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Abstract
The amount of carbon fixed per plant (CFC per plant) and oxygen released per plant (ORC per plant) for
Platanus acerifolia were 1080.72 and 785.98 g/d, respectively. The highest contents in carbon fixation and
oxygen release of P. acerifolia may indicate a good photosynthetic capacity compared to S. japonica and Z.
serrata. However, the later two species of trees were found efficient related to the net photosynthetic rate
(Pn) and leaf area index (LAI).

Introduction
Human activities are contributing to the global climate change by greenhouse gas emissions
(Barcelos et al. 2014, Liu et al. 2015), and carbon dioxide (CO2). They are most important
greenhouse gases in the atmosphere (Bazzaz 1990, Tripathi and Agrawal 2012, Kumari and
Agrawal 2014). The concentrations of CO2 have continuously increased and reach 400 ppm on an
average per day at Mauna Loa (Ward et al. 2015). Urban areas are directly or indirectly
responsible for over 70% of atmospheric CO2 emission (Briber et al. 2013, Velasco et al. 2013).
Landscape plants are an important part of urban ecosystem, which can reduce concentrations
of atmospheric CO2 by fixing it into carbohydrate in plant organs (Berg et al. 2010, Fuchs 2011).
Carbon fixation is one of the dominant biochemical processes in the biosphere, which refers to
the conversion process of inorganic carbon (CO2) to organic compounds by plants (Geider et al.
2001, Berg 2011). All the major biological components of carbon fixation are derived from the
photosynthetic process of plants (Körner et al. 2005). So far, several studies were carried out
focusing the photosynthetic capacity of plants to adapt different environments (Calatayud et al.
2002, Reddy and Zhao 2005, Hamilton et al. 2008, Geissler et al. 2009, Danyagri and Dang 2013,
Meng et al. 2014, Niu et al. 2014). However, less information is available on the photosynthetic
characteristics and the functions of fixing carbon and releasing oxygen in landscape trees.
Three landscape trees, namely Chinese scholar tree (Sophora japonica, Fam. Fabaceae),
Japanese zelkova (Zelkova serrata, Fam.: Ulmaceae) and London plane tree (Platanus acerifolia,
Fam.: Plantanaceae) are dominant species of deciduous forest in northern China. These species
have the important ecological and economical status in urban area. In the present study, the
photosynthetic characteristics and the functions of fixing carbon and releasing oxygen in the three
landscape trees were studied. By estimating the functions of fixing carbon and releasing oxygen
by the three plants, we can determine the role of landscape trees in mitigating climate change and
offsetting local CO2 emissions. It would provide critical insights on future research of ecological
function evaluation of landscape trees.
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Materials and Methods
The authors studied the landscape trees at the England Stone Botanical Garden of the Dalian
(38°53′N, 121°21′E). Dalian is a major seaport city in the north-east of China and has subprovincial administrative status. The climate of Dalian is influenced by continental monsoon
climate. The annual average temperature is 8.4 - 10.5°C, the annual precipitation averages 700 800 mm and the rainfall is heavy in the summer months.
The experiments were carried out in late May (Spring), late July (Summer) and early
September (Autumn) of 2014. Leaf area of the plants was determined by Li-3000 leaf area meter
(Li-COR, Lincoln, NE, USA). Gas exchange was measured by Li-6400 photosynthesis system
(Li-COR Inc. Lincoln, NE, USA). Leaf temperature, light intensity and CO2 concentration inside
leaf chamber were kept constant. All the measurements were taken between 9:00 and 11:30 a.m.
under natural conditions and the data were recorded 6 times. The contents of carbon fixation and
oxygen release were calculated according to Farquhar et al. (2001) and Gregoriou et al. (2007).
The statistical analysis was carried out with one-way analysis of variance (SPSS17.0).
Comparisons were performed by the LSD test. Data were presented as mean ± standard deviation.
Results and Discussion
Photosynthesis is important for plant growth and biomass production (Liu et al. 2013). The
maximum net photosynthetic rate could be used to characterize the potential of light energy
utilization in plants (Jia et al. 2015). As shown in Fig.1, the three landscape trees had the different
maximum net photosynthetic rate (Pn). The Pn values of S. japonica, Z. serrata and P. acerifolia
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Fig.1. The maximum net photosynthetic rate of three landscape trees.

were 20.55, 18.98 and 21.40 µmol/m2/s, respectively which indicated that the three landscape trees
had all good potential of light energy utilization. There were not significant differences in Pn
values of the three landscape trees (p > 0.05), and P. acerifolia showed a better potential of light
energy utilization.
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Leaf area index (LAI) is used to prove photosynthetic primary production and provide a
reference for plant growth (Wilhelm et al. 2000, Breuer et al. 2003). As shown in Fig. 2,
S. japonica, Z. serrata and P. acerifolia had different LAI values, and reached 2.57, 3.08 and 4.45,
respectively which indicated that P. acerifolia had the highest LAI value. There is a significant
difference in LAI value of P. acerifolia compared to S. japonica and Z. serrata (p < 0.05).
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Fig. 2. Leaf area index (LAI) of three landscape trees.

The carbon fixation and oxygen release function is considered as an important indicator to
evaluate photosynthesis capacity, which could provide a good reference for the ecological function
of urban landscape trees (Herter et al. 2002). As shown in Fig. 3, carbon fixation and oxygen
release function had similar trend of change. The function of fixing carbon and releasing oxygen
in two plants (Z. serrata and P. acerifolia) increased significantly compared to S. japonica. The
contents of carbon fixation per plant (CFC) and oxygen release contents per plant (ORC) of
P. acerifolia all reached the highest (1080.72 and 785.98 g/d). The high contents in fixing carbon
and releasing oxygen of P. acerifolia may indicate a good photosynthetic capacity, which is well
related to the values of Pn and LAI (Figs 1 and 2). The present study is in conformity with that of
Berg (2011). It is commonly considered that the plants with carbon fixation and oxygen release
functions could exchange much more CO2 and O2 with the external environment, and make more
solar energy converted into organic matter stored in plants.
In conclusion, in the present study, the highest contents in fixing carbon and releasing oxygen
of P. acerifolia were shown compared to S. japonica and Z. serrata, which may indicate a good
photosynthesis capacity, in good relation with the values of Pn and LAI. The present study could
provide a good reference for the ecological function of urban landscape trees, which can increase
canopy cover effectively and become an important storage site for CO2 to cool urban heat islands
and saves energy used for air conditioning and space heating. It is also confirmed that landscape
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trees can provide much more social, economic and environmental benefits to urban greening
construction and residents.
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Fig. 3. Carbon fixation contents per plant and oxygen release contents per plant of three landscape trees.
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