


 

PROCEEDINGS 

30
th

 INTERNATIONAL CONFERENCE  

ECOLOGICAL TRUTH AND ENVIRONMENTAL RESEARCH – EcoTER’23 

 

Editor: 

Prof. Dr Snežana Šerbula 

University of Belgrade, Technical Faculty in Bor 

Editor of Student section:  

Prof. Dr Maja Nujkić 

University of Belgrade, Technical Faculty in Bor 

 

Technical editors: 

Jelena Milosavljević, PhD, University of Belgrade, Technical Faculty in Bor 

Asst. prof. Dr Ana Radojević, University of Belgrade, Technical Faculty in Bor 

Sonja Stanković, MSc, University of Belgrade, Technical Faculty in Bor 

 

Cover design:  

Aleksandar Cvetković, BSc, University of Belgrade, Technical Faculty in Bor 

 

Publisher: University of Belgrade, Technical Faculty in Bor 

For the publisher: Prof. Dr Dejan Tanikić, Dean 

Printed: University of Belgrade, Technical Faculty in Bor, 100 copies, electronic edition 

Year of publication: 2023 

This work is available under the Creative Commons Attribution-NonComercial-NoDerivs licence (CC BY-NC-ND) 

ISBN 978-86-6305-137-9 

CIP - Каталогизација у публикацији 
Народна библиотека Србије, Београд 
 
502/504(082)(0.034.2) 
574(082)(0.034.2) 
 
INTERNATIONAL Conference Ecological Truth & Environmental Research (30 ; 2023) 
    Proceedings [Elektronski izvor] / 30th International Conference Ecological Truth & Environmental 
Research - EcoTER'23, 20-23 June 2023, Serbia ; organized by University of Belgrade, Technical 
faculty in Bor (Serbia) ; co-organizers University of Banja Luka, Faculty of Technology – Banja Luka 
(B&H) ... [et al.] ; [editor Snežana Šerbula]. - Bor : University of Belgrade, Technical faculty, 2023 
(Bor : University of Belgrade, Technical faculty). - 1 elektronski optički disk (CD-ROM) ; 12 cm 
 
Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovne strane dokumenta. - Preface / Snežana 
Šerbula. - Tiraž 100. - Bibliografija uz svaki rad. 
 
ISBN 978-86-6305-137-9 
 
а) Животна средина -- Зборници б) Екологија – Зборници 
 
COBISS.SR-ID 118723849 
----------------------------------- 

 



 

 iii 

 

 

 

30
th

 International Conference 

Ecological Truth and Environmental Research – EcoTER’23 

 

 

 

is organized by: 

 

 

UNIVERSITY OF BELGRADE  

TECHNICAL FACULTY IN BOR (SERBIA) 

 

 

Co-organizers of the Conference: 

 

University of Banja Luka, Faculty of Technology, 

Banja Luka (B&H) 

 

University of Montenegro, Faculty of Metallurgy and Technology, 

Podgorica (Montenegro) 

 

University of Zagreb, Faculty of Metallurgy, Sisak (Croatia) 

 

University of Pristina, Faculty of Technical Sciences, 

Kosovska Mitrovica 

 

Association of Young Researchers Bor (Serbia) 

 



 

vii 

 

 

HONORARY COMMITTEE 

Dr. Petar Paunović 

(Zaječar, Serbia) 

Prof. Dr Zvonimir Stanković 

(Bor, Serbia) 

Prof. Dr Velizar Stanković 

(Bor, Serbia) 

Prof. Dr Milan Antonijević 

(Bor, Serbia) 

Dragan Ranđelović, Association of Young Researchers Bor 

(Bor, Serbia) 

Toplica Marjanović, Association of Young Researchers Bor 

(Bor, Serbia) 

Mihajlo Stanković, Special Nature Reserve Zasavica 

(Sremska Mitrovica, Serbia) 

 



 

viii 

 

 

SCIENTIFIC COMMITTEE 

Prof. Dr Snežana Šerbula, President 

Prof. Dr Alok Mittal 

(India) 

Prof. Dr Yeomin Yoon  

(United States of America) 

Prof. Dr Jan Bogaert 

(Belgium) 

Prof. Dr Chang-min Park  

(South Korea) 

Prof. Dr Aleksandra Nadgórska-Socha 

(Poland) 

Prof. Dr Faramarz Doulati Ardejani  

(Iran) 

Prof. Dr Luis A. Cisternas 

(Chile) 

Prof. Dr Ladislav Lazić  

(Croatia) 

Prof. Dr Wenhong Fan 

(China) 

Prof. Dr Natalija Dolić  

(Croatia) 

Prof. Dr Martin Brtnický 

(Czech Republic) 

Prof. Dr Milutin Milosavljević  

(Kosovska Mitrovica) 

Prof. Dr Isabel M. De Oliveira Abrantes 

(Portugal) 

Prof. Dr Nenad Stavretović  

(Serbia) 

Prof. Dr Shengguo Xue 

(China) 

Prof. Dr Ivan Mihajlović  

(Serbia) 

Prof. Dr Tomáš Lošák 

(Czech Republic) 

Prof. Dr Milovan Vuković  

(Serbia) 

Prof. Dr Maurice Millet 

(France) 

Prof. Dr Nada Blagojević  

(Montenegro) 

Prof. Dr Murray T. Brown 

(New Zealand) 

Prof. Dr Darko Vuksanović  

(Montenegro) 

Prof. Dr Xiaosan Luo 

(China) 

Prof. Dr Irena Nikolić  

(Montenegro) 

Prof. Dr Daniel J. Bain 

(United States of America) 

Prof. Dr Šefket Goletić  

(B&H) 

Prof. Dr Che Fauziah Binti Ishak 

(Malaysia) 

Prof. Dr Džafer Dautbegović  

(B&H) 

Prof. Dr Richard Thornton Baker 

(United Kingdom) 

Prof. Dr Borislav Malinović  

(B&H) 

Prof. Dr Mohamed Damak 

(Tunisia) 

Prof. Dr Slavica Sladojević  

(B&H) 

Prof. Dr Jyoti Mittal 

(India) 

Prof. Dr Nada Šumatić  

(B&H) 

Prof. Dr Miriam Balaban 

(United States of America) 

Prof. Dr Snežana Milić  

(Serbia) 

 



 

ix 

 

 

 

 

Prof. Dr Fernando Carrillo-Navarrete 

(Spain) 

Prof. Dr Dejan Tanikić 

(Serbia) 

Prof. Dr Pablo L. Higueras 

(Spain) 

Prof. Dr Milan Trumić  

(Serbia) 

Prof. Dr Mustafa Cetin 

(Turkey) 

Dr Jasmina Stevanović  

(Serbia) 

Prof. Dr Mauro Masiol 

(Italy) 

Dr Dragana Ranđelović  

(Serbia) 

Prof. Dr George Z. Kyzas 

(Greece) 

Dr Viša Tasić 

(Serbia) 

Prof. Dr Mustafa Imamoǧlu 

(Turkey) 

Dr Ljiljana Avramović 

(Serbia) 

Prof. Dr Petr Solzhenkin 

(Russia) 

Dr Stefan Đorđievski 

(Serbia) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

x 

 

 

ORGANIZING COMMITTEE 

Prof. Dr Snežana Šerbula, President 

Prof. Dr Snežana Milić, Vice President 

Prof. Dr Đorđe Nikolić, Vice President 

Prof. Dr Marija Petrović Mihajlović 

Prof. Dr Milan Radovanović 

Prof. Dr Milica Veličković 

Prof. Dr Danijela Voza 

Prof. Dr Maja Nujkić 

Prof. Dr Žaklina Tasić 

Dr Ana Simonović 

Dr Tanja Kalinović 

Dr Ana Radojević 

Dr Jelena Kalinović 

Dr Jelena Milosavljević 

Sonja Stanković, MSc 

Miljan Marković, MSc 

Vladan Nedelkovski, MSc 

Aleksandar Cvetković, BSc 

 



 

122 

 

 

LEAF NITROGEN BALANCE INDEX USED TO MONITOR STRESS RESPONSE 

TO AIR POLLUTION OF DECIDUOUS TREE SPECIES GROWN IN URBAN ZONE 

OF BELGRADE 

 

Sonja Veljović Jovanović
1*

, Sonja Milić Komić
1
, Bojana Živanović

1
,  

Ana Sedlarević Zorić
1
, Nikola Šušić

1 

1
University of Belgrade, Institute for Multidisciplinary Research,  

Kneza Višeslava 1, 11030 Belgrade, SERBIA 
*
sonjavel@imsi.rs 

 

Abstract  

Street trees are important component of urban forest presenting a first barrier between air pollution 

originated from vehicle traffic and pedestrians. It implies that an improvement of air quality in urban 

areas greatly depends on green biomass, in short, the bigger and greener tree crown, better for human 

health and wellbeing. Determination of Leaf Nitrogen Balance Index (LNBI) and chlorophyll 

concentration (ChlC) by a non-invasive methodology and a user friendly instrument (Dualex 4, 

Force), widely used in agronomy and horticulture, was tested here for the assessment of tree fitness in 

urban zones. Investment of energy and resources either in growth or defence according to the trade-

off strategy of plants may be indicated by LNBI, which approximately presents a Nitrogen/Carbon 

ratio. We selected few tree species from Belgrade’s streets to determine those two parameters during 

summer. We also presented the changes in those parameters of the introduced bamboo species within 

ten years at several urban locations in Belgrade differing in air pollution aiming to evaluate 

usefulness the LNBI parameter in access of multiyear exposure to the effect of intense vehicle traffic. 

Numerous limiting factors for development of healthy tree crowns in urban ecosystem, such as low 

capacity to cope with toxic pollutant, sensitivity to diseases, early senescence and etc., greatly depends 

on tree species. We propose this methodology may also contribute in the process of choice of the 

adequate tree species to be planted along streets.  

Keywords: LNBI, chlorophyll, epidermal flavonoids, street trees, bamboo, air pollution.  

 

INTRODUCTION 

Taking into account that urban areas (city, megalopolis) become everyday environment of 

the majority of global population, about 55%, and even 80% in EU countries [1], urban forest 

research received a considerable attention from scientific community with an involvement of 

both, natural and social science disciplines. Environmental benefits of urban trees for human 

health and environmental health have been thoroughly analysed elsewhere [2]. Authors of this 

review emphasized that urban forest planning and management should strategically promote 

trees as a social determinant of public health. Street trees contribute significantly to urban air 

quality by forming the closest buffer zone between sources of air pollution originated from 

vehicles traffic and residential areas. Main benefits provided by rich tree crowns related to 

environmental protection are amelioration of the effects of greenhouse gasses, adsorption of 

particulate matters, microclimate change mitigation. Though a releasing oxygen via 
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photosynthesis by trees – “the lungs of the earth”, is the first argument used in urban forest 

management, the actual effect of urban trees on the oxygen concentration in cities are to be 

scientifically supported [3,4]. However, gas-exchange measurements of tree canopy are very 

complex as photosynthetic activity of tree leaves are highly variable depending on leaf 

genetically heterogeneity, position within crown, which mainly determine their light exposure 

and hydration, tree age, morphology etc. [5]. In searching for the methodology to best suit 

study of street trees, we tried to test whether a non-invasive optical measurements of leaf 

transmittance (375) using a commercial Chl and flavonoid (Flav) meter – Dualex 4 Scientific, 

proposed to be used in crops surveys and nutrition management [6,7], might be also used for 

the assessment of tree’s physiological status in their natural (urban) environment. Though 

determination of Chl is widely used as a stress meter (SPAD), this device measures Chl and 

Flav using leaf clip on the same leaf spot, allowing a generation of nitrogen balance index 

(NBI) which approximately presents a Nitrogen/Carbon ratio. Based on the hypothesis – the 

trade-off strategy of plants – that energy and resources are invested either in growth (primary 

metabolism, proteins, and chlorophyll) or defence (secondary metabolism, phenolic 

compounds), under the same nitrogen availability LNBI could be used as an indicator of plant 

metabolic status. Thus, monitoring of LNBI might be good indicator of plant sensitivity to 

pollutants, high temperature and sunlight or drought, commonly occurring abiotic stressors 

during summer in urban areas. Aim of this report is to encourage using this optical 

methodology as an early diagnostic tool of either air pollution or early senescence or species 

specific response occurring in urban trees as one of the contribution to fostering tree 

monitoring technologies.  

 

MATERIALS AND METHODS 

Experimental design 

Various tree species (Tilia sp., Platanus acerifolia, Aesculus hippocastanum L., Corylus 

colurna L., Fagus sylvatica L., Ginkgo biloba L., Magnolia x soulangeana Soul.-Bod., Pinus 

wallichiana A.B.Jacks, Platanus acerifolia (Aiton) Willd., Quercus robur L.) grown in urban 

zones in Belgrade municipalities (Arboretum and along main streets) were used to monitor 

physiological plant status by determining several optically derived parameters: 1) leaf 

nitrogen balance index – LNBI, 2) chlorophyll concentration – ChlC, and 3) epidermal 

flavonoids – EFlav. Measurements of Chl fluorescence were obtained from 20 to 30 mature, 

sun-exposed leaves of each tree or bamboo, about 5 to 7 hours after sunrise. The location of 

the monitored trees was given by names of city districts and streets. Leaves of bamboo, all 

exposed to sun and either close to traffic pollution source (Despota Stefana street) or from 

Košutnjak (Arboretum) were similarly analyzed. 

Determination of ChlC, LNBI and EFlav 

Total chlorophyll concentration (ChlC), epidermal Flavonoids (EFlav), and the leaf 

nitrogen balance index (LNBI) were obtained from the same leaf spot with the Dualex (Dx4, 

FORCE-A, Orsay, France; see Cerović et al. [6] for more details). Two laser beams, at 375 

and 650 nm, were applied on leaf surface using leaf clip, to excite Chl in the leaf mesophyll. 

By equalizing Chl fluorescence under visible (650 nm) and UV (375 nm) light excitation, an 

electronic feedback loop, variable Chl fluorescence is avoided and a precise measurement of 
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the absorbance of Flav in the UV-A is secured [8,9]. As a non-destructively measured leaf 

Chl content was used as indicator of N nutrition of crops [e.g. 10,11]. The new index called 

NBI (nitrogen balance index) derived from the Chl/Flav ratio is an indicator of C/N allocation 

changes [11]. Also the Chl/Flav ratio would correspond to an LMA-corrected Chl, i.e. Chl on 

mass basis. 

Statistical Analysis 

Significant differences in bamboo leaf ChlC, EFlav and LNBI ratio between locations in 

four years were determined using a two-way ANOVA test. The significance threshold value 

was set at P ≤ 0.05. The homogeneity of variance was checked with Levene’s test. Following 

two-way ANOVA analysis, the Tukey post hoc test was used for specific comparisons among 

experimental groups (P ≤ 0.05). The experimental data were analysed using the software 

package Statistica 8.0. To test for significant differences in chlorophyll content and LNBI 

index between June and August, the Mann–Whitney U/t-test was used, and the significance 

threshold value was set at 0.05. The experimental data were analysed using software package 

Statistica 8.0. 

 

RESULTS AND DISCUSSION 

Effects of traffic pollution on LNBI 

Traffic pollution can have various effects on the LNBI, which is being an indicator of the 

nitrogen content implies the status of stress impact on plant based on the metabolic strategy 

defence int leaves. Particulate matter (PM) from vehicle emissions (PM2.5, PM10) can settle on 

leaves and obstruct the metabolism either by closing stomata which can reduce photosynthesis 

and transpiration or by importing adsorbed toxic heavy metals (12), leading to a decline in the 

LNBI (Table 1).  

 

Table 1  Effects of traffic pollution on Leaf Nitrogen Index (LNBI) of the examined plant species. 

White fields represent trees at unpolluted locations (Košutnjak, Ušće); dark fields represent trees 

exposed to pollution (Kneza Miloša street, King Aleksander boulevard, Makenzijeva street. Results 

represent the mean value from 30 leaves ± SE 

Species LNBI Species LNBI 

Tilia platyphyllos 46.5 ± 4.9 Platanus acerifolia 1 27.8 ± 0.9 

Tilia europea 1 46.7 ± 4.2 Platanus acerifolia 2 20.9 ± 8.5 

Tilia europea 2 40.4 ± 7.1 Platanus acerifolia 3 20.1 ± 4.3 

Tilia europea 3 64.7 ± 9.9 Platanus acerifolia 1 14.5 ± 1.4 

Tilia europea 4 68.8 ± 15.7 Platanus acerifolia 2 19.8 ± 1.6 

Tilia platyphyllos 29.7 ± 0.6 Platanus acerifolia 3 18.4 ± 2.4 

Tilia cordata 1 29.4 ± 3.5 Platanus acerifolia 4 20.4 ± 3.1 

Tilia cordata 2 20.4 ± 1.9 Platanus acerifolia 5 15.6 ± 2.6 

Tilia grandiflora 1 24.5 ± 2.0 Platanus acerifolia 6 21.8 ± 2.9 

Tilia grandiflora 2 21.2 ± 4.8 Platanus acerifolia 7 15.3 ± 2.1 

Tilia grandiflora 3 38.1 ± 2.7 Platanus acerifolia 8 20.1 ± 1.0 

Tilia grandiflora 4 21.1 ± 1.9 Platanus acerifolia 9 15.2 ± 1.6 

Tilia europea 1 26.2 ± 4.7 Platanus acerifolia 10 15.6 ± 1.7 

Tilia europea 2 33.9 ± 8.4 Platanus acerifolia 11 16.3 ± 1.4 

Tilia europea 3 35.1 ± 6.7 Ginkgo biloba L. 51.4 ± 10.3 

Tilia europea 4 24.1 ± 4.3 Ginkgo biloba L. 31.2 ± 4.1 
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Traffic pollution can also contribute to leaf damage and premature senescence. Traffic 

pollution often includes emissions of nitrogen dioxide (NO2) and nitrogen oxides (NOx). 

These pollutants can deposit onto plant leaves and negatively impact their nitrogen 

metabolism, which can affect plant growth and productivity (13). Leaves exposed to high 

levels of pollutants may exhibit symptoms such as smaller leaf size, abnormal shape, or 

chlorosis (yellowing). Traffic pollution is often accompanied by other air pollutants, such as 

sulfur dioxide (SO2) and ozone (O3) (14). Elevated ozone levels can increase oxidative stress 

in plants, leading to nitrogen imbalances and reduced LNBI. 

Species specific variation of ChlC, EFlav and LNBI 

Total chlorophyll concentration (ChlC) levels varied in different tree species depending on 

the month during summer season with the greatest effect observed in P. wallichiana,      A. 

hippocastanum, M. soulangeana, P. acerifolia, and Q. robur, while magnolia had the lowest 

ChlC. Unique pattern was observed in ginkgo, where the ChlC first increases in June and then 

gradually decreases until October (Table 2, and data not shown). 

 

Table 2 Total chlorophyll concentration (ChlC, µg/cm
2
) and concentration of epidermal flavonoids 

(EFlav, µg/cm
2
) in the leaves of the examined plant species in summer season, measured by Dualex. 

Results represent the mean value from 30 leaves ± SE. Significant differences in ChlC between June 

and August according to Mann–Whitney U/t-test in each experiment are indicated                                

(
*
 P < 0.05, 

**
 P < 0.005) 

Species 
ChlC (µg/cm

2
) EFlav (µg/cm

2
) 

June August June August 

Aesculus hippocastanum L. 27.4 ± 0.6 33.8 ± 1.5
*
 1.09 ± 0.07 0.96 ± 0.06 

Corylus colurna L. 24.8 ± 0.4 21.3 ± 0.5 1.03 ± 0.02 1.30 ± 0.05
*
 

Fagus sylvatica L.  57.8 ± 10.9 26.5 ± 5.3
*
 1.56 ± 0.19 1.60 ± 0.15 

Ginkgo biloba L. 47.0 ± 2.0 38.3 ± 4.0
*
 0.98 ± 0.24 1.21 ± 0.20

*
 

Magnolia x soulangeana Soul.-Bod. 1 25.9 ± 3.9 28.7 ± 6.3 1.46 ± 0.29 1.32 ± 0.30 

Magnolia x soulangeana Soul.-Bod. 2 25.7 ± 3.7 27.9 ± 4.0 1.02 ± 0.43 1.43 ± 0.29
*
 

Pinus wallichiana A.B.Jacks 57.8 ± 10.9 47.1 ± 10.9
*
 1.73 ± 0.11 1.42 ± 0.11

*
 

Platanus acerifolia (Aiton) Willd. 35.3 ± 1.5 31.7 ± 1.1
*
 1.51 ± 0.03 1.66 ± 0.01

*
 

Quercus robur L.  18.2 ± 0.6 22.7 ± 0.9
*
 1.43 ± 0.04 1.46 ± 0.04 

 

The highest accumulation of epidermal flavonoids (EFlav) in April was recorded in          

P. wallichiana, and it was twice less in A. hippocastanum, G. biloba, and C. colurna (data not 

shown). Furthermore, it was observed that there was a significant accumulation of EFlav in   

F. sylvatica, ginkgo, and P. acerifolia during the summer, indicating that these tree species 

may have an active mechanism for biosynthesis and distribution of flavonoid sunscreeners in 

leaf epidermal layer throughout the growing season (Table 2). In contrast, while the ChlC in 

magnolia increases during the growing season, there was no change in the level of EFlav. On 

the other hand, with A. hippocastanum and P. wallichiana, a linear decrease in EFlav content 

was observed from spring to autumn, with P. wallichiana showing a more significant 

decrease than A. hippocastanum (Table 2). 

The accumulation of flavonoids in the epidermal layer of leaf cells is an important 

mechanism that protects the leaf from photo-oxidation caused by high doses of ultraviolet 
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radiation, which is especially increased in the summer [15]. The results suggest that plants 

synthesize flavonoids in the spring, and the level is maintained during the summer months 

[16]. The accumulation of flavonoids is influenced by a variety of factors, mostly by the level 

of exposure to sunlight, besides species of the plant, and the metabolic priorities of the plant 

during different phases of its growth cycle [17]. Accordingly, sun-exposed leaves tend to have 

higher levels of epidermal flavonoids than shaded leaves, indicating that this protective 

mechanism against harmful UV radiation. 

It was noted that the lowest value for the leaf nitrogen index (LNBI) was observed in beech 

tree and magnolia, while the highest value was observed in Himalayan pine, indicating 

tickness of leaf is an important factor to take into account using Dualex4. The biggest initial 

increase in the LNBI index was seen in beech tree, ginkgo, and magnolia, with values 

increasing by 2–3 times (Table 3).  

 

Table 3 Leaf Nitrogen Index (LNBI) of the examined plant species in the period from April to October, 

measured by Dualex. Results represent the mean value from 30 leaves ± SE. Significant differences in 

LNBI between June and August according to Mann–Whitney U/t-test in each experiment are indicated 

(
*
 P < 0.05, 

**
 P < 0.005) 

Species 
LNBI 

June August 

Aesculus hippocastanum L. 28.3 ± 1.7 36.1 ± 1.1
*
 

Corylus colurna L. 24.5 ± 0.8 17.3 ± 0.9
*
 

Fagus sylvatica L.  36.8 ± 5.4 17.0 ± 4.9
**

 

Ginkgo biloba L. 51.4 ± 10.3 32.6 ± 5.5
**

 

Magnolia x soulangeana Soul.-Bod. 1 18.3 ± 4.5 23.2 ± 8.2
*
 

Magnolia x soulangeana Soul.-Bod. 2 30.5 ± 5.5 20.3 ± 4.6
**

 

Pinus wallichiana A.B.Jacks. 36.8 ± 5.4 29.3 ± 6.8
*
 

Platanus acerifolia (Aiton) Willd. 23.3 ± 1.0 19.4 ± 0.9
*
 

Quercus robur L.  21.6 ± 0.5 29.1 ± 1.1
*
 

 

The results indicate that in 2012, the ChlC was significantly higher in bamboo leaves from 

Košutnjak compared to the more polluted location at Despota Stefana street (Figure 1). 

However, over the next two years, the ChlC became relatively similar at both locations and 

remained so even after 10 years in 2023. Additionally, there was a significant decrease in 

ChlC at both locations after 11 years compared to the beginning of the measurement in 2012. 

The study also found that the content of EFlav decreased over the four years of the study in 

bamboo leaves at both locations, with a lower accumulation of EFlav observed in bamboo 

leaves from the more polluted location (Figure 1). The changes in the content of EFlav were 

followed by a change in the level of the LNBI. A significantly lower LNBI was measured in 

bamboo leaves grown in Despota Stefana street, while a decrease in LNBI over the years was 

recorded only in bamboo leaves from Košutnjak (Figure 1). The more polluted location at 

Despota Stefana street showed a lower accumulation of EFlav and a lower LNBI compared to 

the less polluted location at Košutnjak. Overall, these results suggest that both locations 
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experienced a decrease in the health of the bamboo plants over time, as indicated by the 

decreasing chlorophyll content, decreasing epidermal flavonoids, and decreasing NBI index. 

 

a) b) c) 

   
 Figure 1 a) Total chlorophyll concentration (ChlC), b) leaf nitrogen index (LNBI) and c) 

concentration of epidermal flavonoids (EFlav) of bamboo leaves measured in 2012, 2013, 2014 and 

2023 by Dualex. Values are presented as means ± SE (n = 20). Different letters denote significant 

differences between means according to Tukey HSD post 

 

CONCLUSION 

The coordination of continuous activities by municipality in synergy with academic and 

social organizations including a continuous monitoring of urban forestry as well as a proper 

nourishment and selection of the best adaptable tree seedlings in nurseries to these specific 

environmental conditions, is of crucial importance for further development of green city and 

maintenance of healthy urban forest. To ascertain the actual human health benefits derived 

from urban forest, a future research requires an inevitable multidisciplinary approach 

implemented in the long-termed ecological projects. We present here that use of described 

technology, adapted measurement of Chl fluorescence from leaf by the Dualex (Dx4, 

FORCE-A might contribute to the monitoring of plant sensitivity to pollutants, high 

temperature and sunlight or drought, commonly occurring abiotic stressors during summer in 

urban areas. Results encourage using this optical methodology as an early diagnostic tool of 

either air pollution or early senescence or species specific response occurring in urban trees as 

one of the contribution to fostering tree monitoring technologies.  
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