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Abstract: Urban environments are stressful for the growth of trees, as they are affected by 
multiple and combined stressors from their surroundings. Moreover, the task of selecting and 
recommending convenient tree species for such conditions becomes more complex under the 
predicted climate change scenarios. Therefore, the present study was aimed at investigating the 
physiological performance of Sweetgum (Liquidambar styraciflua L.) and Norway maple (Acer 
platanoides L.) in an urban street site, under wet and drought conditions. Most of the observed 
gas exchange parameters were negatively affected by drought in both of the studied species. 
Furthermore, chlorophyll a fluorescence parameters were shown to be a good indicators of 
drought stress. The overall result of this study highlighted better physiological performance of 
Sweetgum, in comparation to Norway maple, under drought condition in urban environment. 
In accordance to that, it might be assumed that Sweetgum is a promising alternative to Norway 
maple in the urbanized area.   
 
Keywords: Acer platanoides L., Liquidambar styraciflua L., leaf gas exchange, chlorophyll a 
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1. Introduction 
 

As 50%-75% of world’s population have been documented to live in cities in developed 
countries in the 21th century (Antrop, 2004), the importance of urban forestry has been widely 
recognized. Urban trees, as the most important elements of urban green areas, have a broad set 
of benefits to urban surroundings and its’residents (Wargo et al. 2002), i.e. reducing the urban 
heat-island effect (Douglas et al. 2012; Scholz et al. 2018), improving air quality (Paoletti et al. 
2011; Baumgardner et al. 2012), providing shade (Akbari et al. 2001), etc. Indeed, urban trees 
create a “green infrastructure“, which makes the cities more livable for humans (Darling et al. 
2017).  
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However, to establish a vital and long-lasting street alley of trees in an urbanized area, a 
wide range of diverse ecological, microclimatic, physiological, and aesthetic value has to be 
examined and recognized (Vogt et al. 2017). Namely, it has been well proven that urban trees are 
subjected to numerous and combined stress factors (Calfapietra et al. 2015). Furthermore, the 
issue to find and select suitable tree species with good adaptation potential to the growing 
conditions at urban sites becomes even more challenging and important under the predicted 
climate change (Roloff, 2018). Indeed, the effects of drought are predicted to be more severe in 
future, as the climate change scenarios predict long lasting and more severe drought periods, 
combined with heat waves. This phenomenon will become even more intense in urban paved 
areas, and the trees will suffocate even more, as drought was shown to negatively affect their 
lifespan (Dale et al. 2014). As the tree’s vitality will be challenged in such conditions, it will also 
impact the ecosystem services they provide for citizens (Konarska et al. 2015). 

In order to maintain the resilience of urban forests under climate change, high diversity of 
species is of key importance (Kevrešan and Stevanov, 2017; Sjöman et al. 2018; Vaštag et al. 2018). 
However, the strategic use of various tree species in urban areas is compromised by the limited 
knowledge about the adaptation ability of native and introduced species (Sjöman and Nielsen, 
2010). Therefore, studying the selection of suitable tree species for sustainable management and 
the future planning of urban greenery are essential and should be the main tasks of urban 
forestry (Gillner et al. 2013; Swoczyna et al. 2014). Although introducing a new species to the 
urban landscape can negatively affect the distribution of native species, in the forthcoming 
climate changes, when implemented with caution and following scientific evidences, they can 
be helpful to fulfil the demanded benefits and ecosystem services of native trees (Konarska et al. 
2015). 

In accordance to that, the present study was aimed at: (1) evaluating the drought stress 
tolerance and adaptation potential of Norway maple (Acer platanoidesL.) - a native species in 
South-Eastern Europe, and Sweetgum (Liquidambar styraciflua L.) – a recently introduced tree 
species to urban environments, (2) and to provide proposal for their suitable planting in urban 
areas. For this purpose, leaf gas exchange parameters were assessed in combination with 
parameters of chlorophyll a fluorescence, as they have been previously proven as a reliable and 
non-invasive method for evaluating the plants overall health status (Perez et al. 2014; Bucher et 
al. 2018; Vastag et al. 2019). 
 
2. Materials and Methods 
 
2.1. Experimental location and plant material 

 
The present study was conducted in Simeona Piščevića street (N 45°15', E 19°48), in Novi 

Sad, Serbia. At the studied site, 5 Norway maples (Acer platanoides L.) and 5 Sweetgums 
(Liquidambar styraciflua L.) were planted in a continuous row along the sidewalk, with a 
randomly assessed arrangement. The height of both species were approximately 12 m, and the 
planting space between the trees was 8 m.  

In order to estimate the response to drought of both of the above-mentioned species, 
measurement of leaf gas exchange and chlorophyll a fluorescence were made during wet (16th of 
August 2019) and drought period (31th of August 2019). For this purpose, fully expanded leaves 
were chosen, with the same orientation. The measurements were made on 5 replications on 5 
plants per a single species. 

 
2.2. Meteorological characteristics 
 

The mean daily air temperatures and the total daily precipitations of the 2019 growing 
season (from 1th of May until the 4th of September 2019) were recorded at the nearby 
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meteorological station, Rimski Šančevi (N 45°20', E19°51'; altitude 84 m a.s.l). Furthermore, the 
soil water potential (SWP) (MPa) was monitored with calibrated gypsum blocks (Delmhorst Inc., 
USA) at soil depth of 50 cm, by automatically recording every 30 minutes.  

During the growing season of 2019 two severe drought periods were observed. The first 
one lasted 10 days (from 30th of July until 8th of August) and a second one, which started at the 
26th of August and lasted even after the 4th of September 2019 (Figure 1). 
 

 
Figure 1. Mean daily air temperatures (°C), total daily precipitations (mm) and soil water 

potentials (MPa) during the period from 1th of May to 4rd of September 2019. 
 
2.3. Assessment of leaf gas exchange 
 

The assessment of net photosynthesis (А [µmol/m2/s]), rate of transpiration (E 
[mmol/m2/s]), stomatal conductance (gs [mmol/m2/s]) and substomatal concentration CO2 (Ci 
[µmol/mol]) was performed with a CIRAS-3 portable photosynthesis system (Amesbury, MA, 
USA) in a timescale between 9:00 AM and 11:00 AM. The measurements were recorded under 
photosynthetic active radiation (PAR) of 1000 µmol m-2 s-1, while the humidity, temperature, and 
the concentration of CO2 were measured at the studied site and varied in accordance to the 
ambiental conditions. Water use efficiency (WUE [µmol/m2/s]) was derived as a ratio of A and 
E. Furthermore, intrinsic water-use efficiency (WUEi [µmol mol-1]) was assessed as the ratio of 
A and gs (Flexas et al. 2013). After the assessment of leaf gas exchange, the same leaves were 
used for measurement of chlorophyll a fluorescence. 

 
2.4. Assessment of chlorophyll a fluorescence 
 

Chlorophyll a fluorescence was assessed by a non-destructive method of the tree leaves at 
the studied site between 9:00 AM and 11:00 AM. The measurements were recorded with a PAM-
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2500 portable chlorophyll fluorometer (Walz, Germany), by it’s rapid light curve (RLC) function 
with increasing intensities of actinic illumination in nine steps from 144 to 2,443 µmol (photon) 
m-2 s-1. The illumination periods lasted 10 s and each of them were separated by a white 
saturating flash of ∼3000 µmol m−2 s−1. The following primary fluorescence parameters were 
measured for calculation of the key fluorescence parameters (Table 1): Fo, Fo’- minimum 
fluorescence of dark and light adapted leaf, Fm and Fm’- maximum fluorescence of light and 
dark-adapted leaf and Ft- momentary fluorescence yield. 
 
Table 1. The list of key fluorescence parameters used for estimation of photosynthetic activity of 
PSII. 
 

Formula Nomenclature and basic physiological interpretation 
Y(II)=Fm’-Ft/Fm’ Effective photochemical quantum yield of PS II (Genty et al. 

1989) 
Y(NO)=Ft/Fm Quantum yield of non-regulated heat dissipation and 

fluorescence emission (Genty et al. 1996) 
NPQ= Fm/Fm’-1 Stern-Volmer type of non-photochemical quenching 

(Schreiber et al. 1986 as formulated by van Kooten and Snel, 
1990) 

qN= 1- (Fm’-Fo’/ Fm-Fo) Coefficient of non-photochemical fluorescence quenching 
(Bilger and Björkman, 1990) 

qP = (Fm’-Ft)/(Fm’-Fo’) Coefficient of photochemical quenching (Schreiber et al., 
1986 as formulated by van Kooten and Snel, 1990) 

qL = qP*(Fo’/Ft) Coefficient of photochemical fluorescence quenching 
assuming interconnected PS II antennae (Kramer et al. 2004) 

ETR = PAR · 0.84· 0.5.· Electron transport rate (Xu et al. 2009) 
 
2.5. Assessing visual vitality and decorative value 

 
The urban tree visual vitality and decorative value has been assessed using the method of 

Anastasijević et al. (2007) on 31th of August 2019. For visual vitality the overall health status of 
tree was observed: the presence of mechanical, psychopathological or entomological damages. 
The decorative value was assessed by observing the stem straightness and quality of crown 
structure. For scoring of the mentioned qualitative parameters, the classification scale of 1 (poor 
health condition and low esthetic value) to 5 (excellent health condition and high esthetic value) 
was applied. 
 
2.6. Statistical analysis 

 
Statistical analysis of data was performed using one-way ANOVA. When significant 

differences occurred between wet and drought period, comparison of means was applied by 
using Tukey’s honestly significant difference (HSD) test. Bar graphs for leaf gas exchange 
parmaterers, visual vitality and decorative value were made using R 3.3.2. for Windows, while 
rapid light curves (RLC’s) of chlorophyll a fluorescence parameters were constituted in Statistica 
13 (TIBCO Software Inc., 2017). 
 
3. Results  
 

The results of the present study evidenced a statistically significant decrease of A, WUE 
and WUEi of Sweetgum and Norway maple during drought (Figure 2.). Furthermore, drought 
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has affected Ci, as well, causing its increase in both of the above-mentioned species. The decrease 
of A was slightly higher in Sweetgum, reaching 76.1%, while in Norway maple was found to be 
79.3%. However, A was higher in both observed periods, (in the wet period for 50.2% and in 
drought for 46.0%) in Sweetgum, in comparation to Norway maple. In terms of WUE, the same 
pattern was observed, having the highest values in both observed periods in Sweetgum (in wet 
period for 37.9% and drought for 17.8%), showing a faintly pronounced decline in this species 
(79.7%), compared to Norway maple (82.2%). 

 

 
 
Figure 2. Leaf gas exchange parameters of Sweetgum (L. styraciflua L.) and Norway maple (A. 
platanoides L.) measured in wet and drought period. A - Net photosynthetic rate (А [µmol/m2/s]); 
B - rate of transpiration (E [mmol/m2/s]); C - stomatal conductance (gs [mmol/m2/s]); D - 
substomatal concentration CO2 (Ci [µmol/mol]); E – water use efficiency (WUE [µmol/m2/s]); F - 
intrinsic water-use efficiency (WUEi [µmol mol-1]) . The different small letters next to error bars 
indicate significant differences between the values (Tukey test; P ≤ 0.05). 

 
Similar to A and WUE, WUEi showed to have the highest values for Sweetgum, in wet (for 

31.1%) and dry (for 25.9%) periods, as well. As far as Ci values are concerned, the increase was 
a bit greater in Norway maple (31.5%) compared to Sweetgum (19.5%) during drought, and was 
higher in both measured periods for the first mentioned species. Furthermore, the absence of 
significant differences was detected for E and gs between two periods of measurements.  
Concerning chlorophyll a fluorescence, Sweetgum and Norway maple showed a very similar 
behavioral pattern, observable on the shape and ranks of the RLC’s, under both of the studied 
periods. In addition, Fo’, Y(NO), qP, qL decreased, while, Fm’, Ft, Y(II), Y(NPQ), qN, NPQ and 
ETR were found to be increased along the RLC’s under drought condition, in comparation to the 
wet period (Figure 3.). The biggest differences between wet and drought periods were observed 
in Ft, Y(NO), Fm’. On the other hand, a Fo’, qN and qP differed to the smallest content between 
the two observed periods, in both species. The results of vitality and decorative value showed 
the same trend, with slightly higher values in Sweetgum (5.00), in comparation to Norway maple 
(4.80). However, the differences were found to be not statistically significant (Figure 4). 
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Figure 3. Chlorophyll a fluorescence parameters of Sweetgum (L. styraciflua L.) and Norway 
maple (A. platanoides L.) measured in wet and drought period. A - minimum fluorescence of light 
adapted leaf (Fo’); B - maximum fluorescence of light adapted leaf (Fm’); C - momentary 
fluorescence yield (Ft); D - Effective photochemical quantum yield of PS II (Y(II)); E - Quantum 
yield of non-regulated heat dissipation and fluorescence emission (Y(NO)); F - Quantum yield 
of light-induced non-photochemical fluorescence quenching (Y(NPQ)) G- Coefficient of non-
photochemical fluorescence quenching (qN); H - Coefficient of photochemical quenching (qP); I 
- Coefficient of photochemical fluorescence quenching assuming interconnected PS II antennae 
(qL); J - Stern-Volmer type of non-photochemical quenching (NPQ); K - Electron transport rate 
(ETR). 
 

Namely, stomatal closure has been identified as the main cause of reduction in A under 
mild to moderate drought conditions (Medrano et al. 2002), while under more pronounced and 
severe drought the non-stomatal limitations are responsible for its’ diminish (Flexaset al. 2002; 
Flexas et al. 2006). Furthermore, the increase of Ci during drought period in comparation to wet, 
was also assumed to be the consequence of non-stomatal inhibition of photosynthesis (Yin et al. 
2006; Bojović et al. 2017). Non-stomatal limitation of A could result from reduced mesophyll 
conductance, photochemical or enzymatic limitations (Galmés et al. 2007; Varone et al. 2012). 

Concerning the leaf gas exchange parameters, the present study evidenced higher values 
of A, E, gs, WUE and WUEi coupled with the lower values of Ci in Sweetgum, during both 
measurement periods, in comparation to Norway maple, indicating its better performance under 
the observed urban environment. The lower adaptation potential of Norway maple in urban 
surroundings have been proven by many authors (Aasamaa and Sober, 2011; Forrai et al. 2012; 
Gillner et al. 2015). Indeed, observing the leaf gas exchange parameters of five common urban 
tree species Gillner et al. (2015) concluded that Norway maple cannot cope with drought in 
periods of high vapor pressure deficit as well as Platanus × hispanica, Quercus rubra or Tilia 
platyphyllos. 
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Figure 4. Visual vitality and decorative value of Sweetgum and Norway maple. The different 
small letters next to error bars indicate significant differences between the values (Tukey test; P 
≤ 0.05). 
 
4. Discussion 
 

The present study showed the adaptation potential and performance of mature Sweetgum 
and Norway maple trees, in an urban street site. Under severe drought condition a more 
pronounced decrease of A was observed in comparation to gs, for both of the studied species. 
Higher physiological performance of introduced species in comparation to native species, was 
noted by other authors, as well, presuming that it could be the result of lack of antagonists or 
diseases or their wider physiological amplitude and tolerance to respective local bio-climatic 
conditions (Meyer, 2016; Roloff, 2018). As far as the suitability of Sweetgum is concerned, to the 
best of our knowledge, this is the first study evaluating the physiological performance of this 
species in an urban environment. Concerning its tolerance to drought, some authors have 
claimed its moderate tolerance to drought (McCarter and Hughes, 1984), while according to 
others, it inhibits dry sites in the United States, which are often subjected to severe drought 
during the growing period (Dixon et al. 1965). However, observed by leaf gas exchange 
parameters, our study showed a better performance of Sweetgum in comparation to Norway 
maple during the drought conditions at the street site.  

Concerning the physiological responses observed by the parameters of chlorophyll a 
fluorescence, both of the above mentioned-species exhibited quite similar behavioral pattern. 
Observing the different responses of the two studied species in two different periods, namely 
wet and drought, Fm’, Ft, Y(NO), NPQ and qL showed to be most affected, and therefore 
potentially could be used as good indicators of drought stress. In addition, the results of 
chlorophyll a fluorescence measurement showed a more pronounced increase of NPQ in 
Norway maple during the drought period, which suggest that this specie was more sensitive to 
the prevailing environmental conditions, in comparation to Sweetgum. Namely, many authors 
have addressed the elevated levels of NPQ parameter as one of the fastest, reversible employed 
protective mechanism of plants to cope with the stress induced changes of their surroundings 
(Lambrev et al. 2012; Nath et al. 2013). Indeed, a previous study showed that a decrease of A in 
plants, as in the case of the present study, can increase the need for photosystem II protection, 
even in mild drought stress (Cornic and Fresneau, 2002). Furthermore, investigating the drought 
tolerance of broadleaf street trees by applying chlorophyll a fluorescence technique Vaz 
Monteiro et al.(2016) observed that among the nine most commonly used street trees, Norway 
maple was the least tolerant, and exhibited the lowest tendency to recover after drought. On the 
other-hand, lower values of NPQ in Sweetgum indicate that photosystem PSII haven’t 
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experience any photochemical stress over the two of the studied periods (Schwartz and Zait, 
2018). Furthermore, the lower values of qL and qP of Norway maple during both of the measured 
periods, are in accordance to this finding, suggesting a better performance of Sweetgum studied 
street site. However, to our surprise, Norway maple exhibited a slightly higher ETR values 
during both of the measured periods. 

In terms of visual vitality and decorative characteristics, both of the species showed good 
state of health coupled with high ornamental values (Callow et al. 2018), with slightly better 
values for Sweetgum. Namely, Sweetgum has been noted as a desirable tree species in urban 
environments due to its straight bowl, pyramidal crown, and brilliant autumnal foliage (Bilan, 
1974).  

 
5. Conclusion 
 

Drought has significantly affected most of the observed gas exchange parameters (A, Ci, 
WUE and WUEi) in both of the studied species. Concerning the parameters of chlorophyll a 
fluorescence, Fm, Ft, Y(NO), NPQ and qL were shown to be the most effective in detection of 
drought stress. The overall result of the present study evidenced higher leaf-gas exchange rates 
and better physiological performance of Sweetgum in comparation to Norway maple under 
drought studied street site. The significance of this study lies in the detection of appropriate 
species for urban environments under drought conditions.  

 
Acknowledgements 
 
This paper was written as a part of the project "Biosensing Technologies and Global System for Long-
Term Research and Integrated Management of Ecosystems" (III43002) financed by the Ministry of 
Education, Science and Technological Development of the Republic of Serbia within the framework of 
integrated and interdisciplinary research. This research was also supported by Collegium Talentum 2018 
Programme of Hungary.  
 
References 
 

1. Aasamaa, K. and Sober, A. (2011): Stomatal sensitivities to changes in leaf water 
potential, air humidity, CO2 concentration and light intensity, and the effect of abscisic 
acid on the sensitivities in six temperate deciduous tree species. Environmental and 
Experimental Botany 71:72–78. 

2. Akbari, H., Pomerantz, M., Taha, H. (2001): Cool surfaces and shade trees to reduce 
energy use and improve air quality in urban areas. Solar energy 70: 295-310. 

3. Anastasijević, N. (2007): Podizanje i negovanje zelenih površina. Šumarski fakultet, 
Beograd, Srbija.  

4. Antrop, M. (2004): Landscape change and the urbanization process in Europe. 
Landscape and Urban Planning 67: 9-26. 

5. Baumgardner, D., Varela, S., Escobedo, F.J., Chacalo, A., Ochoa, C. (2012): The role of 
a peri-urban forest on air quality improvement in the Mexico City megalopolis. 
Environmental Pollution 163: 174-183. 

6. Bilan, M. V. (1974): Rooting of Liquidambar styraciflua cuttings. NZJ For Sci, 4: 177-180. 
7. Bilger, W. and Björkman, O. (1990): Role of the xanthophyll cycle in photoprotection 

elucidated by measurements of light-induced absorbance changes, fluorescence and 
photosynthesis in leaves of Hederaca-nariensis. Photosynthesis Research 25: 173-185. 

8. Bojović, M., Nikolić, N., Borišev, M., Pajević, M., Županski, M., Horák, R., Pilipović, 
A., Orlović, S., Stojnić, S. (2017): The Diurnal Time Course of Leaf Gas Exchange 



Topola/Poplar 2019, 204, 17-27                                                                                              www.ilfe.org 
 
 

 
 

25 

Parameters of Pedunculate Oak Seedlings Subjected to Experimental Drought 
Conditions. Baltic Forestry 23: 584-594. 

9. Bucher, S. F., Bernhardt–Römermann, M., Römermann, C. (2018): Chlorophyll 
fluorescence and gas exchange measurements in field research: an ecological case 
study. Photosynthetica, 56: 1161-1170. 

10. Calfapietra, C., Peñuelas, J., Niinemets, Ü. (2015): Urban plantphysiology: adaptation 
mitigation strategies under permanent stress. Trends in Plant Science 20: 72-75. 

11. Callow, D., May, P., & Johnstone, D. (2018): Tree vitality assessment in urban 
landscapes. Forests 9: 279. 

12. Cornic, G. and Fresneau, C. (2002): Photosynthetic carbon reduction and carbon 
oxidation cycles are the main electron sinks for photosystem II activity during a mild 
droughtAnnals of Botany 89: 887-894. 

13. Dale, A.G. and Frank, S.D. (2014): The effects of urban warming on herbivore 
abundance and street tree condition. PLoS ONE 9, e102996. 

14. Darling, L., Custic, M., Scott L., Scott S., (2017): Increasing the benefits from urban trees 
while minimizing costs: lessons learned from the Chicago region trees initiative. 
Illinois Municipal Policy Journal 2: 119-134. 

15. Dixon, R.E., Hosner, J.F.,  Hosley, N.W. (1965):The effects off our water regimes upon 
the growth off our bottom land tree species. Forest Science 11: 299-305. 

16. Douglas, J. (2012): Urban ecologyand urban ecosystems: understanding the links to 
human health and well-being. Current Opinion in Environmental Sustainability 4: 
385−392. 

17. Flexas, J., Bota, J., Escalona, J.M., Sampol, B., Medrano, H. (2002): Effects of drought on 
photosynthesis in grapevines under field conditions: and evaluation of stomatal and 
mesophyll limitations. Functional Plant Biology 29: 461–471. 

18. Flexas, J., Bota, J., Galmés, J., Medrano, H., Ribas-Carbó, M. (2006): Keeping a positive 
carbon balance under adverse conditions: responses of photosynthesis and respiration 
to water stress. Physiologia Plantarum 127: 343–352. 

19. Flexas, J., Niinemets, Ü., Gallé, A., Barbour, M. M., Centritto, M., Diaz-Espejo, A., 
Douthe, C., Galmés, J., Ribas-Carbo, M., Rodriguez, PL., Rosselló, F., 
Soolanayakanahally, R., Tomas, M., Wright, I.J., Farquhar, G.D., Medrano, H. (2013): 
Diffusional conductances to CO2 as a target for increasing photosynthesis and 
photosynthetic water-use efficiency. Photosynthesis research 117: 45-59. 

20. Forrai, M., Diószegi, M. S., Ladányi, M., Honfi, P., Hrotkó, K. (2012):Studies 
onestimation of leaf gas exchange of ornamental woody plant species.Applied Ecology 
and Environmental Research 10: 195-206. 

21. Galmés, J., Medrano, H., Flexas, J. (2007): Photosynthetic limitations in response to 
water stress and recovery in Mediterranean plants with different growth forms. New 
Phytologist 175: 81-93. 

22. Genty, B., Briantais, J.-M., Baker, N.R. (1989): The relationship between the quantum 
yield of photosynthetic electron transport and quenching of chlorophyll fluorescence. 
Biochimica and Biophysica Acta 990: 87–92. 

23. Genty, B., Harbinson, J., Cailly, A.L., Rizza, F. (1996): Fate of excitation at PS II in 
leaves: thenon-photochemical side. The Third BBSRC Robert Hill Symposium on 
Photosynthesis, from March 31 to April 3 1996, Sheffield, UK, 28.  

24. Gillner, S., Korn, S., Roloff, A. (2015): Leaf-gas exchange of five tree species at urban 
street sites. Arboriculture and Urban Forestry 41: 113-124. 

25. Gillner, S., Vogt, J., Roloff, A. (2013): Climatic response and impacts of drought on oaks 
at urban and forest sites. Urban Forestry and Urban Greening 12: 597-605. 



Topola/Poplar 2019, 204, 17-27                                                                                              www.ilfe.org 
 
 

 
 

26 

26. Kevrešan, D. and Stevanov, M. (2017): Urbane zelene površine: dendroflora u 
dizajniranim parkovskim prostorima na primeru grada Zrenjanina. Poplar 199/200: 
21-34. 

27. Konarska, J., Uddling, J., Holmer, B., Lutz, M., Lindberg, J., Pleijel, H., Thorsson, S. 
(2015): Transpiration of urban treesand its impacton daytime and nocturnal coolinging 
in Gothenburg, Sweden. ICUC9 -9th International Conference on Urban Climate jointly 
with 12thSymposium on the Urban Environment, 1 June 2015, Toulouse, France 1-6. 

28. Kramer, D.M., Johnson, G., Kiirats, O., Edwards, G.E. (2004): New flux parameters for 
the determination of QA redox state and excitation fluxes. Photosynthesis Research 79: 
209-218. 

29. Lambrev, P. H., Miloslavina, Y., Jahns, P., Holzwarth, A. R. (2012): Onthe relationship 
between non-photochemical quenching and photoprotection of photosystem II. 
Biochimica et Biophysica Acta 1817: 760-769. 

30. McCarter, P. S. and Hughes, C. E. (1984): Liquidambar styraciflua L—a species 
ofpotential for the tropics. Commonwealth Forestry Review, 63: 207-216. 

31. Medrano, H., Bota, J., Abadía, A., Sampol, B., Escalona, J. M., Flexas, J. (2002): Effects 
of drought on light-energy dissipation mechanisms in high-light-acclimated, field-
grown grapevines. Functional Plant Biology, 29: 1197-1207. 

32. Meyer, M. (2016): Invasive species, indigenous vs. alien dendroflora. In Roloff, A. and 
Auch, E. (Eds.). Urban tree management: 185–195.  

33. Nath, K., Jajoo, A., Poudyal, R. S., Timilsina, R., Park, Y. S., Aro, E. M., Nam H.G.,Lee, 
C. H. (2013):Towards a critical understanding of the photosystem IIrepair mechanism 
and its regulation during stress conditions. FEBS letters 587:3372-3381. 

34. Paoletti, E., Bardelli, T., Giovannini, G., Pecchioli, L. (2011): Air quality impact of an 
urban park over time. Procedia Environmental Science 4: 10-16. 

35. Perez, C. E. A., Rodrigues, F. Á., Moreira, W. R., DaMatta, F. M. (2014): Leaf gas 
exchange and chlorophyll a fluorescence in wheat plants supplied with silicon and 
infected with Pyriculariaoryzae. Phytopathology 104: 143-149. 

36. Roloff, A., Gillner, S., Kniesel, R., Zhang, D. (2018): Interesting and new street tree 
species for European cities. Journal of Forest and Landscape Research 1:1-7. 

37. Scholz, T., Hof, A., Schmitt, T. (2018): Cooling effects and regulating ecosystem 
services provided by urban trees novel analysis approaches using urban tree cadastre 
data. Sustainability 10: 1-18.  

38. Schreiber, U., Schliwa, U., Bilger, W. (1986): Continuous recording of photochemical 
and non-photochemical chlorophyll fluorescence quenching with a new type of 
modulation fluorometer. Photosynthesis Research 10: 51–62. 

39. Sjöman, H., Hirons, A. D., Bassuk, N. L. (2018): Improving confidence in tree species 
selection for challenging urban sites: a role for leaf turgor loss. Urban Ecosystems 21: 
1171-1188. 

40. Sjöman, H., Nielsen, A. B., (2010): Selecting trees for urban paved sites in Scandinavia 
– A review of information on stress tolerance and its relation to the requirements of 
tree planners. Urban Forestry and Urban Greening 9: 281–293. 

41. Swoczyna, T., BorowskI, J., Pietkiewicz, S., Kalaji, H. M. (2014): Growth and 
physiological performance of young urban trees of eight taxa in Warsaw. Plants in 
Urban Areas and Landscape. 15-19. 

42. van Kooten, O. and Snel, J. (1990): The use of chlorophyll fluorescence nomenclature 
in plant stress physiology. Photosynthesis Research 25: 147–150. 

43. Varone, L., Ribas-Carbo, M., Cardona, C., Gallé, A., Medrano, H., Gratani, L., Flexas, 
J. (2012): Stomatal and non-stomatal limitations to photosynthesis in seedlings and 
saplings of Mediterranean species pre-conditioned and aged in nurseries: Different 
response to water stress. Environmental and Experimental Botany 75: 235-247. 



Topola/Poplar 2019, 204, 17-27                                                                                              www.ilfe.org 
 
 

 
 

27 

44. Vastag E., Kastori R., Orlović S., Bojović M., Kesić L., Pap P., Stojnić S. (2019): Effects 
of oak powdery mildew (Erysiphe alphitoides[Griffon and Maubl.] U. Braun and S. 
Takam.) on photosynthesis of pedunculate oak (Quercus robur L.). Matica Srpska 
Journal for Natural Sciences 136: 43-56. 

45. Vaštag, E., Orlović, S., Ljubojević, M., Čukanović, J., Pavlović, L., Vestek, A, Bojović, M. 
(2018): Diverzitet dendroflore jednog od urbanih blokova gradske četvrti Novo 
Naselje u Novom Sadu. Poplar 201/202: 33-43. 

46. VazMonteiro, M., Doick, K. J., Lawrence, V., Albertini, A., Handley, P. (2016): 
Investigation into the drought tolerance of broad leaf street trees using chlorophyll 
fluorescence. VI International Conference on Landscape and Urban Horticulture. June 
20 2016, Athens, Greece, 427-430. 

47. Vogt, J., Gillner, S., Hofmann, M., Tharang, A., Dettmann, S., Gerstenberg, T., Schmidt, 
C., Gebauer, H., van de Riet, K., Berger, U., and Roloff, A. (2017). Citree: A database 
supporting tree selection for urban areas in temperate climate. Landscape and Urban 
Planning 157:14–25. 

48. Wargo, P.M., Minocha, R., Wong, B.L., Long, R.P., Horsley, S.B., Hall, T.J. (2002): 
Measuring changes in stress and vitality indicators in limed sugar maple on the 
Allegheny plateau in north-central Pennsylvania. Canadian Journal of Forest Research 
32: 629–641. 

49. Xu, F., Guo, W., Wang, R., Xu., W., Du., N., Wang., Y. (2009): Leaf movement and 
photosynthetic plasticity of black locust (Robinia pseudoacacia) alleviate stress under 
different light and water conditions. Acta Physiologiae Planarum 31: 553-563.  

50. Yin, C.Y., Berninger, F., Li, C.Y. (2006): Photosynthetic responses of Populus przewalski 
subjected to drought stress. Photosynthetica 44: 62-68. 

51. Zait, Y. and Schwartz, A. (2018): Climate-related limitations on photosynthesis and 
drought-resistance strategies of Ziziphus spina-christi. Frontiers in Forests and Global 
Change 1: 1-15. 



 

 
 

 

 
i 


