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ABSTRACT 

This paper aim is to present data from an experiment conducted during the autumn of 

2022, on two woody species, in the city of Timișoara. The data was collected from two 

areas in the urban environment, these being: urban and urban green zones. The 

investigated species were Juglans regia and Robinia pseudoacacia, both of which were 

commonly found on the roadsides or in the parks that were studied. The investigated 

indices were both the chlorophyll content as well as the anthocyanin levels in the leaves. 

Both parameters were analyzed using non-invasive methods. For the chlorophyll 

content OPTI-SCIENCES CCM-300 Chlorophyll Content Meter was used and the 

results were presented in mg m-2, and for anthocyanin levels, OPTI-SCICENCES 

ACM200 Plus Anthocyanin Content Meter was utilized and the results were presented 

in ACI. The processing of the values was done with the help of Microsoft Office Excel 

2016 and for the statistical analysis, the PAST software v3.0 was used. A total of 480 

readings were realized, 240 for each parameter investigated. The anthocyanin levels 

are the ones responsible for the red or blue pigmentation in the leaf, while the 

chlorophyll content is the one responsible for the green coloration, and its absence is 

noticeable from the yellow spots that appear on the leaf. Thus, from the collected data, 

it was noticed that for the urban area, the anthocyanin had a higher concentration, 

suggesting the adaptation to the emission produced daily by humans, being the same 

case for chlorophyll. From this, we can say that both the chlorophyll and anthocyanin 

contents were higher in the urban areas as an adaptation to the environment. 
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 INTRODUCTION 

Urbanization is and has been a universal and important social as well as 

economic phenomenon that happens worldwide. This ongoing process, which shows no 

signs of slowing down, could be the most powerful and visible anthropogenic force that 
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has brought a lot of fundamental changes in land use and landscape patterns everywhere 

around the globe. Because of this, the rapid growth of urbanization, especially in the 

developing world, is predicted to remain one of the most crucial issues of the changes 

happening worldwide during the 21st century (Sui et al. 2001). As a consequence of rapid 

urbanization and the exploitation of natural resources have resulted in substantial effects 

on the ecosystem structure, function, and dynamics that have left the urban region really 

fragile. This can be observed best in the case of the economic-developed regions where 

the dramatic increase of the urban area and the land use change have led to serious 

environmental issues (Deng et al. 2009). These qualities and activities give birth to 

distinct urban climates at the micro and regional levels (Arnfield, 2003; Kalnay and Cai, 

2003; Feng et al. 2012; Yan et al. 2016; Chapman et al., 2017a; Oke et al. 2017; Zhou et 

al. 2017; Chakraborty and Lee, 2019; Sharma et al. 2020). 

The cities are represented by nature concentrations of humans, materials and 

activities, because of this they exhibit both the highest levels of pollution and the largest 

targets of impact (Fenger, 1999). The most plausible cause for the air quality is the 

increase of the population in the urban areas, mainly because the increase of the 

population leads to the growing need for cars, houses, roads and many more that cause 

the pollution of the air (Mayer, 1999). 

Biodiversity serves a multitude of significant roles within the urban environment 

(McKinney, 2008). Among those roles we can include ecosystem services such as water 

and air purification (Bolund and Hunhammar, 1999) but also for recreational purposes 

such as sightseeing and recreation (Miller 2005; 2006). On the other hand, urban 

biodiversity plays an important role in educating the urban population, which is in a 

constant growth, about the importance of nature and its conservation (Miller and Hobbs, 

2002). The trees in the urban environment are of great value to the city, their performance 

and aesthetics being beneficial both for the climate but the human population as well 

(Moser et al. 2016).  

Anthocyanin are pigments that provide the red, blue, and violet colors in the 

flowers, leaves, fruits, and storage organs. In the case of some plants, the anthocyanin 

are present all time in the leaves, while for other species only at a specific time of the 

year, or during a particular stage of development (Chalker, 1999). Anthocyanin 

production is influenced by environmental factors, such as light quantity and quality, 

mineral and pH imbalances, extreme temperatures, pollution and herbicides. 

Juglans regia (commonly known as “Walnut”) belongs to the family of 

Juglandaceae, being used in traditional medicine from ancient times. The main part that 

has been used in the medicine are the leaves, mainly for treating skin inflammations, 
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different types of infections such as fungal or microbial, for venous insufficiency, for 

ulcers and hyperhidrosis, and anthelmintic, antiseptic and astringent properties. J. regia 

has also been used in the treatment of diabetes, prostate, and vascular disturbance 

(Ianovici et al. 2017). The walnut tree, native to central Asia, the western part of the 

Himalayan chain and Kyrgyzstan, being cultivated in Europe since approximately 1000 

BC. Since then, it has disseminated and thrived in various regions featuring 

Mediterranean-type ecosystems across the globe (Martinez et al. 2010). 

Robinia pseudoacacia, also known as “black locust” or “false acacia”, is a tree 

of medium size, approximately 12-18m in height, the radial root extent being about 1-

1.5 times the height of the tree. The species is native to North America, but it has spread 

worldwide thanks to its rapid growth, fast maturity (Wojda et al. 2015), vigorous 

sprouting and reproduction via underground runners (Wilkaniec et al. 2021). The 

effective expansion of black locusts is also influenced by the fact that disturbances 

stimulate the proliferation of clones, resulting in greater number of ramifications. 

(Cierjacks et al. 2013). The tree has been recommended for the urban areas for a long 

time, mainly because it facilitates late-successional plant species, this is because the 

black locust fixes nitrogen and stabilizes the soil (Danso et al. 1995). 

The aim of this study is to assess the relation between the anthocyanin and 

chlorophyll content, the species of plant and the investigated area. There were two main 

areas studied, these being the urban and urban green, from the Municipality of 

Timișoara, Romania. Both the chlorophyll and anthocyanin content are an important 

indicator regarding the leaves health and its physiology. 

 
MATERIALS AND METHODS 

The research was conducted out in the Municipality of Timișoara in September 

2022. The investigated zones were: Charles Darwin Str., Splaiul Nistrului, Regina Maria 

Park, Rozelor Park, Karlsruhe Park, Mehadia Str., Student Complex, Begăi bank, 

Corneliu Micloși Academic Square. The readings were taken as far away from the heart 

of the park as feasible for those in the green urban area, and as close to the street as 

possible for those in the urban region. 

The indices tested were anthocyanin content (ANTC), measured with an OPTI-

SCICENCES ACM200 Plus Anthocyanin Content Meter and displayed in ACI, and 

chlorophyll content (Chl), measured with an OPTI-SCICENCES CCM-300 Chlorophyll 

Content Meter and displayed in mg m-2. Both analyzers are non-invasive and deliver 

cheap and quick results. The research was conducted on the species Juglans regia and 
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Robinia pseudoacacia. In all, 480 measurements were conducted, 240 for chlorophyll 

and 240 for anthocyanin levels.  

Microsoft Office Excel was used for data processing. PAST 3.0 (Hammer et al. 

2001) was used for statistical analysis. Levene's test for variance homogeneity was used. 

Furthermore, Mann-Whitney U was used to analyze differences between two 

independent groups where the dependent variable was ordinal or continuous but not 

normally distributed, and ANOVA was employed when the variances were equal.  

 
RESULTS AND DISCUSSIONS 

By collecting samples from various locations, biomonitoring may be performed 

using the content of two components that reflect the amount of pollution, so their number 

can grow or decrease. Figure 1 depicts the mean values SE of Chl content for all tested 

zones. In addition, the outlines are shown. Robinia has the lowest anthocyanin 

concentration in the green urban region (ANTC = 1.1 ACI), whereas the g Juglans has 

the highest in the urban area (ANTC = 9.3 ACI). Thus, the minimum point of ANTC for 

the Juglans in the urban area is 1.3 and the maximum point is 9.3, while the minimum 

point for the green urban area is 3.6 and the maximum point is 8. Simultaneously, in the 

urban environment, the minimum point for the Robin is 2.8 and the maximum point is 

6.5; in the green urban environment, the minimum point is 1.1 and the maximum point 

is 6.8.  

 

 
FIG. 1. Anthocyanin mean values ± SE (outlines also showed) for J. regia and R. pseudoacacia leaves from the three 

analyzed zones (Urban, urban green and Timisoara, in general) 
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In Figure 1, three points that are near to the maximum one in the urban 

environment for Juglans, confirming a maximum of content in the urban area. A kernel 

density estimation is shown on either side of the violet line to indicate the distribution 

shape of the data. The violin plot's wider parts reflect a larger possibility that individuals 

of the population will take on the given value, while the skinnier sections imply a lesser 

probability. R. pseudacacia has a more linear distribution than the J. regia, which has a 

more concentrated distribution between 3.5 and 5.5 ACI for the urban region.  

Figure 2 depicts the mean SE values of chlorophyll content for all tested zones. 

Outlines are also displayed. The statistics demonstrate that the J. regia has the lowest 

chlorophyll level in the urban region (Chl = 180 mg m-2), whereas the R. pseudacacia 

has the highest chlorophyll content in urban zone (Chl = 700 mg m-2). However, the 

lowest and maximum points for Juglans in the urban environment are 180 and 554, 

respectively, while the minimum and maximum points for Juglans in the green urban 

environment are 231 and 497. At the same time, the genus Robinia has a minimum of 

193 and a maximum of 700 in the urban environment, and a minimum of 231 and a 

maximum of 472 in the green urban environment. 

 

 
FIG. 2. Chlorophyll mean values ± SE (outlines also showed) for J. regia and R. pseudoacacia leaves from the three 

analyzed zones (Urban, urban green and Timisoara, in general) 
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To demonstrate the distribution form of the data, a kernel density estimation is 

displayed on either side of the violet line. Wider portions of the violin indicate a higher 

likelihood that people in the population would choose the given value, whilst thinner 

sections indicate a lesser probability, resulting in a low density at the lowest and 

maximum points and a higher density at the graph's midpoints (Figure 2). 

  
TABLE 1. Mann-Whitney test for anthocyanin content 

 Juglans - 

U 

Juglans - 

UG 

Juglans - 

T 

Robinia - 

U 

Robinia - 

UG 

Robinia - 

T 

Juglans - U  0.08584 0.3206 0.6763 0.01427 0.2406 

Juglans - UG 0.08584  0.3206 0.2899 3.84E-06 0.001025 

Juglans - T 0.3206 0.3206  0.7122 4.34E-05 0.00629 

Robinia - U 0.6763 0.2899 0.7122  0.001827 0.07151 

Robinia - UG 0.01427 3.84E-06 4.34E-05 0.001827  0.07151 

Robinia - T 0.2406 0.001025 0.00629 0.07151 0.07151  

 
The distribution of data in the urban green zone was normal. Then, to evaluate 

if an ANOVA test was necessary, Levene's test for variance homogeneity was utilized. 

Significant differences were discovered between the groups studied (p = 3,02E-05, F = 

5,838, df = 5). The Mann Whitney test reveals significant variations in anthocyanin 

content, with four values less than 0.05; these significant differences in anthocyanin 

occur between: Juglans UG - Robinia UG; Juglans T - Robinia UG; Juglans UG - 

Robinia T; Robinia U- Robinia UG (Table 1). 
 

TABLE 2. Mann-Whitney test for chlorophyll content 
 Juglans - U Juglans - UG Juglans - T Robinia - U Robinia-UG Robinia - T 

Juglans - U  0.3387 0.5802 0.02435 0.07578 0.01984 

Juglans - UG 0.3387  0.58 0.002858 0.0187 0.002041 

Juglans - T 0.5802 0.58  0.002467 0.01697 0.000906 

Robinia - U 0.02435 0.002858 0.002467  0.9644 0.9794 

Robinia - UG 0.07578 0.0187 0.01697 0.9644  0.9794 

Robinia - T 0.01984 0.002041 0.000906 0.9794 0.9794  

 

Data in the urban green zone exhibited a normal distribution. Following that, 

Levene's test for variance homogeneity was used to determine whether an ANOVA test 

was required. Significant differences were found between the examined groups (p = 

0,01078, F = 3,019, df = 5). The Mann Whitney test reveals substantial variations in 
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chlorophyll content, with seven values less than 0.05; these significant differences in 

chlorophyll occur between: Juglans UG - Robinia U; Juglans T - Robinia U; Juglans UG 

- Robinia UG; Juglans T - Robinia UG; Juglans U - Robinia T; Juglans UG - Robinia T; 

Juglans T - Robinia T (Table 2).  

Following these tests and data, it appears that both the anthocyanin and 

chlorophyll content is homogeneously distributed in the habitats; nevertheless, there are 

considerable variances in both contents when comparing species and habitats. 

 
CONCLUSIONS 

This study presented data from an experiment in which the capability of two 

plant species Juglans regia and Robinia pseudoacacia, from the city of Timisoara, 

Romania. was investigated. The main areas that were studied were the urban and urban 

green zones. The investigated parameters were the chlorophyll and anthocyanin 

contents, measured through a non-invasive, fast, and affordable method. 

In general, for both species there was a difference between the urban and urban 

green areas, the content of both parameters being higher in the urban zone than it was in 

the other one. For both Juglans regia and Robinia pseudoacacia, the values had a normal 

distribution in the urban green areas. 
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