
(Fig. 2). There were no missing rings found in analyzed tree-ring series and the investigated
species are characterized by similar ring-width variations. Table 1 shows the characteristics of
standard chronologies of studied species from plots in Lidzbark Forest District.
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Figure. 2: Residual chronologies of analysed species
Table 1: Characteristics of residual chronologies of studied species from plots in Lidzbark Forest District
Time span
Mean tree ring width
Max. tree ring width
Min. tree ring width
Median tree ring width
Standard deviation
Variability

Pinus strobus
1906-2011
0,980
1,608
0,715
0,976
0,149
9,25%

Pseudotsuga menziesii
1909-2011
0,958
1,462
0,225
0,0982
0,265
18,09%

Pluvial conditions are important factors for shaping radial increment of both species (Fig. 3). The
analyzed species respond slightly different to precipitation. Eastern white pine reacted positively to
intensive precipitation in previous year of tree ring growth with March, August and November and
between tree rings growth and current June and July. Negative correlation was found in previous
June and current November of tree ring growth. Douglas fir suffered from the limited amount of
precipitation in March and September of the prior year to ring formation. Positive correlation was
found between previous August and November and January and February and July current year of
tree rings grow.
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Figure 3: Correlation between Pseudotsuga menzesii var. viridis and Pinus strobus residual chronologies
from Lidzbark Forest District and mean monthly precipitation in Kostkowo meteo station. Horizontal lines
indicate significance level at p < 0.05.

Discussion
Drought is recognised as a one of the most important factors limiting growth of trees (Bronisz et al.
2009, Bijak 2010) Our study shows that pluvial conditions have a significant influence on growth
rates of both studied species. According to Cedro (2006) the most limiting climate for Douglas fir in
northern Poland is an air temperature. In SW Canada, however, the correlation of climatic
parameters and ring width for Douglas fir demonstrated the predominating role of precipitation for
tree-ring formation (Watson and Luckman, 2002). The growth reaction of eastern white pine
depending on different factors. For example in America is very well known (Barton et al 1997,
Hudson 2007, Pickarda et al 2011). However in Poland, due to their non-native origin and relatively
low percentage of share in Polish forests, the characteristic of their radial growth is still
unrecognized (Ważynska 1969). It seems to be more and more important to know the dependence
of those species on pluvial conditions as numerous native species suffer from lack of water (Bijak,
2010, Koprowski and Zielski, 2006, Okoński and Koprowski, 2012). This article shows the influence
of pluvial condition of two aliens species in Polish forest. The investigation demonstrates that in
Polish forest pluvial conditions are very important for introduced species. However, this research
did not give an answer why two aliens species can react differently to the pluvial conditions in the
similar habits and climates conditions. To answer it more studies need to be conducted in the
future.
Conclusions
Both of the studied species have similar tree age and rings width characteristic, however in the
Lidzbark Forest District Douglas fir’s better productivity was observed.
Hence, pluvial conditions are important and significantly correlated with tree rings growth for both
studied alien species.
Therefore the two investigate aliens species have different reaction for pluvial conditions growing
under the similar habitats and climates conditions in the Lidzbark Forest District.
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