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Abstract. This study purpose is to present data from an experiment realized in the city of
Timisoara, during 2022. There were two investigated zones: urban and urban green and the studied
species were Acer negundo, Acer platanoides, Liquidambar styraciflua and Cotinus coggygria. In the city
of Timisoara, these species are quite commonly met on the boulevards or in parks. The investigated
parameter was anthocyanin content. This parameter was analyzed using a non-invasive approach, OPTI-
SCICENCES ACM-200 Plus Anthocyanin Content Meter and the results were presented in ACI. Data
analysis was realized using Microsoft Office Excel 2016 and statistical processing was realized with
PAST software v4.03. A total of 480 anthocyanins content samples were taken from all the
species researched. In the end, each of the species researched (Acer negundo, Acer
platanoides, Cotinus coggygria and Liquidambar styraciflua) had a total of 120 samples that
were collected from both the Urban and Urban green zones. Readings were taken from
multiple types of leaves, from both studied areas. The anthocyanin levels are the ones
responsible for the red coloration of the plant tissue. Usually, a high level of anthocyanin
accumulated in the leaf is a good indicator that the plant is under some environmental stress
such as strong light, low temperature, certain herbicides, and pollutants and many more. If the
leaves don’t present any kind of red coloration on them then the anthocyanin levels are
between normal parameters, and we can say that the plant isn’t under any kind of
environmental stress. From the collected data, it was observed that only in the urban green
zone the distribution is normal, when compared to the urban zone, where the levels of
anthocyanin are below average. In conclusion, it can be said that the anthocyanin content
found in the leaves is influenced by the environment where the species is located, having lower
levels in the urban area compared to the urban green one.
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INTRODUCTION

Air pollution is a real problem that we face (ESCOBEDO et al., 2011; AYTURAN et al.,
2018). Urbanization, the oil refining industry, factories, over-used cars, are just some of the
sources that are damaging nature in very serious ways, including the health of trees (NANDY et
al. 2014; NowaAKk et al., 2014). Air pollution is one of the forms of pollution with major,
disastrous effects on the environment (SIROMLYA, 2011), especially in the highly populated
areas such as big cities (KUMAR et al., 2019, 2022; OTTOSEN AND KUMAR, 2020). Technically,
any physical, chemical or biological change in the atmosphere can be referred as air pollution
and occurs when any harmful gas, smoke or dust, enters the atmosphere and affects plants,
animals and human beings (SEMEENA et al. 2006; UNECE, 2010). Implicitly, air pollution
means pollution of the atmosphere and thus any gas or substance entering the atmosphere can
create undesirable imbalances in the environment for long term. Therefore, the thinning of the
ozone layer in the atmosphere caused by air pollution is a major threat to the existence of
ecosystems on the planet (JANKOWSKI AND CADER, 1997; HADER et al., 2011).
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Despite the effects of light or nutrients on plant development (PORTSMUTH and
NIINEMETS, 2007), there are numerous studies that investigated how plant growth and
development are highly influenced by vehicle gases also. All things considered, there is a
naturally increase in interest when it comes to the fact that roadside vegetation may provide an
opportunity to reduce near-road pollutant concentrations in urban areas (PETROVA et al., 2012;
GALAL and SHEHATA, 2015; DATcU et al., 2017; KoOSTIC et al., 2019; IANoviICI et al., 2020).
Also, cheap and quick methods for the analyses of plant health were developed (SALA et al.,
2015). Some methods recommended for the preservation of a good habitat health include a
protective attitude on the existing trees and bushes, as well as planting vegetation, which may
be some of the few near-term mitigation strategies available for urban developers and facilities
already subject to high pollution levels near roads. If these attenuating methods are conduct to
succes, they can complement already existing pollution control regulations and programs, as
well as providing another way of reducing impacts from sources that are harder to control such
as tire wear (BALDAUF, 2017). Different types of vegetation such as trees, bushes, but also
herbaceous species have been shown to reduce the air pollution levels by intercepting airborne
particles or through the uptake of polluting gasses through the surface of the leaves (JANHALL,
2015, GALLAGHER et al., 2015; VALENCIA et al., 2017).

Human activity, in order to maintain the species through adaptive processes, generates
energy flows, additional to and often different from natural ones, which are introduced into the
environment. This statement is now accepted as the definition of the pollution phenomenon
(ALLowAY, 1993). In the protocols for determining air pollutant concentrations (National Air
Pollution monitoring, EC Directives) some stationary and sampling methods are given for
these measurements (CALDARARU AND CALDARARU, 2010). The analysis of sulphur dioxide
can be done using the protocol from ISO/FDIS 10498, through fluorescence method. For the
analysis of nitrogen dioxide and oxides of nitrogen the method is that laid down in ISO
7996/1985. For Ambient air - determination of mass concentration of nitrogen oxides, a
chemiluminescent method is used. For the analysis of nitrogen dioxide and oxides of nitrogen
the method is that laid down in ISO 7996/1985 and for the Ambient air - determination of mass
concentration of nitrogen oxides, chemiluminescent method is also used (CALDARARU AND
CALDARARU, 2010). Anthocyanins are water-soluble and are found in the vacuoles of plant
cells (HUGHES et al., 2007). They are indicators of the level of pollution to which trees are
exposed, especially in urban areas, where the air is highly charged with elements that affect
trees (MATE AND DEsHMUKH, 2016). Anthocyanin levels increase in trees, especially those
exposed to high levels of pollution. These plants, which are constantly exposed to pollutants
that affect their normal functioning, can become bioindicators of air quality. Clearly, in
urbanized areas, air pollution is much higher (laNovici et al., 2020), and there are also
differences between trees in urban areas and those in green urban areas. Trees with much
higher levels of anthocyanins than other trees around them, of the same or different species,
show that they are trying to adapt quickly to the polluted air they are exposed to.

The aim of this study is to assess the relation between anthocyanin content, plant
species and studied area. Two main habitats were studied: urban and urban green, both located
within the city of Timisoara, Romania. The anthocyanin content is an important index of leaves
health.

MATERIAL AND METHODS

The study was conducted in the summer of 2022, on June and July. Samples were
taken from Timisoara, Romania. Two main habitats were studied: urban and urban green.
Urban area it’s considered the area located immediately near an intense circulated street. In this
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case, the samples were taken from: Calea Aradului, Daliei and Socrate streets. Urban green
areas are located within parks, the studied parks are the following: Copiilor and Karlsruhe
parks.

The anthocyanin content was analyzed using a non-invasive method, with OPTI-
SCIENCES ACM-200 Plus Anthocyanin Content Meter. Anthocyanin content is in ACI units.

The studied species were: Acer platanoides, Acer negundo, Cotinus coggygria and
Liquidambar styraciflua. These were found in both studied zones. A total of 480 readings were
done with anthocyanin content meter. 60 reads were done for each plant species, for both
zones. The readings were realized from internervary zones of healthy leaves.

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. Levene’s test for homogeneity of the data and Welch F Test for the unequal variances.

RESULTS AND DISCUSSIONS
This research aimed to determine the values of anthocyanins content for four plant
species, from two habitats, within Timisoara.
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Figure 1. Leaves anthocyanin levels (mean + SE) depending on species and studied area

Mean values of anthocyanin content in the investigated species are presented in Figure

The highest mean values were observed in Cotinus coggygria, both in urban
(Anthocyanin content = 12.32 ACI) and urban green (Anthocyanin content = 11.45 ACI) areas.
The lowest mean values were recorded for Acer negundo, in the urban green zone
(Anthocyanin content = 4.17 ACI).
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Acer platanoides also presented a high level of anthocyanins in the urban area
(Anthocyanin content = 6.84 ACI), when compared to the level of anthocyanins it had in the
urban green area (Anthocyanin content = 6.28 ACI).

Minimum and maximum levels of anthocyanins content for all the studied species,
from both studied zones, can be observed in Table 1.

Table 1
Minimum and maximum levels of anthocyanins found in the studied plants species, on both areas
Plant species Area Min value Max value
U 2.1 6.8
A. negundo
uG 2.2 6
) u 3 13
A. platanoides
UG 41 9.1
) U 15 7.3
L. styraciflua
uG 2.6 6.8
U 73 19.7
C. coggygria
uG 3.6 18.2

The highest values of anthocyanins recorded in urban and green urban areas were in
Cotinus coggygria species.

The lowest value of anthocyanins in the Urban area was recorded in the species
Liquidambar styraciflua. In the urban green zone, Acer negundo showed the lowest
anthocyanin level.

Shapiro-Wilk results for all investigated species, from both areas ravle2
A. negundo A. platanoides Liquidambar styraciflua | Cotinus coggygria
U uG U uG U UG ] uG
N 0.9792 | 0.9816 | 0.9548 | 0.9773 0.9353 0.9746 0.9666 | 0.9802

Shapiro-Wilk W | 0.3955 | 0.5004 | 0.0263 | 0.3254 | 0.003349 0.2425 | 0.09879 | 0.436

According to the Shapiro-Wilk test (Table 2), normal anthocyanin contents were
recorded in the urban and urban green zone for Acer negundo.

Acer platanoides with Liquidambar stuyraciflua showed normal values in the test only
for the readings done in the urban green area.

All three species had values greater than 0.05 in the areas mentioned above.

According to Levene's test, the data are not homogeneous because the result was
<<0.01. Welch F test in the case of unequal variances: F=123.5, df=200.1, p=4.618E-69, p-
value being much smaller than 0.05, which shows that the data are significantly different.

CONCLUSIONS

This study presented data from an experiment conducted on four species in the city of
Timisoara, Romania. There were two studied areas: urban and urban green. The investigated
index was anthocyanin content. The anthocyanin content was analyzed using a non invasive
method, with OPTI-SCIENCES ACM-200 Plus Anthocyanin Content Meter. Cotinus
coggygria showed the highest anthocyanin value among the four species studied, both in the
urban and urban green zones, showing that the species is trying to adapt to the environment.

79



Research Journal of Agricultural Science, 54 (4), 2022; ISSN: 2668-926X

Acer platanoides, was the second species with the highest anthocyanin values in both areas
studied. Acer negundo and Liquidambar styraciflua showed fairly similar maximum
anthocyanin values. Three of the four species studied (A. negundo, A. platanoides, L.
styraciflua) showed close minimum values, the lowest value being measured in Lyquidambar
styraciflua, whereas Cotinus coggygria showed a higher minimum anthocyanin value than the
other three species in the urban area, which again shows that the species is trying to adapt to
the environment. The values taken show that the anthocyanin content is higher in urban areas
than in green urban areas. Bioindicators are organisms that, by their presence, development,
growth or numbers, help us identify certain problem related to environmental conditions, the
degree of pollution or the presence of certain substances in the air. From the data collected for
this study and the results of the tests carried out, we can clearly see that the increased level of
anthocyanins is the result of the exposure of the four species studied to a problematic, polluted
environment that does not help the normal development and functioning of the trees.

ACKNOWLEDGEMENTS
The authors wish to thank Institute for Advanced Environmental Research Timigoara
for the equipment.

BIBLIOGRAPHY

ALLOWAY B.J., AYREs D.C. 1993. Chemical Principles of Environmental Pollution. Blackie Academic &
Professional, 291 pp, United Kingdom

AYTURAN Y.A., AYTURAN Z.C., ALTUN H.O. Air Pollution Modelling with Deep Learning: A Review. Int.
J. of Environmental Pollution & Environmental Modelling, 1(3): 58-62, Turkey.

BALDAUF R. 2017. Roadside vegetation design characteristics that can improve local, near-road air
quality, Transportation Research Part D: Transport and Environment, 52, Part A,
2017, Pages 354-361, United States of America.

CALDARARU F., CALDARARU M. 2010. Metode de masurare si monitorizare a parametrilor de calitate a
mediului. Ed. Cavallioti, 154 pp, Roménia.

DAatcu A.D., SALA F., Ianovict N. 2017. Studies regarding some morphometric and biomass allocation
parameters in the urban habitat on Plantago major. Research Journal of Agricultural
Science 49(4): 96-102, Romania.

EscoBepo F.J., KROEGER T., WAGNER J.E. 2011. Urban forests and pollution mitigation: Analyzing
ecosystem services and disservices. Environ. Pollut. 159: 2078-2087, United States of
America.

GALAL T.M., SHEHATA H.S. 2015. Bioaccumulation and translocation of heavy metals by Plantago major
L.grown in contaminated soils under the effect of traffic pollution. Ecological
Indicators 48: 244-251, Netherlands.

GALLAGHER J., BALDAUF R., FULLER C.H., KUMAR P., GILL L.W., McNABOLA A. 2015. Passive methods
for improving air quality in the built environment: a review of porous and solid
barriers Atmos. Environ. 120: 61-70. United Kingdom

HADER D.P., HELBLING E.W., WiLLIAMSON C.E., WORREST R.C. 2011. Effects of UV radiation on aquatic
ecosystem and interactions with climate change. Photochem. Photobiol. Sci. 10 (2):
242-260. Switzerland.

HAMMER @., HARPER D.A.T., RyaN P.D. 2001. PAST: Paleontological Satistics software package for
education and data analysis. Paleontol. Electron. 4(1): 1-9, United States of America.

HeALTH EFFeCTsS INSTITUTE (HEI). 2010. Traffic-related air pollution: a critical review of the literature on
emissions, exposure, and health effects. HEI Special Report 17. Health Effects
Institute, Boston, USA, MA.

HuGHES N.M., MoRrLEY C.B., SMITH W.K. 2007. Coordination of anthocyanin decline and photosynthetic
maturation in juvenile leaves of three deciduous tree species. New Phytol. 175: 675—
685, United Kingdom.

80



Research Journal of Agricultural Science, 54 (4), 2022; ISSN: 2668-926X

IaNovict N., BATALU A., HRiscu D., DAaTcu A.-D. 2020. Phytomonitoring study on intra urban variations
of leaves of some evergreen and deciduous trees. Ecological Indicators. 114: 106313,
Netherlands.

JANHALL S. 2015. Review on urban vegetation and particle air pollution— Deposition and dispersion.
Atmospheric Environment, 105: 130-137, United Kingdom.

Jankowskl J., CADER A.B. 1997. The effect of depletion of the earth ozone layer on the human
healthcondition. Int. J. Occup. Med. Environ. Health 10(4): 349-364, Poland.

KosTIC S., CUKANOVIC J., ORLOVIC S., LIUBOJEVIC M., MLADENOVIC E. 2019, Allometric relations of
sycamore maple (Acer pseudoplatanus) and its red leaf cultivar (A. pseudoplatanus
“Atropurpureum”) in street and park habitats of Novi Sad (Serbia) Europe. J. Forestry
1-14, Serbia.

KumAR V., JoLLl V., BABU C.R. 2019. Avenue plantations in Delhi and their efficacy in mitigating air
pollution. Arboric. J. 41(1): 35-47, United Kingdom.

MATE A.R., DESHMUKH R.R. 2016. Analysis of effects of air pollution on chlorophyll, water, carotenoid
and anthocyanin content of tree leaves using spectral indices. Int. J. Eng. Sci, 6: 5465-
5474, United Kingdom.

NANDY A., TALAPATRA S.N., BHATTACHARJEE P., CHAUDHURI P., MUKHOPADHYAY A. 2014. Assessment
of morphological damages of leaves of selected plant species due to vehicular air
pollution, Kolkata India. Int. Lett. Natural Sci. 4: 76-91, India.

NowaAk D.J, HIRABAYASHI S., BODINE A., GREENFIELD E. 2014. Tree and forest effects on air quality and
human health in the United States. Environ. Pollut. 193: 119-129, United States of
America.

OTTOSEN T.-B., KuMmAR P. 2020. The influence of the vegetation cycle on the mitigation of air pollution
by a deciduous roadside hedge. Sustain. Cities Soc. 53: 101919, Netherlands.

PETROVA S., YURUKOVA L., VELCHEVA |. 2012. Horse chestnut (Aesculus hippocastanum L.) as a
biomonitor of air pollution in the town of Plovdiv (Bulgaria). J. BioSci. Biotech. 1
(3): 241-247, Bulgaria.

PorTsMUTH A., NuNemeTs U. 2007. Structural and physiological plasticity in response to light and
nutrients in five temperate deciduous woody species of contrasting shade tolerance.
Funct. Ecol. 21: 61-77, United Kingdom.

SALA F., ARSENE G.-G., lIorRDANESCU O., BOoLDEA M. 2015, Leaf area constant model in optimizing foliar
area measurement in plants: A case study in apple tree. Sci. Hortic. (Amsterdam),
193: 218-224, Netherlands.

SEMEENA V.S., FEICHTER J., LAMMEL G. 2006. Significance of regional climate and substance properties
on the fate and atmospheric longrange transport of persistent organic pollutants—
examples of DDT and y-HCH. Atmos Chem Phys 6: 1231-1248, Germany.

SIROMLYAT. I. 2011. Influence of traffic pollution on ecological state of Plantago major L. Contemp.
Prob. Ecol. 18(5): 677-688, United States of America.

UNECE. 2010. United Nations Economic Commission for Europe: hemispheric transport of air pollution
2010—part C: persistent organic pollutants. In: DUTCHAK S, ZUBER A (eds) Air
pollution studies no. 19. New York and Geneva, 194 + 62 pp, United States of
America and Switzerland.

VALENCIA E., MENDEZ M., SAAVEDRA N., MAESTRE F.T. 2017. Plant size and leaf area influence
phenological and reproductive responses to warming in semiarid Mediterranean
species. Perspect. Plant Ecol. Evol. Syst. 21: 31-40, Germany.

81



