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Abstract 
In East Asia, the significant emission of nitrogen and sulfur compounds has been concerned 

associated with the air pollution, acidification and eutrophication. According to a review of 
Fowler et al. (2009), chemical transport models are able to estimate the depositions with 
uncertainties of the order of 30% in wet deposition and 50% in dry deposition for the main 
chemical species such as the nitrogen and sulfur compounds. In the dry deposition process, 
forest is an effective surface to remove the nitrogen and sulfur compounds from the 
atmosphere, and deposited compounds possibly influence the forest as the loads. Therefore 
better understanding of the dry deposition process into forest contributes the improvement of 
the model estimations of dry deposition for the assessments of nitrogen and sulfur depostion. 
In this workshop, I introduce recent intensive field studies on dry deposition process at a 
forest of the Field Museum Tamakyuryo (FM Tama) site located in wetern suburb of Tokyo, 
Japan.  

Intensive measurements of the dry depsotions of nitrogen and sulfur in aerosol and gas 
phase were carried out at an experimental tower in a mixed forest of FM Tama. The fluxes 
and deposition velocities were measured by relaxed eddy accumulation (REA) method. The 
vertical profiles from above the canopy to the forest floor were also measured at the same 
time. Currently the REA method has been used to measure air-surface exchange of gases. The 
REA method is an alternative to the eddy correlation method that provides the most direct 
measure of flux. We developed REA sampling system for PM2.5 components (Matsuda et al., 
2015). As the results of the REA measurements, the deposition velocities of PM2.5 sulfate 
were higher than those calculated by theoretical models. The measurements were in 
accordance with a simplified parameterization taking into account an effect of growth in size 
of hygroscopic particles due to high relative humidity. It is possible that high relative 
humidity in the leaf layer of forests enhances deposition of hygroscopic particles such as 
sulfate and nitrate. On the other hand, mean deposition velocities of PM2.5 nitrate were higher 
than those of PM2.5 sulfate from the REA measurements (Honjo et al., 2016). The vertical 
gradients of PM2.5 nitrate were significantly larger than those of PM2.5 sulfate in accordance 
with the REA results. Moreover the vertical gradients of PM2.5 nitrate were also larger than 
those of nitrate in coarse aerosols. The steep gradients, which mean large deposition velocity, 
were remarkably appeared in leafy period. In the period, the temperature near the leaf canopy 
layer was higher than the temperature above or below the layer, and the vertical gradients of 
gaseous HNO3 were most steep among all components. The steep gradients of PM2.5 nitrate 
were associated with the volatilization of ammonium nitrate, as semi-volatile aerosols, near 
the leaf canopy layer due to the higher temperature and the lower concentration of HNO3. The 
shift of equilibrium relationship among ammonium nitrate, NH3 and HNO3 probably caused 
the enhancement of dry deposition of PM2.5 nitrate. Since the processes mentioned above are 
not taken into account in current chemical transport models, simulated dry deposition and 
removal amounts are possibly underestimated. 
Reference 
Fowler et al., Atmospheric Environment 43, 5193-5267 (2009) 
Honjo et al., Journal of Japan Society for Atmospheric Environment 51, 257-265 (2016) (in Japanese) 
Matsuda et al., Atmospheric Environment 107, 255-261 (2015) 



Studies for the trace species in ambient air relevant to the formation of the 
photochemical oxidants 
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     Tropospheric ozone, the main component of the photochemical oxidants, have been 
well known for the toxicity for the organism. For the plants, uptakes of ozone from the 
pores result in the decay of the plant body and the depletion of the crop yield. Depletion 
of the ambient ozone concentration have been one of the big issue for the tropospheric 
chemistry. However, the trend of the ozone concentration have been gradually increased. 
Therefore, we have to tackle not only the solution of the precise formation mechanism of 
ozone but also the strategies of the depletion of the tropospheric ozone. The three kinds 
of species, volatile organic compounds (VOCs), nitrogen oxides and high reactive species 
such as hydroxyl radical (OH) or their precursors, are the key of the formation of 
tropospheric ozone. In this workshop, the tropospheric chemistry relevant with OH will 
be presented. 
     Hydroxyl radical is well known to play a central role in initiating the oxidation of 
a number of atmospheric species. Total OH reactivity, the reciprocal of the OH lifetime, 
have been proposed one of the new concept of the evaluation for the air quality. 
Measurements of total OH reactivity is important not only to understand mechanisms 
of oxidant formation in the troposphere but also to estimate the total amount of trace 
gas species, especially VOCs. The measurement of OH reactivity was conducted in urban 
area of Tokyo and Manitou Experimental Forest located in the southern part of the Rocky 
Mountains and about 80 km south from Denver.  
     Nitrous acid (HONO) plays an important role in the source of the OH by the 
photolysis. Since HONO decomposes easily even under the weak sun light condition, the 
photolysis of HONO would be the important source of OH in the morning. Many primary 
or secondary source of HONO has been suggested but their contributions were unknown. 
In addition, the existence of HONO in the daytime in the troposphere has been reported. 
To investigate the ambient concentration, difference of the seasonal conditions, and 
contribution of the primary and secondary source of HONO, the measurements of 
concentration of HONO have been conducted in urban area of Tokyo. 
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Ozone and haze pollution weakens ecosystem productivity in China 

Xu Yue 

 

Toxic air pollution is a serious side effect of the rapid economic development in China. 

While it is widely recognized that air pollutants adversely affect human health and 

climate change, their impacts on the regional carbon balance are less well understood. 

Ozone reduces plant photosynthesis directly through stomatal uptake. Atmospheric 

aerosols often benefit plant photosynthesis through perturbations to radiation, 

meteorology, and cloud. We apply an Earth system model to quantify the combined 

effects of ozone and aerosol particles on net primary production in China. Ozone 

vegetation damage dominates over the aerosol effects, leading to a substantial net 

suppression of land carbon uptake in the present and future worlds. Local air pollution 

affects the global carbon cycle and long-term global warming. 
 



Poster Abstract 
 



A trial of the biological/environmental monitoring for mountainous forest 
conservation in Japan 
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Suda R.6), Hamamura K.6), Ishima T.6), Kajihara Y.6), Kawano K.7), Kuninaga T.8), Nishimoto T.9), 
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1. Introduction 
Recently, tree declines such as beech have been reported in some mountainous forests in Japan. 
The increase in air pollutants such as ozone, soil water deficit of forest floor due to deer grazing, 
etc. are suggested as causal factors. Then, we have been trying a comprehensive survey of the 
biological/environmental monitoring for assessing a decline/health of forest ecosystem in Japan. 
2. Overview of monitoring 
According to our comprehensive survey manual, we regularly score the tree decline level visually 
and measure the leaf chlorophyll content by SPAD. We also monitor the concentrations of ozone 
and other atmospheric pollutants by passive sampler methods. Monitoring is conducted in 
Hokkaido, Niigata, Nagano, Toyama, Fukui, Shizuoka, Hiroshima, Fukuoka and Oita prefectures 
from 2013 to 2015. 
3. Result and discussion 
(1) Visually observed tree decline level 
We score the decline level of each whole tree, branches and leaves separately, and decided the 
comprehensive decline level. The decline levels of beech trees are somewhat higher at Mt. Tate 
(Toyama) and Mt. Hiko (Fukuoka) than those of other area. Beech trees seems almost healthy in 
Mt. Fuji (Shizuoka) and Mt. Sefuri (Fukuoka). Looking at the trend over 3 years, a declining 
tendency was only observed at the beech forests of Mt. Hiko. 
(2) Chlorophyll content  
The SPAD values increased gradually in leafing stage at spring, maximized during summer 
(around 50) and decreased rapidly at the late autumn in all survey area. Then, these beech leaves 
have potentially active during growing periods from spring to autumn. Just declining trees could 
produce leaves with low SPAD values. 
(3) Ozone concentrations by passive samplers 
Ozone concentrations were usually highest in spring (April and May), decreased gradually 
toward summer (minimized at August) and increased again in autumn at almost all mountainous 
survey area in Japan. Average concentrations exceeding 70 ppb were observed at Mt. Hiko in 
April 2013, and at Mt. Hakkai (Niigata) in May 2014 and 2015. Generally, ozone concentration 
tended to be higher at higher altitude point. The concentrations of nitrogen dioxide and nitrogen 
oxides were very low during spring-autumn at all survey area. Then, the fluctuations of calculated 
potential ozone concentrations were almost same as those of ozone concentrations in these 
mountainous forest areas in Japan. 
4. Conclusion and future monitoring 
As results of 3 years’ researches, valuable data on forest health and air pollution in the 
mountainous forest area could be accumulated. In addition, several problems have been pointed 
out regarding the implementation of monitoring. we will try to continue these monitoring while 
improving several methods for contributing to conserve healthy mountainous forest in Japan. 
 

Acknowledgement: This research was conducted as a collaborative research Type II between the National Institute 
for Environmental Studies and the environmental/natural research institutes of local governments in Japan. 
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Physical and Chemical Characteristics of Ambient Nanoaerosol in 
Thailand by East Asia Nano-particle Monitoring Network 
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Abstract: This research studies� physical and chemical characteristics of ambient nano-
aerosol, or PM0.1 in Thailand during 2014-2015. Particulate matter (PM) was collected at two 
sampling sites in Thailand, namely Bangkok and Chiang Mai. This study related to the East 
Asia Nano-particle Monitoring Network (EA-NanoNet). The EA-NanoNet established for 
monitoring the status situation, physical and chemical characteristics, as well as 
transportation of PM in many countries in East-Asia, e.g., Japan, Taiwan, South Korea, 
Vietnam, Cambodia, Malaysia, and Thailand. Samples were collected by a Nano-sampler that 
consists of a four-stage impactor and an inertial filter to separate particulate matter according 
to size. The mass concentration and carbon component were determined for confirming the 
particle sources and identify potential sources. The identification of carbonaceous compounds 
of particulate matter, including organic carbon (OC) and elemental carbon (EC), is vital. The 
primary sources of EC are incomplete combustion of fossil and biomass fuel, whereas OC 
originates from primary sources or is produced by chemical reactions involving gaseous 
organic precursors. This study aims to investigate the nano-aerosol and identify possible 
sources of carbon components in ambient air in Thailand depend on emission inventory 
analysis. The methodological condition and backward trajectory used for describing the 
contribution of biomass burning and transportation. The results of nano-aerosol related to 
carbon components in Bangkok and Chiang Mai suggest that biomass activities influenced 
both study sites. In Bangkok, the carbon compositions pointed to agricultural activities in 
neighboring provinces. On the other hand, Chiang Mai ambient air was mainly affected by 
forest fires and crop residue burning in the area. 
 
Keywords: Biomass Burning, Bangkok, Carbon, Chiang Mai, PM0.1�



Contrast photosynthetic response to air pollutants between an urban shrub Rhododendron × 

pulchrum and an urban tall tree Ginkgo biloba in Kyoto city: stomatal and leaf mesophyll 

anatomy are key traits 
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Urban trees contribute to improve environmental quality of cities and towns through multiple 

services. Removal of air pollution by urban trees has been particularly highlighted, which occurs 

though stomatal uptake and/or deposition to tree crown surfaces. Thus, stomatal and photosynthetic 

functions are key traits to improve pollution removal and the other services of urban trees. However, 

the photosynthetic response of urban trees is species-specific, in which information for 

photosynthetic response of urban shrub trees is scarce.  

We selected two major roadside tree species used in Japan, 1) an urban shrub, Rhododendron × 

pulchrum (purple azalea) and 2) an urban tall tree, Ginkgo biloba (maiden hair tree) for our on-site 

study in Kyoto city, to obtain photosynthetic response and to consider related physiological and 

anatomical mechanisms. We selected two high-polluted sites and three low-polluted sites according 

to the air pollutant levels, in which high-polluted sites had 1.8 – 2.7-fold nitrogen oxide including 

NO, NO2, and NOx, and 1.2 – 1.7-fold non-methane hydrocarbon (NMHC) and particles smaller 

than 2.5 μm in diameter (PM2.5) compared to low-polluted sites.  

Photosynthetic response to air pollutants was contrast between R. × pulchrum and G. biloba; 

photosynthetic parameters were overall reduced at high-polluted sites in R. × pulchrum, while they 

were not affected or even increased at high-polluted sites in G. biloba. The reduction in 

photosynthesis (Amax) of R. × pulchrum at high-polluted sites are largely caused by stomatal 

limitation, which is related to a reduction in stomatal density. No reduction in Amax of G. biloba at 

high-polluted sites, which is accompanied by the no reduction in stomatal conductance (gs), 

confirms that G. biloba has high tolerance to atmospheric pollutants. G. biloba had much smaller 

stomatal density than R. × pulchrum with sunken stomata, which may be effective to reduce uptake 

of harmful air pollutants into leaves in G. biloba. Additionally, G. biloba had well-developed 

mesophyll tissue at high-polluted sites, which may involve higher potential of photosynthesis at 

high-polluted sites.  

 



Ozone in the Atmosphere : 
Formation, Destruction, Environmental Effects 

 
 

Stanialaw Cieslik, Joint Research Centre, Ispra, Italy 
 

 
Ozone, a minor gaseous constituent of the atmosphere, is nowadays studied as an air 
pollutant, but has been always naturally present in air, as shown by observations dating 
back to the nineteenth century. In addition, important ozone concentrations are present in 
the stratosphere, protecting the surface from intrusion of lethal solar UV radiation. This 
shows the complexity of the behaviour of atmospheric ozone: its presence in the 
stratosphere should be preserved, whereas its tropospheric cencentration should be kept 
low, since ozone can have adverse effects on both vegetation and human health. This 
complexity has consequences on regulatory policies, which cannot be efficient without a 
detailed knowkedge of the processes involving atmospheric ozone.  
The complex behaviour of ozone is mainly due to to the unsaturated structure of the 
ozone molecule, causing its chemical instability, leading to a number of chemical 
reactions not only involving ozone, but also a number of chemical species reacting with it 
and produced by its transformation processes. This presentation describes the main 
chemical processes involving ozone, the environmental effects of this substanbce, its 
observation techniques and the methods to abate its tropospheric concentration as well as 
the policy measures to preserve its stratospheric concentration.      



Spatial and Temporal Variation of Nitrogen Deposition across Urban−rural 
Environmental Gradient in Hefei, China 
 
Xiaoniu Xu *, Liang Wang, Mengyao Sun, Xinlei Fu  
 
School of Forestry & Landscape Architecture, Anhui Agricultural University, Changjiang West Road 
130, Hefei, 230036, PR China. 
 
Abstract 
Acceleration of anthropogenic emissions in China has substantially increased nitrogen (N) 
deposition in recent decades. It has been aroused widespread concerns about the consequent 
impacts on terrestrial and aquatic ecosystems. Yet, in China little work has been done to 
quantify the levels of atmospheric N deposition in various systems. In this study, the 
depositions of inorganic (ammonium, NH4

+ and nitrate, NO3
−) and dissolved organic N 

(DON) were quantified at three sites across an urban-rural environmental gradient over six 
years between 2008 and 2014. The study sites are downtown (Anhui Agricultural University, 
AAU), suburban (Shushan National Forest Park, SFP; about 13.5 km from AAU) and remote 
rural (Yanghe Forestry Farm, YFF; 105.6 km from AAU). Annual volume-weighted 
concentrations in the bulk precipitation ranged, respectively, from 0.23 to 1.59 mg L−1 for 
NH4

+, from 0.11 to 0.87 mg L−1 for NO3
− and from 0.09 to 0.54 mg L−1 for DON. Annual 

mean fluxes of inorganic N ranged from 15.51 to 18.77 kg ha–1 yr–1 at AAU, from 14.62 to 
18.19 kg ha–1 yr–1 at SFP, and from 11.84 to 13.76 kg ha–1 yr–1 at FFP. There existed a 
significant difference (p < 0.01) between the downtown (AAU) than the remote rural (YFF) in 
annual fluxes of inorganic N. Among the inorganic N fluxes, NH4

+ contributed 58.7%, 
indicating that NH4

+–N was the dominant component in atmospheric N deposition at our sites. 
In addition, the mean inputs of DON were  1.13 – 2.26 kg ha–1 yr–1, which was significantly 
higher in remote rural than in downtown.  
 
 
* Corresponding author: xnxu6162@163.com 
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Abstract: Ozone (O3) sensitivity varies greatly among plant species. Leaf traits such as 
stomatal conductance, antioxidant capacity and leaf morphology and anatomy may play 
important roles in controlling this variation, but the relative contributions of each trait 
remain elusive. In this study, we examined the differences in O3 sensitivity among 29 
deciduous and evergreen woody species used for urban greening in China in an open-
top chamber experiment. Elevated O3 caused visible injury and reductions in net 
photosynthesis, and these effects differed significantly among species. The deciduous 
species Sorbaria sorbifolia, Hibiscus syriacus and Fraxinus chinensis were the most 
sensitive, while evergreen species ranked among the most tolerant. O3 sensitivity was 
linked to both low leaf mass per area (LMA) and low leaf area-based antioxidant levels, 
but not to variation in leaf mass-based antioxidant levels or stomatal conductance. The 
well-known and easily measured leaf trait LMA thus represents a potentially useful 
metric for O3 risk assessment and for selecting appropriate species for urban greening 
in O3-polluted areas. 
 
Keywords: antioxidant defense, gas exchange, leaf mass per area, urban greening 
species, visible symptoms. 



Sustainable forest management options for forests under severe ozone and 
nitrogen pollution 
 
Elena Paoletti(1), Enzai Du(2), Steve McNulty(3), Nancy Grulke(4), Yasutomo Hoshika(1), Elisa 
Carrari(1)*  
 
(1) Institute for sustainable plant protection, National Reasearch Council of Italy, Sesto Fiorentino, Via Madonna 
del Piano 10, 50019, Italy. (2)�Beijing Normal University, No. 19, XinJieKouWai St., HaiDian District, Beijing 
100875, P. R. China. (3) United States Department of Agriculture Southeast Regional Climate Hub 27606 
Raleigh, NC, USA. (4) USDA Forest Service, Western Wildland Environmental Threat Assessment Center, 3160 
NE 3rd Street, OR 97754-8119, Prineville, USA. 
 
Abstract 
Forests face the joined effect of atmospheric pollution and climate change, linked to each 
other as two sides of the same issue. Changes in climate and air quality deeply affect forest 
productivity, stand composition, carbon storage, as well a large number of forest services (e.g. 
biodiversity, provisioning of water and nutrients, soil protection). Among the pollutants, 
ozone (O3) and nitrogen (N) are probably the most influenced by climate change. 
Tropospheric O3 is more than doubled from the onset of the industrialization, becoming one 
of the most dangerous phytotoxic greenhouse gases. The deposition of atmospheric nitrogen 
compounds, derived mainly from agriculture emission, in natural environments alters 
biogeochemical cycles. Moreover, N oxides take part in the O3 formation, as one of its main 
precursors. Both the pollutants have strong impacts on the health and functioning of terrestrial 
and aquatic ecosystems. The sustainable forest management (SFM) plays a key role in the 
maintenance of forests and their benefits. Recently, SFM has introduced criteria and 
indicators with climate change mitigation purposes; moreover, techniques for the restoration 
of contaminated forest soils by certain types of pollutants have been proposed, but little is 
done to manage forests under severe ozone and nitrogen pollution. The present study aims to 
overcome this gap in forest knowledge. Through a comprehensive analysis of the present 
understandings, we found the main impacts of such pollutants on forest management options 
and we synthesized the best SFM criteria to maximize production and other benefits in forests 
affected by ozone and nitrogen pollution. 
 
Keywords: Tropospheric ozone, Nitrogen deposition, Forest management, sustainable forest 
management, pollution, climate change 
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Abstract 

Over the past decades, the ground-level concentration of ozone (O3) has being increased in the 
northern hemisphere, particularly in the developing countries. For many years, more attention 
has been paid on the effects of elevated O3 concentrations on crops in China. However, little 
information is known on the urban plants. The problem of O3 pollution (particularly in 
summer) is becoming obvious in the cities of the world, including China. In this study, four 
urban turfgrass species (Trifolium repens, Poa pratensis, Festuca arundinacea, Lolium 
perenne, L. Multiflorium) were fumigated under elevated O3 concentrations (80, 120 and 160 
ppb) by using open top chambers (OTCs). The results showed that elevated O3 significantly 
inhibited biomass  of four turfgrass species (P < 0.05), and induced typical visible symptoms 
of injuries. By the end of the experiment (after 2 weeks), the visible injury rate in leaves of T. 
repens, F. arundinacea, and L. perenne per pot was 95%, 80% and 85%, respectively. 
Under O3 stress (120 ppb), chloroplasts in leaves of T. repens became swollen, stroma lamella 
and grana lamella of chloroplast were distorted. With the increasing of O3 concentration, net 
photosynthetic rate (Pn) and stomatal conductance (gs) of four turfgrass species showed a 
trend of significant decrease, respectively. A higher slope of ion-leakage/O3 concentration was 
found in L. multiflorum leaves  than that in L. perenne leaves, as may imply that it was more 
O3-tolerant for the latter with higher SOD activity in average level under elevated O3. Among 
four cool-season turfgrass species, T. repens is most sensitive to O3. L. perenne is more 
tolerant to O3 than L. Multiflorum. This study provides a scientific basis and reference for 
screening ozone resistant grasses under global climate change. 
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An ozone-sensitive mutant was isolated from T-DNA tagged lines of Arabidopsis 
thaliana. The T-DNA was inserted at a locus on chromosome 3, where two genes 
encoding glycolate oxidases GOX1 and GOX2, peroxisomal enzymes involved in 
photorespiration, reside contiguously. The amounts of the mutant’s foliar transcripts for 
these genes were reduced, and glycolate oxidase activity was about 60% of that of the 
wild-type plant. No difference in growth and appearance was observed between the 
mutant and the wild-type plants under normal conditions with ambient air under a light 
intensity at 100 µmol photons m−2 s−1. However, signs of severe damage, such as 
chlorosis and ion leakage from the tissue, rapidly appeared in mutant leaves in response 
to an ozone treatment at concentration of 0.2 µl l−1 under a higher light intensity at 350 
µmol photons m−2 s−1 that caused no such symptoms to the wild-type plant. The mutant 
also exhibited sensitivity to sulfur dioxide and a long-term high-intensity light. 
Arabidopsis mutants with deficiencies in other photorespiratory enzymes, such as 
glutamate:glyoxylate aminotransferase and hydroxypyruvate reductase, also exhibited 
ozone sensitivities. Therefore, photorespiration appears to be involved in protection 
against photooxidative stresses caused by ozone and other abiotic factors under 
high-intensity light. 
 

This work has been published in Plant Cell Physiol. 58, 914-924, 2017. 
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Seasonal variation in atmospheric carbon isotope composition and photosynthesis 
of Ginkgo biloba 

 
Tomomitsu Kinoshita1, Yuko T.Hanba1,*, 

1Kyoto Institute of Technology (hanba@kit.ac.jp) 
 
 
Enhancing absorption efficiency of atmospheric CO2 by photosynthesis in urban areas 
is expected as a global warming countermeasure. Photosynthesis of urban landscape 
trees were influenced by many environmental factors including levels of atmospheric 
CO2, which varies seasonally. We need to understand seasonal variation of 
photosynthesis and atmospheric CO2 environment to evaluate annual absorption 
efficiency of CO2 by urban landscape trees. In this study, leaf carbon isotope 
composition (δ13C) and seasonal variation of the photosynthesis in major urban 
landscape tree species Ginkgo biloba was investigated from leaf expanding season to 
leaf fall season in the campus of Kyoto Institute of Technology. Additionally, 
concentration and δ13C of ambient CO2 was measured using WS-CRDS gas analyzer 
(G2101-i, Picarro, Japan). Leaf δ13C is an indicator of a intrinsic long-term leaf water 
use efficiency (WUEi) of the trees. Photosynthetic capacity analyzed by light-response 
curves and A-Ci curves showed a increasing trend from leaf expanding season to 
summer season and then gradually declined from summer season to leaf fall season. 
Both CO2 concentration and δ13C values obtained by continuous measurement of 
atmospheric CO2 showed diurnal and seasonal variations. Based on these results, we 
will further evaluate atmospheric CO2 environment around the trees of G. biloba. 
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Haze is a serious problem in Jing-Jin-Ji area. The particulate pollution has caused a series 

of problems. Biomass burning is one of the important sources of atmospheric particulate matter 
(PM) and gaseous pollutants worldwide. The average annual contribution of biomass burning 
to PM2.5 is about 11%, with a maximum of 44% in the Beijing area. The contribution of different 
biomass burning to particle emissions varies greatly, in which, the contribution of both straw 
and fuelwood can reach 98% of total biomass burning contribution.  

During the biomass burning gases CO2, CO, CH4, NMHC, SOx, NOx, N2O, CH3Cl, 
CH3Brcan be emitted, accompanied by a large number of VOCs, PAHs, halogenated organic 
pollutants and dioxin emissions. The main components of particulate from biomass burning are 
carbonous particles and water-soluble potassium (K+). The maximum value of proportion of 
carbonous particles can reach 73%, mainly consisting of organic carbon (OC) and elemental 
carbon (EC). While emitted, these pollutants will react and produce secondary pollutant, with 
finer particle size and the greater hazard. 

Based on the worldwide study of primary pollutants from biomass emissions, this research 
take the smog chamber to separated biomass burning from other sources, to let the biomass 
burning pollutants in a relatively independent environment, and undergoing sufficient 
photochemical reactions. Through the analysis of particle components, the in-site monitoring 
of the concentration of particles and particle size distribution, the monitoring of primary 
pollutants, the transformation process of pollutant from biomass emissions to secondary 
pollutants,  was investigated. . 
 
Key words: Biomass burning; smog chamber simulation; secondary organic pollutants;  
Jing-Jin-Ji area 
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Abstract China suffers from frequent haze pollution episodes that alter the surface solar radiation 

and influence regional carbon uptake by the land biosphere. Here, we apply combined vegetation 

and radiation modeling and multiple observational datasets to assess the radiative effects of aerosol 

pollution in China on the regional land carbon uptake for the 2009-2011 period. First, we assess the 

inherent sensitivity of China’s land biosphere to aerosol pollution by defining and calculating two 

aerosol optical depth (AOD) at 550 nm thresholds (i) AODt1, resulting in the maximum net primary 

productivity (NPP), and (ii) AODt2, such that if local AOD < AODt2, the aerosol diffuse fertilization 

effect (DFE) always promotes local NPP compared with aerosol-free conditions. Then, we apply 

the thresholds, satellite data, and interactive vegetation modeling to estimate current impacts of 

aerosol pollution on land ecosystems. In the Northeast, observed AOD is 55% lower than AODt1, 

indicating strong aerosol DFE on local NPP. In the southeastern coastal regions, observed AOD is 

close to AODt1, suggesting that regional NPP is promoted by the current level of aerosol loading 

but that further increases in AOD in this region will weaken the fertilization effects. The North 

China Plain experiences limited enhancement of NPP by aerosols because observed AOD is 77% 

higher than AODt1 but 14% lower than AODt2. Aerosols always inhibit regional NPP in the 

Southwest because of the persistent high cloud coverage that already substantially reduces the total 

light availability there. Under clear-sky conditions, simulated NPP shows widespread increases of 

20-60% (35.0 ± 0.9 % on average) by aerosols. Under all-sky conditions, aerosol pollution has 

spatially contrasting opposite sign effects on NPP from -3% to +6% (1.6 ± 0.5% on average), 

depending on the local AOD relative to the regional thresholds. Stringent aerosol pollution 

reductions motivated by public health concerns, especially in the North China Plain and the 

Southwest, will help protect land ecosystem functioning in China and mitigate long-term global 

warming. 

�
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Abstract 
Ozone (O3) levels in wide areas of Asia already exceed O3 air quality standards for protecting 
plants. Trees are exposed to chronic elevated O3 levels throughout their life and may have 
degraded production in forestry practice. Hence, future timber production may be threatened. 
Many trees depend on root symbionts for their survival. Successful symbiosis of trees with 
ectomycorrhizae fungi may promote seedling tolerance to O3. In the framework of low-cost 
silviculture practice, container grown seedlings are widely used. Container-grown seedlings 
with high or low fertilization were irrigated with inoculated or non-inoculated water and 
exposed to ambient or elevated O3 conditions to examine whether ectomycorrhizae may 
promote plant tolerance to O3. We will discuss our recent progress in understanding tree 
responses to changing environment and promoting tree tolerance to O3 in Asia. 
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Abstract 
The International Co-operative Programme on Assessment and Monitoring of Air Pollution 
Effects on Forests (ICP Forests) was established in 1985 in response to the concern generated 
by the alleged extensive decline of forest in central Europe and North America which was 
attributed to the effects of air pollution and acidic deposition. Since then, ICP Forests has 
developed into a multifunctional long-term forest monitoring programme within the UNECE 
region that produces scientific data and knowledge not only on the impact of air pollution but 
also on the effect of climate change and other stressors on forest ecosystems. At present 42 
countries are members of ICP Forests. 
ICP Forests works at two levels: (i) the systematic, large-scale monitoring network (Level I) 
provides annual data on forest condition, (ii) the intensive forest monitoring network (Level 
II) consists of permanent, highly-equipped plots to foster integrative studies on cause-effect 
relationships based on consistent and harmonized long-term data series. All in all, ICP Forests 
collects data on ambient air quality; biodiversity and ground vegetation; crown condition and 
damage causes; deposition; foliage and litterfall; forest growth; meteorology, phenology and 
LAI; soil and soil solution. An outstanding feature of the ICP Forests monitoring is its long-
term harmonised approach for data collection and quality assurance across all member states 
and for all surveys. The extensive ICP Forests Manual is regularly updated by the ICP Forests 
Expert Panels which have been established since the 1990s and comprise experts and 
scientists from all participating countries.  
An overview of the structure of ICP Forests, its latest activities, and a summary of results 
from 30 years of monitoring will be presented. 
 
 
* Corresponding author: alexa.michel@thuenen.de 
 
 



OZONE FLUXES AND GHG BALANCE IN A SPANISH RICE 
PADDY FIELD   

Calatayud, V.1, Carrara, A.1, Mejide, A.2, Calvo, E.1, López-Ballesteros, A1., López, 
R. 1, Feng, Z.Z3., Serrano, P. 2 

 
(1)�Fundación CEAM, Paterna, Spain. (vicent@ceam.es) 

(2)�University of Granada, Ecology Department, Granada, Spain 
(3)�RCEES, CAS, Beijing, China 

 

Measurements of O3 fluxes with a fast O3 analyzer (FOS, Sextant) in combination with eddy 
covariance technique were carried out in a rice paddy in Sueca (eastern Spain) during all the 
vegetative period of the crop. During rice cropping period, ozone fluxes were highly correlated 
with CO2 fluxes and largely driven by stomatal conductance, while during non-cropping period, 
the fluxes were lower and driven by non-stomatal surface resistance. Complementarily, gas 
exchange leaf measurements under ambient conditions were carried out with a LICOR-6400 in 
order to parameterize the DO3SE model and to model stomatal O3 fluxes in rice. The proposed 
parameterization for “Japonica” varieties exhibited about double maximum stomatal 
conductance values (gmax) than the Asian “Indica” varieties.  

 We additionally measured carbon dioxide (CO2) and methane (CH4) fluxes with eddy 
covariance in order to obtain a full carbon balance. Methane (CH4) and nitrous oxide (N2O) 
fluxes were determined at different stages of rice cultivation using the static chambers technique 
to estimate greenhouse gas (GHG) budget. The ecosystem was a net carbon source during non-
cropping period, reaching high respiratory rates (> 5 µmol m-2 s-1) during pre-seedling and post-
harvest periods and nearly null CO2 fluxes during autumn-winter flooding period. During rice 
cropping period (June-July), the ecosystem was a strong carbon sink with maximum 
CO2 sequestration rates up to ca. 50 µmol m-2 s-1. Overall, the studied paddy rice field presented 
a net ecosystem productivity (NEP) of ca. 650 g C m-2 y-1 and a Net Ecosystem Carbon Balance 
(NECB = NEP – C harvested) of ca. 250 g C m-2 y-1. The rice paddy field behaved as a CH4 
source most of the year, with higher emissions rates during the rice cropping period. Positive 
N2O emissions were only observed at the beginning of the vegetation growth phase and were 
related to pre-seedling fertilization.  

Projects DESESTRES (PROMETEOII/2014/038) and GEISPAIN (CGL2014-52838-C2-2-R, 
MINECO) are acknowledged. 
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Searching for ozone-tolerance traits among eleven Indian wheat 
(Triticum aestivum) cultivars 
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Tropospheric ozone (O3) is a phytotoxic pollutant causing a substantial damage 
to plants and agriculture crops. In India, O3 concentrations are regularly high due 
to high ozone precursor emissions and high light conditions. These high O3 
levels cause growth reductions and foliar injury leading to crop production losses.  

In the present study eleven wheat cultivars were screened to assess and identify 
the traits for O3 tolerance/sensitivity in the ambient field conditions in Lucknow, 
India. EDU ([N-(2-2-oxo-1-imidazolidinyl) ethyl]-N’-phenyl urea) was used a 
research tool to study the adverse effect of high O3 concentration. EDU was 
applied to the plants as a foliar spray in 300 ppm concentration at an interval of 
15 days until the harvest phase. Wheat cultivars were assessed for growth, gas-
exchange (photosynthesis, stomatal conductance), antioxidants (SOD, CAT, 
GSH, GSSG) and MDA and biomass at the vegetative and the flowering phases. 
Yield parameters were measured at the final harvest phase. Response of 
biochemical parameters related to oxidative stress and antioxidative defense was 
cultivar-specific and dependent on the growth phase. A liner regression of grain 
weight/plant and the mean grain weight/plant of all the cultivars showed that only 
three cultivars (KUNDAN, WR 544, and PBW550) of the eleven tested were 
adapted to the prevailing high ozone concentration and most of the Indian wheat 
cultivars selected for the study were sensitive to ozone effects. 
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from larch sawfly: A preliminary study 
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Abstract 
Plant growth is supported by above and belowground communication. The aboveground 
(leaves) photosynthesize and produce carbohydrates. The belowground (root system) which is 
the hidden half of plants, absorb nutrients from the soil necessary for metabolic activities.  
Especially, fine roots are essential for not only nutrient and water absorption but also ECM 
infection, which also support healthy plant growth. As fine root dynamics is regulated by 
photosynthetic activity and leaf area, it can be altered by changes in leaf area. One of the main 
events that greatly change leaf area is leaf feeding by insects. 
The Larix species, especially Japanese larch (Larix kaempferi) and hybrid larch F� (L.gmelinii 
var. japonica × L. kaempferi) is an important afforestation species in northern Japan. However, 
outbreaks of larch sawflies (red and yellow-belt) during the summer have been attacking larch 
plantations. In many cases reported, these sawfly outbreaks are often found after drought in 
summer. Since climate change may provoke the increase of drought, the increase of larch 
sawfly attacks is of concern. Although many research has been done on the effect of insect 
grazing on larch canopies, research focusing on the effects on fine root dynamics is still 
limited.  
To examine the effects of larch sawfly feeding on 2 larch species, we simulated defloration on 
Japanese larch and hybrid larch F�. We set 2 levels of defloration rate (50%, 90%) along with 
a control treatment (0%) and examined the remaining leaf function and belowground growth. 
We resembled the feeding pattern of red belt larch sawfly where only the short shoot needles 
are. For belowground growth, we especially focused on fine root dynamics. Here, we used 
root boxes buried next to the seedlings, and periodically scanned the soil surface. From these 
scanned images, we analyzed the fine root growth non-destructively.  
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Abstract 

Die-back and death of mountain birch (Betula ermanii) have been observed in northern Japan. 
The declining symptom occurs near the hill top where wind is strong and nutrient poor soil is 
dominant in Hokkaido Island. Therefore, we try to know the reason why mountain birch is 
declining via monthly monitoring the gas exchange traits of both declining and healthy trees and 
using open-top chambers for seedlings at the site. Moreover, we surveyed forest soil and 
vegetation there.  
    Study sites were located at the somma of Lake Mashu in Northeast Hokkaido. We have been 
monitoring atmospheric ozone [O3] with both active and passive sampling methods. We selected 
each 4 individual trees of around 20 years old of both declining (less than 50% leaves attached to 
a crown) and healthy ones. Shoots of sunny crown in both trees were obtained and carried them 
back to the lab. Six OTCs were used with each 3 charcoal filtered and non-filtered to access the 
effects of [O3] on plant growth. Photosynthetic characteristics were determined with a LiCor-
6400 porometer and other physiological parameters were measured.   
    Atmospheric [O3] reached to 80-100 ppb during April to June and was around 50 ppb through 
the growing season. Soil is originated from immature volcanic ash with shortage in phosphorous. 
Net photosynthetic rate of declining trees were lower at CO2 and/or light saturation than that of 
healthy ones with smaller leaves and lower chlorophyll content. With OTCs, seedlings at non-
filtered leaves had smaller allocation of photosynthates to roots and low infection of 
ectomycorrhiza. Based on results, high [O3] in spring may damage on some trees with poor root 
systems. Cumulative [O3] effects on trees may be a cause of tree declining due to unique leaf 
phenology of mountain birch. 
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treated for 2 growing seasons 
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Abstract 
Recently, ground-level Ozone (O3) has been increasing in northern hemisphere. Relatively 
higher O3 concentration has been observed in Japan although concentration of precursor of O3 
has decreased. One of the main reasons why O3 has again been increasing in Japan is 
attributed to transboundary pollution in northeastern part of Asia. O3 absorbed via stomata 
gives oxidation stress on chloroplasts, decreases dry mass production and changes of 
photosynthate allocation. Additionally, the amount of nitrogen (N) deposition has increased 
because of rapid development of industry as well as agriculture. In northeast Asia, ammonium 
sulfate (NH4)2SO4 is also a composer of N deposition as like PM2.5. N is considered to 
become an N nutrient for infertile soil to some extent. If the amount of N deposition will 
continuously increase, pH in some kinds of soil would decrease. As a result, several inorganic 
nutrients become imbalance and ions of heavy metals are leaching (Ca2+, Mg2+, etc.). Finally, 
tree growth is inhibited by soil acidification caused by N deposition. As edaphic condition in 
northern Japan is composed of immature volcanic ash, vigor and health of forests are 
declining because of soil acidification. In Hokkaido, Japanese larch (Larix kaempferi) is 
mainly planted and is ready for harvested. On the other hand, the hybrid larch F1 is expected 
to a strong candidate of afforestation species. This new species is produced crossing between 
Dahurian x Japanese larch (Larix gmelinii var. japonica × Larix kaempferi) to improve weak-
points of Japanese larch. Hybrid larch F1 has high tolerance against vole feeding damage, 
shoot blight diseases and rapid growth rate. For future reforestation, we need to evaluate the 
physiological and growth responses to theses atmospheric environment changes. In this 
research, we hypothesized that application of (NH4)2SO4 to larch seedlings may increase their 
O3 sensitivity. For accessing this hypothesis, we use open top cambers for evaluating O3 
sensitivity of Japanese larch and hybrid larch F1 planted in immature volcanic ash 
with/without ammonium sulfate.  
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Abstract 
From 1999, Chinese people started to make man-made forests to increase natural resources as 
well as to rehabilitate at degraded crop lands. They chose plantation species as larch and 
poplar for north regions and ceder for south. Soil salinization area is estimated to increase due 
to global warming, especially low precipitation region in the northeastern part of Asia. The 
distribution of soil salinization in China was widewith many types. Its total area is about 
99.13 million hectare, and accounts for 1.03% of the total land area of China. The soil 
salinization in the northeastern part of China has increased at an annual rate of 1%. Much 
worse, level of ground surface ozone (O3) has been increasing in the same region due to rapid 
economical development. We recorded atmospheric O3 concentration was about 90 ppb 
during April to June in northern part of Japan. Under these environmental condition, we 
should know the effect of elevated O3 on seedlings of larch species grown under different 
salinization.   
To simulate these environmental conditions, we employed a set of open top chamber 
(consisted with 16 chambers) with 70 ppb O3 concentration. This concetration is frequent 
obsered in nothern Japan and northeast China. We studied on 2 year-old larch (Larix gmelinii 
var. japonica) seedlings cultivated in Hokkaido Forestry Research Institute. To know the 
effect of soil salinization, we used nutrient poor soil (Andosols). We monitored growth and 
some physiological responses to elevated O3 and soil salinization with NaHCO3 and NaCl. 
We discuss on the plausible understaning there eco-physiological function of larch seedlings 
in relation to future global change. 
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Abstract: Tropospheric ozone (O3) is considered one of the most critical air pollutants in many parts 
of the world due to its detrimental effects on plants growth. However, the stoichiometric response of 
tree species to elevated ozone is poorly documented. In order to understand the effects of elevated ozone 
on the stoichiometry and nutrient pools of Phoebe bournei (Hemsl.) Yang (P. bournei) and Phoebe 
zhennan S. Lee et F. N. Wei (P. zhennan), the present study examined the carbon (C), nitrogen (N), and 
phosphorous (P) concentrations, stoichiometric ratios, and stocks in foliar, stem, and root for P. bournei 
and P. zhennan with three ozone fumigation treatments (Ambient air, 100 ppb and 150 ppb). The results 
suggest that elevated ozone significantly increased the N concentrations in individual tissues for both 
of P. bournei and P. zhennan. On the contrary, elevated ozone decreased the C:N ratios in individual 
tissues for both of P. bournei and P. zhennan because the C concentration remained stable under the 
ozone stress. The P concentration, and C:P and N:P ratios in individual tissues for both P. bournei and 
P. zhennan did not exhibit consistent variation tendency with elevated ozone. Elevated ozone sharply 
reduced the total C, N, and P stocks and altered the pattern of C, N, and P allocation for both P. bournei 
and P. zhennan. The present study suggests that tropospheric ozone enrichment should be considered 
an important environmental factor on stoichiometry of tree species. 
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1.  Introduction 
Lodging is defined as the bending of the shoot from the vertical, and reduces canopy photosynthesis, 

crop yield and mechanical harvesting efficiency in many cereals such as rice. One of the causes of the 
lodging is root anchorage failure. On the other hand, tropospheric ozone (O3) has negative effects on 
plants, such as reductions in growth, yield and dry mass ratio of root to shoot (R/S ratio). Because the 
reduction in the R/S ratio could cause the root anchorage failure, it is possible that the O3 increases 
susceptibility of rice to lodging. In the present study, therefore, we conducted an experimental study 
on the effects of O3 on the lodging resistance of Japonica rice (Oryza sativa L., cv. Koshihikari).  
 
2.  Materials and methods 

The seedlings of Japonica rice cultivar “Koshihikari”, the most widely cultivated variety in Japan, 
were planted in 14 L pots (ø256 mm × 297 mm in height) filled with flooded Andisol (12 L) at three 
hills per pot on 1 May 2015. Fertilizer (N-P-K = 15:15:15) was applied at 2.25 g per pot before 
planting. The seedlings were grown in 16 open-top chambers (OTCs: 60 cm in width, 120 cm in 
height, 82.5 cm in depth) located at Nagasaki University (Nagasaki, Japan) (three pots/chamber). The 
rice plants in the OTCs were exposed daily to O3 removal-filtered air (FA), non-filtered air (NF) or NF 
supplemented with approximately 20 nl l−1 O3 (NF+) or 35 nl l−1 O3 (NF++) for 109 days from 21 May 
to 7 September 2015. The mean 24-h O3 concentrations in the FA, NF, NF+ and NF++ treatments 
were 18.3, 32.5, 51.9 and 66.8 nl l−1, respectively. On 19 August, the pushing resistances of all rice 
plants were measured using a digital force gauge. On 8 and 9 September, all the rice plants were 
harvested to determine the whole-plant growth and dry mass ratio of root to shoot (R/S ratio). 
 

3.  Results and discussion 
The whole-plant dry mass, R/S ratio and pushing resistance per plant significantly decreased 

linearly with increasing O3 concentration (Table 1). Because the panicle number obviously affected 
the pushing resistance per plant and caused considerable variation in the resistance, we expressed the 
lodging resistance as pushing resistance per panicle. Because the pushing resistance per panicle was 
significantly correlated with root dry mass per panicle (Fig. 1), the O3 exposure increased 
susceptibility to root lodging through a reduction in root development. The relative value of pushing 
resistance per panicle (relative to FA treatment, %) significantly correlated with 24-h O3 concentration 
(y = −0.51x +109.7, R2 = 0.992, p<0.01). These results indicate that the current levels of O3 increase 
the susceptibility of Japonica rice to lodging.  
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Fig. 1. Relationship between pushing 
resistance per panicle and root dry mass per 
panicle. Circle: FA, Triangle: NF, Square: 
NF+, Cross: NF++. *p<0.05. 

Treatment

FA 27.9 (0.5) 0.172 (0.012) 9.59 (0.21)
NF 28.0 (0.3) 0.164 (0.010) 9.60 (0.10)

NF+ 26.6 (0.6) 0.152 (0.005) 8.41 (0.24)
NF++ 26.5 (0.5) 0.143 (0.006) 7.53 (0.30)

ANOVA
O3 n.s. n.s. ***
L * * ***
Q n.s. n.s. n.s.
C n.s. n.s. n.s.

Table 1. Effects of O3 on whole-plant dry mass and dry mass ratio of
root to shoot (R/S ratio) at harvest and pushing resistance per plant 15
days after heading of rice (Oryza sativa L., cv. Koshihikari).

Each value shows the mean of four chamber replications, and the
standard error is shown in parentheses. ANOVA: *p < 0.05, ***
p < 0.001, n.s. = not significant. L: Linear, Q: Quadratic, C: Cubic.

Whole-plant dry R/S ratio
(g g−1)mass (g)

Pushing resistance
(N plant−1)
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1. Introduction 

In Japan, concentration of tropospheric ozone (O3) has been increasing due to transboundary 
air pollution from Asian continent. The northern Kyushu area, such as Nagasaki, is the western 
side of Japan, and locates at the downwind of the Asian continental outflow. Because of this, 
the vegetation in this area could be under the influences of long-range transported air pollutants 
such as O3. In Europe, to identify the O3 impacts on vegetation, biomonitoring system using 
snap bean (Phaseolus vulgaris L.) has been developed (ICP vegetation, 2012). Because the 
climatic condition in Japan is different from that in Europe, it is necessary to test and validate 
the biomonitoring system for the O3 impacts on vegetation in northern Kyushu area. Therefore, 
we conducted a preliminary experiment using open-top chambers for the validation of the 
biomonitoring system using the snap bean in this area. 
 
2. Materials and methods 

The seeds of O3-sensitive cultivar, S156, and O3-resistant cultivar, R123, of snap bean were 
sown in 14 L pots filled with commercial horticultural soil mixture (12 L) at three seeds per pot 
on 23 March 2017. The seedlings were thinned to one plant per pot on 18 April. After the 
thinning, the plants were grown in 16 open-top chambers (OTCs: 60 cm in width, 120 cm in 
height, 82.5 cm in depth) located at Nagasaki University (Nagasaki, Japan) (three pots per 
chamber for each cultivar). The plants were exposed to O3 removal-filtered air (FA) or non-
filtered air (NF) for 71 days from 18 April to 28 June. There were four chamber replications for 
each treatment and cultivar. In addition to the chamber experiment, 12 plants for each cultivar 
were grown at the ambient plot (AA). On 28 June, all the plants were harvested to determine 
the seed yield.  
 
3. Results and discussion  

There was significant interaction between O3 and cultivar for 
seed yield of snap bean (Fig. 1, two-way ANOVA: p<0.05). The 
exposure to O3 significantly reduced seed yield of S156, but did 
not that of R123. The seed yield ratios of S156 to R123 were 
0.94 (±0.07) and 0.72 (±0.07) (±SE) in the FA and NF 
treatments, respectively. Furthermore, the seed yield ratio in the 
AA plot (0.69±0.09) was similar to that in the NF treatment 
(e.g., Fig. 2). These results validate the different O3 sensitivity 
between the cultivars, even if the cultivars were grown under 
Japanese climatic condition, and indicate that the 
biomonitoring system using snap bean has the potential to 
detect ambient O3 impacts on vegetation in the northern 
Kyushu area of Japan. Fig. 2 shows the significant negative 
linear relationship between the seed yield ratio and the 12-h 
mean O3 concentration (data were from the present study and 
Burkey et al. (2005) conducted in the USA). However, the ratio 
of the present study tended to be less responsive to O3 than that 
of Burkey et al. (2005). Therefore, further study is required to 
establish the biomonitoring system using the snap bean for O3 
impacts on vegetation in Japan. 
 
References: Burkey et al. (2005) J. Environ. Qual. 34, 1081-1086. ICP 
vegetation (2012) Yield response and ozone injury on Phaseolus vulgaris. 
Experimental protocol. http://icpvegetation.ceh.ac.uk/manuals/documents/ 
ICPVegetationPhaseolusvulgarisprotocol2012_Final.pdf 
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Soil water availability may change ozone risk assessment in three European 
oaks 
 
Yasutomo Hoshika *(1), Barbara Moura (2), and Elena Paoletti (1) 
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Abstract 
In semi-dry ecosystems such as in Mediterranean climate, two main co-occurring climate 
change factors emerge, i.e. drought and ozone (O3) pollution. Limited water availability 
usually occurs concurrently with climatic conditions that favor O3 photochemical production, 
i.e. high sunlight and high temperature. To derive ozone (O3) dose-response relationships for 
three European oak species (Quercus ilex, Q. pubescens and Q. robur) under a range of soil 
water availability, an experiment was carried out in an ozone FACE (Free-Air Controlled 
Exposure) facility.  
The ozone FACE facility is located at Sesto Fiorentino, near Florence, central Italy (43° 48’ 
59” N, 11° 12’ 01” E, 55 m a.s.l.). Two-year-old seedlings of potted Q. ilex, Q. pubescens and 
Q. robur were grown under the combination of three levels of O3 (1.0, 1.2 and 1.4 times the 
ambient concentration) and three levels of water irrigation (1.2, 0.6, 0.12 L day-1) from June 
to October 2015. Total biomass losses were estimated relative to a hypothetical clean air at 
the pre-industrial age, i.e. at 10 ppb as daily average (M24). A stomatal conductance model 
was parameterized with inputs from the three species for calculating the stomatal O3 flux. 
Exposure-based (M24, W126 and AOT40) and flux-based (POD0-3) dose-response 
relationships were estimated and critical levels (CL) were calculated for a 5% decline of total 
biomass.  
Results show that water availability can significantly affect O3 risk assessment. In fact, flux-
based approach explained better the dose-response relationships than exposure-indices when 
combining results in different water regimes. In a simplified approach where species were 
aggregated on the basis of their O3 sensitivity, the best metric was POD0.5, with a CL of 6.8 
mmol m-2 for the less O3 sensitive species Q. ilex and Q. pubescens, and of 3.5 mmol m-2 for 
the more O3 sensitive species Q. robur.  
 
 
* Corresponding author: yasutomo.hoshika@ipsp.cnr.it 
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Abstract 
Tropospheric ozone (O3) is recognized as a widespread phytotoxic air pollutant. Visible foliar 
injury by O3 (O3 visible injury) is known as a bio-indicator to assess potential phytotoxicity of 
O3. Ozone injury may closely relate to O3 uptake into a leaf and a capacity for repair and 
detoxification by photosynthates. We thus investigated O3 visible injury in poplars (Oxford 
clone) under a 2-year Free-Air Controlled Exposure (FACE) experiment at Sesto Fiorentino, 
near Florence, central Italy, and calculated three O3 indices (i.e., AOT40, accumulative O3 
exposure over 40 nmol mol-1 during daylight hours; POD0, phytotoxic O3 dose above a flux 
threshold of 0 nmol m-2 s-1; and ΣU/Pn, the cumulative value of the ratio of hourly O3 uptake 
to net photosynthesis) to assess onset of O3 visible injury.  
We found the critical level (CL) of O3 indices corresponding to the first symptom onset of O3 
visible injury in Oxford poplar clone at the O3 FACE experiment (POD0: 26 mmol m-2; 
ΣU/Pn: 1.2 mol mol-1). However, such a CL of AOT40 could not have been set for the onset 
of O3 visible injury.  
Our findings of CLs were then verified by the data including field observations on Oxford 
poplar clone and white poplar (Populus alba L.). In the Oxford clone, the CL of ΣU/Pn 
predicted better the onset date of O3 visible injury than that of POD0. On the other hand, white 
poplar did not show O3 visible injury. ΣU/Pn of white poplar did not reach the CL (~1.0 mol 
mol-1 during May-September) although the values of POD0 were relatively high in white 
poplar (44-47 mmol m-2). The result implies that O3 injury may have occurred in poplars 
when stomatal O3 flux exceeded over the critical range of the tolerance due to the assimilate 
shortage for repair and defense against O3 stress. 
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Controlled wildland fires such as prescribed forest fires and crop straw burns are 
useful management tools to remove unwanted ground fuels and residues in the natural 
and agricultural ecosystems. An adverse consequence of the fires is emission of PM2.5 
and other air pollutants. This study investigates the roles of weather and climate 
conditions in affecting controlled wildland fires and the air quality impacts.  The 
historical and future changes in safety risk and burn window of prescribed fires in the 
continental United States under changing climate were first analyzed. Currently the 
numbers of unsafe days and burn window are about 3 and 5 months, respectively. The 
number of unsafe days increased by 40~100 days (p<0.05) during the period from 
1981 to 2013 across the nation, while the number of burn windows decreased by 
20~100 days in the Pacific South, southern Southwest, and western South Central 
(p<0.05). The unsafe days and burn windows are projected to incerase and decrease 
by the midle of this century, respectively. Thus, the remakable advertise impacts of 
climate change on prescribed fires in the United States have already been happening 
and are likely to continue this century. The mechanism of rainfall for removing smoke 
particles from crop straw burning in China was then examined. Simulations of 8 air 
pollution events with PM2.5 concentrations over 100 μg m-3 were conducted with an 
atmospheric transport model. The concentrations are reduced by 50~95% with 
application of a proposed approach that moves a burn from the actual implementation 
time to a day prior to a rain event. This suggests that farmers could be advised of 
selecting burning date according to precipitation prediction so that crop straw is 
burned with possibly minimum air pollution impact. 
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Abstract
To explore the detoxification of ozone (O3) by apoplastic antioxidants, especially 
prove whether apoplastic ascorbate is induced by high ozone concentration, four plant 
species including tobacco, soybean, poplar and peach were exposed to either 
charcoal-filtered air or elevated O3 (E-O3, non-filtered ambient air plus 40 ppb) in 
open-top chambers. Results showed that only superoxide dismutase (SOD) was found 
in the leaf apoplastic space, whereas ascorbate peroxidise (APX), hydrogen 
peroxidase (CAT) and peroxidase (POD) seemed to be absent in four species. E-O3

significantly increased the apoplastic SOD activity in tobacco, poplar and peach 
except soybean. Apoplastic SOD may not be induced by O3 as indicated by no 
significant correlation between SOD activity and O3 concentration. E-O3 significantly 
increased the apoplastic ascorbate (ASCapo) content among four species, but increased 
the symplastic ascorbate (ASCleaf) content only in soybean and poplar but 
significantly decreased it in tobacco and peach. Apoplastic ascorbate is more likely 
induced by O3 rather than the cumulative O3 effects, as indicated by significant 
diurnal variation for ASCapo and significant correlation between ASCapo and O3

concentration. E-O3 induced the alkalinization of the apoplastic fluid as indicateed by 
the increase of pH in the apoplast. The increased apoplastic ascorbate content is 
possibly more O3-induced response instantaneously, however the different symplastic 
ascorbate content more attributed to the different anti-oxidative capacity among 
different species against O3.
Keywords: Tropospheric ozone, apoplastic antioxidants, symplastic antioxidants, 
detoxification




