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Abstract. This paper aim is to present data from an experiment realized during the summer of
2022, on four ornamental species in the city of Timisoara. The data were taken from two urban habitats:
urban and urban green. The investigated species were Acer negundo, Acer platanoides, Liquidambar
styraciflua and Cotinus coggygria. These plant species are frequent on the roadsides or in parks, in the
studied areas. The investigated index was chlorophyll content. This parameter was analyzed using a non-
invasive approach, using OPTI-SCIENCES CCM-300 Chlorophyll Content Meter and the results were
presented in mg m2, Data processing was done using Microsoft Office Excel 2016 and statistical analysis
was realized using PAST software v4.03. A total of 480 chlorophyll content samples were taken from all
the species researched. Readings were taken from multiple types of leaves, from both those that appeared
healthy and those that showed signs of chlorosis, from both research areas. It is a known fact that chlorosis
is one of the signs that a leaf is not healthy, probably due to a physiological deficiency. This affection is
mainly present in areas with a higher level of traffic such as urban areas. A symptom that can help identify
the infected leaves was the appearance of small yellow spots that can spread over the entire surface of the
leaf. From the collected data, a lack of chlorophyll was noticed within both investigated zones, but mainly
in the urban area, where the levels of exhaust gas are higher compared to the ones in the urban green
areas, which is in general a park. Thus, after the completion of Welch F test, it was observed that in urban
area the level of chlorophyll was significantly reduced, when compared to the level from the urban green
zone.

Keywords: urban zone, chlorophyll content, urban green, adaptation, physiological indices

INTRODUCTION

Urbanization comes as a natural consequence of the global population growth that we
have faced in recent decades. According to a report published in 2022 by United Nation,
Department of Economic and Social Affairs, Population Division, Earth's population tends to be
very close to 10 billion people by the year 2050 (approximately 8.5 billion in 2030 and 9.7
billion, respectively, in 2050.). Due to this series of events, we are witnessing excessive
pollution. Air pollution is a natural consequence of urbanization, especially in cities where
environmental management is very low (TEREKHINA AND UFIMTSEVA, 2020). According to the
annual report regarding air quality issued by the European Environment Agency (EAA) in 2021,
approximately 97% of the urban population is exposed to fine particulate matter (PM 2.5) above
the World Health Organization limit. The main air pollutants identified by the EAA are PM 10,
PM 2.5, nitrogen dioxide (NO-), ozone, benzo(a)pyrene and other pollutants (such as sulfur
dioxide). Although an improvement in air quality is observed, in the sense of decreasing trends
for PM 10, PM 2.5 and NO, these changes seem to be due to the measures imposed by the
quarantine of 2020. Furthermore, pollution remains a subject of great concern, fundamentally
important being here the pollution monitoring and the various methods by which it can be done.

Air quality monitoring can be done by invasive and non-invasive methods, the last,
being, of course, preferable. MIROWSKY AND GORDON (2015) summarize some non-invasive
methods of studying air quality in human populations, such as: blood pressure measurement,
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spirometric measurements, heart rate measurement, inflammatory biomarkers, quantification of
exhaled nitric oxide and carbon dioxide, etc. In humans, air pollutants can enter directly into the
systemic circulation or via the respiratory tract, regardless of the route, causing the production
of pro-inflammatory factors: pro-inflammatory cytokines, reactive oxigen species, proteinases,
proteins of the complement pathway, which can ultimately lead to the establishment of systemic
or localized inflammation at the level of different organs, such as the brain (MANISALIDIS et al.,
2020). Other examples of non-invasive methods for studying air quality can be palynology
studies (IANOvICI, 2007) or studies on bird feathers (LODENIUS and SOLONEN, 2013). There are
also invasive methods of studying air quality using bioindicators, but non-invasive methods that
do not involve slaughter or direct exposure of individuals to pollutants are much more preferable.
For example, a comparative study on invasive methods vs. non-invasive methods to study the
exposure to metals found in the environment, concludes that the slaughter of animals does not
represent an extremely necessary method of air quality monitoring because there is no organ that
can be considered a true representative of direct exposure to metals, thus being necessary the
development of new monitoring methods (SIDRA et al., 2022). At present, the non-destructive
detection measurements are applied widely due their advantage of rapid assessment. These
methods are: near infrared spectroscopy (HUANG et al., 2008), ultrasonic detection (MIZRACH,
2008), machine vision (CUBERO et al., 2011), biosensor technology, nuclear magnetic resonance
technique (CLARK et al., 1997), mechanics detection (GARCIA-RAMOS et al., 2005).

With regard to phytoindicators, ornamental species, specific to urban and green urban
areas, are generally used. Some examples of species used in air quality monitoring are: Tilia
cordata, Populus sp., Quercus robur, Ulmus laevis, Syringa vulgaris, Cotoneaster lucidus,
Berberis vulgaris, Syringa josikaea, Rosa rugosa (TEREKHINA & UFIMTSEVA, 2020); Robinia
pseudoacacia, Acer saccharinum, Tilia x europaea, Acer platanoides, Fraxinus excelsior,
Betula pendula, Celtis occidentalis, Platanus x acerifolia (SIMON et al., 2021); Platanus
orientalis, Pinus nigra (SAWIDIS et al., 2011) or Alnus glutinosa (SALA et al., 2020). Depending
on the species, MUTHU et al. (2021) summarize the following negative effects that pollutants can
have on plants, thus justifying the reasons why plants can be used as bioindicators of air quality:
reduction of growth and number of leaves, variations in anatomy and leaf morphology,
decreasing the amount of chlorophyll, stomata blocking, reducing total chlorophyll and protein
content in leaves, affecting leaf morphology, etc. Phenolic substances, such as anthocyanins and
tannins, are also capable of acting as nonenzymatic antioxidants (NWVELDT et al. 2001;
POLLASTRI AND TATTINI 2011). Anthocyanins are a kind of flavonoid natural water-soluble
pigments widely existing in vacuoles of plant flowers, fruit, stems, and leaves (ALVAREZ-
SUAREZ et al., 2021). There are numerous studies on chlorophyll content in urban pollution
studies. The invasive approach of chlorophyll measurement is laborious, but are some non-
invasive approaches that are quick and cheap (UDDLING et al., 2007).

As for trees, they are shown to be very effective in air monitoring because, on the one
hand, they are present in most urban ecosystems (DATcU et al., 2020) and, on the other hand,
their morphology and physiology allow them to sequester particles in their stomata and waxy
cuticles (SIMON et al., 2020). Another way to measure the level of pollution in trees is by
analyzing the chemical composition of the trees, basically by testing the cellulose and lignin
content. The aforementioned polymers represent basic indicators of wood quality (TEACA, 2021).

The aim of this study is to assess the relation between chlorophyll content, plant species
and studied area. There were two main areas studied: urban and urban green, from the city of
Timisoara, Romania. The chlorophyll content is an important indicator of leaves health and its

physiology.
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MATERIALS AND METHODS

The investigation was conducted in the summer of 2022, on June and July. Readings
were done in Timisoara, Romania, in two areas: urban and urban green. The urban area is
considered the area located immediately near an intense circulated street (for example, Daliei or
Mihail Kogiélniceanu streets) or boulevard (for example, Calea Aradului) and urban green areas
are within parks (Karlsruhe park). A total of 480 readings were done, 60 for each species per
investigated area. The studied individuals had mainly a healthy foliage and internervary parts
were analyzed, where the photosynthetic tissue is present.

The studied species were: Acer platanoides, Acer negundo, Cotinus coggygria and
Ligquidambar styraciflua. These can be found in both investigated areas.

The chlorophyll content was determined using OPTI-SCIENCES CCM-300
Chlorophyll Content Meter. This index is expressed in mg m.

Data processing was done using Microsoft Office Excel 2016 and statistical analysis
with PAST v4.03 (HAMMER et al. 2001). Shapiro-Wilk test was used to test the normality of data.
Spearman correlations between all data sets were realized. Levene’s test for homogeneity of the
data and Welch F Test for unequal variances.

RESULTS AND DISCUSSIONS

This research aimed to compare the chlorophyll content (mg m) for some ornamental
species, from urban and urban green areas, located in Timisoara.

Minimum and maximum values of Chl content for all the studied species from both
areas can be observed in Table 1.

Table 1
Minimum and maximum values of Chl content for all studied species, from both areas

Plant species Area | Min value (mg m?) | Max value (mg m?)
U 193 389
A. negundo
uG 97 389
U 42 440
A. platanoides
uG 307 414
) U 53 478
L. styraciflua
uG 180 560
c ) U 319 706
. coggygria
uG 250 554

From the analysis of Table 1, it can be observed that for A. negundo, A. platanoides and
L. styraciflua are differences regarding minimum values of the analyzed index. The fourth
studied species had both, minimum and maximum values obtained for Chl content, bigger then
the values obtained for the other studied species.

Mean values, + SE can be observed in Figure 1. Also, the outlines were represented. In
the case of A. negundo, mean Chl content was bigger in UG area (Chlc = 317.7 mg m), than in
U area (Chlc = 304.1 mg m).

For A. platanoides, same trend was observed, with a mean value of Chl content in UG
area of 361.28 mg m2, bigger than the average obtained for U area (Chlc = 356.06 mg m2).
Liquidambar had a mean Chl content of 294.38 mg m= in U area, lower than 309.4 mg m?,
obtained for UG area.
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Cotinus, on the other hand, presented bigger mean contents of chlorophyll for the
individuals from U area (Chlc = 392.38 mg m2), when compared to those from UG area (Chlc
= 357.41 mg m2). Thus, three of the studied species had a bigger chlorophyll content for the
individuals from parks. Thus, urban pollution affects this index. Cotinus presented the highest
mean values of the studied index in the urban area.
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Figure 1. Chlorophyll content (Average + SE) in mg m-2 for all species and areas (outlines also showed).

After the completion of Shapiro-Wilk test, the only data set with a normal distribution
was for Acer platanoides from UG area (p = 0.592). The majority of data sets had an abnormal
distribution. Thus, Spearman correlation tests were realized, and the results of this analysis can
be observed in Table 2.

The correlation matrix between the chlorophyll content index values, for the studied
species, can be observed in Table 2. A strong positive correlation was observed between A.
negundo from both studied zones (R = 0.86749). For the other species studied, there were also
positive correlation between the zones.

After the completion of Levene’s test for homogeneity of variance, from means, the
obtained p was p = 0.00000155. In this case, for unequal variances, Welch F test was applied.
The results (F=27.81, df=198.3, p=1.934E-26) is that the Chl content between the analyzed
groups are significantly different.

Excepting Cotinus coggygria, all the analyzed species had a bigger amount of chlorophyll
in the case of individuals from urban green area. It is a known fact that the chlorophyll content
is directly linked to photosynthetic efficiency, but also with other principal physiological
processes. Thus, urban green area seems a suitable zone for the health of urban habitat.
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Table 2
Correlation (Spearman) matrix for all the studied species, from both zones

A. A A A. L. L. C. C.

negundo negundo platanoide platanoides styraciflua | styraciflua coggygria | coggygria
Species U UG sU UG U UG U UG
A. negundo
u 0.86749 2.14E-06 6.23E-01 0.30591 0.32999 8.50E-01 6.75E-01
A. negundo
UG 35039 0.010245 0.8968 0.013642 0.0076259 4.08E-01 0.039441
A.
platanoides
u 57883 47835 0.42845 5.24E-01 0.93915 0.64365 0.56908
A.
platanoides
UG 33425 36372 32061 8.61E-01 3.48E-02 0.007253 0.5307
L.
styraciflua
U 40556 24333 32850 34922 0.10233 6.14E-01 2.08E-02
L.
styraciflua
UG 31293 48363 35516 25955 43491 8.97E-01 4.67E-03
C.
coggygriaU | 34826 39616 37894 48121 33387 35181 0.89162
C.
coggygria
UG 37748 45463 38485 38662 46599 22661 35106

CONCLUSIONS

This study presented data from an experiment conducted on four plant species in the
city of Timisoara, Romania. There were two studied areas: urban and urban green. The
investigated index was chlorophyll content, measured through a non-invasive, quick and cheap
method: a chlorophyll metter.

Generally, Cotinus coggygria and Acer platanoides presented the highest Chl values.
Data had not a normal distribution, excepting Acer platanoides samples from UG zone. The Chl
values from both studied areas in the case of A. platanoides, A. negundo and C. coggygria were
strongly correlated. Both Acer species and Liquidambar styraciflua presented bigger values of
this index in urban green area, while Cotinus coggygria seemed that had the ability to adapt to
urban area.
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