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Trees growing in city forest parks and parks are exposed to the permanent higher air pollution level
than trees growing in the relatively clean environment. Study of tree response towards changes in acidifying
pollutants’ (SO, and NO,) concentration dynamics is relevant, as forest parks and parks fulfil a lot of
beneficial functions in cities. Scots pine (Pinus sylvestris L.) sample trees, growing in parks and forest parks
in Vilnius and Kaunas cities, were chosen as the objects of this research. Wood samples were collected from
330 sample pines in 15 sample plots in Kaunas city and from 480 sample pines in 20 sample plots in Vilnius
city. Dendroscales of radial increment of pines growing in cities were transformed into sequences of the
radial increment ratio for eliminating an impact of tree age without removing a negative impact of
anthropogenic pollution. Reduction in NO, and SO, concentration in the atmosphere could determine an
increase in pine radial increment in 1990-2006: significant relation was estimated between radial increment
and NO, concentration in Vilnius and Kaunas cities (mean correlation coefficient » was equal to— -0.61 and -
0.62, respectively, p<0.05), also SO, — in Vilnius city (+=-0.65, p<0.05). In the period of 1990-2006 climatic
factors determined a larger percentage of complex impact (74—88 %) on pine radial growth in comparison
with the concentration of acidifying pollutants (12-26 %).
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Introduction

Urban green areas are relevant for city’s natural
self-purification from polluting substances (Beckett
1998, Jankauskaité 2002, Chakre 2006). Forest parks
and parks perform a lot of beneficial functions in
cities: they increase air humidity, act as noise barriers,
decrease wind speed, increase aesthetical value of the
locality, increase attraction of business development
(Ozolingius 1998), renew oxygen resources (Seselgis
1991), spread antimicrobial phytoncides, reduce soil
erosion (Bolund 1999), cause yearly and even daily
temperature fluctuation (Ruseckas 2002), and are
important for habitants’ recreation (Riepsas 1981).

Sulphur and nitrogen dioxide pollution is 30—50
% greater in cities than in relatively clean Lithuanian
districts (Perkauskas 1997). Moreover, concentration
of polluting substances slightly differs in a peripheral-
central gradient, usually the highest level being
characteristic of central and industrial districts
(Perkauskas 1998, Oro kokybé <...>2006).

Trees growing in cities are affected by long-term
atmosphere pollution, which may weaken tree vitality
and resistance toward other limiting factors (Innes
1993, Chapelka 1995, Nihlgard 1997). The width of
annual tree rings (radial increment) is a sensitive
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indicator of environmental changes. Unfavourable
climatic conditions, damages of diseases and pests
strengthen negative impact of anthropogenic pollution
on tree annual radial increment (Juknys 2004,
Stravinskiené 2003). Conifers are mostly affected by
the total deposition of acidifying pollutants
(Ozolincius 1998). The condition of trees in Lithuania
is influenced more by high concentration of acidifying
pollutants (SO, and NO,) in the atmosphere rather
than the amount of acidifying pollutants in the total
deposition (Augustaitis 2003). SO, concentration
determined a significant decrease in black pine (Pinus
nigra J. F. Arnold) radial increment in city forest
parks in Japan compared with pines growing in
relatively clean environment in 1960-1970 (Hirano
1999).

The aim of this study has been to analyze the
impact of acidifying pollutants concentration on radial
increment dynamics of Scots pine (Pinus sylvestris
L.) growing in Vilnius and Kaunas parks and forest
parks.

2. Methods

Scots pine (Pinus sylvestris L.) sample trees,
growing in parks and forest parks in Vilnius and
Kaunas cities, were chosen as research objects. This
tree species is the most widespread in parks and forest
parks, also it is sensitive to environmental changes.
Vilnius and Kaunas cities were chosen for several
reasons: 1) they are the largest cities in Lithuania by
the covered area (Vilnius city area is 39.2 thou. ha,
Kaunas — 15.7 thou. ha) and the number of habitants
(number of habitants in Vilnius city was 554 thou., in
Kaunas — 359 thou. in 2006), 2) impact of
anthropogenic pollution in these cities is significant
enough to be estimated by the methods of bio-
indication, 3) parks and forest parks cover 31 % of the
total Vilnius city and 24 % of the total Kaunas city
area, thus it is a great probability to find several
particular pine age sample plots with similar
dendrometric characteristics.

2.1. Annual radial increment analysis

Wood samples were selected for the analysis of
Scots pine (Pinus sylvestris L.) annual radial
increment reaction to environmental changes.
According to the methodological recommendations
(Stravinskiené 1994), wood samples were taken from
each sample tree by a Presslers borer at 1.3 m from a
root collar in the east-west direction. Dry wood
samples were soaked for 2—4 hours, so that annual
rings regained their former width before
measurements. One side of sample wood was cut by a
special knife, so that the contours of annual rings
were clearly visible. Radial increment was measured
by the tree-ring measuring system LINTAB and
computer program WinTSAP 0.30. Accuracy of
measurements was £0.01 mm.

2.2. Characteristics of sample plots

Selection of a number of sample plots with
similar site type characteristics in cities is a difficult
task because the territory is large, which determines
variation of plant species, landscape, soil fertility and
humidity, microclimate, air masses movement and
other parameters. It is difficult to find sample trees of
the same age in plots with similar site type
characteristics in different city districts. Sample plots
were selected in the sites of normal humidity sandy
loam (Nb habitat) and clay loam (Nc habitat) soils,
(except the Pazaislis sample plot located on normal
humidity sandy (Na habitat) soils which was chosen
because of old sample trees — 170 year). Most
common pine trees were 60—70, 8090 and 160-180
year old.

Wood samples were collected from 330 sample
trees in 15 sample plots in 7 Kaunas city districts and
from 480 sample pines in 20 sample plots in 9 Vilnius
city districts. Forest dendrometric characteristics of
each sample plot in Kaunas and Vilnius cities are
presented in Table 1.

Control stands were selected in the relatively
clean environment in Lekéciai forest district (30 km
west from Kaunas city). Three 65, 85 and 160 year
old pine (in total 72 sample trees) sample plots were
chosen in the sites of normal humidity sandy loam
(Nb habitat).

Table 1. Forest dendrometric characteristics of sample plots (P — pine, S — spruce, L — lime, M — maple, O — oatk,
A — aspen, B — birch)
Pine . . .
Sample plot City district age, Varietal Stocking V(})lume Site | Number of
years composition level m’/1 ha type | sample trees
In Kaunas city parks and forest parks
Botanical garden Aleksotas 60 Nc 8
Eiguliai Kalnieciai 70 10P 0.7 260 Nc 24
Jachtklubas Petrasitinai 80 8P 0.7 210 Nb 24
Kleboniskis1 Kalnieciai 65 10P 0.8 240 Nb 24
Kleboniskis2 Kalnieciai 80 6P4S 0.6 150 Nb 24
Lampédziai Vilijampolé 90 10P 0.6 220 Nc 24
Palemonasl Palemonas 90 10P 0.7 220 Nb 24
Palemonas2 Palemonas 90 6P1S1L1IM 0.7 200 Nc 24
Panemunél Panemuné 160 8P2S 0.6 250 Nc 24
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Panemuné2 Panemuné 170 7P2M1S 0.6 240 Nc 24
Pazaislis Petrasitinai 170 8P2S+0 0.4 120 Na 24
PetraSitinai Petrasitinai 65 10P 0.7 260 Nb 24
Raudondvaris1 Raudondvaris 65 10P 0.7 240 Nb 24
Raudondvaris2 Raudondvaris 180 10P 0.7 240 Nb 10
Romainiai Vilijampolé 80 10P+A 0.6 140 Nb 24
In Vilnius city parks and forest parks
Antakalnis1 Antakalnis 170 10P+O 0.7 250 Nc 24
Antakalnis2 Antakalnis 170 10P+0O,S 0.6 210 Nc 24
Aukstagiris Antakalnis 85 8P2B 0.8 340 Nb 24
Barsukyné Naujoji Vilnia 70 10P 0.8 280 Nc 24
Bukdiai Lazdynai 90 10P+O 0.8 330 Nb 24
Burbigkés Naujininkai 70 7P201A+M 0.7 250 Nc 24
Dvar¢ionys Antakalnis 85 10P 0.6 240 Nc 24
Gudeliai Lazdynai 85 10P 0.7 300 Nb 24
Karoliniskés KaroliniSkés 70 10P+B 0.6 220 Nc 24
Road of crosses Verkiai 160 8P2S+0 0.6 260 Nc 24
Lazdynéliai Lazdynai 80 10P+O 0.8 340 Nc 24
Pilaité Pilaité 60 10P 0.9 300 Nb 24
Plytiné Antakalnis 80 10P 0.8 300 Nc 24
Riovonys Vilkpédé 65 7P201A 0.7 260 Nc 24
SantariSkés Verkiai 90 10P+M 0.7 240 Nb 24
Saulétekis Antakalnis 70 10P 0.7 300 Nc 24
Tuputiskés Naujoji Vilnia 60 8P2S 0.8 320 Nc 24
Turniskés Antakalnis 85 10P+B 0.8 320 Nc 24
Vingisl Vilkpédé 170 10P+O 0.6 310 Nc 24
Vingis2 Vilkpédé 160 10P+O,L 0.7 330 Nc 24

2.3. Data transformation and statistical analysis

Dendroscales of pines growing in Kaunas and
Vilnius parks and forest parks were divided by control
dendroscales, thus transformed into the sequences
radial increment ratio for eliminating the age trend
impact without removing a negative impact of

sequences. Unpaired t-test was used for comparison
of the radial increment ratio means at certain periods.
The data on sulphur and nitrogen dioxides
concentration in Kaunas and Vilnius cities was
available since 1990 (Fig. 1). SO, and NO,
concentration data was used for correlation analysis
(to estimate the relation between pine radial increment

anthropogenic  pollution to radial increment dynamics and acidifying pollutants concentration
dynamics) and for multiple regression models.
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Fig. 1. Dynamics of sulphur and nitrogen dioxide concentration (ug/m’) in the atmosphere of Vilnius and Kaunas cities

To estimate the changes of radial increment
formation regularities that were determined by
acidifying pollutants (nitrogen and sulphur dioxides)
concentration in the atmosphere, when a complex of
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climatic and air pollution factors were affecting tree
radial growth, linear multiple regression models were
used and standardized coefficients S of each factor in
a model were analyzed. Relative influence of
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independent variables (climatic parameters and
acidifying pollutants concentration) on a dependent
variable (radial increment) was described by
standardized regression function coefficients f: the
greater the absolute value of f - the stronger
dependence y on x; (Cekanaviéius 2002).

The mean various months’ temperature (°C) and
the amount of precipitation (mm) data (1990-2006)
were obtained from the Kaunas and Vilnius
meteorological stations archives. The data was used
for multiple regression analysis in the models of
radial increment determined by a complex impact of
environmental factors.

3. Results and discussion

3.1. Dynamics of radial increment ratio

Dendroscales of the radial increment ratio of 60—
70 (Fig. 2), 80-90 (Fig. 3) and 160—180 year old pines
(Fig. 4) indicated similar tendencies — a significant
decrease since 1960 (decrease especially sharpened in
1980-1995) and an increase after 1996 in comparison
with the radial increment in the relatively clean
environment (value ¢ and its value p of a statistical
test for comparison of means are given in Table 2).
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Fig. 4. Ratio of annual radial increment of 160—180 year old pines growing in cities with radial increment of pines
growing in the relatively clean environment
Table 2. Comparison of the radial increment ratio means at certain periods
Mean of 1945-1959 | Mean of 19661980 | Mean of 1985-1995
versus mean of versus mean of versus mean of
1960-1974 1981-1995 19962006
60-70 year old pines; Kaunas city t=2.95 t=6.65 =145
p=0.009 p<0.000 p=0.16
60-70 year old pines; Vilnius city t=4.23 t=7.21 t=-6.60
p=0.001 p<0.000 p<0.000
80-90 year old pines; Kaunas city t=7.68 t=5.61 t=-9.37
p<0.000 p<0.000 p<0.000
80-90 year old pines; Vilnius city t=4.82 t=5.60 t=-7.72
p<0.000 p<0.000 p<0.000
160-180 year old pines; Kaunas city t=9.88 t=5.76 t=-7.17
p<0.000 p<0.000 p<0.000
160-180 year old pines; Vilnius city t=5.18 t=2.43 t=-4.40
p<0.000 p=0.02 p<0.000
Dynamics of the radial increment ratio 3.2. Pine radial increment correlation with

corresponds to dynamics of acidifying pollutants
concentration in cities. Unfavourable climatic
conditions (such as extremely cold 1979/1980 winter)
weakened tree resistance towards the increasing air
pollution in cities and sharpened the reduction in
radial increment at certain periods (such as in 1981—
1995).
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nitrogen and sulphur dioxide concentration

Mean correlation coefficients (r) between
nitrogen and (Fig. 5) sulphur (Fig. 6) dioxide
concentration and radial increment of various age
pines (from all sample plots) indicated that the
reduction in NO, and SO, concentration in the
atmosphere could determine increase in radial
increment of pines growing in cities in 1990-2006.
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When only statistically significant (p<0.05)
correlation coefficient values were considered, a
strong statistically significant relation was estimated
between pine radial increment and NO, concentration
in Vilnius and Kaunas cities (mean » was equal to— -
0.61 and -0.62, respectively), also SO, — in Vilnius
city (r=-0.65). The relation between pine radial
increment and SO, concentration in Kaunas city was
statistically insignificant (p>0.05) in a majority of
sample plots. Strength of the statistically significant
relation between the pine radial increment ratio and
acidifying pollutant concentration did not depend on
the tree age (mean r(no2) of 60-70 year old pines was
equal to -0.56 in Kaunas city and -0.66 in Vilnius
city; that of 80-90 year old pines — -0.63 and -0.58,
respectively; of 160-180 year old pines — -0.63 and -
0.56, respectively; mean 7so) of 6070 year old pines
was -0.63 in Vilnius city; of 80-90 year old pines — -
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0.66 and -0.50 in Kaunas city; of 160—180 year old
pines — -0.64).

3.3. Models of complex impact

The actual (Sample plot) and  model
(Sample_plot_m) radial increment ratio of pines in
some sample plots (where determination coefficient
R’ was the highest and p<0.05) in Kaunas and Vilnius
cities are presented in Figs. 7 - 8.

Prognosis (for 10 years) of the radial increment
ratio was calculated according to multiple regression
models according to two scenarios:

Scenario 1, when the exploitation of the second
block of the Ignalina nuclear power plant (INPP)
will be completed at the end of 2009 and the
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concentration of pollutants will start slowly
increasing;

Scenario 2, when the exploitation of the second
block of INPP will be extended till 2020 and the
concentration of pollutants will be stable (as at
the 20062007 level).

As the rate of the climate change in a few last
decades has been rather slow (Rimkus 1999, Rimkus
2007), it is assumed that in the nearest future
fluctuation of climatic parameters will remain similar
to the last 11 year solar activity cycle (1997-2007).

After the end of INPP second block exploitation, SO,
emission from the other Lithuanian power plants will
increase from 30 till 52.3 kilo tons (kt) per year and
will reach 83.3 kt in 2020, NO, — from 3.8 till 6.7—
10.0 kt (Denafas 2004). Thus, in a case of scenario 1
SO, concentration in cities should increase 2—3 times
since 2010 (from 2-2.5 pg/m’) till 2020 (till 5-5.6
ug/m®), NO, concentration should slightly increase up
to 1.2 times (from 24-30 pg/m’ till 29-35 pg/m’).
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Model sequences of the radial increment ratio
(Figs.7-8) were calculated by linear multiple
regression equations presented in Table 3. Where: y —
expected radial increment ratio of particular sample
plot pines and pines growing in the relatively clean
environment, Pr mean month's amount of
precipitation (mm), pss — passed year, NO, and SO, —
mean annual nitrogen dioxide and sulphur dioxide
concentration (ug/m’) in the atmosphere in Kaunas or
Vilnius city.

It was noticed (Fig. 7) that in coming 10 years at
the gradual SO, concentration increase by 2.2 pg/m’
in Kaunas city, in a case of scenario 1 compared with
scenario 2, the radial increment ratio would decrease
by 0.04. With an increase in NO, concentration by 4.0
pg/m> the radial increment ratio would decrease by
0.06. These changes being not great, nevertheless, it is

clear that an increase in the acidifying pollutant
concentration by a few micrograms in the city
environment would determine a traceable decrease in
pine radial increment in cities in comparison with the
relatively clean environment.

The results have shown (Fig. 8) that in future in
a scenario 1 case with the gradual NO, concentration
increase by 3.0 ug/m’ and SO, increase by 3.2 pg/m’
in Vilnius city compared with scenario 2, the radial
increment ratio would decrease by 0.11-0.13. These
changes would be slightly larger than in Kaunas city
because Vilnius city is in the direction of dominating
west and southwest winds from Elektrénai, where a
significant air pollution increase is predicted after
2010 due to the contribution of Lithuanian power
plant.

Table 3. Multiple regression models used for pine radial increment prognosis
Model Determ.inatiotzl _ . . Standarflized
dendroscale coefficient R Multiple regression equation coefficients
(p<0.05) (p<0.05)

B(Prs,)=-0.61

Kleboniskis2_m R2=0.69 »y=2.66-0.01Pry,,—0.01Pr, ,,—0.02NO, BPF psss50p)=-0.44
B(NO,)=-0.37
P(Prj,,)=0.43
2 _ _ _ _ P(Prs,,)=-0.42

Palemonas2_m R?=0.66 »=10.52+0.004 Pr,,,— 0.002 Pry,,—0.003 Pr,,,, —0.0250, ;B(Prpss.;:p):'o~66
B(SO,)=-0.39
PB(Prse,)=-0.69

Barsukyné m R?=0.70 y =2.58-0.005 Pry, —0.004 Pr,  —0.02NO, —0.0280, | PPpsssep)=0.50
) - ‘ v pser : : BNO,)=-0.34
S(SO,)=-0.21
P(Pryiar)=-0.53
Bukciai_m R?=0.68 y=2.32-0.004 Pr,,,.—0.003 Pry,,— 0.04 NO, B(Prs,,)=-0.53
B(NO»)=-0.70

P(Krpygs)=-0.84

Turniskés_m R>=0.72 y =3.76 - 0.01Pry, — 0.006 Pr, , —0.04NO, BOKT ) =-0.42
B(NO,)=-0.34

Complex climatic factors and air pollution 4. Conclusions

models described 66-72% of pine annual radial
increment variation. In the period of 1990-2006 the
influence of nitrogen dioxide and sulphur dioxide
concentration on pine radial increment was less than
that from climatic factors. According to standardized
coefficients () of multiple regression models,
climatic factors determined a greater part of the
complex impact (74-88%) on the pine radial growth
(mean coefficients S of the present year and previous
year September precipitation amount were equal to -
0.62 and -0.51, respectively, p<0.05). Though the
concentration of acidifying pollutants (mean
statistically significant p<0.05 coefficients f of NO,
and SO, were equal to -0.35 and -0.30, respectively)
determined 12-26 % of the complex impact on pine
radial increment dynamics, model prognosis has
shown that an increase in NO, and SO, concentration
by a few micrograms would determine the reduction
in radial increment of pines growing in Kaunas and
Vilnius cities in comparison with pines in the
relatively clean environment.
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Dynamics of radial increment of Scots pine
(Pinus sylvestris L.) growing in Kaunas and Vilnius
cities corresponds to that of the acidifying pollutants
concentration in the atmosphere: a significant
decrease in radial increment since 1960 (decrease
especially sharpened in 1980-1995) and an increase
after 1996 were detected in comparison with radial
increment in the relatively clean environment.

Decrease in the nitrogen dioxide and sulphur
dioxide concentration in the urban atmosphere could
determine an increase in pine radial increment in
1990-2006: strong statistically significant relation
was estimated between pine radial increment and NO,
concentration in Vilnius and Kaunas cities (mean
correlation coefficient » was equal to -0.61 and -0.62,
respectively, p<0.05) and SO, concentration in
Vilnius city (r=-0.65, p<0.05). Relation between pine
radial increment and SO, concentration in Kaunas city
was statistically insignificant (p>0.05) in most sample
plots.

The complex of climatic and acidifying
pollutants concentration factors described 6672 % of
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pine radial increment variation. The possible
influence of climatic factors determined 74-88 % and
acidifying pollutants concentration — 12-26 % of the
complex impact. The prognosis calculated by multiple
regression models showed that an increase in NO, and
SO, concentration by a few micrograms in the city
environment would determine traceable decrease in
pine radial increment in comparison with the
relatively clean environment.
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A. S'imatonyté, J. Vencloviené

Sieros ir azoto dioksidy koncentracijos jtaka miestuose augancios
paprastosios pusSies (Pinus sylvestris L.) radialiojo prieaugio
dinamikai

Asta Simatonyté, Joné Vencloviené
Vytauto Didziojo universitetas

(gauta 2008 m. vasario mén.; atiduota spaudai 2009 m. birzelio mén.)

Medziai, augantys miesty ir misky parkuose yra veikiami ilgalaikés didesnés oro tarSos nei
augantys salygiSkai Svarioje aplinkoje. Misky ir miesty parkai atlieka daugeli reikSmingy funkcijy,
todél yra svarbu istirti medziy atsaka | aplinka rigstinanciy terSaly (SO, ir NO,) koncentracijos
pokycius. Tyrimo objektais buvo pasirinkti paprastosios pusies (Pinus sylvestris L.) apskaitos
medziai, augantys Kauno ir Vilniaus miesty Zeldiniuose. Medienos greziniai buvo surinkti i§ 330
apskaitos pusu 15-oje tyrimo ploteliy Kauno mieste ir i$ 480 apskaitos pusy 20-yje tyrimo ploteliy
Vilniaus mieste. Siekiant pasalinti amziaus jtaka medziy radialiajam prieaugiui nepanaikinant
neigiamo antropogeninés tarSos poveikio, miestuose auganéiy pusy radialiojo pricaugio
dendroskalés buvo pakeistos i radialiojo prieaugio santykio sekas. NO, ir SO, koncentracijos ore
sumazéjimas galéjo lemti pusy radialiojo prieaugio padidéjima 1990-2006 m.: reikSmingas rysys
nustatytas tarp radialiojo prieaugio ir NO, koncentracijos Vilniaus ir Kauno miesty ore (vidutinis
koreliacijos koeficientas » buvo lygus atitinkamai (-0,61 ir —0,62; p < 0,05), taip pat tarp railiojo
prieaugio ir SO, koncentracijos Vilniaus miesto ore ( = —0,65; p < 0,05). 1990-2006 m. klimato
veiksniai lémé didesni kompleksinj poveiki pusy radialiajam prieaugiui (74—88 %), palyginti su
aplinka riig§tinanciy terSaly koncentracija (12-26 % kompleksinio poveikio).
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