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Twenty years of aerial observations and ground-based size-segregated analyses of 
aerosols transported from East Asia 
 
Shiro Hatakeyama 
 

 
Institute of Agriculture, Tokyo University of Agriculture and Technology, Fuchu, Tokyo 183-8509, Japan 
 
 

Abstract 
     Anthropogenic emission in East Asia has been increasing due to the rapid 
economic growth in this area. During these two or three decades the economic growth in 
East Asia, particularly in China, was remarkable and as a result emission of atmospheric 
pollutants increased tremendously. Atmospheric pollutants emitted in this area are 
observed even in North America, and they affect whole northern hemispheric climate. 
Not only in the global aspects but in regional aspects, long-range transport of pollutants 
is very important.  
     In this presentation, two topics will be presented. One is on the aerial observations 
of trans-boundary pollutants for twenty years over the seas between Japan and Asian 
continent. The other is on the ground-based observations of ionic composition of aerosols 
on the basis of size-segregated collection at Cape Hedo, Okinawa. 
     Aerial observations over the seas between Asian continent and Japan were 
conducted for twenty years in order to analyze the transport and transformation of 
log-range transported atmospheric pollutants. Covered areas are the East China Sea, the 
Sea of Japan, and the Yellow Sea. Long-term trend of atmospheric pollutants over the 
East China Sea was discussed on the basis of aerial observation data obtained since 1991. 
Clear upward trend of NO3-/SO42- ratio can be seen which indicates increase of NO3- or 
decrease of SO42- or both. Ozone at lower altitude showed clear increase. 
     Ground-based observations were done in April, October, December, 2012 and 
April, 2013 at Cape Hedo, Okinawa to analyze size-segregated chemical composition of 
aerosols. Eight kinds of ions (Cl-, NO3-, SO42-, Na+, NH4+, K+, Mg2+, Ca2+) were 
analyzed with ion chromatography. Species from anthropogenic sources such as NH4+ 
and SO42- were dominant in fine mode particles (0.5-1μm, 0.1-0.5μm). On the contrary, 
species from natural sources such as Cl-, Na+, and Ca2+ were dominant in coarse mode 
particles (>10μm, 2.5-10μm). 
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Ozone Research on Forest Ecosystems – Quo vadis ? 
Multi-Factorial Challenges by Climate Change and Other Stresses 

 
Rainer Matyssek 

 

Ecophysiology of Plants, Technische Universiät München, Freising-Weihenstephan, Germany 
e-mail: matyssek@wzw.tum.de 
 
 
Ground-level ozone (O3) has gained scientific awareness as an agent of climate change on both 
hemispheres, as evidence has moved from rating O3 per se as a pollution factor of tree death towards 
a stressor that in concert with others can weaken stress tolerance, competitiveness and, ultimately, 
carbon sink strength. Nevertheless, uncertainty prevails on O3-caused mitigation of forest-ecosystem 
sink strength worldwide, except for non-validated modelling predictions, in environments subject to 
change as atmospheric CO2 levels continue to rise. The presentation will define new challenges for 
empirical O3 research and modelling, and elucidate conceptual and methodological advancement in 
risk-scaling towards regional and hemispheric scales (overcoming evidential deficits outside the 
temperate climate zone). 
 
A both mechanistic and (!) holistic view on tree performance and tree-soil resource fluxes is required, 
striving for ecosystem-level O3 research. Amongst challenges are the perception of O3 action as part 
of multi-factorial scenarios (including biotic above and belowground interactions), O3 dose-related risk 
assessment (covering tree sensitivity per unit influx and stand-level O3 fluxes), and the clarification of 
non-linearity in tree response and of transition ranges rather than thresholds towards injury. Plant-
intrinsic plasticity in stress defence renders the task, however, quite complex. O3 impact will be 
elucidated as nested within multiple factorial interrelationships, exemplifying tree response in 
interaction with nutrition, drought, altitude/temperature, CO2 and biotic influences. These are tree-
associated (genotype, age) or arise from competitive, host-parasitic/endophytic and rhizospheric 
relationships. As predictability is limited on such grounds at tree level, a holobiontic understanding of 
O3-incited interference with belowground tree, fungal and bacterial interactions is postulated, viewing 
organismic associations of such kind as co-evolutionary unities that altogether drive stress response. 
The challenge implies focus on such mutualistic interaction networks that may turn to parasitic 
relationships under O3 stress. 
 
Response plasticity and holobiontic responsiveness, apparently, are “ecological realities” to be 
conceptually coped with, being natural pre-requisites of evolutionary success, so that research needs 
to reach far beyond the prevalent and limiting reductionist towards ecologically systemic concepts. 
Reductionism per se, being a temptation owed to common scientific traditionalism, will not enable 
meeting the challenges that are seen ahead. Respective databases are missing, however, for 
advancing modelling of O3 risk. Required is a viable balance of reductionist (molecular) versus 
ecosystemic knowledge, 
 
Conducive empirical and mathematical concepts will be addressed that integrate innovative field and 
indoor approaches. Such comprise the recently suggested global “Supersites for Forest Research” 
network for unifying experimentation on, and monitoring and modelling of air pollution/O3 effects as 
part of climate change. A thrilling question ultimately will be, if integrative O3 studies will remain a 
“non-topic” in research on global change and within the political context of post-Kyoto debates. 
 
 
Literature:  
 
Matyssek R, Schnyder H, Osswald W, Ernst D, Munch J C, Pretzsch H (eds., 2012): Growth and 
Defence in Plants – Resource Allocation at Multiple Scales. Ecological Studies 220, Springer, pp. 470. 
 
Matyssek R, Clarke N, Cudlin P, Mikkelsen TN, Tuovinen J-P, Wieser G, Paoletti E, eds. (2013) 
Climate change, air pollution and global challenges: understanding and perspectives from forest 
research. Developments in Environmental Science 13, Elsevier, pp. 622 
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Feeding an ozone polluted world – implications of rising ozone pollution for 
sustainability of crop yield quantity and quality 
 
Gina Mills (gmi@ceh.ac.uk), Harry Harmens (hh@ceh.ac.uk), Felicity Hayes, Katrina 
Sharps and Stephanie Osborne (CEH, UK); Lisa Emberson and Patrick Büker(SEI York, 
UK); Håkan Pleijel and Malin Broberg (University of Gothenburg, Sweden); Zhaozhong 
Feng (Chinese Academy of Sciences, China), David Simpson (Chalmers University, Sweden); 
and other participants of the ICP Vegetation  
 
Web site: http://icpvegetation.ceh.ac.uk 
 
At the global scale, ozone pollution has been predicted to pose as big a threat to food security 
as climate change by 2030. Formed from complex photochemical reactions involving 
pollutants from vehicle and industrial emissions, ozone pollution is increasing rapidly in 
Asia. Several of the world’s most important crops such as wheat, soybean, maize and rice 
respond to ozone pollution by decreasing vegetative growth, seed production and root growth 
leading to reductions in both quantity and quality of yield. These effects are already 
happening at current ozone pollution levels and are a contributing factor in reducing our 
ability to close the “yield gap”. 
 
In this paper, we describe the physiological effects of ozone on crop yield and the progress 
we have made in identifying ozone sensitive species, developing risk assessments based on 
modelling the stomatal uptake of ozone, and collating field evidence globally of effects 
including using a recently developed smart phone App to record visible ozone damage. We 
discuss how the selection of new varieties with a high capacity for CO2 uptake may be 
inadvertently leading to enhanced stomatal ozone uptake. Options for developing new 
varieties with greater ozone tolerance, crop management approaches to reduce/ avoid effects 
and the potential for chemical protection against ozone damage are also considered. 
 
Reducing ozone pollution is a high priority for the 51 member States of the United Nations 
Convention on Long-Range Transboundary Air Pollution (LRTAP Convention). 
International/global decision making processes to reduce emissions need to be based on 
convincing scientific evidence of effects and risk assessments that show which crops are 
likely to be being damaged and in which areas. This scientific knowledge is synthesised for 
international policy makers at the United Nations as one of the outputs of the ICP 
Vegetation, an International Cooperative Programme on air pollution effects on vegetation 
that reports to the LRTAP Convention, involving over 200 scientists from Europe, the USA 
and some Asian countries such as India, China, Japan and Pakistan. 
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Impact of gaseous pollutant emissions from brick kiln industry on growth, photosynthesis, 

and yield of wheat (Triticum aestivum L.) 
Muhammad Adrees1*, Muhammad Ibrahim1, Aamir Mehmood1, Farhat Abbas1, Farhan Saleem1, Fariha Jabeen1, 

Muhammad Rizwan1 and Shafaqat Ali1 

 
1 Department of Environmental Sciences and Engineering, Government College University Allama Iqbal Road 
38000 Faisalabad, Pakistan 
Corresponding Author: madrees@gcuf.edu.pk  

 

Abstract: 
Gaseous pollutant emissions from brick kiln industries deteriorate the current state of ambient air quality in Pakistan 

and worldwide. In present era, damage caused to vegetation because of brick kiln emissions has been receiving 

enormous attention. A field experiment was conducted to investigate the concentration of gaseous pollutants in the 

ambient air, emitting due to brick kiln operations, and its associated impacts on the growth and physiological 

attributes of the two, sensitive (8173) and resistant (Galaxy) towards air pollution, cultivars of wheat (Triticum spp.). 

Plants were grown at three sites including control, (Ayub Agriculture Research Institute, AARI), low pollution (LP) 

site, (Small Estate Industry), and high pollution (HP) site, (Sidar Bypass), of Faisalabad, Pakistan. Brick kiln 

emissions concentration in the ambient air at selected sites were monitored using the state-of-art ambient air 

analyzers during the whole experiment at different periods. Micro-climatic conditions did not vary significantly 

among the sites and plant performance at these sites were evaluated with reference to ambient air quality status. 

Plants were harvested after 120 days of germination and were analyzed for physiological and longitudinal data 

(visible injury, plant height, straw yield, grains yield, photosynthetic pigments, gas exchange attributes, grains 

protein and selected heavy metals). Results showed that the hourly averaged concentration of gaseous air pollutants 

CO, NO2, SO2 and PM10 at HP site were 3.09, 21.36, 58.63, and 79.65 µg m-3 respectively, which were significantly 

higher as compared to those of LP site (2.65, 14.0, 26.49, and 65.86 µg m-3 respectively) and control site (1.11, 6.61, 

17.45, and 35.97 µg m-3 respectively). Visible injury index were larger at HP site as compared to LP site and was 

higher for 8173 as compared to Galaxy cultivar. Plant height, straw and grain yield, photosynthetic pigments and gas 

exchange attributes significantly decreased at HP site followed by LP site as compared to the control plants. In 

wheat grains, concentration of Ni, Co and Pb significantly increased in plants grown at HP site followed by LP site 

as compared to the control site. Thus, the data indicate that brick kilns emissions could pollute the surrounding 

atmosphere with toxic pollutants and could reduce growth, yield and quality of wheat grown in the soils around kilns 

and confirm the adverse impact of pollutants on the performance of the wheat.   

 

 Keywords: brick kiln emissions, air pollution, wheat cultivars, yield reduction  
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Effects of ethylenediurea (EDU) on clonal seedlings of a hybrid larch F1 (Larix 
gmelinii var. japonica × L. kaempferi) grown under elevated O3: An experiment in 

northern East Asia 

Evgenios Agathokleous*, Cong Shi, Kazuhito Kita, Elena Paoletti,  

Costas J. Saitanis, William J. Manning 

*contact: evgenios@for.agr.hokudai.ac.jp 

 

There is no doubt that ground-surface ozone (O3) is the widespread air pollutant impacting 
vegetation and threatening forest ecosystems. Recently, Northeast Asia is becoming one of 
the major spots with severe O3 pollution, and principal forest tree species may be suffering 
from O3. One taxon being to the fate of O3 impact is the recently developed Japanese 
hybrid larch F1 (hereafter F1), a momentous promising hybrid which has better tolerances 
to important biotic and abiotic factors. In order to study potential protective mechanisms 
against O3, F1 seedlings were planted in pots filled with Akadama and Kanuma soils (1:1), 
a kind of well weathered volcanic ash, and placed in 6 free-air (ambient air) rings, in May 
2014. From late July (and until mid-October), the seedlings were treated every 9 days with 
soil drench of ethylenediurea (EDU) at 0 (EDU0) or 400 (EDU400) mg l-1. From middle 
August (and until the end of October), the 3 of the rings were daily enriched with ozone at a 
targeted concentration of 80 nmol mol-1 (O3), during daytime. The next growing season 
(2015), O3 fumigation started from the end of April.  

In the present work, we will discuss EDU and O3 effects on the plants early in the 2nd 
growing season (until mid-July 2015). O3 had a tremendous impact on mature needle 
contents of carotenoids, chlorophylls a and b, and total chlorophylls. EDU400 offered a 
significant protection to all these characteristics. Furthermore, O3 resulted to lower 
chlorophyll/carotenoids ratio and, although plants of EDU400 had lower ratio in O3, the 
ratio was much higher than that of EDU0 plants. Needle abscission was accelerated by O3 
but impeded by EDU400. High underproduction symptoms (e.g. foliage chlorosis) were 
evident in O3-exposed plants that were later accompanied by needle necrotic symptoms. 
Symptoms on EDU400+O3 treated plants were very rare. There was no O3 or EDU effect 
on the OD435/OD415 index, ratio between chlorophylls a and b in early July 2015 and no 
effects on plant height, stem basal diameter and canopy width within time. Sampled needles 
will be further analyzed as to their content in various dietary nutrients and will be discussed 
along with photosynthesis data. These results revealed the effectiveness of EDU as an anti-
ozonant in hybrid larch F1. 
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Deposition of water soluble inorganic ions in PM2.5 above forestry system in 

Beijing，China 

YingYing-Cao, XiaoXiu-Lun *, RenNa-Li, FengBin-Sun, XinXiao-Yu 
Beijing Forestry University, Beijing, lunxiaoxiu@bjfu.edu.cn 

 
 

Abstract.In recent years, the particulate 
pollution seriously occurred in China, especially 
in large cities like Beijing. PM2.5 is the chiefly 
pollutant to cause haze, and become to be the 
major pollutant to control. Deposition is a main 
way to eliminate the particulate matter in the air. 
In the progress of particle deposition, vegetation 
plays an important role, while there is rare date 
about it. Thus we researched the deposition of 
water inorganic ions in PM2.5 which had effect 
on the character of PM2.5 above forestry system 
of Beijing. In order to estimate the deposition 
characteristic in urban forest, concentration 
gradient method was used in Olympic Forest 
Park and Jiufeng National Forestry Park to 
measure the deposition flux and velocity.  

We measured eight kinds of ions, they were 
natriumion, ammonium, potassium, magnesium, 
calcium, chloride, nitrate and sulfate. And the 
range of these ions’ deposition velocity were -
0.0179-(0.0995) m•s-1. It was significant that in 
most of the cases, the concentration decreased 

with the height went up. Generally speaking, the 
sum deposition flux and velocity of eight kinds 
of ions in Jiufeng National Forestry Park was 
greater than that in Olympic Forest Park. This 
phenomenon can be explained by the different 
influence caused by different tree species around 
the sampling site. The velocity during daytime 
was higher than that in nighttime (Fig.1). And 
the sulfate had the biggest deposition flux and 
velocity both in Jiufeng National Forestry Park 
and Olympic Forest Park. While other ions had 
different characteristic in these two sampling 
sites. The meteorological condition had effect on 
deposition velocity such as wind speed, 
temperature and humidity. Friction velocity was 
another factor that has influence on deposition 
velocity. Therefore the different tree species 
which have different crown canopy structure 
causes the variation of velocity. The research 
was funded by Special national forestry public 
welfare industry research (NO. 20130430104) 

 

Figure 1. The velocity of different kinds of water soluble 
inorganic ions during daytime and nighttime in two sites 
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The Concentrations and Reduction of Airborne Particulate Matter 

(PM10, PM2.5, PM1) at Shelterbelt Site in Beijing 
Jungang Chen 1, Xinxiao Yu 1, Huaxing Bi 1, Xiaoxiu Lun 2 
1 College of Soil and Water Conservation, Beijing Forestry University, Haidian 
District,100083 Beijing, China; 2 College of Environmental Engineering, Beijing 
Forestry University, Haidian District,100083 Beijing, China 
Abstract 
Particulate matter is a serious source of air pollution in urban areas, where it 
exerts adverse effects on human health. This article focuses on the study of su
bduction of shelterbelts for atmospheric particulates. The results suggest that (1)
 the PM mass concentration is higher in the morning or both morning and no
on inside the shelterbelts and lower mass concentrations at other times; (2) the
 particle mass concentration inside shelterbelt is higher than outside; (3) the pa
rticle interception efficiency of the two forest belts over the three months in d
escending order was PM10 > PM1 > PM2.5; and (4) the two shelterbelts capt
ured air pollutants at rates of 1496.285 and 909.075 kg/month and the major a
tmospheric pollutant in Beijing city is PM10. Future research directions are to 
study PM mass concentration variation of shelterbelt with different tree species
 and different configuration.  
 
Keywords: particulates; shelterbelt; mass concentration; meteorological factors. 
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Air quality assessment in Ivanovo region (Russia) using moss technique and snow 
analysis 

 
Dunaev A.M.1, Rumyantsev I.V.1, Frontasyeva M.V.2, Grinevich V.I.1 

1 – Ivanovo State University of Chemistry and Technology, Ivanovo, Russia 
2 – Joint Institute of Nuclear Research, Dubna, Russia  

 
The assessment of the air quality requires a special equipment and long-term 

procedure of sampling. It makes the monitoring of the atmosphere very difficult. 
The solution may be found by the application indirect methods such as 
biomonitoring and precipitation analysis. Mosses are one of the most appropriate 
indicator organisms to control air pollution, because they have a developed surface, 
high cation exchange capacity and get nutrition elements only from the air.  

Another way to control ambient air quality is the analysis of the snow. 
However it is appropriate for the territories with the moderate and frigid climate 
only. Nevertheless, snow can give the information on both soluble and solid part of 
the precipitation. 

Ivanovo region situated at the center part of the East-European plain was the 
object under study. The combined analysis of the mosses and snow was applied for 
the atmospheric air contamination assessment. The samples of mosses Pleurozium 
schreberi, Hylocomium splendens, and Polytrihum Commune were collected 
according to the ICP Vegetation monitoring manual during 2010-2014. Samples of 
the snow were collected in the end of the winter, melted and filtered. 
Concentrations of the 44 elements were determined by the neutron activation 
analysis of the basis of the Joint Institute of Nuclear Research, but Cu, Pb, and Cd, 
content were analyzed by the flame atomic absorption spectrometry in Ivanovo. 

It was established that the heavy metal content in mosses at the territory of 
Ivanovo region was very close to the neighboring regions such as Yaroslavl, Tula 
and Republic of Udmurtia. Comparative analysis of the element concentration in 
the snow of Ivanovo and other regions revealed the less content of all elements in 
the region under study. The intensities of the heavy metal depositions were 
calculated from the metal content in the bulk snow. After comparison with the 
standard values it was established that the air contamination level exceeded the 
background level but was still permissible. 

The factor analysis together with the GIS methods was applied for the 
identification of the potential origins of the metal arrival. Taking into account the 
most frequent wind directions it may suppose that the transboundary pollution is 
the serious factor of the air contamination level of Ivanovo region.  

On the basis of these results it can be concluded that the air contamination 
level in Ivanovo region is acceptable. However the transboundary air pollution was 
detected as well as different native sources.  
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Antioxidant capacity in poplar exposed to 

ozone and drought 
 

Dusart N.1,2, Vaultier M-N.1,2, Gérard J.1,2, Collignon C.1,2,  Le Thiec D.2,1, Jolivet Y.1,2*, 
1UMR 1137 Ecologie et Ecophysiologie Forestières, Université de Lorraine, BP 70239, 
54506 Vandoeuvre-lès-Nancy cedex, France  
2UMR 1137 Ecologie et Ecophysiologie Forestières, INRA, 54280 Champenoux, France  
 
Abstract 
 
Besides stomata control, detoxification processes are key events in the plant response to 
abiotic stress, e.g. ozone (O3) and drought stresses. Both ascorbate and glutathione are 
important players of the Halliwell-Asada-Foyer cycle and in this work, the functioning of this 
cycle under both stresses has been explored through the study of modification of the 
antioxidant amounts, the activity of enzymes of this cycle and the expression of genes coding 
for these proteins. Two euramerican poplar genotypes (Populus deltoides x Populus nigra), 
Carpaccio and Robusta, differing in ozone sensitivity and for which differences in 
detoxification mechanisms have been already stated (Dumont et al., 2014), were investigated. 
We exposed the two poplar genotypes to various treatments for 17 days: an O3 fumigation 
(120 ppb) ; a mild drought ; or the combination of both treatments. Under O3 and as 
previously showed, Robusta displayed a higher level of oxidized ascorbate (DHA + MDHA). 
The two genotypes differed also by the levels of total and reduced glutathione, which 
increased in responses to O3 for Carpaccio. Simultaneously, an increase in both glutathione 
reductase and monodehydroascorbate reductase activities was observed. The DHA reductase 
activity decreased for both genotypes under O3 treatment. Drought treatment alone implied 
smaller changes for these antioxidant parameters while the combined treatment tended to 
induce nearly an ozone-like response. Results of gene expression are in progress, but 
preliminary results showed different responses of expression according the cell localization of 
the isoforms.  
 
This work is supported by the French National Research Agency through the Laboratory of 
Excellence ARBRE (ANR-12- LABXARBRE-01). 
 
*yves.jolivet@univ-lorraine.fr 
 
Dumont J, Keski-Saari S, Keinänen M, Cohen D, Ningre N, Kontunen-Soppela S, Baldet P, Gibon Y, 
Dizengremel P, Vaultier M-N, Jolivet Y, Oksanen E, Le Thiec D (2014) Ozone affects ascorbate and glutathione 
biosynthesis as well as amino acid contents in three Euramerican poplar genotypes. Tree Physiol 34:253-266  
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The influences of elevated ground-level O3 on paddy methanogenic archaea 

FENG Youzhi (Institute of Soil Science, Chinese Academy of Sciences) 
yzfeng@issas.ac.cn 

Besides providing the global food source, paddy field is, at the same time, one of major 
anthropogenic sources for atmospheric methane (CH4). The current knowledge 
regarding the effect of global climate change on rice-paddy methane (CH4) emissions is 
incomplete, partly because information is limited concerning the mechanism of the 
microbial response to elevated ground-level ozone (O3). For instance, it has been found 
that elevated ground-level O3 decreases paddy CH4 emission and the difference in the 
decreasing extents is observed for different O3-sensitive rice cultivars. However, the 
responses of CH4-metablizing microorganisms in paddy soil are unknown. For this 
purpose, field experiments were conducted in the China Ozone Free-Air Concentration 
Enrichment facility in a rice-wheat rotation system to investigate the responses of 
methanogenic archaeal and methanotrophic bacterial communities to elevated 
ground-level O3 and the differences between two O3-sensitive rice cultivars by 
culture-independent and -reliant approaches. We found that methanogenic archaea 
rather than methanotrophic bacteria were negatively influenced by O3 pollution. 
Elevated ground-level O3 inhibited methanogenic activity and influenced the 
composition of paddy methanogenic communities, reducing the abundance and 
diversity of paddy methanogens by adversely affecting dominant groups, such as 
aceticlastic Methanosaeta, especially at the rice tillering stage. Furthermore, for rice 
cultivar, although under O3 pollution methanogenic archaeal abundance decreased in 
both cultivars, a greater negative influence was observed on the O3-sensitive cultivar 
than on the O3-tolerant. Specifically, at tillering stage, the diversity indices of 
methanogenic archaeal community in the O3-sensitive cultivar were decreased to a 
greater extent than those in the O3-tolerant cultivar; the O3-sensitive cultivar shifted 
methanogenic archaeal community composition and decreased the abundances and the 
diversities of Methanocellaceae and Methanosaetaceae, while those of 
Methanocellaceae and Methanosarcinaceae were even increased in the O3-tolerant 
cultivar. The difference in the responses of methanogenic archaea between two 
O3-sensitive rice cultivars could finally lead to the divergent responses of paddy CH4 
emissions of two rice cultivars in presence of O3 pollution. These findings indicated that 
continuously elevated ground-level O3 would negatively influence paddy methanogenic 
archaeal communities and its critical ecological function, and rice cultivar is important 
in determining methanogenic archaeal community responses to elevated ground-level 
O3. 
 
Keywords: Elevated ground-level O3, Methanogenic archaea, Rice cultivar, Diversity, 
Pyrosequencing 
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Differences in ozone sensitivity in woody species are related to leaf 

traits and to antioxidant levels 
ZHAOZHONG FENG1,  PIN LI1, VICENT CALATAYUD1, 2, FENG GAO1,  
1State Key Laboratory of Urban and Regional Ecology, Research Center for 
Eco-Environmental Sciences, Chinese Academy of Sciences, Shuangqing Road 18, 
Haidian District, Beijing 100085, China; 2Fundación CEAM, c/Charles R. Darwin 14, 
Parque Tecnológico, 46980 Paterna, Valencia, Spain 
 
Abstract 
There is a large varaiation in the response to ozone (O3) among plant species. 
However, it’s not clear whether the existing mechanisms based on a few plant species 
are universal to fast growing species in urban. In this study, deciduous and evergreen 
woody species commonly used for urban greening were exposed to both 
charcoal-filtered (CF) air and elevated ozone levels (E-O3) in Open-Top Chambers. 
The cumulative ozone levels at which visible injury was observed, as well as the 
reduction of CO2 assimilation (Asat) induced by this pollutant, strongly differed 
among species. Deciduous plants such as Sorbaria sorbifolia, Hibiscus syriacus or 
Fraxinus chinensis were the most sensitive species, while evergreen plants ranked 
among the most tolerant. Higher Leaf Mass per Area (LMA) values alongside with 
higher area-based constitutive levels of reduced ascorbate (AsA) and total antioxidant 
capacity (TAC) of the leaves, were strongly related to increasing ozone tolerance. As 
LMA is easy to measure, this parameter can be useful for selecting appropriate species 
for urban greening in ozone-polluted areas and as a weight factor in risk assessment.  
 
Keywords: ozone sensitivity, urban greening species, leaf mass per area, antioxidant 
system, visible symptoms, gas exchange. 
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<Abstract> 1st Asian Air pollution workshop 

The effects of nitrogen deposition on the rhizosphere of hybrid larch F1 

 - A preliminary experiment – 

Saki FUJITA, Kazuhito KITA*, Takayoshi KOIKE 
Silviculture & Forest Ecological Studies, Hokkaido Univ., Sapporo 060-5989, *Hokkaido Forestry Research Institute, HIRO, Hokkaido 079-0198 

Keywords: Nitrogen deposition, rhizosphere, fine roots, hybrid larch F1 

 
Nitrogen (N) is an important nutrient for plant growth but in some cases it is also a limiting 

resource for the growth of temperate coniferous forests. However, recently, due to increases in N 
oxides from anthropogenic sources, the input of atmospheric N is also increasing. In the view that N is 
simultaneously an important nutrient and a limiting factor, N deposition, to a certain level, can enhance 
plant growth. However, excess of N can lead to reductions in plant vitality by changes in soil 
environment, which is induced by soil acidification. Soil acidification usually drives imbalances in soil 
nutrients, such as the reduction of available phosphorus (P), which is also another important nutrient 
and yet a limiting factor for plant growth.  
 In order to see how excess of N effects plant growth, it is vital to understand the response of the 
rhizosphere. This is by reason of the rhizosphere being the interface between the plant and soil and a 
thorough investigation must be done on its structure and functions. An important factor of the 
rhizosphere is the fine root (diameter < 2mm).  Fine roots and their symbiotic partner, the 
ectomycorrhizal fungi, have the role of transporting and absorbing water and nutrients, and their turn-
over play an important role in the nutrient dynamics. Therefore, fine roots have high physiological 
activity and are especially essential to plant growth and survival when plants are under stress conditions, 
such as low nutrient and/or water conditions.  
 Hybrid larch F1 was developed to overcome the weaknesses of Japanese larch, which has been 
dominantly planted for timber production in Hokkaido. It was made by crossing Dahurian larch with 
Japanese larch (Larix gmelinii var. japonica x Larix kaempferi), and it is anticipated to be a beneficial 
species for not only for timber production but carbon fixation and storage. Hence, it is critical to 
perceive the characteristics regarding initial growth of hybrid larch F1 under changing environments, in 
this case N deposition.  
 The goal of this experiment is to understand the effects of N deposition on fine root 
development and its correlation to seasons and above-ground growth. The effects of N deposition on 
fine roots is investigated by using root area and root biomass as indicators to understand the 
characteristics of the hybrid larch F1’s growth, with also the addition of P.  
 In order to see the effects of N deposition on the rhizosphere of hybrid larch F1, we prepared 36 
seedlings (5 years of age) under 3 N levels (100kg/ha∙yr, 50kg/ ha∙yr, 0kg/ ha∙yr) and 2 P levels (50kg/ 
ha∙yr, 0kg/ ha∙yr). The core-sampling method is used to obtain the roots and even with the 
measurement of the roots, the above-ground growth is measured.  Based on these findings, we will 
discuss the effects of N on fine root dynamics of F1 treated with different N levels with and without P.  
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Multi‐level	responses	to	ozone	of	nine		
Euramerican	poplar	clones	

	
	

Gandin	A.1,2*,	Davrinch	A.1,2,	Bestien	M.	1,2,	Gérard	J.1,2,	Robin	C.3,	Paris	C.4,	Jolivet	Y.1,2,	
	
1UMR	1137	Ecologie	et	Ecophysiologie	Forestières,	Université	de	Lorraine,	BP	70239,	
54506	Vandoeuvre‐lès‐Nancy	cedex,	France		
2UMR	1137	Ecologie	et	Ecophysiologie	Forestières,	INRA,	54280	Champenoux,	France	
3UMR	 1121	 «	 Agronomie	 &	 Environnement	 »	 Nancy‐Colmar,	 BP172,	 54505	
Vandoeuvre‐lès‐Nancy	cedex,	France	
4Laboratoire	 d'Ingénierie	 des	 Biomolécules	 (LIBio)	 Plateau	 Commun	 d'Analyse	
Structurale	 et	 Métabolomique	 (PASM)	 Université	 de	 Lorraine‐	 INPL‐ENSAIA,	 F‐
54505	Vandoeuvre‐lès‐Nancy	

		
Abstract 
	
Tropospheric	ozone	(O3)	is	the	main	secondary	pollutant	and	considered	to	be	the	
most	damaging	for	plant	growth	and	productivity.	In	addition	to	be	the	third	
strongest	greenhouse	gas	O3	oxidative	properties	have	the	capacity	to	significantly	
alter	forest	carbon	sink	strength.	Several	works	have	focused	on	tree	abilities	to	
cope	with	ozone	exposure,	either	by	closing	stomata	to	limit	ozone	fluxes	in	the	
leaf,	by	modifying	anatomy	to	limit	O3	diffusion	through	leaf	tissues,	by	activating	
antioxidant	metabolism	or	by	producing	secondary	defense	metabolites	to	limit	
ROS	accumulation.	However,	the	relative	contribution	of	these	defense	
mechanisms	to	O3	tolerance/sensibility	is	still	unclear	in	trees.	Here,	we	
investigated	the	responses	of	these	four	barriers	in	9	Euramerican	poplar	clones	
(Populus	deltoids	×	P.	nigra)	exposed	to	120	ppb	of	O3	for	3	weeks.	In	addition,	the	
phosphoenolpyruvate	carboxylase	(PEPc)	contribution	is	currently	studied	in	one	
particular	clone	(Robusta)	in	which	PEPc	activity	is	drastically	increased	(2	to	4	
times	higher).	This	would	allow	to	reveal	PEPc‐specific	metabolic	pathways	
induced	under	ozone	that	may	contribute	to	the	overall	plant	detoxifying	arsenal.	
	
This	work	is	supported	by	a	grant	from	Region	Lorraine	to	A.G.	and	A.G.,	G.J.	and	Y.J.	
are	supported	by	the	French	National	Research	Agency	through	the	Laboratory	of	
Excellence	ARBRE	(ANR‐12‐	LABXARBRE‐01).	
	
*anthony.gandin@univ‐lorraine.fr	
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Regional and Global Precipitation Chemistry 

Hiroshi Hara 

Professor Emeritus, Tokyo University of Agriculture and Technology, Tokyo 

1. Introduction  
 Precipitation chemistry plays an important role in understanding of atmospheric deposition which is the final 

result of a complex chain of physical and chemical processes in the atmosphere and is an input to another complex 
chain of processes that takes place in terrestrial and aquatic ecosystems.  Although precipitation acidity, pH, has been 
a focus of the chemistry, pH is determined by acid-base interactions in the atmospheric processes. In order to 
understand the interactions,  pH was discussed together with pAi defined as –log([nss-SO4

2-]+[NO3
-]) which 

corresponds to a hypothetical acidity without neutralization. 
Characteristic precipitation chemistry was divulged for Asia, United 
States, Canada, and Europe in a global sense. 

 
2. Material and Methods 
   The present study is based on the 2000-2013 annual means for East 
Asia covering 13 countries 
(EANET,   http://www.eanet.asia/product/index.html) and on the 2000-
2002 and 2005-2007 for the regions, U.S., Canada, Europe, India, and 
Africa on the global scale  (WMO/GAW/PC, http://wdcpc.org.  The pH-
and-pAi concept is proposed under the assumption that the acids and 
bases involved in the precipitation are the four compounds:  H2SO4, 
HNO3, NH3, and  CaCO3.  
 
3. Results and Discussion 
3.1 pH distributions on a global scale    
The pH measurements were compiled into distribution patterns for 
EANET, US, Canada, and Europe (Fig. 1). It is interesting to note that 
the ranges generally encompassed rather a common region from pH4 to 
pH7. The rather common region is not consistent with the emission 
intensities of precursor gases in the regions of interest in consideration 
of the residence times of the gases. 
3.2 pH-pAi diagram in EANET region 
  The pAi would explain the inconsistency. Figure 2 illustrates the pH-pAi 
relationship for the EANET region. Whereas the pH ranged from pH4.2 
to pH7.0, most of the sites in China (red circles) shows pAi considerably 
less than 4.0, which would be explained that the original low acidity due 
to H2SO4 and HNO3 had been neutralized with basic compounds, 
probably NH3 and CaCO3 in the atmospheric processes. 
3.3 pAi distributions on a global scale 
  The pAi concept was extended to global measurements (Fig. 3). The 
pattern was generally sharp compared with those of pH. For US, Canada, 
and Europe, the general distribution patterns are similar to each other with 
the distribution starting from approximately 4.  However, EANET depicted a 
highly different distribution, a tri-modal pattern: a small peak occurred 
around 3.6, the major peak in the range of 4.0 to 4.5, and some shoulder from 4.6 to 5.0. A broad range of acid-base 
interactions are suggested in EANET region. 
 
4. Summary 
    In the light of  the pH-pAi relationship, the precipitation chemistry in East Asia is proposed to discuss with this 
relationship. Specifically, the sites should be sorted for more detailed discussion in term of the pAi range: Region I; 
pAi<4.0, Region II; 4.0 < pAi <4.5, and Region III;  pAi >4.5 to understand the atmospheric chemistry in East Asia. 
 

Fig. 1 Annual pH distributions for EANET, 
U.S., Canada, and Europe 

Fig. 2  pH-pAi relationship for 2000-2013 
EANET measurements. 

Fig. 3 Annual pAi distributions for EANET, 
U.S., Canada, and Europe 
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<Abstract>1st Asian Air pollution workshop 
The interaction between insects and deciduous broadleaved trees 

under different O3 concentrations and soil fertilities. 
 

Wataru INOUE, Amelie VANDERSTOCK*,Fuyuki SATOH**, Takayoshi KOIKE 
School of Agriculture of Hokkaido University,Sapporo 060-8589 

*: HUSTEP of Hokkaido University, **: Hokkaido University Forests, Sapporo 0809 

 
Keywords: climate change, O3, herbivory, soil fertility, plant-insect interaction 

 
 In recent years, activities such as deforestation and fossil fuel combustion have altered 
the Earth’s atmospheric composition. Especially, levels of tropospheric ozone (O3), have 
increased by approximately 40% since the beginning of the industrial age. O3 is known 
to decrease plant photosynthesis, alter whole plant carbon balance, and, as results of 
them, reduce overall plant growth. This means that changes in atmospheric 
environment, especially elevated O3, are very important factors of effect on forest 
productivities. In other words, in order to predict the forest productivity, it is necessary 
to carry out experiments under elevated O3 levels. 
 It is essential for the estimation of forest productivities to evaluate the herbivory of 
insects in such atmospheric conditions. Plants defend themselves against attack by 
herbivores with a variety of physical and chemical defences. Numerous hypotheses, 
such as the growth-differentiation balance (GDB) hypothesis or the carbon-nutrient 
balance (CNB) hypothesis, have been raised regarding the plant defence toward 
herbivorous insects. The GDB hypothesis predicts that fast growing plants will have 
low concentrations of defensive compounds, and according to the CNB hypothesis, 
plants will have high defence abilities against insects in elevated CO2 or infertile soil 
environments. Elevated O3 also decreases the products of secondary metabolites, work 
as defensive chemicals, via reduction of plant photosynthesis. And, consequently, it will 
effect on plant-insect interactions. 
 In this poster, we focus on the multiple effects of the O3 concentration and soil 
fertilities on the interactions between plants and herbivores. We observe three tree 
species (Birch: light demanding, Beech: shade tolerant, and Oak: intermediate between 
them), show different growing types and O3 sensitivities, in order to understand feeding 
patterns of herbivorous insects by taking photograph of trees and investigating feeding 
marks on leaves. 
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Evaluation of the effects of O3 on photosynthetic CO2 uptake of Fagus crenata, Quercus 
serrata, Quercus mongolica var. crispula and Betula platyphylla based on stomatal O3 
uptake 
 
Yoshiyuki Kinose a, Masahiro Yamaguchi b, Hideyuki Matsumura c and Takeshi Izuta d, * 

 
a United Graduate School of Agricultural Science, Tokyo University of Agriculture and Technology, 3-5-8 Saiwai-cho, 
Fuchu-city, Tokyo 183-8509, Japan; b Graduate School of Fisheries Science and Environmental Studies, Nagasaki 
University, 1-14 Bunkyo-machi, Nagasaki-city, Nagasaki 852-8521, Japan; c Environmental Science Research 
Laboratory, Central Research Institute of Electric Power Industry, 1646 Abiko, Abiko-city, Chiba 270-1194, Japan; d 
Institute of Agriculture, Tokyo University of Agriculture and Technology, 3-5-8 Saiwai-cho, Fuchu-city, Tokyo 
183-8509, Japan; * Corresponding author. E-mail: izuta@cc.tuat.ac.jp 
 

To evaluate the effects of O3 on photosynthetic CO2 uptake of Japanese deciduous 
broad-leaved tree species based on cumulative stomatal O3 uptake per unit leaf area 
(COU, mmol O3 m–2 leaf area), Fagus crenata, Quercus serrata, Quercus mongolica var. 
crispula and Betula platyphylla seedlings were exposed to charcoal-filtered air or O3 at 
1.0 or 1.5 times the ambient concentration in 9 gas-exposure chambers located at the 
Field Museum Tamakyuryo of Tokyo University of Agriculture and Technology 
(Hachioji, Tokyo, Japan) for two growing seasons from June 2012 to October 2013. The 
relationships between cumulative CO2 uptake per unit leaf area (mol CO2 m–2 leaf area) 
and COU were obtained from the data sets of the present study and Yamaguchi et al. 
(2015). 

According to the method of Kinose et al. (2014), COU of the 4 tree species in Japan 
were estimated from meteorological data (Japan Meteorological Agency) and 
atmospheric O3 concentration (National Institute for Environmental Studies) by using a 
geographic information system (ArcGIS 10.2 software, ESRI inc., USA). Based on the 
relationships between cumulative CO2 uptake per unit leaf area and COU in the 4 tree 
species, O3-induced reduction rates of cumulative CO2 uptake per unit leaf area during 
one growing season (CO2_red, %) were calculated as 3-year average in 2009-2011 
(Figure). The CO2_red averaged over Japan of F. crenata, Q. serrata, Q. mongolica var. 
crispula and B. platyphylla (spring leaf) were 11.3, 4.5, 7.6 and 9.0%, respectively. 
Therefore, it is considered that current levels of O3 in Japan reduces photosynthetic CO2 
uptake of Japanese deciduous broad-leaved forest tree species. 
References: Yamaguchi et al. (2015) in this abstract book; Kinose et al. (2014) Environmental Pollution 194, 235-245. 
Acknowledgement: This study was funded by the Ministry of the Environment, Japan through the program of 
Environment Research and Technology Development Fund (5B-1105).  
 

 

 

 

 

 
 
 
 
 
 
Fig. Distribution of O3-induced reduction rates of cumulative CO2 uptake per unit leaf area during

one growing season (CO2_red, %) of Fagus crenata, Quercus serrata, Quercus mongolica var.
crispula and Betula platyphylla based on cumulative stomatal O3 uptake per unit leaf area (COU).

F. crenata Q. serrata Q. mongolica
var. crispula

B. platyphylla

CO2_red (%)
35.00 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
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Quantifying the impact of tropospheric ozone on crops productivity using JULES 

Felix Leung 

University of Exeter 

 

Tropospheric ozone (O3) is the third most important anthropogenic Greenhouse Gas 
and is detrimental to plant productivity. Ozone already causes significant crop 
production losses (5 Billion $ per year in US, similar in EU) with concentrations 
increasing in South Asia and South East Asia, which have significant agricultural 
areas and large, growing populations. The aim of this research is to quantify the 
impacts of present-day and future tropospheric O3 on crop production at the regional 
scale until 2100, using the Joint UK Land Environment Simulator adapted to include 
the major global crop types (JULES-crop). JULES forms the land surface component 
of the latest generation Earth System Model (ESM) at the Hadley 
Centre.  Partnership with the Met Office allow me to consider the impacts of 
tropospheric O3 on crop production, land biogeochemistry and biophysics in an Earth 
System context, in a fully consistent manner. 

 A major focus of this research will be to further develop and apply JULES-crop to 
include O3 impacts on crops. JULES-crop will be extensively evaluated against the 
Soybean Free-Air-Concentration-Enrichment experiment 
(http://soyface.illinois.edu/ ). JULES-crop will be applied in a coupled ESM to 
quantify feedbacks between coupled climate-crops and atmospheric chemistry. The 
project will thus help to build a state-of-the-art impact assessment model, and 
contribute to a more complete understanding of the impacts of climate change on 
food production. 
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Chronic drought stress reduced but not protected Shantung maple 
(Acer truncatum Bunge) from adverse effects of ozone (O3) on growth 
and physiology in the suburb of Beijing, China 
Li Li a, William J. Manning b, Xiaoke Wang a, * 

a State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, 

China 

b Stockbridge School, University of Massachusetts, Amherst, MA 01003, USA 

Abstract: A two-year experiment exposing Acer truncatum Bunge seedlings to elevated ozone 
(O3) concentrations above ambient air (AO) and drought stress (DS) was carried out using 
open-top chambers (OTCs) in a suburb of Beijing in north China in 2012-2013. The results 
suggested that AO and DS had both significantly reduced leaf mass area (LMA), stomatal 
conductance (Gs), light saturated photosynthetic rate (Asat) as well as above and below ground 
biomass at the end of the experiment. It appeared that while drought stress mitigated the 
expression of foliar injury, LMA, leaf photosynthetic pigments, height growth and basal diameter, 
due to limited carbon fixation, the O3-induced reductions in Asat, Gs and total biomass were 
enhanced 23.7%. 15.5% and 8.1% respectively. These data suggest that when the whole plant was 
considered that drought under the conditions of this experiment did not protect the Shantung 
maple seedlings from the effects of O3. 
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Fig. 1. Trends of light rainfall events 

averaged across 13 stations in Nepal. 

What drives the decline in sunshine duration in Nepal? 
 

Neelam Niroula* and Kazuhiko Kobayashi* 
*The University of Tokyo, 1-1-1, Yayoi, Bunkyo-ku, Tokyo, 113-8657 

 

1. Introduction 

Sunshine duration (SSD) has been shortened in low-elevation regions in Nepal across the period from 

1987 to 2010, which confirms to the persistent and continuing decline of incident solar radiation 

across northern part of the Indian subcontinent. In this study, we investigated the drivers of the decline 

in SSD in Nepal.  
 

2. Methods of the analyses 

We analyzed temporal changes of SSD on clear days (S_clear) and SSD on cloudy days (S_cloudy) in 

Nepal across its three physiographic regions: plains, low-hills (LH) and high-hills and mountains 

(HHM) for the period 1987-2007 with the records at 13 meteorological stations. Any changes in 

S_clear can be attributed to the presence of atmospheric aerosols, while the changes in S_cloudy can 

be attributed to the changes in clouds. Contribution of the drivers: aerosols, clouds and their 

interactions were thus evaluated with respect to the decline in SSD in Nepal.  

We further studied determinants of the drivers by analyzing the changes in rainfall events as well as 

aerosol loadings. Sources of the aerosols for the heavy aerosol loading events were sought out by the 

5-day backward air mass trajectory analysis using Hybrid Single Particle Lagrangian Integrated 

Trajectories (HYSPLIT) model for the period from 2005 to 2010. 
 

3. Results and discussions 

A significant decline was found in S-clear trends at a rate of -0.42% per year, with intense dimming at 

the stations located in the plains suggesting the influence of direct effect of aerosols. Seasonally, the 

decline in S_clear was evident in all the dry seasons (October to May) in the plains, with highest 

dimming at a rate of -1.27% per year in the winter season. On the other hand, the trends in S_cloudy 

showed intense dimming at a rate of -3.27% per year with strong decline in all the three regions. 

Seasonally, the highest decline in S_cloudy occurred in the monsoon followed by pre-monsoon 

seasons. The higher decline in S_cloudy compared to S_clear indicated that clouds play a larger role in 

the observed dimming than aerosols. 

Analysis of light rainfall events with rainfall (R)<=10mm and number of rainy days (NRD)<=10mm 

for the same stations for the period 1980-2009 revealed significant decline in light rainfall at a rate of -

0.23 % per year (Fig. 1). Seasonally, the decline in light rainfall events in monsoon and pre-monsoon 

seasons were coherent with the decline in S-cloudy in the same seasons. Such anomalies in light 

rainfall events suggested the role of indirect effect of aerosols, in which the aerosols could interact 

with the clouds to suppress light rainfall from polluted clouds and caused dimming under cloudy days.                                                                                       

A study on aerosol variations in Nepal using Moderate Resolution Imaging Spectroradiometer 

(MODIS) derived aerosol optical depth (AOD) for the period 

2005-2010 indicated maximum annual mean AOD of 0.48 in 

the plains followed by LH (0.35) and HHM (0.23) suggesting 

intense pollution in the plains. The seasonal maximum in 

AOD (0.43) was observed in the pre-monsoon season 

followed by monsoon (0.38) and winter seasons (0.36). 

The backward air mass trajectory analysis indicated that 

the peak AOD concentrations in Nepal are largely 

contributed by the air pollutants of biomass burning as well 

as fossil fuel combustion from the Indo-Gangetic plains and 

Indian summer monsoon circulation.  

The decline in SSD and light rainfall events will have 

profound impacts on the major crops (wheat and rice) of 

Nepal, whose growing seasons coincides with the peak AOD 

concentrations and significant decline in SSD. 
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Impact of tropospheric ozone on mustard and rice production in India 
 

 

Elina Oksanen1, Ashutosh K. Pandey1,2, Baisakhi Majumder2, Sarita Keski-Saari1, 

Sari Kontunen-Soppela1, Vivek Pandey2*,  

1University of Eastern Finland, Department of Biology, POB 111, 80101 Joensuu, Finland,  

2Plant Ecology and Environmental Science, National Botanical Research Institute (CSIR-

NBRI), Lucknow 226001, India 

 

The Indo-Gangetic Plains (IGP), India’s bread basket, has been classified as a ‘hot spot’ 
for air pollution, owing to the intense agriculture, land-use changes, industrialization, 
urbanization, population growth and favourable meteorological conditions, causing 
high emissions of precursors for ozone formation. We have conducted field experiments 
with local crop cultivars of mustard (Brassica campestris L.) and rice (Oryza sativa L.) 
in ambient ozone concentrations in Lucknow area of IGP. EDU (ethylenediurea) was 
used as a chemical protectant against the adverse effects of ozone. Both mustard and 
rice cultivars showed sensitivity to prevailing ozone concentrations suffering yield 
losses, thereby indicating the severity of the ozone-induced risk to agriculture in this 
region. Out of 18 rice cultivars studied only seven cultivars showed good adaptability 
in high-ozone environments in terms of yield. EDU-mediated protection against ozone 
stress was mainly due to the up-regulation of the antioxidative defence system, 
depending on the developmental phase. The most responsive parameters in EDU 
treatments were lipid peroxidation, superoxide dismutase and catalase activities at the 
vegetative phase, and ascorbate and glutathione content at the flowering phase, under 
high ambient ozone conditions. These parameters can be used as the most useful 
indicator parameters, for practical ozone-tolerance screening in mustard and rice 
cultivars.  
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Modeling stomatal conductance and photosynthesis of four cultivar of rice 
under elevated ozone concentration 

 
Hiroki OUE*, Kazuhiko Kobayashi** and Jianguo ZHU*** 

* Faculty of Agriculture, Ehime University, Matsuyama, 790-8566 Japan 
** Grad School of Agric and Life Sciences, The University of Tokyo, Tokyo, 113-8657, Japan 

*** Institute of Soil Science, Chinese Academy of Sciences, Nanjing, 210008 P.R.China 
 
1.  Introduction 

In aims to estimate stomatal ozone flux and predict the yield loss of rice in eastern China, the focus 
was on developing a stomatal conductance (gs) model and a photosynthesis (P) model of rice under 
the influence of high ozone concentration. The gs and P of four cultivars of rice were measured, both 
in the ambient field and FACE (Free Air Concentration Enrichment) field, whereby the ozone 
concentration ([O3]) was artificially elevated, from after mid-anthesis to before harvest in 2008. The 
gs and P models of each cultivar were developed by a multiplicative approach with maximum values 
of gs (gs2000max) and P (P2000max) multiplied by modifications of accumulated exposure of ozone over a 
threshold concentration of 40 ppb for daylight hours (AOT40), phenology, etc.  

 
2.  Materials and method 

Experiments were performed on rice planted in an experimental field (China-FACE) in the suburbs 
of Jiangdu city, Jiangsu province, China, 2008 and 2010. Rice (Oriza Sativa L.), cv. Wu Yun Jing 21 
(WYJ21), Liang You Pei Jiu (LYPJ), Shan You 63 (SY63) and Yang Dao 6 (YD6), which were the 
main cultivars in Jiangsu province, were used for the experiments. WYJ21 is a conventional Japonica, 
YD6 is a conventional Indica, SY63 is a standard hybrid and LYPJ is a new hybrid cultivar. The 
FACE facilities were settled to control ozone concentration within the ozone releasing tube ring to be 
1.5 times of the ambient. The ozone concentrations at the center, both in the FACE (E-O3) and the 
ambient (A-O3) rings were measured with UV photometry analyzer (Model 49i, Thermo). Stomatal 
conductance and photosynthesis models were developed using measurements with LI-6400 (LI-COR) 
both in E-O3 and A-O3 just after heading to before harvest.  

 
3.  Results and Discussion 

The gs and P models were based on the multiplicative stomatal conductance model, which was 
originally described by Jarvis (1976) and developed to calculate stomatal O3 flux by Oue et al. (2009) 
for winter wheat and Oue et al. (2008) for rice. The relative factors for modifications due to AOT40 
and phenology; i.e. days after the leaf’s expansion were parameterized by relating AOT40 or 
phenology to gs2000/gs2000max and P2000/P2000max. Relationships between AOT40 and P2000/P2000max for 
the four cultivars were parameterized with exponential curves. The exponential curves, breaking 
through the maximum P/Pmax under AOT40 conditions were the relative factor for modifications due 
to AOT40;  fp(AOT40). The AOT40 was proved to be an important limiting factor of gs and P and the 
modification parameter of it was different for each cultivar, which indicated different characteristics of 
the sensitivity against ozone dose between the four cultivars. In addition, the hybrid cultivars (SY63 
and LYPJ) were found to be more sensitive to ozone than the conventional cultivars. 

 
Acknowledgements: This research was partially supported by the Grant for Environmental Sciences of the 
Sumitomo Foundation (093414) and KAKENHI (19580295). We would like to thank Prof. Kazuhiko Kobayashi 
and Dr. Jing Pang for their valuable comments and Messrs. Gang Liu, Haoye Tang and all the staff of China-
FACE for their assistance. 
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Isolation and characterization of an ozone-sensitive Arabidopsis mutant 
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cPresent address: Department of Biotechnology, School of Herbal Studies and Naturo Sciences, 

Dravidian University, Kuppam-517 426, Andhrapradesh, India 

 
 
[Purpose] In order to obtain information on the mechanism of plant resistance to ozone (O3), a 
novel O3-sensitive mutant was isolated from T-DNA tagged lines of Arabidopsis thaliana and 
subjected to various genetic and physiological analyses.  
 
[Results] No difference in growth and appearance was observed between the mutant (designated 
“gox1&2”) and the wild-type plants under normal conditions with ambient air. However, signs 
of severe damage, such as chlorosis and ion leakage from the tissue, rapidly appeared in mutant 
leaves in response to an O3 treatment under a light intensity at 350 µmol photons m−2 s−1 that 
caused no such symptoms to the wild-type plants. The T-DNA was inserted at a locus on 
chromosome 3, where two genes encoding glycolate oxidases (GOXs), peroxisomal enzymes 
involved in photorespiration, reside contiguously. The amounts of the mutant’s foliar transcripts 
for these genes were reduced to undetectable levels, and GOX activity was about 60% of that of 
the wild-type plant. There was a negative correlation between the foliar GOX activity and the 
O3 sensitivity of the knockout lines of the GOX family members. The photosynthetic electron 
transport of the mutant was damaged to some extent under a high intensity light and further 
damaged with the additional exposure to O3. The mutant also exhibited a sensitivity to sulfur 
dioxide and a long term high-intensity light, but a similar degree of stomatal size, density, and 
aperture when compared with the wild-type plants. 
 
[Conclusion] The results suggest that GOXs are involved in protection against photooxidative 
stresses caused by O3 as well as other abiotic stress factors. Further study is necessary to clarify 
the mechanism of stress sensitivities in gox1&2 mutant. 
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Removal of particulate matters from atmosphere by tree canopies in Niigata, central 

Japan 

 

Sase, H1, Ohizumi, T2, Morohashi, M1, Kobashi, K3, Take, N1, Takahashi, M2, Matsuda, K4, 

Nakata, M3 

1Asia Center for Air Pollution Research, 2Niigata Prefectural Institute of Public Health and 

Environmental Sciences, 3Niigata University, 4Tokyo University of Agriculture and Technology 

 

Tree canopies can effectively trap particulate matters (PM) in atmosphere by dry deposition 

process and the PM concentration is significantly lower under the canopies than above the 

canopies. This removal process of PM from atmosphere can be considered as one of ecological 

functions of tree canopies, while effects of PM on tree physiology should also be considered. To 

evaluate the function of tree canopies in city area, we have just started a new study in Niigata 

City, which is located near the Sea of Japan coast. The area has large effect of long-range 

transportation of air pollutants from the Asian Continent. The field surveys on PM, including its 

air concentrations, deposition, and adsorption to leaf surface, are conducted in cooperation with 

Niigata City Office and Niigata Prefecture to utilize the outcomes for improvement of the air 

quality in near future. Elemental carbon (EC) and heavy metal (HM) in PM are analyzed in the 

study. EC detected in high temperature (mainly EC2 and EC3) is called soot-EC, which is 

mainly derived from fossil fuel combustion. According to the preliminary study in a 

Cryptomeria japonica forest of near Niigata City, the soot-EC fluxes by rainfall outside canopy 

and by throughfall were 84 mg-C m−2 y−1 and 150 mg-C m−2 y−1, respectively. The soot-EC 

adsorbed on the surface of 1-y leaves collected in June was 1.5 mg-C m−2 leaf area, which 

corresponds to 15 mg-C m−2 land area y−1 in the case that a single-side leaf area index (LAI) is 

5.0. It was suggested that the forest canopy removed approx. 80 mg-C m−2 (or 0.8 kg-C ha−1) of 

soot-EC from atmosphere annually, although contribution of bark surface is not considered here. 

Some more new data in the city area may be introduced in the poster in the workshop.  

 

Acknowledgement: We thank the Niigata City Office for their support to the field surveys in the city area. 

The study was supported financially by the Grant-in-Aid for Scientific Research on Innovative Areas 

(20120012) and the Grant-in Aid for Scientific Research (15K00619) from the Ministry of Education, 

Culture, Sports, Science, and Technology (MEXT), Japan.  
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Re-translocation of foliar nutrients of deciduous tree saplings in 

different soil condition under free-air O3 fumigation 
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Abstract: 

In general, elements of leaves are usually re-translocated to stem, root, etc. before 
leaf shedding. Re-translocation is the amount of an element depleted from old plant 
components and provided for new growth. Chemical and biological aspects of above-
ground leaf nutrient content are important in ecosystem function and dynamics via 
decomposition process. In Northeast Asia, ground-surface ozone (O3) is continuously 
increasing even though local precursors of O3 have been decreasing. At elevated O3, 

leaf senescence is usually accelerated and the leaves shed earlier. 
 The re-translocation of foliar nutrients (e.g. N, K, Mn, Mg and P) in broadleaved 

deciduous trees is influenced by soil nutrient availability or high ozone concentration 
(O3). We studied the re-translocation with/without free air O3 fumigation system for 
one growing season using seedlings of Birch (Betula platyphylla var. japonica), Oak 
(Quercus mongolica var. crispula), Beech (Fagus crenata) planted on poor (serpentine 
soil, excluded willow; immature volcanic ash soil) and rich (brown forest soil) fertility 
soils, respectively. All tree species were grown under 3 replications per each at elevated 
O3 (about 80 ppb) and ambient condition (O3 ranging 25-35 ppb). Upper leaves in 
growing season (mid-September) and fallen leaves samples in mid-November were 
collected for chemical composition analysis by ICP and N-C analyzer. We will focus 
on the net re-translocation and allocation dynamics of foliar nutrients to address the 
following major questions: 1) Is there any difference in the re-translocation among 
species with different O3 sensitivities? 2) Does the re-translocation rate in species differ 
between soil condition or not? Based on the results, we discussed plausible 
understanding the ecophysiological meaning of re-translocation of each element in 
leaves in relation to specific traits of O3 sensitivity. 
 
Key word: Retranslocation, Foliar nutrients, Soil, Ozone, Deciduous tree saplings. 
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Ozone Impacts on Siebold's beech (Fagus crenata Blume) and 
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MORINO Yu1),and NAGASHIMA Tatsuya1) 

 
1)National Institute for Environmental Studies, Japan 

2)Asia Center for Air Pollution Research  

* Corresponding author, hshimizu@nies.go.jp 

 
Recently beech forest decline without any clear cause has been reported at 
some mountainous areas in Japan such as Tanzawa, Tateyama, Hikosan, etc. 
From the intensive field surveys, it was gradually suspected that ozone (O3) 
exposure and water shortage might be related to the decline, which was also 
suggested by some experimental studies. 
Then, seedlings of Siebold’s beech were treated with some levels of ozone 
concentration (0-70 ppb) and water supply (100-40%) during 3-6 months under 
controlled environments in NIES. 
Dry weight growth was reduced by each factor additively. Then relative growth 
rate (RGR) was calculated from dry weight change, and its response curve to 
AOT40 (Accumulated dose of ozone Over a Threshold of 40 ppb) was derived 
from various experimental data on the same graph. 
Ground-level ozone concentrations were simulated using atmospheric chemical 
transport model (CTM) during 2000-2013, and AOT40 of May-October in each 
year was calculated.  
Using the geographic information system, the dataset of beech distribution from 
the fifth National Survey on the Natural Environment by the Ministry of the 
Environment, Japan was combined with the dataset of RGR (relative value) 
calculated with AOT40. And then, the risk map of beech forest by tropospheric 
ozone has been shown all over Japan. It has been assessed that the 
mountainous beech forests faced to the Sea of Japan (Kyushu-Honshu islands) 
and around the North-western part of Kanto-Koshinetsu area are highly risky. 
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<Abstract> 1st Asian Air pollution workshop 

Effects of Ozone and/or Ammonium Sulfate on Photosynthesis of 
Japanese larch and its hybrid larch F1 

 

Tetsuto SUGAI, Kazuhito KITA*, Toshihiro WATANABE, Takayoshi KOIKE 

School of Agriculture of Hokkaido University, Sapporo 060-8589, *: Hokkaido Forest research Institute, HRO, Hokkaido 0179-0198 

 

Keywords: Ozone, Nitrogen deposition, Ammonium sulfate, Japanese larch, hybrid larch F1 

 

  Ground surface ozone (O3) concentrations in Japan and nitrogen (N) deposition in northern 

hemisphere have been increasing. In particular, deposition of ammonium sulfate recently 

dominates in most N deposition because of the increasing density of sulfur dioxide emitted from 

coal thermal power stations in developing East Asia. These environmental changes affect negatively 

on forest health and vitality. Numbers of researches are paying more attention to the effects of O3 

and combined effects of O3 and N deposition on physiological activities of trees and access the 

reasons why forests are declining. 

  Nitrogen, in general, is an important nutrient and composing element of proteins in plants, for 

example enzymes and chloroplasts. Photosynthesis reaction, which is directly related to plant 

productivity, is strongly related to N concentration of leaves. Some researchers suggest that the 

effects of N application change responses of plant to O3. For instance, it is reported that 

ammonium nitrate application moderates reduction of the growth of Japanese Larch (Larix 

kaempferi) seedlings exposed to elevated O3. 

  Larch species are deciduous conifer and dominant in Eurasian continent. A hybrid larch F1, which 

is produced by crossing Kuril larch (Larix gmelinii var. japonica) and Japanese larch, has higher 

capacity of fixing CO2 more effectively than Japanese larch. So F1 are expected as a strong 

candidate for timber production as well as fixation of CO2. Therefore, it is very importance to 

evaluate the complex effects of elevated O3 and increasing N deposition on the growth and 

photosynthetic responses of Japanese larch and F1 in order to cultivate there larches in changing 

environment. 

  In this poster, we show photosynthetic responses of Japanese larch and F1 seedlings treated of 

elevated O3 (70 ppb for daytime) with/without ammonium sulfate (total 50 kgN/ hr year) in OTCs 

(16 Open Top Chambers) for one growing season. From the results, we will discuss on the different 

responses of two larch species grown under the OTCs. 
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Ozone-induced rice grain yield loos is occurred with decreasing of panicle branch number 

controlled by ABERRANT PANICLE ORGANIZATION 1 gene 

 

Masanori Tamaoki 

National Institute for Environmental Studies, Tsukuba, 305-8506, JAPAN 

 

Ozone is the main photochemical oxidant that causes leaf damage, and it decreases the 

productivity of crops. The tropospheric ozone concentration will continue to increase 

especially in Eastern Asia. Ozone will trigger 40% of crop yield loss at maximum in this 

area. Yield loss in ozone-exposed crops is thought to be occurred by a reduction in 

photosynthetic activity caused by leaf damage. However, the degree of ozone-induced 

visible leaf injury does not correlate with grain yield reduction among rice cultivars, 

suggesting that ozone-induced grain yield loss in rice may not be accounted for by the 

reduction in photosynthetic activity caused by leaf damage. In this study, we performed 

QTL analysis using chromosome segment substitution lines from Sasanishiki (no grain 

yield loss by ozone) and Habataki (decrease grain yield by ozone) to identify a gene 

involving in rice grain yield loss by ozone. Ozone-exposed Habataki showed decrease 

of grain yield as well as primary rachis number. The QTL analysis showed a locus 

located on chromosome 6, which includes ABERRANT PANICLE ORGANIZATION 1 

(APO1) gene, regulates grain yield loss and primary rachis number under 

ozone-exposed rice. The APO1 gene is known to control the number of primary rachis 

during panicle formation. We found the APO1 is the gene that affects grain yield loss in 

ozone-exposed rice by using of near-isogenic line, which contains Habataki-genotype of 

APO1 gene with Sasanishiki background. Amino acid sequence of APO1 from both 

cultivars is not different. However, the transcript levels of APO1 gene in inflorescence 

meristem decreased remarkably in Habataki and increased in Sasanishiki by ozone, 

suggesting that APO1 plays important role for rice grain yield loss by ozone through 

controlling primary rachis number of panicle. Furthermore, we also showed that some 

phytohormones such as jasmonate and abscisic acid involve in ozone-induced grain 

yield loss through regulation of APO1 expression in inflorescence meristem. 
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A system for free-air ozone concentration elevation with rice and wheat: control 

performance and ozone exposure regime 

Haoye Tang1,2, Gang Liu1, Yong Han1, Jianguo Zhu1, Kazuhiko Kobayashi2 

 
1State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Sciences, 

Chinese Academy of Sciences, Nanjing, 210008, Jiangsu, China 
2Graduate School of Agricultural and Life Sciences, The University of Tokyo, 1-1-1 

Yayoi, Bunkyo-ku, Tokyo, 113-8657 Japan 

 

A system for free-air concentration enrichment with ozone (FACE-O3) was installed 

in a field in Jiangsu Province of China to grow wheat and rice plants in either ambient 

[O3] (A-O3) or elevated [O3] (E-O3) without any enclosures. Ozone generated from 

pure O2 and mixed with compressed air was released into the E-O3 plots from a 14 

meter diameter octagon. The gas release was controlled for each E-O3 plot with an 

algorithm based on wind direction, wind speed and [O3] at the center of the plot. With 

1-min mean [O3], the achieved elevation was within ± 20% of the target, which is 

50% above A-O3, for 94% of time, and within ± 10% of the target for 73% of time on 

average across 4 years from 2007 to 2010. Ozone fumigation ran on daytime, but was 

withheld when ambient [O3] was below 20 ppb or leaves were wet. The discontinuity 

in O3 release resulted in the daily mean 7 hour [O3] (M7, 900-1600 h Chinese 

Standard Time) in E-O3 by only 24% higher than that in A-O3. The average effective 

increase in AOT40 (accumulated [O3] above the threshold of 40 ppb) was 115%. 

Ozone exposure regime in E-O3 as characterized by M7 and AOT40 was compared 

with that in a scaled-up [O3] (S-O3), which was obtained by scaling A-O3 by 1.24: the 

ratio of M7 in E-O3 to that in A-O3. For the same M7, E-O3 had higher AOT40 than 

S-O3, because E-O3 had more high [O3] peaks than S-O3. The shift in AOT40 is only 

modest, however, and the [O3] regime in E-O3 was consistent with that in open-top 

chamber experiments in the past. This FACE-O3 system can thus maintain elevated 

[O3] in open field with modest alteration to [O3] regime to an extent comparable to 

open-top chambers. 
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Effect of elevated tropospheric ozone on microbial community in rice plants  

Yoshiaki Ueda1, Katharina Frindte2, Claudia Knief2, Michael Frei1 

1: Institute of Crop Science and Resource Conservation, Abiotic Stress Tolerance in Crops, University of Bonn 

2: Institute of Crop Science and Resource Conservation, Molecular Biology of the Rhizosphere, University of Bonn 

 

Plants are inhabited by a large number of microbes (106-108 cells/cm2 of leaf area and 106-109 
cells/g of rhizosphere soil). These microbes utilize nutrients from the host plants, establish 
microbe-plant interactions, and affect the growth and fitness of plants. Interactions are very 
diverse ranging from beneficial plant growth promoting bacteria to potentially harmful 
pathogens. In addition plant-associated microbes confer multiple stress resistance to the host 
plants, thus demonstrating their essential pleiotropic roles. Despite the importance of these 
plant-microbe interactions, the effect of elevated tropospheric ozone on the plant microbiota 
(both phyllosphere and rhizosphere) has barely been explored. In this study we aimed at 
elucidating the effect of elevated tropospheric ozone on the microbial community in rice 
plants, which are the most widely grown crops in areas currently experiencing increasing 
tropospheric ozone concentrations. In particular, we focused on the following three questions: 
1) How does ozone affect the diversity and composition of the microbial community on the 
leaf surface? 2) Does ozone also affect the rhizosphere microbial community via an indirect 
mechanism (e.g. nutrient availability)? 3) Does the extent of the effect correlate with the 
ozone tolerance of the host plants? 
To this aim, we used a japonica rice cultivar Nipponbare and an ozone-tolerant breeding line 
L81, which exhibits less oxidative stress in ozone stress due to chromosome introgressions 
from a tolerant donor cultivar in Nipponbare genetic background [1]. A total of 32 plants were 
grown in soil with periodic exposure to the ambient air (i.e. airborne microbes), and elevated 
ozone treatment was conducted in four independent open top chambers (1 m x 1 m x 1.3 m) 
placed in a greenhouse. Control plants were placed in identical chambers. A chronic ozone 
treatment was initiated at the nine-week stage at a concentration of 85 ± 34 ppb (9:00-16:00), 
while the control chambers had an average ozone concentration of 5 ± 4 ppb. After 30 days of 
fumigation, the microbes were harvested from the phyllosphere and the rhizosphere, 
respectively.  
We adopted the 16S amplicon sequencing method to identify microbial taxa and analyze 
community composition. In this strategy, DNA is extracted from the harvested microbes and a 
region of the 16S ribosomal RNA gene (approximately 400 bp) is amplified by PCR. 
Subsequently the amplicons are subjected to high-throughput sequencing using an Illumina 
MiSeq instrument. The results of the currently-ongoing sequencing approach, as well as the 
potential implications of elevated ozone concentrations on the plant associated bacterial 
communities in the phyllosphere and rhizosphere will be discussed. 
 
Reference: [1] Wang Y, Yang L, Höller M, Zaisheng S, Pariasca-Tanaka J, Wissuwa M, Frei M. (2014) Environ Exp 
Bot 104, 26-33. 

Acknowledgment: The authors thank Merle Noschinski for technical assistance. This study is funded by Deutsche 
Forschungsgemeinschaft (FR-2952/1-1).  
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Difference in photosynthetic responses of Siebold's beech (Fagus crenata) 
and Japanese oak (Quercus mongolica var. crispula) saplings to free air 
ozone fumigation 
 
Makoto Watanabe *(1), Yasutomo Hoshika (2), and Takayoshi Koike (3) 
 
(1) Institute of Agriculture, Tokyo University of Agriculture and Technology, Fuchu 183-8509, Japan. (2) Institute 
of Sustainable Plant Protection, National Research Council of Italy, Via Madonna del Piano 10, I-50019 Sesto 
Fiorentino (FI), Italy. (3) Silviculture and Forest Ecological Studies, Hokkaido University, Sapporo, 060-8689 
Japan. 
 
Abstract 
To understand the effect of ozone on the whole-canopy photosynthesis of trees, it is important 
to clarify the variation of susceptibility in photosynthesis to ozone in relation to within-
canopy light gradient. In the present study, we measured leaf photosynthetic traits of 
Siebold’s beech (Fagus crenata) and Japanese oak  (Quercus mongolica var. crispula) 
saplings, a representative species in temperate forests in Japan, under free air ozone exposure.  

The ozone exposure system was located in Sapporo Experimental Forest, Hokkaido 
University, in northern Japan. We exposed 60 nmol mol-1 of ozone to ten-year-old Siebold’s 
beech and Japanese oak saplings (as of 2011) during daytime from August to November 2011, 
and from May to November 2012. The intercellular CO2 concentration-response curve of the 
net photosynthetic rate (A-Ci curve) in the leaves from upper and lower canopies were 
determined in June, August and October 2012. After measurement of photosynthesis, we 
collected leaf sample and determined leaf mass per area and nitrogen content.  

Ozone-induced significant reduction in light saturated net photosynthetic rate (Asat) 
was observed in both species while the timing of ozone-induced reduction was earlier in 
Siebold’s beech as compared to Japanese oak. When we observed the reduction of Asat, 
significant negative effect of ozone was also observed in biochemical photosynthetic activities 
such as maximum rate of carboxylation (Vcmax) and maximum rate of electron transport (Jmax). 
The analysis of the relations between biochemical photosynthetic activities and leaf nitrogen 
content in the two tree species revealed nitrogen use efficiency to photosynthetic apparatus 
decreased under elevated ozone. Susceptibilities of photosynthesis to ozone was greater in the 
leaves of upper canopy than in the lower canopy in Siebold’s beech although there was no 
clear difference in response of photosynthesis to ozone in Japanese oak. We conclude the 
variation of ozone susceptibility between canopy positions is different between Siebold’s 
beech and Japanese oak although mechanism of ozone-induced reduction in photosynthesis, 
biochemical limitation, is similar in the two species. 

 
* Corresponding author: nab0602@cc.tuat.ac.jp 
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Characteristics of ammonia, acid gases and PM2.5 for three typical land use types 

in the North China Plain 

Wen Xu, Qinghua Wu, Aohan Tang, Xuejun Liu* 

College of Resources and Environmental Sciences, China Agricultural University, 
Beijing 100193, China 

* Corresponding author: liu310@cau.edu.cn; Tel: +86 13811559176  

Abstract: Air pollution is one of the most serious environmental problems in China 

due to its rapid economic development alongside a very large consumption of fossil 

fuel, particularly in the North China Plain (NCP). During the period 2011-2014, we 

integrated active and passive sampling methods to perform continuous measurements 

of NH3, HNO3, NO2, and PM2.5 at two urban, one suburban and two rural sites in the 

NCP. The annual average concentrations of NH3, NO2 and HNO3 across the five sites 

were in the ranges 8.5-23.0, 22.2-50.5 and 5.5-9.7 μg m-3, respectively, showing no 

significant spatial differences for NH3 and HNO3 but significantly higher NO2 

concentration at the urban sites. At each site, annual average concentrations of NH3 

and NO2 showed increasing and decreasing trends, respectively; while there was no 

obvious trend in annual HNO3 concentrations. Daily PM2.5 concentrations ranged 

from 11.8 to 621.0 μg m-3 at the urban site, from 19.8 to 692.9 μg m-3 at the suburban 

site, and from 23.9 to 754.5 μg m-3 at the two rural sites, with more than 70% of 

sampling days exceeding 75 μg m-3. Concentrations of water-soluble ions in PM2.5 

ranked differently between the non-rural and rural sites. The three dominant ions were 

NH4
+, NO3

-, and SO4
2- and mainly existed as (NH4)2SO4, NH4HSO4 and NH4NO3, and 

their concentrations averaged 48.6 ± 44.9, 41.2 ± 40.8, 49.6 ± 35.9 μg m-3 at the urban, 

suburban and rural sites, respectively. Ion-balance calculations indicated that PM2.5 

was neutral at the non-rural sites but acidic at the rural sites. Seasonal variations of the 

gases and aerosols exhibited different patterns, depending on source emission strength 

and meteorological conditions. Our results suggest that a feasible pathway to control 

PM2.5 pollution in the NCP should target ammonia and acid gases together. 

Keywords: Air pollution, Reactive N, PM2.5, Control strategies, Chemical 

characteristics, North China Plain  

Poster 28

31



Relationships between cumulative stomatal O3 uptake and photosynthetic CO2 uptake of 
Fagus crenata, Quercus serrata, Quercus mongolica var. crispula and Betula platyphylla 
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Institute of Agriculture, Tokyo University of Agriculture and Technology, 3-5-8 Saiwai-cho, Fuchu-city, Tokyo 
183-8509, Japan; * Corresponding author. E-mail: izuta@cc.tuat.ac.jp 
 

To establish the relationship between stomatal O3 uptake and photosynthetic CO2 
uptake of Japanese deciduous broad-leaved forest tree species, Fagus crenata, Quercus 
serrata, Quercus mongolica var. crispula and Betula platyphylla seedlings were exposed 
to charcoal-filtered air (CF) or O3 at 1.0, 1.5 or 2.0 times the ambient concentration in 
open-top chambers (OTCs) located at Akagi Testing Center of Central Research Institute 
of Electric Power Industry (Maebashi-city, Gunma, Japan) for two growing seasons from 
April 2012 to November 2013. During the growing seasons, light response curve of 
photosynthesis (A-light curve) under controlled conditions and stomatal conductance to 
H2O (gs) inside the OTCs were periodically measured with LI-6400 and LI-1600 
(LI-COR Inc., USA), respectively. 

Cumulative CO2 uptake per unit leaf area (mol CO2 m–2 leaf area) during each 
growing season was calculated as a sum of the product of time (1 h) and 1-h value of net 
photosynthetic rate which was estimated from the A-light curve obtained once per month 
and 1-h value of photosynthetic photon flux density monitored inside the OTCs. 
Cumulative stomatal O3 uptake per unit leaf area (COU, mmol O3 m–2 leaf area) was 
calculated by the method of Kinose et al. (2014) with modification of parameters in 
stomatal conductance model based on gs obtained in the present study. As a result of 
fitting the Weibull function (Y=100×exp[–(X/ω)λ]) to the responses of cumulative CO2 
uptake per unit leaf area (relative to CF treatment, %) to COU, we found that the 
responses were species-specific (Figure). Therefore, difference in the response among the 
tree species should be taken into account for evaluating the effects of O3 on 
photosynthetic CO2 uptake of Japanese deciduous broad-leaved forest tree species. 
 
Reference: Kinose et al. (2014) Environmental Pollution 194, 235-245. 
Acknowledgement: This study was funded by the Ministry of the Environment, Japan through the program of 
Environment Research and Technology Development Fund (5B-1105). 
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