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ABSTRACT

Aim of the study

In the years 1995-1999, at 21 sites within the broadly understood center of Poznan, research on the develop-
ment of chestnut Aesculus hippocastanum L. was carried out. As part of this research, selected environmental
factors were analysed. The aim was to become familiar with the conditions of tree development in the urban
and industrial agglomeration of Poznan.

Material and methods

Knowledge of tree development limiting factors in urban conditions allows to take actions that will eliminate
them or limit their negative impact on the development of trees, including their biometric parameters. The im-
plementation of such actions will neutralise or compensate for undesirable processes in the urban environment.
As a consequence, it will allow for unlimited environment-generating functions by trees such as: CO, assimi-
lation, oxygen release, water vapour transpiration, dust retention, phytoncide production or noise suppression.

Results and conclusions

Research on the development of 35 chestnut trees at 21 streets included: seasonal periodicity of trees, record-
ing air temperature and humidity, physico-chemical analysis of the substrate, biometric measurements and, at
eight sites, selected physiological parameters, such as photosynthesis and transpiration. In total, over 17,000
numerical data about the environment were collected. The graphs in this paper present mainly the relation-
ship between environmental parameters and biometric measurements at a highly significant level in terms of
statistics, i.e. for p < 0.01.
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INTRODUCTION

Urban and industrial agglomerations typically con-
stitute a mosaic of habitats where deteriorating liv-
ing conditions for plants prevail, generally, along the
environmental transect, from the outskirts to the city
centre. The escalating degradation of the environment
consists mainly in its advanced xerism and toxifica-
tion (Zimny, 1973). In city centres, this translates into

*e-mail: stasim@amu.edu.pl

the existence of a set of abiotic factors of the stony
desert type, not naturally found in our latitudes. This,
in turn, directly affects the development prospects and
the course of the most important life functions of trees
(S. Lukasiewicz and Oleksyn, 2007).

The general trends towards progressing xerism and
toxicity in cities is overlapped by alterations in topo-
graphical, climatic and substrate conditions, as well as
changes in soils, vegetation, fauna, etc. The greatest
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intensity of these changes concerns intensively built-
up agglomeration centres, where the scale of anthro-
pogenic pressure negatively impacts the human living
environment, causing its degradation (Landsberg,
1981; Blume, 1989; Bartkowski, 1991, Bullock and
Gregory, 1991; Wittig, 1991; Schleuss et al., 1998).

Difficulties in environmental studies of cities are
also compounded by altered and accidental relation-
ships of elements in soils. The disturbed physico-
chemical composition means that most of the correla-
tions between the elements, which are described in
soil science textbooks, in fact do not occur in urban
soils. Subsequently, this results in the lack or statisti-
cally insignificant correlations of the content of ele-
ments in the substrates with their percentage share in
the leaves, physiological processes, and environmen-
tal parameters.

Studying the numerous interactions between plants
and the complex of urban conditions is notoriously
difficult, because it should involve interdisciplinary,
long-term, and therefore expensive research effort.
Hence, the study of urban ecology, despite the fact that
it opens up a broad range of research opportunities, re-
mains a scientific challenge for future generations, and
terming urban ecosystems “untapped opportunities in
ecology” is still valid (McDonnell and Pickett, 1990).

MATERIAL AND METHODS

In the years 1995-1999, in designated sites along 21
streets within the centre of Poznan (broadly under-
stood), research was conducted into the development
of the common (white) horse chestnut Aesculus hip-
pocastanum L. (Fig. 1). The reference site — the point
of reference for the study — was a stand of trees grow-
ing in the Adam Mickiewicz University Botanical
Garden in Poznan. As part of these studies, analyses
of selected environmental factors were conducted. The
aim of the study was to learn about the conditions for
the development of trees in the urban-industrial ag-
glomeration of Poznan. The horse chestnut was select-
ed as a species that turned out to be highly sensitive
to urban conditions, and thus reacting quickly to un-
favourable changes in the environment. This solution
made it possible to accurately assess the relationship
between environmental causes and their effects in the
form of abnormal tree development. Studies into the
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development of chestnut trees at all sites included:
seasonal rhythmicity of trees, recording temperature
and air humidity at individual sites, physicochemical
analyses of the substrate, biometric measurements and
chemical composition of leaves, as well as — at eight
sites — examining selected physiological parameters
such as intensity of photosynthesis and transpiration.
The paper addresses those correlations, which proved
statistically significant at p < 0.05. Majority of the de-
pendencies presented in the graphs show the correla-
tions between environmental parameters and biome-
tric measurements at a highly statistically significant
level, that is, for p <0.01.

A full description of the working methods can be
found in S. Lukasiewicz’s work (2002) and in the au-
thor’s thematic articles on his homepage: http://stasim.
home.amu.edu.pl/materia%C5%82y-do-pobrania;

Oleksyn et al., 2007: http://stasim.home.amu.edu.
pl/images/publikacje/Ecophysiology of horse chest-
nut (Aesculus%20hippocastanum-L.).pdf;

S. Lukasiewicz, Oleksyn, 2012: http://stasim.ho-
me.amu.edu.pl/images/publikacje/Rekompensujacy
wplyw_wolnej nieutwardzonej powierzchni_gleby.
pdf;

S. Lukasiewicz, 2012a: http://stasim.home.amu.
edu.pl/images/publikacje/Struktura fizyczna grun-
tu_zawarto%C5%9B%C4%87 substancji_organ-
icznej-Cz-11Lpdf;

S. Lukasiewicz, Oleksyn, 2007: http://stasim.home.
amu.edu.pl/images/publikacje/Zr%C3%B3%C5%B
Cnicowanie przestrzenne element%C3%B3w_meteo-
rologicznych.pdf

Chemical analyses of the available forms of 16 mac-
ro- and microelements, including N (NH4 + NO3), P,
K, Ca, Mg, S (SO4), Fe, Mn, Zn, Cu, B, Cl, as well as
sodium, lead, and cadmium, were conducted accord-
ing to the universal method (modified Spurway-Law-
ton method), proposed by Nowosielski (Nowosielski,
1974, 1978; TUNG, 1983; Bres et al., 2003), in air-dry
soil. The analyses were carried out at the Department
of Plant Nutrition of the Poznan University of Life
Sciences. Soil samples were collected in four 30 cm
layers. Due to the random formation of soil layers in
urban areas, in order to avoid errors in collecting the
sample material, two profiles were drilled at each tree,
whose corresponding layers were mixed with each
other. Thus, a total of four samples were generated for
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Ryc. 1. Rozmieszczenie 21 stanowisk badawczych kasztanowca zwyczajnego (biatego) Aesculus hippocastanum L. na tere-
nie Poznania, na tle obcigzenia powietrza emisja zanieczyszczen w przeliczeniu na tzw. emisj¢ rOwnowazng (za: S. Lukasie-
wicz 2002 i cyt. tam lit.). U dotu lokalizacja stanowisk badawczych na tle powigkszonego fragmentu mapy topograficzne;j
miasta. Cyfry oznaczajg numeracje¢ stanowisk.

Fig. 1. The distribution of 21 research sites of the horse chestnut Aesculus hippocastanum L. in Poznan, against the equiv-
alent emission of air pollutants (after: S. Lukasiewicz 2002 and quoted therein). Below, on an enlarged fragment of the
topographic map of the city, the location of the research sites is marked by their respective numbers.
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each tree, every 30 cm, to a depth of 1.20 m. These
were collected at a distance of approximately 1.0 m
from the tree trunk, due to the concrete and/or asphalt
surface surrounding most of the studied trees (the so-
called soil basins around the trees, on the edge of the
sidewalk and the road).

The content of P, K, Ca, Mg, Mn, Fe, Cu, Zn, Al, B,
Pb, Ni, Crand Cd in leaves was analysed using the ICP-
-AES spectrometer (model ARL 3560) at the Research
Analytical Laboratory at the University of Minnesota
(St. Paul, USA, http://ral.coafes.umn.edu/). Chemical
analyses of leaves concerned trees from eight sites lo-
cated at the following streets: Aleja Wielkopolska —
21, Bema — 14, Dominikanska — 19, Grunwaldzka — 7,
Matejki — 2, Noskowskiego — 9, Wojskowa — 3, as well
as in the Botanical Garden — 17 (Tab. 1-2).

Gas exchange of horse chestnut leaves was mea-
sured using a portable infrared CO, analyser (LCA-3,
Analytical Development Corporation Hoddesdon,
England) operating in an open system. Net photo-
synthesis was measured using previously described
methods (Oleksyn et al., 2000) on uncut leaves in
field conditions using Parkinson’s PLC-B leaf cu-
vettes.

Biometric tests, seasonal plant rhythms, and soil
chemical analyses were carried out at 21 sites. Leaf
surface area measurements were made using a ScanJet
6100CT scanner using the WinNeedle computer soft-
ware (version 3.5, Regent Instruments INC., Quebec,
Canada). After drying, they were weighed (using bal-
ance type BP 210 S Sartorius, Gottingen, Germany;
measurement accuracy up to 0.0001g).

Measurements of annual increments (shoot length
and thickness) were made in September 1997. The
shoots (3 from each tree) were cut using shears mount-
ed on a telescopic boom, from a height of about 5 me-
ters, off the outer part of the crown. The length of the
increments was determined with an accuracy down to
1 mm. Since one-year-old chestnut shoots in cross-sec-
tion do not form a circle, in order to determine shoot
thickness, two measurements were made, recording
the average result with accuracy down to 0.1 mm. The
shoots were measured at the mid-length of the young-
est increment, using a caliper. The circumference of
the trunk was measured twice — in 1997 and 2000, at
a height of 1.3 meters above the ground, with the ac-
curacy down to 1 cm.
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The crown radius was measured in 1997 with an
accuracy down to 10 cm. Measurements were made
at a distance of 27 (» being the crown radius) from the
tree trunk.

Tree height was measured in 2000 using the “Sunn-
to” altimeter (Suunto OY, Vantaa, Finland), employed
in forestry.

Research into the seasonal rhythms of plants was
conducted based on the methodology of phenological
observation (A. Lukasiewicz, 1984).

For air temperature and humidity measurements,
in March 1999, micro-recorders of temperature and
air humidity were installed at each of the 21 stations
(Fig. 1, Onset Computer Corporation, USA). The
measurements were conducted from March 10 to De-
cember 12, 1999.

Statistical analysis of the results was carried out
using the statistical software JMP 12.0.1 for Windows,
SAS Institute Inc. The presentation of the results was
based mainly on the graphical presentation of the cor-
relations between the examined features/parameters
and the determination of the regression equations
along with the values of the coefficients of determi-
nation (72) and their significance level (p), as well as
the table with the correlation significance levels. The
levels determined on the basis of the significance of
the r-Pearson linear correlation coefficients concerned
a maximum of n = 35 trees.

The goal of our study was to present the environ-
mental conditions for the existence of trees in the
urban agglomeration, including the factors that limit
their development. Correlations of numerically ex-
pressed environmental features and biometric mea-
surements made it possible to indicate parameters that
statistically significantly correlate with the annual in-
crements of trees.

RESULTS AND DISCUSSION

The soil environment of the agglomeration is an an-
thropogenic substrate, created over several hundred
years of the city’s existence. As a result, the system
of the resulting soil covers is characterized by, among
others: unnatural chemical composition, unusual phy-
sical structure of the soil, and the absence or residu-
al amount of humus. Sealing of the ground with an
artificial surface, typically coupled with high albedo
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values and the lowering of the groundwater table, cre-
ate a stone desert-type environment in downtown ar-
eas, unheard of in natural state in our climatic zones.
Despite such great diversity, degraded areas of large
urban and industrial agglomerations share numerous
common features, such as: air pollution, the existence
of “urban heat islands”, where the average daily tem-
peratures and their amplitudes differ significantly (up
to several degrees Celsius) from non-urbanized areas,
disturbances in water relations, in element circula-
tion, etc. (Bornstein, 1968; Zimny, 1973; Douglas,
1983; Moll and Ebenreck, 1989; Hodge, 1995; Bred-
shaw et al., 1996; Miller, 1996; S. Lukasiewicz and
Oleksyn, 2007; S. Lukasiewicz, 2012a, b).

Correlations of biometric measurements and soil
chemical composition
In the surface layer of the soil, that is soil at the depth
of 0-30 cm, out of 16 analysed forms of active ele-
ments: N (NH, + NO,), P, K, Ca, Mg, S (SO,), Fe, Mn,
Zn, Cu, B, Cl, Na, Pb, and Cd, correlations of only
two of these elements with biometric features occur
at a highly statistically significant level of p < 0.01.
Positive correlations of the length of one-year shoot
increments were noted for the content of potassium
and phosphorus in the soil (Fig. 2A, B). Negative rela-
tionships were noted when analysing the size of trunk
increments with manganese content (Fig. 2C) and, in
the 90—120 cm layer, trunk circumference increment
with calcium ion content in the soil (Fig. 2D).
Correlations of potassium in the soil with shoot
increments are consistent with literature data (Mocek
et al., 2015). These correlations may result from the
relatively high content of this element in the substrate,
and the lack of significant antagonistic relationships
that would prevent its uptake. The positive correlation
ofthe length ofthe shoot on the content of phosphorus in
the substrate may, as it seems, result from an extremely
low level of this macro-element in the substrate, which
is additionally blocked by antagonistic reactions, and
the precipitation of phosphorous with calcium ions.
Negative correlations of trunk increments relative to
the content of manganese in the substrate may be the
result of a narrowed Fe : Mn ratio of 1.5 : 1, compared
to the optimal ratio (2—4): 1 as suggested in the subject
literature. The negative impact of manganese in the
substrate may be the result of anthropogenic character
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of urban soils and, additionally, activation of its anion-
ic forms in slightly alkaline soils (Kabata-Pendias and
Pendias, 1999). In the oligotrophic soil environment in
the city, excessive content of available forms of man-
ganese may cause toxic effects of this microelement
on plant development.

A negative correlation was determined between the
content of calcium ions in the substrate and the size of
tree trunk circumferences (Fig. 2D). A highly statisti-
cally significant correlation for the level of 90-120 cm
may indicate the accumulative nature of the soil at this
depth. A ten-to-twenty-fold over-supply of calcium
ions in the soil substrate within cities, compared to un-
changed soils, has significant negative consequences
for the development of trees. This applies to processes
such as alkalization of the substrate and increase in pH,
change in the composition of microorganisms, name-
ly, the elimination of fungi, including a change in the
type of mycorrhiza, stimulation of bacterial growth,
antagonism or mutual blocking of elements expressed
by negative correlations of calcium ions with the ions
of phosphorus, magnesium, iron, or boron. Unnatural-
ly high levels of calcium can be included among the
main diagnostic features of soils in urbanized environ-
ments (S. Lukasiewicz, 2012a, b).

Correlations of biometric measurements with the
chemical composition of leaves

When analysing the results of measurements of the
content of macro- and microelements in chestnut
leaves, an unexpected difficulty was encountered. Spe-
cifically, it turned out that the chemical composition
of A. hippocastanum leaves had very rarely been ana-
lysed in the past. Out of about 700 papers on this spe-
cies that had been published since the late 1930s (data
from Forestry Abstracts), up to the year 2000, that is,
until the mass-scale appearance of the horse-chestnut
leaf miner Cameraria ohridella causing defoliation
and a potential change in the chemical composition of
the leaves, only one paper (Guha and Mitchell, 1966)
lends itself to comparison. However, it does not con-
tain data for nitrogen. Therefore, when comparing the
results, it was necessary to relate them to the data from
the Botanical Garden as well as to data for other spe-
cies of deciduous trees available in the publications. In
the pertinent literature, it is noted that the harvest date
coincided with the height of summer, that is, the month
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Ryc. 2. Zalezno$¢ miedzy dhugoscia jednorocznych przyrostow peddéw kasztanowca zwyczajnego Aesculus hippocasta-
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opracowanie wlasne)

Fig. 2. Correlations between the annual increments of shoots of chestnut Aesculus hippocastanum L. versus the content
of potassium (A, 0-30 cm) and phosphorus (B, 0-30 cm) in the substrate; between the growth of tree trunks versus the
content of manganese (C, 30—60 cm); and between the trunk circumference versus the content of calcium ions in soil

(D, 90-120 cm) (Source: own elaboration)

of August, and the leaves were collected from healthy
individuals, from sites that fostered and ensured their
proper development (Guha and Mitchel, 1966; Fober,
1990, 1993, 1995, 1999). The data presented in the
aforementioned publications point to the existence
of significant differences between the content of indi-
vidual components in chestnut trees in Poznan versus
the results recorded for other types of deciduous trees
(S. Lukasiewicz, 2002).

22

The average content of nitrogen, the main plant
nutrient, was shown to be lower than its value in all
types of deciduous trees, including chestnut leaves
from the area of Warsaw (Molski et al., 1976). The av-
erage content of N in chestnut leaves from the area of
Poznan (1.96%) was determined to be nearly a quarter
lower than the values found in other deciduous trees.
These data confirm the low level of this macro-ele-
ment, recorded in the analyses of substrates in sites

www.acta.urk.edu.pl
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with 4. hippocastanum within the city of Poznan. At
the same time, they indicate that nitrogen deficit may
be one of the main factors limiting the development of
trees in the urban environment. In addition to causing
lower biometric increments of wood and leaf surface,
the insufficient supply of plants with this element can
also result in a decrease in the intensity of CO, assim-
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ilation. This is due to the fact that about 50% of the
nitrogen contained in the leaves participates directly in
the photo- and biochemical processes of CO, assimila-
tion (Mooney, 1986).

Fig. 3A shows the correlation between the size of
the increments of one-year-old shoots and the percent-
age share of nitrogen in the leaves. This correlation

B
7.5
r2=0.32
° p=0.02
E Py ® n=16
El L
®
< 5 y =6.2-0.0002x
2 Botanical Garden@ ® [
o e
®
2.5 T T 1
0 0.5 1 1.5
Cl [%]
D
10 -
Botanical Garden
B
£
7
[0)
2
= 7.5
©
o]
e
%)
5 T T 1
0 0.5 1 1.5
Cl [%]

Ryc. 3. Zaleznosci: dtugosci jednorocznych przyrostéw pedow kasztanowca zwyczajnego Aesculus hippocastanum L. od
procentowej zawartosci azotu w liciach (A) oraz promienia korony (B), dtugosci (C) oraz grubosci pedu (D) od procento-

wej zawartosci chloru w li$ciach (Zrédlo: opracowanie wlasne)

Fig. 3. Correlations between the annual increments of the shoots of chestnut Aesculus hippocastanum L. versus percent-
age content of nitrogen in leaves (A); and between crown radius (B), shoot length (C), and shoot thickness (D) versus
percentage content of chlorine in leaves (Source: own elaboration)
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occurs at a highly statistically significant level. Such
marked dependence is worth emphasizing due to the
fact that there are highly statistically significant dif-
ferences in the nitrogen content in leaves between the
sites. The statistical significance of the coefficient of
determination for 16 trees growing along 8 streets in
the studied area is p = 0.01 with > =0.41.

A characteristic feature of the urbanized environ-
ment is contamination of the soil with chlorine as a re-
sult of the wintertime treatment of sprinkling the roads
with NaCl. Together with the transpiration current, the
latter compound enters the green parts of the plants.
As a result, an increase in the percentage of Cl content
in the dry matter of leaves is observed. The content of
this element in leaves, in unchanged conditions, os-
cillates around 0.01%, hence it is classified as a mi-
cronutrient (Glinski, 1999; Gorlach and Mazur, 2002;
Starck, 2002). In the studies here reported, the content
of Clin the leaves exceeded even 1%. This means over
100-fold (!) excess in its percentage share compared to
leaves from non-urban habitats. Figures 3B-D, show
the negative correlations of chlorine content with bi-
ometric measurements, specifically, the crown radius
(Fig. 3B) and shoot length and thickness (Fig. 3C-D).
These correlations demonstrate the negative impact of
chlorine in urban soils on the physiological processes
of plants. It is expressed in a decrease in the incre-
ments and thickness of shoots and, consequently, also
in the size of the tree crown. This fully justifies the
view that an elevated level of chlorine is one of the
main causes of tree decline in cities (Marschner, 1995;
S. Lukasiewicz, 2002, 2012b).

Correlations of environmental factors with
biometric measurements

According to the data from the available subject liter-
ature, the size of the free, unpaved and unsealed soil
around trees has a decisive influence on their proper de-
velopment in the urbanized human environment. Suffi-
ciently large, that is > 10 m?, unpaved and unsealed area
under the tree crowns turned out to be a factor that com-
pensates for the negative impact of urban conditions —
the factor, which in fact directly affects a number of en-
vironmental parameters. The latter include: differences
in average temperatures, air humidity, and air humidity
deficiency, as well as the intensity of transpiration (S.
Lukasiewicz and Oleksyn, 2012). In addition to the fac-
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tors mentioned above, positive correlations of the size
of unpaved soil occur with a number of biometric pa-
rameters: shoot length and thickness, trunk circumfer-
ence, and tree crown radius (Fig. 4A-D). This proves
the positive, beneficial effect of the free, unpaved and
permeable surface around the trees on the complex of
environmental factors, physiological and biometric pa-
rameters and, consequently, on the proper functioning
of trees in the urban environment.

Correlations of phenological phases with
biometric measurements

In the study of the seasonal rhythms of plants, the
length of successive phases of their development is de-
fined in terms of the total number of days. The foliage
phase covers the lifetime of healthy, photosynthetically
active leaves until its end in the fall. The undisturbed
functioning of green leaves on trees from April through
September means a longer photosynthesis process, i.e.
the production of more assimilates. The uninterrupted
supply of assimilates until the end of summer results
in a larger pool of substance reserves at the beginning
of the next growing season. This directly affects the
dynamics of the spring development of plants, both
above- and below-ground. That in turn leads to greater
biometric increments, specifically greater length and
thickness of the shoot, as evidenced in Fig. SA-B.

Correlations of physiological processes with
biometric measurements

Photosynthesis is the main process that determines the
life of organisms on Earth as we know it today. The
ability to produce chlorophyll, the intensity of CO,
assimilation, and of oxygen release, as well as water
transpiration — all these are directly dependent on the
extent of urban space degradation. For plants, the latter
is mainly expressed in the quality of the soil environ-
ment measured by the humidity of the substrate, in the
availability of mineral nutrition for trees, and in the
changes of atmospheric parameters, mainly tempera-
ture and humidity (S. Lukasiewicz and Oleksyn, 2007,
S. Lukasiewicz, 2012a, b). The correlations of photo-
synthesis intensity with the size of annual increments
and the thickness of shoots obtained in the urban en-
vironment fully confirm this correlation (Fig. 5C-D),
and illustrate the significant impact of photosynthesis
rate on the growth and development of trees.
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Ryc. 4. Wptyw wolnej, nieutwardzonej powierzchni gleby na dtugosci (A) i grubo$ci (B) jednorocznych przyrostow pedow
oraz na obwad pnia (C) i promien korony (D). Dane dla 35 drzew kasztanowca zwyczajnego Aesculus hippocastanum L. na

terenie Poznania (Zrdédlo: opracowanie wtasne)

Fig. 4. Impact of the size of unsealed, unpaved soil surface on the length (A) and thickness (B) of annual shoots, on the
trunk circumference (C), and crown radius (D). Data for 35 trees of chestnut Aesculus hippocastanum L. species in Poznan

(Source: own elaboration)

The formation of healthy, fully developed leaves is the
result of compounded environmental factors, whereas
lush and abundant foliage is an indication of favoura-
ble conditions existing for plant development. In such
conditions, the results in increased shoot length and
thickness, compared to sites with unfavourable en-
vironmental conditions (Fig. SE-F, Tab. 1-2.). The
correlations presented in the graphs are at a highly
statistically significant level; and for instance, for the
length of the shoot they are: p <0.001 at »* = 0.49. At

www.acta.urk.edu.pl

the same time, we need to remember that, according
to the extant literature, the horse chestnut has one of
the largest surface areas of leaves among the species
of the temperate zone (Kmie¢, 1997). In the situation
where the space around the trees is degraded, taking
measures to neutralize the negative impact of the ur-
ban environment will enable the development of the
maximum size of the assimilation apparatus. As a re-
sult, this will intensify the multifaceted positive effects
of woody plants on the atmosphere (CO, assimilation,
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Ryc. 5. Zaleznosci dtugoscei i grubosci jednorocznych przyrostow pedow kasztanowca zwyczajnego Aesculus hippocastanum L.
od: dtugosci fazy listnienia (A-B), natezenia fotosyntezy (C—D) oraz powierzchni lisci (E-F) (Zrodto: opracowanie wiasne)
Fig. 5. Correlation between the length and thickness of annual shoots of chestnut Aesculus hippocastanum L. versus the length
of the foliage growth phase (A—B), photosynthesis rate (C—D), and surface area of leaves (E-F) (Source: own elaboration)
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oxygen release, water transpiration, release of phyton-
cides, etc.). This is one of the conditions for the proper
environmental management in urban and urban-indus-
trial agglomerations.

Correlations of meteorological parameters with
biometric measurements

The existence of the urban heat island directly affects
the development of woody plants. Correlations of
temperature measurements with biometric data indi-
cate a clear, negative impact of elevated temperatures
in urban and industrial agglomerations on the growth
and thickness of annual shoots of trees (Fig. 6A-B,
Tab. 1-2). This applies to maximum, average, and
minimum temperatures alike (see: T, Tab. 1). These
correlations, which are statistically significant, point
to a decrease in the length and thickness of annual
shoots, which results in lower tree heights. Among the
consequences of higher temperatures in the city, we
observe lower relative humidity, higher value of hu-
midity deficiency, and increased drying power of the
atmosphere in relation to moisture (S. Lukasiewicz
and Oleksyn, 2007). Correlations of meteorological
measurements with biometric increments of trees in-
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dicate a significant, unfavourable impact of abiotic
factors on the development of trees. This applies to the
previously discussed changes in the soil environment,
changes in the parameters of the atmosphere, or the
lowering of the groundwater table in cities, discussed
in the subject literature (Lewinska, 2000).

SUMMARY OF FINDINGS

A characteristic feature of urban agglomerations is
a degrading, damaging change in the quality of envi-
ronmental components. To varying degrees, it concerns
all its spheres: pedosphere, atmosphere, hydrosphere,
biosphere, and anthroposphere. The decisive impact on
tree increments — both positive and negative — in rela-
tion to unaltered, non-urban areas comes from those
factors, which display the largest deviations compared
to the reference conditions in the Botanical Garden of
the Adam Mickiewicz University in Poznan (Fig. 2-5).
According to the data from the subject literature and
the research that the author conducted in the urban en-
vironment, these are: deficits of nitrogen, phosphorus
and sulphur in the soil, oversaturation of the substrate
with chloride, sodium and calcium ions, and insuffi-
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Ryc. 6. Zaleznosci wysokosci drzew od temperatur maksymalnych (A) w sezonie wegetacyjnym (IV-X) oraz grubosci
jednorocznych przyrostow pedow od sredniej temperatury sezonu wegetacyjnego (B). Dane dla 21 drzew kasztanowca
zwyczajnego Aesculus hippocastanum L. w Poznaniu (Zrédto: opracowanie wiasne)

Fig. 6. Correlation between tree height versus maximum temperatures (A) in the growing season (IV-X); and between the
thickness of annual shoots versus the average temperature of the growing season (B). Data for 21 chestnut trees of Aesculus

hippocastanum L. species in Poznan (Source: own elaboration)
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cient size of the free, unpaved, unsealed (and thus per-
meable) surface around the trees. The xerism of the ur-
ban environment, both soil and air, negatively affecting
the development of trees, is caused by the aforemen-
tioned sealing of the surface, preventing the possibility
of rainwater infiltration, extreme values of albedo, tem-
perature increase, decrease in humidity, and increase in
the drying power of the air. This leads to a reduction in
the total surface of leaves and the entire crown, a de-
crease in the rate of photosynthesis, and a shortening
of the length of the foliage phase. As a consequence,
it causes the reduction in the length and thickness of
annual shoots and a reduction in the increments of
trunk circumference (S. Lukasiewicz 2012 a, b; S. Lu-
kasiewicz, Oleksyn 2007, 2012).

Knowledge of the factors limiting the development
of trees in urban conditions makes it possible to take
action, aimed at eliminating or reducing the negative
impact of those factors on the development of trees,
including their biometric parameters. The implemen-
tation of these actions will neutralize or compensate
for undesirable processes in the urban environment.
This, in turn, will enable trees to perform their envi-
ronmental functions undisturbed — and in cities, the
latter are understood in utilitarian terms, such as: CO,
assimilation, oxygen release, water vapour transpira-
tion, dust retention, production of phytoncides, noise
suppression, etc.

CONCLUSIONS

1) Among the factors of the soil environment in the
city, the most negative impact on the biometric in-
crements of trees comes from excessive content of
chlorine ions at subsequent levels of the soil pro-
file, and to a lesser degree, of calcium ions.

2) Changes in the size of meteorological (climatic)
parameters have a negative impact on the devel-
opment of trees, which in turn further exacerbates
the xerism of urban conditions. It is manifested by
an increase in temperature, a decrease in humidity,
and an increase in moisture deficiency, as well as
an increase in the drying power of the air.

3) The abiotic factor significantly improving the
quality of the living environment of trees in cit-
ies is the extent of the free, unpaved, unsealed and
permeable soil surface around them. Sufficient
soil for the proper development of trees is approx-
imately >10 m? around the tree.

4) The parameters that significantly affect the size of
biometric increments include:

— the content of nitrogen in leaves,

— the content of available forms of potassium
and phosphorus in the soil; and also

— length of the foliage phase,

— surface area of leaves; and

— the rate of photosynthesis.

Tabela 1. Statystycznie istotne korelacje migdzy rocznymi przyrostami kasztanowca biatego oraz czynnikami srodowiska
i cechami drzew Aesculus hippocastanum L. przy 21 ulicach na terenie Poznania (za: S. Lukasiewicz, 2012a, zmienione)
Table 1. Statistic’s significant correlations between the annual growth of horse chestnuts and environmental factors and
features of Aesculus hippocastanum L. trees by 21 streets in the city of Poznan (after: S. Lukasiewicz, 2012a, changed)
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Tabela 2. Zestawienie wybranych parametréw osobnikéw Aesculus hippocastanum L., wolnej powierzchni gleby wokot
drzew, natezenia ruchu pojazdéw oraz temperatury maksymalnej odnotowanych przy 21 ulicach na terenie Poznania. Puste
miejsca oznaczaja brak danych. Na o$miu stanowiskach wyroznionych ciemniejszym ttem wykonywano szczegoétowe ana-
lizy chemizmu lisci i wymiany gazowej (Zrédto: opracowanie wiasne)

Table 2. Summary of selected parameters of Aesculus hippocastanum L., free, unsealed soil area around the trees, traffic
intensity and maximum temperature recorded at 21 streets in Poznan. Blank spaces mean that there is no available data.
Darker background indicates that a detailed analysis of leaf chemistry and gas exchange was conducted in the 8 locations
(Source: own elaboration)
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Matejki 1 1994-1999 22.50 6.0 2.10 19.7 2 27.4 420 862 32.8
Matejki 2 1997-1999 18.75 4.5 1.70 4.8 6.3 15.5 50 862
Wieniawskiego 1 1994-1995 13.25 5.5 1.70 6.3 8.5 14.5 1 50 344
Jerzego 1 1995-1999 1525 6.0 1.80 8.8 8.9 20.5 110 850 31.9
Jerzego 2 1997-1999 15.50 5.0 1.00 8.3 7.0 16.0 90 850
Ogréd Botaniczny 1 1995-1999 15.50 6.0 1.70 8.3 9.1 154 450 0 328
Ogrod Botaniczny 2 1997-1999 15.00 5.0 1.85 15.2 8.1 11.1 315 0
Prusa 1 1995-1999 16.25 5.0 1.95 8.7 7.8 15.3 30 350 33.6
Grunwaldzka-I1 1994-1999 14.75 5.0 1.75 5.3 8.1 1 1708 349
Grunwaldzka-II 2 1997-1999 15.75 7.5 1.79 10.0 6.7 15.6 1 1708

Staszica 1 1994-1999 17.75 4.5 1.90 7.5 8.2 15.0 55 1837 332

Glogowska-I 1 1994-1999 16.75 5.0 1.60 3.2 6.1 237 60 1247 332
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Noskowskiego 1 1994-1999 15.50 6.0 1.60  10.5 7.8 142 450 50 34.0
Noskowskiego 2 1997-1999 16.75 5.5 2.00 7.5 84 145 95 50

Spadzista 1 1994-1999 24.00 80 2.60 9.2 82 205 750 1282  31.1
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Utanska D 1 1994-1999 17.50 7.0 2.00 4.5 6.8 13.0 310 1923 353
Utanska D 2 1995-1999 21.00 9.0 2.50 8.3 8.3 13.4 1020 1923
Wojskowa D 1 1994-1999 12.75 6.1 1.95 4.3 6.9 13.4 140 936 349
Wojskowa D 3 1995-1999 1225 5.5 1.60 53 6.9 13.9 45 936
Aleja Wielkopolska E 1 1996-1999 16.00 6.5 1.92 4.7 7.8 10.9 530 830 323
Aleja Wielkopolska E 2 1996-1999 11.25 4.5 1.42 3.2 6.0 125 830
Bema E 1 1994-1999  8.50 3.5 0.95 9.8 8.8 21.5 10 1756  34.0
Bema E 2 1995-1999  8.25 4.0 1.00 8.8 8.8 50 1756
Dominikanska E 1 1995-1999 14.25 5.0 1.80 8.0 5.6 17.8 0.5 2323 344
Dominikanska E 2 1997-1999 14.00 4.0 1.70 2.5 5.7 0.5 2323
Kosciuszki E 1 1994-1999 18.25 6.5 1.95 5.5 6.8 14.3 1 427  32.8
Glogowska-1I F 1 1994-1999 13.00 6.3 1.95 3.5 5.8 135 2362  34.0
Grunwaldzka-I F 1 1994-1999 10.25 4.0 1.45 2.2 7.0 2 1708 36.6
Grunwaldzka-I E 6 1995-1999 10.00 4.5 1.45 2.7 7.1 11.0 2 1708

® — rozmieszczenie stanowisk przedstawia rycina 1 * — locations of research sites are shown in Fig. 1

** — Drzewa na stanowiskach wymieniono od siedlisk najlepszych (A) do najgorszych (F), zgodnie ze wzrostem negatywnego
oddziatywania danego stanowiska na drzewa, na podstawie pigcioletnich badan rytmiki sezonowej kasztanowca zwyczajnego
Aesculus hippocastanum L. (za: S. Lukasiewicz, 2002)

** — Trees along the streets are listed according to habitat quality from the best (A) to the worst (F), indicating the increase in
the negative impact of a given site on trees, based on a five-year study of the seasonal rhythmicity of the horse chestnut Aesculus
hippocastanum L. (after: S. Lukasiewicz, 2002)
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WPLYW CZYNNIKOW SRODOWISKA MIEJSKIEGO NA WZROST KASZTANOWCA ZWYCZAJNEGO

AESCULUS HIPPOCASTANUM L.

ABSTRAKT

Cel pracy

W latach 1995-1999 w 21 punktach szeroko rozumianego centrum Poznania prowadzono badania dotycza-
ce rozwoju kasztanowca zwyczajnego Aesculus hippocastanum L. W ramach tych badan przeanalizowano
znaczenie wybranych czynnikéw $rodowiskowych. Celem badan byto poznanie warunkdéw rozwoju drzew
w przestrzeni miejskiej i przemystowej aglomeracji poznanskie;.

Materiaty i metody

Znajomo$¢ czynnikow ograniczajacych wzrost drzew w warunkach miejskich pozwala na podjecie zabie-
gow, ktore beda te czynniki eliminowaé lub ogranicza¢ ich negatywny wptyw na rozwdj drzew, w tym na ich
parametry biometryczne. Realizacja takich zabiegow zneutralizuje lub zrekompensuje niepozadane procesy
zachodzace w $rodowisku miejskim. W rezultacie pozwoli to na nieograniczong realizacj¢ istotnych funkcji
ekosystemowych drzew, takich jak: asymilacja CO,, uwalnianie tlenu, transpiracja pary wodnej, retencja

pyhu, produkcja fitoncydow czy ttumienie hatasu.

Wyniki i wnioski

Badania rozwoju 35 drzew kasztanowca zwyczajnego na 21 ulicach obejmowaty: rytmike sezonowg drzew,
zapis temperatury i wilgotno$ci powietrza, analizy fizyczno-chemiczne podioza, pomiary biometryczne,
a takze, na o$miu stanowiskach, wybrane parametry fizjologiczne, takie jak nat¢zenie fotosyntezy i transpira-
cji. Lacznie zebrano ponad 17 000 danych liczbowych na temat srodowiska. Ryciny zamieszczone w niniej-
szym artykule przedstawiajg gldwnie zaleznosci miedzy czynnikami Srodowiskowymi i parametrami biome-

trycznymi jako istotne statystycznie, np. dla p <0,01.

Stowa kluczowe: Aesculus hippocastanum L., ekologia miasta, pomiary biometryczne
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