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Abstract 
 
The present study revealed that Ginkgo biloba and Platanus occidentalis, the most abundant roadside trees in Seoul, grown 
under polluted environmental conditions, displayed lower contents of total chlorophyll (Chl), carotenoids (Car), and 
ascorbic acid (AsA) compared to the trees grown under clean conditions. The reduction in Chl, Car, and AsA contents was 
59, 53, and 50%, respectively, in G. biloba, contrary to 26, 23, and 24%, respectively, in P. occidentalis. Furthermore, 
relative ion leakage and leaf temperature was higher in the trees grown under polluted conditions than in those grown 

under clean conditions. The increase in relative ion leakage and leaf temperature was 58 and 3% for G. biloba and 17 and 
4% for P. occidentalis, respectively. Our results, therefore, highlighted the negative impact of urban environmental 
pollution on the physiological and biochemical parameters in roadside trees. 
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Environmental pollution is a serious problem in urban 
areas caused by the accumulation of pollution sources and 
increased traffic volume owing to the concentration of 
population in metropolis (Fenger 2009). Reducing pollu-
tion is a global necessity. Roadside trees are very important 
in reducing urban environmental pollution, because they 
help diminish air pollutants, such as particulate matter 
(PM10 and PM2.5), nitrogen dioxide (NO2), sulfur dioxide 
(SO2), and carbon monoxide (CO). They can also improve 

human health and life quality (Nowak et al. 2006). 
Environmental pollution directly affects the roadside trees, 
negatively affecting the plant growth and human health, as 
well (Baek and Woo 2010). The present study was 
conducted to investigate the physiological responses of 
Ginkgo biloba and Platanus occidentalis grown under two 
different urban environmental conditions in Seoul, Korea, 
with an aim of supporting urban forest management. The 
two selected roadside species are the most abundant trees 
in Korea. Clean and polluted sites were selected on the 

basis of the air pollutant concentrations and a traffic 
volume. We chose a university campus as the clean site 
and the roadside area of a six-lane road with congested 
traffic as the polluted site, based on the concentrations of 
PM10, PM2.5, NO2, SO2, and CO observed by NIER 
(2013). The concentrations of different air pollutants at the 
clean site and the polluted site were as follows: 
 

Pollutant  Clean site [campus]   Polluted site [roadside]  

PM10 [μg m3]   43   51 
PM2.5 [μg m3]  22   30 
NO2 [μg g1]   0.034   0.048 
SO2 [μg g1]  0.005   0.006 
CO [μg g1]  0.5   0.6  

 
The study, carried out in June and October, evaluated five 
parameters: total chlorophyll (Chl), carotenoid (Car), 
ascorbic acid (AsA) content, relative ion leakage, and 
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leaf temperature. Chl and Car were extracted from 0.1 g of 
leaf fresh mass (FM) using 80% acetone. Absorptions were 
measured with spectrophotometer (Epoch Microplate, Bio-
Tek, USA), and the Chl and Car contents were calculated 
by the method of Arnon (1949). For measuring AsA, the 
supernatant was mixed with 10 mM dithiothreitol (DTT), 
0.2 M sodium phosphate buffer (pH 7.4), and incubated at 
42°C for 15 min. After the incubation, 0.5% N-ethyl-
maleimide (NEM) was blended in the mixture, followed by 
the addition of 10% trichloroacetic acid (TCA), 
42% H3PO4, 4% 2,2'-dipyridyl, and 3% FeCl3. The sam-
ples were incubated at 42°C for 40 min and then absorbance 
at 525 nm was measured (Kampfenkel et al. 1995) with a 
spectrophotometer (Epoch Microplate, Bio-Tek, USA). 
Leaf temperature was monitored by thermal imaging infra-
red camera (IM2300, FLIR Systems Inc., USA) and electro-
lyte leakage was measured using electrical conductivity 
meter (MC226, Mettler Toledo, England). Statistical 
analysis of the data was performed using the statistical 

package for social science, SPSS 21.0 (SPSS, Chicago, 
USA). Significant differences between the means were 

compared by the t-test (p<0.05). 

According to the results, total Chl contents in G. biloba 
and P. occidentalis grown at the polluted site were lower 
than the contents in the trees grown at the clean site. 
Especially, the total Chl contents in G. biloba were signi-
ficantly lower at the polluted site compared to the contents 
in trees grown at the clean site in both June and October 
(Fig. 1A). The total Chl contents in P. occidentalis showed 
significant difference between the two sites in October as 
compared to that in June (Fig. 1B). As Chl plays an impor-
tant role as a photoreceptor, photosynthetic capacity can be 
affected by Chl contents. In our study, the two roadside 
species grown at the polluted site showed the low total Chl 
contents, which could lead to the low photosynthetic rate. 
Car contents also showed a pattern similar to that observed 
for total Chl, with a significantly lower Car contents in  
G. biloba at the polluted site in both June and October  
(Fig. 1C). In the case of P. occidentalis, the difference was, 
however, significant only in October (Fig. 1D). Reactive 
oxygen species (ROS) are produced during the plant 

metabolic processes such as photosynthesis. Theoretically, 
Chl is the main pigment of photoreceptors and Car plays a 

role in photoprotection of photosynthetic apparatus. When  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Total chlorophyll content (A,B), 
carotenoid content (C,D), and relative 
ion leakage (E,F) of Ginkgo biloba and 
Platanus occidentalis grown at the 
clean and polluted site. Statistically
significant differences between the two
sites are marked as * at p<0.05. 
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photoreceptors operate improperly for transmitting of light 
energy, oxygen molecules generate ROS by reacting with 
excited energy (Asada 1999). ROS have the potential to 
cause oxidative damage to plant cells; overproduction of 
ROS has negative effects on DNA and cellular metabolism 

in plants (Melhorn et al. 1990). Thus, an excessive 
increase in the amount of ROS in plant cells, under 
environmental stress, leads to considerable cell damage. 
Car can scavenge ROS formed within the chloroplast. 
Therefore, a low Car content indicates the reduced capacity 
to cope with the toxic effects of ROS and cell damage. In 
our study, the Car contents in the two roadside species 
grown at the polluted site were lower than the contents in 
those grown at the clean site. Similar results were obtained 

by Joshi and Swami (2009), who reported that the Car 
contents of Shorea robusta decreased at roadsides in urban 
areas.  

The difference in the values of relative ion leakage was 
found between the trees from both sites. Relative ion 
leakage indirectly represents the level of cell membrane 
damage. Recently, it has been reported that ROS is one of 
the most noxious stressors to induce electrolyte leakage, 
which in turn is considered to be related to K+ efflux from 
the plant cells (Campos et al. 2003, Demidchik et al. 2014). 
Ion leakage in the two roadside species grown at the 
polluted site was considerably higher than that in the trees 
grown at the clean site (Fig. 1E,F). However, in the case 
of P. occidentalis the difference was significant only in 
June (Fig. 1F). Change in leaf temperatures caused by 
plant transpiration is an indirect method for measuring the 

physiological activity of plants. According to our obser-
vations, G. biloba displayed significantly different leaf 

temperatures at the two sites in October. At the polluted 

site, leaf temperatures were 33.3 and 23.3°C in June and 
October, respectively, whereas at the clean site leaf 
temperatures were 33.3 and 21.3°C in June and October, 
respectively. Similarly, leaf temperatures of P. occidentalis 
grown at the polluted site were significantly higher than 
those of P. occidentalis grown at the clean site, both in 
June and October. At the polluted site, leaf temperatures 
were 34.0 and 22.2°C in June and October, respectively, 
whereas at the clean site leaf temperatures were 33.0 and 
20.9°C in June and October, respectively. The higher leaf 
temperatures of the two roadside species grown at the pol-
luted site suggest that they exhibited lower transpiration 
rates than those grown at the clean site. 

Plants possess intricate antioxidant systems in order to 
overcome oxidative stress. AsA is one of the most impor-
tant plant antioxidants. Thus, high AsA contents in a plant 
suggest that the plant possesses strong antioxidant 
capacity. The present study revealed that the AsA contents 
of G  biloba grown at the polluted site calculated per g of 
FM (June: 289 μg, October: 14 μg) were significantly 
lower than the contents of those grown at the clean site 

(June: 550 μg, October: 52 μg), in both June and October 
(p<0.05). Likewise, the AsA contents of P. occidentalis 

grown at the polluted site (June: 243 μg, October: 40 μg) 
were lower than the contents of those grown at the clean 
site (June: 245 μg, October: 126 μg); more pronounced 
difference was detected during October (p<0.05). 

Based on our results, we concluded that the physio-
logical and biochemical activities of G. biloba and  

P. occidentalis were affected by different urban environ-
mental conditions, especially by air pollution.  
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