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1. Rationale of the Conference  

Ozone pollution continues to be a serious issue for terrestrial ecosystems and plant health. 
This conference allows all experts in the interactions between ozone and plant ecosystems to 
meet and discuss the state-of-the-art and the future strategies for decision-makers. 

The main subjects of the conference are: 

1. Monitoring, modelling and assessing the risk of ozone damage to plant ecosystems 

Proofs of the impacts of ambient ozone on plant ecosystems are still elusive. New monitoring 
approaches and epidemiological studies are developing. Modelling of ozone is becoming more 
and more sophisticated at high resolution. Risk assessment is evaluating many different 
metrics for plant protection, with a focus on stomatal ozone flux. All these developments, with 
focus on the most modern techniques, are discussed in this session. 

2. How plant ecosystems affect ozone concentration in the atmosphere 

Ozone deposition is strongly affected by the type of vegetation. Exchanges of biogenic volatile 
organic compounds is known to contribute to ozone chemistry in the atmosphere. This session 
addresses mechanisms, seasonality, responses to ozone singly and in combination with other 
environmental factors, as well as selection of appropriate green infrastructure for urban 
greening. 

3. How plant ecosystems respond to ozone exposure 

This session includes food security and effects on forests and grasslands. A main aim is to 
evaluate strategies for maximizing yield, productivity and other environmental services of plant 
ecosystems under ozone stress. 

 

Email: ozoneandplants2018@gmail.com  

Website:https://conference2018.wixsite.com/ozoneandplants 

mailto:ozoneandplants2018@gmail.com
https://conference2018.wixsite.com/ozoneandplants
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3. Schedule and Programme 

Programme in short 

TIME Monday, 21  Tuesday, 22 Wednesday, 22 Thursday, 23 Friday, 25       
08.00  

Registration 

  Move to 
Sesto 

Fiorentino 08.30  
Session 2 

Chair: Z. Feng Session 2 
Chair: A. 

Giovannelli 
09.00  Opening remarks 

Visiting the 
Ozone-Face 

09.30  
Session 1 

Chair: Pierre Sicard 
Conference 

Picture 
10.00  Coffee break Coffee break and 

Poster session 
Coffee break and 
Poster session 10.30  

Session 1 
Chair: P. Sicard 

11.00  Session 2 
Chair: E. Paoletti 

Session 2 
Chair: E. 

Agathokleus 

11.30  Move to 
Verrazzano 12.00  

12.30  
Lunch Lunch 

Visiting the 
winery 13.00  Lunch 

13.30  Wine tasting 
and Lunch 14.00  

Session 1 
Chair: A. De Marco Session 2 

Chair: L. Zhang 

Session 2       
Chair: M. Domingos 14.30  Move to 

Siena 15.00  
15.30  Coffee break 

Free time to 
visit Siena 

16.00  Coffee break 
Session 3       

Chair: Y. Hoshika 16.30  Session 1                   
Chair: H. Harmens 

Coffee break 
17.00  

Session 2 
Chair: E. Carrari 

17.30  Round table 
Chair: H. Harmens 18.00  

Wine tasting and 
Poster session 
(18.10-20.00) 

Back to 
Florence 18.30  Closing remark            

by E. Paoletti 19.00 Welcome 
cocktail and 
registration 
(19.00-20.30) 

Free time  
19.30  

 
20.00 

Conference 
Dinner 

(20.00-23.00) 

 
 

20.30   
 

21.00    
 

23.00  
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Session 1 
 

Monitoring, modelling and 
assessing the risk of ozone 

damage to plant ecosystems 
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A multi-model framework for ozone risk assessment 
 
Anav A.(1), Proietti C.(1), De Marco A.(2), Paoletti E.(1) 

 
(1)Institute for Sustainable Plant Protection (CNR-IPSP), Via Madonna del Piano 10, 
Sesto Fiorentino (Florence), Italy. (2)Italian National Agency for New Technologies, 
Energy and the Environment (ENEA), C.R. Casaccia, S. Maria di Galeria, Italy 
 
Plant ecosystems play a key role in regulating the concentration of air pollutants in the 
planetary boundary layer. Among common air pollutants, O3 is probably the most 
damaging to forests and crops, frequently reaching high concentrations over large 
regions of the world and particularly in Mediterranean area. However, O3 effects on 
vegetation depend not only on the atmospheric concentrations but also on O3 uptake 
through the stomata. Therefore, the quantification of the amount of ozone removed from 
the atmosphere, and the consequent injuries to vegetation, are particularly relevant for 
climate, ecological and risk assessment studies. We developed a regional multi-model 
framework to be used for integrated risk assessment and for studies on potential risks 
caused by O3 pollution on European forests. This framework relies on a mesoscale 
model that generates climate forcing used offline to run a Chemistry Transport Model 
(CTM). The O3 concentrations computed through the CTM (CHIMERE) and the climatic 
variables computed by a regional weather forecast model (WRF) combined with a 
stomatal conductance model, allowed us to estimate the stomatal O3 fluxes using 
different phenological models and assumptions on the water uptake by plants at different 
soil depths in the rooting zone and to evaluate the differences between an exposure-
based index (i.e. AOT40) and an index based on the effective absorbed O3 dose (i.e. 
PODY). 
 
Keywords: O3, AOT40, PODY, DO3SE, Plant Phenology 
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Development of stomatal conductance modeling under elevated 
ozone for forest trees 
 
Yasutomo Hoshika, Elena Paoletti 

 
IPSP-CNR, Via Madonna del Piano 10, I-50019 Sesto Fiorentino, Italy 
 
Ozone enters leaves via stomata and causes a damage to leaves of trees. Modeling of 
stomatal conductance (gs) is considered as an essential factor to assess ozone impacts. 
In this presentation, recent developments for the modeling of gs are summarized: 1) we 
reviewed 235 publications of field-observed gs for the parameterization of Jarvis-type 
model in global woody plant functional types (PFTs). The relationships between stomatal 
parameters and climatic factors (MAT, mean annual air temperature; MAP, mean annual 
precipitation) were assessed, and 2) to discuss the effect of ozone on gs, an analytical 
model was proposed based on the optimization theory for maximizing carbon gain while 
minimizing concurrent accompanying water loss and ozone influx. Regarding 1), we 
found that maximum stomatal conductance (gmax) in global woody plants correlated with 
MAP rather than MAT. The optimal temperature of gs and stomatal response to predawn 
water potential changed according to the growth conditions. Regarding 2), in the ozone 
FACE (Free-Air Controlled Exposure) experiments, the optimal stomatal model 
explained ozone-induced stomatal closure in early summer. This suggests that ozone-
induced stomatal closure may reduce ozone influx, and allow maximum photosynthetic 
capacity to be reached. However, in late summer and autumn, the model did not explain 
the effects of ozone on stomatal conductance. Also an increase of y-intercept of 
photosynthesis-stomatal conductance relationship (gmin, minimum conductance) was 
found. This reflects the loss of closing response of stomata by ozone (i.e., stomatal 
sluggishness). In fact, in late summer, ozone caused : 1) slower dynamic stomatal 
response to light variation, 2) less sensitivity of stomata to vapour pressure deficit (VPD), 
3) reduced sensitivity of stomata to abscisic acid (ABA) and 4) increased night-time 
stomatal conductance. As a result gmin increased with increasing cumulative ozone 
uptake among species. 
 
Keywords: ozone, stomatal conductance, stomatal conductance model, maximum 
stomatal conductance, stomatal sluggishness 
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Multi-scale monitoring and modeling of ozone deposition to 
ecosystems 
 
Auke Visser(1), Laurens Ganzeveld(1), Folkert Boersma(1,2) 

 

(1)Wageningen University, Department of Environmental Sciences, Meteorology and Air 
Quality Section, Droevendaalsesteeg 3a, 6708PB Wageningen, the Netherlands. 
(2)Royal Dutch Meteorological Institute (KNMI), Climate Observations department, 
Utrechtseweg 297, 3731GA De Bilt, the Netherlands 
 
Ozone uptake through stomata damages plant tissue, thereby reducing plant 
photosynthetic capacity and thus, at a larger scale, inhibiting carbon sequestration by 
ecosystems. Assessments of such O3-CO2 atmosphere-biosphere interactions rely on 
combined O3 and CO2 flux observations. Although essential for process studies focusing 
e.g. on in-canopy ozone loss mechanisms, O3 flux data coverage is too sparse in space 
(only a few European flux measurement sites) and time (often only several years of data) 
to assess O3 deposition impacts on ecosystem functioning at a continental scale. Our 
approach aims to gain a such a larger-scale insight into O3-CO2 interactions by 
combining various modelling approaches with in situ and remote sensing (RS) 
observations to study ozone deposition impacts on ecosystem functioning in Europe. 
We use the regional atmospheric chemistry and transport model WRF-Chem to simulate 
O3 and its precursor gases nitrogen oxides (NOx) and volatile organic compounds 
(VOCs) during a summer season. NOx emissions in WRF-Chem are constrained using 
satellite NO2 column observations from the Ozone Monitoring Instrument. We expect 
that this will especially improve model-simulated peak O3 concentrations and deposition 
fluxes. In addition, a chemical canopy-exchange model is applied for various O3-CO2 
flux measurement sites to simulate ecosystem NOx-VOC-O3 interactions and to assess 
the partitioning between stomatal and non-stomatal O3 flux components. The O3-
induced impacts on ecosystem carbon sequestration will eventually be quantified in a 
multivariate statistical framework combining the highly-resolved O3 flux simulations and 
RS-based vegetation productivity products. 
 
Keywords: ozone deposition, air pollution modelling, remote sensing 
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A new crop modelling technique for dealing with ozone stress 
 
Ioannis Droutsas, Andrew Challinor 

 
Institute for Climate and Atmospheric Science, School of Earth and Environment, 
University of Leeds, LS2 9JT Leeds, UK 
 
Crop protection and preservation is a crucial aspect of food security in a world where 
food supply is becoming an even bigger challenge for the continuously increasing 
population. Plants are influenced by a wide range of biotic and abiotic factors which play 
an important role on their performance and yield. High air pollution levels can damage 
plant ecosystems while ozone is the most phytotoxic air pollutant at a global scale. 
Moreover, changes in climatic parameters such as water availability and temperature 
can be combined with high air pollution levels to impact on crop yield. Crop models are 
tools for quantifying the growth and development of crops and their responses to 
stresses. However, only a few crop models include an ozone stress parametrization. 
Here we introduce a significant modification to an existing crop model (GLAM) in order 
to apply an ozone dose-response function into the model. The new model version is 
called GLAM-ROC (GLAM-Relative Ozone Concentrations) and accounts for the ozone 
impact on wheat. Before the inclusion of the ozone effects, the wheat version of GLAM 
model was re-parametrized and a new modelling technique has been introduced into 
the model. This new approach is based on a simultaneous solution of the set of model 
equations instead of the prevailing step-by-step method used in most crop models. The 
model was made conceptually simpler by taking in integrated systems approach. The 
new structure improves the model skill under water stress conditions. GLAM-ROC is 
therefore suitable also in environments where ozone interacts with other stresses, such 
as drought. 
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Research is highly required on the impacts of increasing surface 
ozone in China 
 
Ya Tang(1), Xue Qiao(2), Yuanfei Cao(2) 

 
(1)Department of Environment, College of Architecture and Environment, Sichuan 
University, Chengdu 610065, China. (2)Institute of New Energy and Low-Carbon 
Technology, Sichuan University, Chengdu 610065, China 
 
Environmental pollution has increased quickly in parallel with fast economic growth in 
the past three decades in China but has not received adequate attention until about two 
decades ago. In the past decade, air pollution, particularly PM2.5 pollution has been the 
focus of the public and many research projects. Public awareness about the effects of 
PM2.5 on human health has been an important driving force to initiation of many 
research projects in China. Unlike PM2.5, surface ozone pollution is known only to a 
very limited number of people despite its recent quick increasing trend in many Chinese 
cities and its effects on human health and ecosystems. Existing research on ozone in 
China is largely focused on the effects of ozone on crops and some plants and on 
characterizing ozone pollution in urban areas. As a result of increasing public awareness 
about environmental pollution, declining use of coal and fast increasing vehicle 
population, air pollution in China has been in the transition from that caused largely by 
coal burning to complex pollution caused by coal burning, use of natural gas and 
transport. Further increase in surface ozone concentrations is expected in many parts 
of China. To reduce the effects of elevated ozone in China, research and international 
collaboration are highly required not only on changes in ozone trend in the urban areas, 
but on ozone impacts on forests. As the effects of air pollution including ozone on forests 
are probably seen after decades, building on achievements of existing international 
knowledge, it would be greatly important to plan and implement integrated research 
framework on impacts of surface ozone pollution in China. Our surface ozone monitoring 
and field observations in a few remote forests in southwestern China corroborate the 
significance of international collaboration and the urgent need for research programs. 
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Vegetation exposure to ozone in China: model performance and 
regions needing further field investigations 
 
Xue Qiao(1), Jie Zhang(2), Hongliang Zhang(3), Ya Tang(4), Jianlin Hu(5), Qi Ying(2, 5) 

 
(1)Institute of New Energy and Low-Carbon Technology, Sichuan University, Chengdu 
610065, China. (2)Zachry Department of Civil Engineering, Texas A&M University, 
College Station, TX 77843, USA. (3)Department of Civil and Environmental Engineering, 
Louisiana State University, Baton Rouge, Louisiana 70803, USA. (4)Department of 
Environment, College of Architecture and Environment, Sichuan University, Chengdu 
610065, China. (5)School of Environmental Science and Engineering, Nanjing University 
of Information Science & Technology, 219 Ningliu Road, Nanjing 210044, China 

 
As surface ozone concentrations have increased significantly in many regions of China, 
it is concerned that ozone exposure to forests across the country, particularly those in 
the national nature reserves and biodiversity hotspots, may have exceeded foliar injury 
threshold values. To quantitatively assess the impacts of ozone to forests, several most 
frequently used ozone exposure indices (M7, M24, SUM60, W126, and AOT40f) were 
calculated using simulated hourly  from the Community Multiscale Air Quality (CMAQ) 
model for the year of 2013. While the annual average ozone concentrations (M7 and 
M24) were generally higher in the Qinghai-Tibetan Plateau (QTP) in western China due 
to higher background ozone, the other three ozone exposure indices (SUM60, W126, 
and AOT40f) were lower in most parts of QTP. In contrast, the North China Plain (NCP) 
and Yunnan Province had lower annual average concentrations but higher values of 
SUM60, W126, and AOT40f, as they had larger numbers of high ozone hours (i.e. hourly 
concentration>100 ppb). The west rims of Sichuan Basin and some regions in the 
southern and eastern rims of QTP had relatively higher values of all the five exposure 
indices. Compared with critical loads reported in the literature, about 80% and 75% of 
forests had SUM60 and W126 higher than the critical load for natural ecosystems (12 
ppm-h) for moderately sensitive plant species (23.8 ppm-h), respectively. In addition, 
about 90% of forests had AOT40f values higher than the critical load of 10 ppm-h. Based 
on the spatial distributions of ozone exposure, forests, and nature reserves, we suggest 
that future field observation studies of forest injuries due to air pollution should be 
prioritized for forested regions in the Yunnan Province, eastern and southern rims of 
QTP, and western rim of Sichuan Basin. 
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Elevated ground-level ozone modifies the microbiome 
 
Youzhi Feng, Haoye Tang, Jianwei Zhang, Xiangui Lin, Jianguo Zhu 

 
State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, 
Chinese Academy of Sciences, Nanjing, 210008, Jiangsu Province, P.R. China 
 
Elevated ground-level ozone (eO3) imposes adverse influences on ecosystems. 
However, the information regarding responses of belowground, such as soil 
microorganisms, to eO3 as well as their feedbacks remains elusive. As the indispensable 
part of soil ecosystem, the knowledge on soil microorganisms is pivotal to 
comprehensive understanding of global change influencing ecosystem. To this end, a 
field experiment in China Ozone Free-Air Concentration Enrichment (FACE-O3) facility 
on a rice-wheat rotation system was carried out to investigate paddy microbial 
responses to eO3. Using real-time quantitative PCR, DNA-based fingerprinting and high 
throughput sequencing approaches in combined with culture-reliant method, we 
evaluated two paddy anoxic microorganisms, anoxygenic phototrophic purple bacteria 
(AnPPB) and methanogenic archaea, and total bacterial communtiy in response to eO3 
as well as the differences between different O3-sensitive rice cultivars. It is found that 
eO3 reduces AnPPB and methanogenic archaeal abundances in flooded rice soils via 
decreasing their genotypic diversity and metabolic capability. Concomitantly, their 
community compositions changes under eO3. For total bacterial community, the similar 
phenomena are observed. Furthermore, when comparing two different O3-sensitive rice 
cultivars, it is found that crop cultivar is important in determining the responses of soil 
biota to eO3. The contrasting responses of soil bacterial and methanogenic archaeal 
communities in two rice cultivars are observed to eO3. Although more adverse influences 
on O3-sensitive cultivar, several keystone bacterial guilds are consistently negatively 
affected by O3 pollution in two rice cultivars. Collectively, the abovementioned findings 
indicated that continuously eO3 would negatively influence paddy microorganisms and 
their critical ecological functions and more attention should be focused on the responses 
of soil microorganisms in crop cultivars when evaluating the effect of climate change on 
agroecosystems. These findings will contribute to a comprehensive understanding of 
the responses and feedbacks of paddy ecosystems to global climate change. 
 
Keywords: Elevated ground-level O3, Soil microorganisms, Diversity, Paddy soil, Rice 
cultivars 
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Ozone impacts on crop yield and food security 
 
Håkan Pleijel 
 
University of Gothenburg, Department of Biological and Environmental Sciences, P.O. 
Box 461, 405 30 Göteborg, Sweden 
 
Tropospheric ozone is generally considered to be the globally most important air 
pollutant with respect to effects on crops. Today, elevated levels of ozone are known to 
occur over large areas of the world´s important agricultural production areas in Asia, 
Europe and North America. In other geographical regions the degree of ozone pollution 
and its effects on agriculture are less well known, but are likely to be significant. When 
assessing and communicating the importance of ozone for crop production and food 
security the evidence of effects from current ozone exposure is of particular importance. 
Although plant response to experimentally elevated of ozone is important for risk 
assessment and the derivation of response functions, effects of present ozone are highly 
relevant from a policy perspective, to evaluate the gains from reducing current air 
pollution, rather than to estimate the damage by potential future elevated ozone levels. 
The evidence of effects from present ozone comes mainly from bioindication, protection 
of plants by use of the ozone protectant chemical EDU and (meta-)analysis of the effects 
of reducing ozone by air filtration in chamber experiments. Examples of these three 
types of evidence will be given as well as of response functions based on stomatal ozone 
uptake including elevated ozone treatments. There is strong evidence that the variation 
in ozone sensitivity varies among crops species. A corresponding variation has also 
been established for different cultivars or varieties of certain crop species. The 
magnitude, statistical evidence and potential exploration, e.g. in decisions on the choice 
of crop and in plant breeding, of this variation will be described and exemplified. Also 
the causes for variation in sensitivity, depending on stomatal ozone uptake, antioxidant 
defense and crop life history, will be discussed. An important matter is the reasons why 
the threats of ozone to food security is often neglected in policy and agronomic contexts. 
Potential explanations for this will be outlined along with suggestions of ways to remedy 
this problem. Highlighting experimental evidence of ozone effects on crops from 
interaction experiments where ozone exposure was administered in combination with 
other environmental factors, like temperature, irrigation/water availability, fertilization 
and elevated CO2, which are familiar to agronomists and/or plant physiologists, is one 
example. The direct comparison of ozone effects with those from other factors could 
facilitate the communication of the importance of ozone effects. Another benefit from 
this approach is that it will promote an integrated analysis of different environmental 
drivers on food security, including ozone, which will be necessary in any case to 
understand the net effect of the multitude of aspects of global change. Finally, scenarios 
for the future development of ozone effects on food security will be given. Obviously, the 
long-term development will depend on a range of decisions related to emissions of 
ozone precursors including methane, climate change and adaptation of crops and 
agriculture. Current trends for ozone exposure of crops in different parts of the world will 
be described as well as projections of surface ozone development over the present 
century. To conclude, a reflection will be made over how international policy making can 
best handle the threats from ozone to food security. 
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Sensitivity of Indian crop plants to ozone 
 
Elina Oksanen(1), Ashutosh Kumar Pandey(1,2,3), Baisakhi Mazumder(2), Sarita Keski-
Saari(1), Sari Kontunen-Soppela(1), Vivek Pandey(2) 

 
(1)University of Eastern Finland, Department of Biology, POB 111, Joensuu 80101, 
Finland. (2)Plant Ecology and Environmental Science, National Botanical Research 
Institute (CSIR-NBRI), Lucknow 226001, India. (3)Laboratory of Air Pollution and Global 
Climate Change, Department of Botany, Institute of Science, Banaras Hindu University, 
Varanasi, India 
 
Increasing anthropogenic and biogenic emissions of precursor compounds have led to 
high tropospheric ozone concentrations in India particularly in Indo-Gangetic Plains 
(IGP), which is the most fertile and cultivated area of this rapidly developing country. 
Current ozone risk models, based on European and North American data, provide 
inaccurate estimations for crop losses in India. Therefore, we have conducted several 
experiments with the main Indian crop species to estimate the magnitude of ozone risk 
on agriculture, and to screen the variation in ozone sensitivity/tolerance among the local 
cultivars. Field experiments in India, Lucknow area, were conducted with rice, wheat and 
mustard using EDU (ethylenediurea) as a chemical protectant against the adverse 
effects of ozone. The field experiments were complemented with chamber studies in 
Finland, simulating the prevailing ozone and climatic conditions in India. The plants were 
assessed for growth, gas-exchange (photosynthesis, stomatal conductance), 
antioxidants (SOD, CAT, GSH, GSSG), malondialdehyde (MDA) and biomass at the 
vegetative and the flowering phases. Yield parameters were measured at the final 
harvest phase. All study species showed sensitivity to prevailing ozone concentrations 
as indicated by yield losses and activation of defence systems. Seven out of the 18 rice 
cultivars and only three cultivars of the 11 wheat cultivars tested showed the good 
adaptability to high-ozone environment in terms of grain yield.  Therefore, most of the 
Indian rice and wheat cultivars selected for the study showed high sensitivity to ozone. 
Both mustard cultivars under study were sensitive to ozone, but showed different 
strategies against ozone stress. Our results highlight the need for extensive screening 
of ozone sensitivity/tolerance of the cultivars of the main crops in order to maintain and 
improve the production rates and food security in this highly populated and polluted area 
of India. 
 
Keywords: India, ozone, wheat, rice, mustard, EDU 
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Multi-level responses to ozone in Euramerican poplars 
 
Gandin A., Davrinche A., Gérard J., Jolivet Y. 
 
UMR 1137 Ecologie et Ecophysiologie Forestières, Université de Lorraine, BP 70239, 
54506 Vandoeuvre-lès-Nancy cedex, France 
 
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 has the capacity to significantly alter forest carbon sink strength. O3 
is well known to induce oxidative stress and ROS accumulation in leaf tissues. 
Therefore, several works have focused on tree abilities to cope with ozone exposure, 
either by closing stomata to limit ozone fluxes into the leaf, by modifying anatomy to limit 
O3 diffusion through leaf tissues or by activating antioxidant defenses to limit ROS 
accumulation. However, the relative contribution of these defense mechanisms to O3 
tolerance is still unclear in trees. Here, we investigated the responses of these barriers 
in nine Euramerican poplar clones (Populus deltoides × P. nigra) exposed to 120 ppb of 
O3 for 3 weeks. Main drivers of tolerance and sensibility to O3 were isolated to explain 
the lesser and greater losses of biomass, respectively. It appeared that ascorbate 
peroxidase and ascorbate regeneration process are the main determinants of ozone 
tolerance in poplar, in protecting photosynthesis capacity from ozone damage and 
therefore, maintaining growth and productivity. Furthermore, closing stomata appeared 
very harmful for sensitive clones, suggesting that avoidance strategy may be even worth 
than coping with excessive accumulation of ROS. Finally, changes in gas diffusion 
properties of leaf tissues are currently studied in order to improve flux-based functions 
and highlight adaptative mechanisms restricting O3 influxes through leaf tissues.  
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). 
 
Keywords: antioxidant defense, ascorbate, ozone flux, poplar 
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Effects of short term ozone fumigation on young trees of poplar 
Populus nigra  
 
Maamar Benchohra(1), Marcello Iriti(2) 

 
(1)El-wancharissi university center, Tissemsilt, 38000, Algeria. (2)Department of 
Agricultural and Environmental Sciences, Milan State University, 20133, Italy. 
 
During a period of 30 days, young trees of Populus nigra were fumigated with a single 
dose of ozone, 30 ppb for 4 hours, under open top chamber. Typical adaxial leaf brozing 
appeared since the 5th day and lesions gradually enlarged until the end of experiment. 
The relationship between necrosis and days was shown to be linear (p<0.0000). Some 
physiological parameters were investigated; ozone exposure caused a decrease of the 
amount of total chlorophylls, chlorophylls a and b, whereas membrane integrity, soluble 
sugars and stomatal conductance increased significantly after fumigation. 
 
Keywords: Ozone, Populus nigra, Open Top Chamber, Physiological parameters, 
Tiaret 
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Insights into the mode of action of ethylenediurea (EDU) as an 
antiozonant in rice (Oryza sativa L.) 
 
Md. Ashrafuzzaman(1,2), Zahidul Haque(1), Boby Mathew(1), William J. Manning(3), Peng 
Yu(1), Frank Hochholdinger(1), Michael Frei(1) 

 

(1)Institute of Crop Science and Resource Conservation (INRES), University of Bonn, 
53115, Bonn, Germany. (2)Department of Genetic Engineering and Biotechnology, 
Shahjalal University of Science and Technology, Sylhet, Bangladesh. (3)Stockbridge 
School of Agriculture, University of Massachusetts, USA 
 
Ethylenediurea (EDU) has been widely used to suppress detrimental effects of ozone 
on crops. However, the protection mechanisms against ozone injury still remain elusive 
and constitutive effects of EDU on crops have barely been studied. Therefore, we 
performed a series of agronomic and physiological experiments exposing rice to four 
different treatments, (i) control, (ii) control+EDU, (iii) ozone (average 77 to 108 ppb for 
daily 7 h), and ozone+EDU. Our first experiment in a controlled soil-based open top 
chamber system confirmed the lack of constitutive effects of EDU on ozone-free control 
plants, while it significantly offset the negative ozone effects in sensitive genotypes on 
foliar symptoms, lipid peroxidation, stomatal conductance, SPAD value, spectral 
reflectance vegetation indices (NDVI, SR and PRI and ARI), panicle number, spikelet 
sterility and grain yields. Subsequently, we conducted in depth physiological analyses 
including transcriptomics using the ozone sensitive and EDU responsive genotype 
BR28. Transcriptome analysis using Illumina HiSeq 4000 revealed no differentially 
regulated genes (0.1 FDR) between control and control+EDU, further confirming the 
absence of constitutive effects of EDU. However, 3182 and 3367 (0.1 FDR) differentially 
expressed genes were found between control vs ozone and control+EDU vs ozone out 
of a total 23208 expressed rice genes, indicating significant effects of ozone on rice gene 
expression pattern. In contrast, only 7 differential genes (0.1 FDR) were found for the 
ozone and EDU interaction. Despite the obvious lack of the direct effects of EDU on rice 
metabolism, its application significantly ameliorated the foliar symptoms, tiller number, 
shoot length, carbon assimilation rate, Vcmax, Jmax and lipid peroxidation. These 
results indicated that EDU does not have any direct effect on plants under ozone stress, 
and rather provides an indirect damage prevention mechanism due to abiotic interaction 
with ozone on the leaf surface that restricted the entry of ozone into the leaf. 
 
Keywords: Air pollution, Molecular breeding, Global change, Food security, Gene 
expression, Phenotyping 
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The role of secretory glands in plant sensitivity to ozone: an 
alternative route for uptake? 

Poliana Cardoso-Gustavson(1), Francine Faia Fernandes(2), Marisa Domingos(2), Elena 
Paoletti(3), Danilo da Cruz Centeno(1), Silvia Ribeiro de Souza(2) 

 
(1)Instituto de Botânica, Núcleo de Pesquisa em Ecologia, Avenida Miguel Stéfano 3687, 
04045-972 São Paulo, Brazil. (2)Universidade Federal do ABC, Centro de Ciências 
Naturais e Humanas, Rua Arcturus 03, 09606-070 São Bernardo do Campo, Brazil. 
(3)Institute for Sustainable Plant Protection, National Research Council, Via Madonna del 
Piano 10, 50019 Sesto Fiorentino, Florence, Italy 

 
Ozone (O3) dissociation leading to ROS formation occurs precisely in the aqueous 
medium, generally in the leaf apoplast. However, secretory glands located at the 
external surface of the leaf may also produce and reabsorb aqueous exudates (nectar 
and guttation droplets) that may be suitable places to ROS dissociation and direct 
uptake. Although the relevance of morphological structures in conferring tolerance to O3 
effects is often mentioned, the effective role of O3 on secretory glands functioning and 
consequences to the plant is still unknown. Here we tested the hypothesis that aqueous 
secretory glands are direct routes of O3-dissociated ROS entrance into leaf tissues, 
resulting in higher vulnerability of the plant to O3 effects. To test it, we worked on 
extrafloral nectaries of tropical species [Astronium graveolens (Anacardiaceae), 
Piptadenia gonoacantha (Fabaceae), Passiflora edulis (Passifloraceae)], and 
hydathode pores of sugarcane (Poaceae). Young plants were submitted to an acute O3 
fumigation inside chambers, and routes of nectar and guttation droplets reabsorption 
were identified by the application of Lucifer Yellow (LYCH) tracer over the exuded 
droplets. This methodology was also performed in a FACE experiment to verify if the 
results obtained in chambers are reflected in the real environment. In both chamber and 
FACE situations, LYCH tracer experiments showed that nectar or guttation droplets 
reabsorption (i.e. direct ROS entrance considering the O3 dissociation in the exuded 
nectar/guttation droplets) occurred through extrafloral nectaries and hydathode pores 
previous to the rising of specific O3-symptoms. The reabsorption of ROS-dissociated 
nectar or guttation droplets is a route of direct ROS entrance into inner leaf tissues, thus 
increasing the bearing plant sensitivity to O3. This study highlights the relevance of plant 
surface structures as mechanisms of O3 resistance or susceptibility. An alternative 
model for ozone uptake and plant sensitivity based on glands is proposed. 

 

Keywords: Astronium graveolens, extrafloral nectaries, FACE system, fumigation 
chambers, hydathodes, Passiflora edulis, Piptadenia gonoacantha, sugarcane 
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Leaf beetle activities on Japanese white birch grown under 
elevated O3 
 
Noboru Masui(1), Tomoki Mochizuki(2), Akira Tani(2), Evgenios Agathokleous(1,3), 
Takayoshi Koike(1) 

 
(1)Silviculture & Forest Ecology, Hokkaido University, Sapporo 062-0041, Japan. 
(2)School of Food and Nutritional Science, Univ of Shizuoka, Shizuoka 422-8526, Japan. 
(3)JSPS research fellow at Hokkaido Research Center, Forestry & Forest Products 
Research Institute, Sapporo 062- 8516, Japan 
 
Ground level ozone concentration (O3) has been increasing. Elevated O3 reduces 
photosynthetic activities and usually leaf area. Grazing damages on Japanese white 
birch saplings by leaf beetle were frequently found in the center part of Sapporo city, 
nothern Japan (Lat 43.01, Lon 141.35) whereas the damages were rare in suburb. 
Based on our free-air O3 fumigation system, grazing damages caused by leaf beetles 
were smaller at ambient O3 condition (about 40 ppb) than those at elevated O3 (about 
70 ppb). Although concentration of leaf defense chemicals (total phenolics and 
condensed tannin) was lower in elevated O3, adult leaf beetles avoided leaf grazing at 
alevated O3. To reveal the reason why grazing damages were smaller at O3 site, we 
determined BVOC (Biologocal volatile organic compound) with a gas chromatography. 
There were no statistical differences between ambient and elevated O3 sites in the 
compsotion of BVOC (i.e. monoterpine and sesquiterpene) emitted from birch leaves. 
However, some kinds of aldehyde were slightly larger at elevated O3. We further studied 
the preference traits of adult leaf beetles prior to oviposition in June and August. We 
could not distinguish female and male of leaf beetle by the size so we collected adults 
of leaf beetles of around 80-90 individuals as one cohort. And we used them randomly 
for the following preference experiments. By using the Y-shape tube test, we found that 
no preference of adults was found at O3 concetnration at less than 40 ppb, however, 
adults did not prefer BVOC with elevated O3 (80 and 120 ppb). We may conclude 
behovior of grazing and making oviposition of leaf beeltes is attributed to BVOC 
emission under elevated O3. 
 
Keywords: Leaf phenology, Japanese white birch, leaf beetle, Y-shape tube, BVOC 
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Tropospheric ozone interactions on nitrogen cycling in 
Mediterranean annual pastures  
 
Ignacio González-Fernández(1), Susana Elvira(1), Héctor Calvete-Sogo(1), Javier 
Sanz(1), Rocío Alonso(1), Miguel Quemada(2), Fernando Valiño(1), Héctor García-
Gómez(1), Isaura Rábago(1),Victoria Bermejo-Bermejo(1) 
 
(1)Ecotoxicology of Air Pollution, CIEMAT, Avda. Complutense 40, Madrid, 28040, Spain. 
(2)Dpto. Producción Agraria, ETSIAAB, Universidad Politécnica de Madrid, Avda. 
Complutense s/n, Madrid, 28040, Spain 

 
Annual herbaceous species are widely present in Mediterranean landscapes either 
forming pastures, dehesas or the understory of Mediterranean forests, and usually 
represent an important fraction of the biodiversity of Mediterranean ecosystems. Among 
them, dehesas, sparsely wooded grasslands commonly found in the Iberian peninsula, 
have been protected under the Habitats Directive (92/43/EEC) of the EU. Annual 
Mediterranean pastures are chronically exposed to tropospheric ozone levels above 
current European air quality regulations for the protection of vegetation and in some 
areas they are also subject to atmospheric nitrogen deposition levels that exceed 
empirical critical loads established for the protection of European grassland habitats. 
Recent studies on the ozone sensitivity of annual Mediterranean pasture species have 
shown that besides direct effects on plant growth, forage quality and reproductive ability, 
indirect effects on the nitrogen cycling may also be operating, changing the ecosystem 
functioning. Ozone has been described to reduce the fertilization effect of nitrogen and 
to increase soil nitrous oxide emissions of an annual Mediterranean pasture under 
experimental conditions (Calvete-Sogo et al., 2014, AtmosEnv. 95; Sánchez-Martín et 
al., 2017, AtmosEnv. 165). An open-top chamber experiment on the interaction of ozone 
and nitrogen in a simplified Mediterranean annual pasture community has been used to 
gain insights on the effects of ozone on nitrogen cycling and how these two pollutants 
interact at the plant and soil compartments. Ozone effects on the nitrogen use efficiency 
of component species and on the nitrogen balance of the pasture will be presented. 
Potential interactions between tropospheric ozone and nitrogen in will be put into context 
with the most important, present and foreseen, environmental driver of annual 
Mediterranean pastures: drought. Understanding interactions among air pollutants and 
how these interactions are modified by climate is one of the main current challenges for 
Mediterranean ecosystems. 
 
Keywords: Mediterranean annual pasture; phytotoxic ozone dose; nitrogen use 
efficiency; nitrogen balance; soil nitrous oxide emissions; drought 
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Ozone flux is negatively related to foliar N and P in Swiss beech 
and Norway spruce forest 
 
Lucienne de Witte(1), Sabine Braun(1), Christian Schindler(3), Beat Rihm(4) 

 
(1)Institute for Applied Plant Biology, Sandgrubenstrasse 25, 4124 Schönenbuch, 
Switzerland, (2)Swiss TPH, University of Basel, Socinstrasse 57, 4056 Basel, 
Switzerland, (3)Meteotest, Fabrikstrasse 14, 3012 Berne, Switzerland  
 
Observations in a network of Swiss forest monitoring plots show a decrease in foliar 
concentrations of nitrogen (N) and phosphorus (P) in European beech (Fagus sylvatica), 
Norway spruce (Picea abies) and oaks (Quercus sp.) during the last decades. In beech, 
also foliar potassium (K) and magnesium (Mg) concentrations decreased. The potential 
drivers for these changes were evaluated with the help of multivariable regression 
models. Among other drivers such as nitrogen deposition and soil acidification, ozone 
flux (POD1) was negatively related to foliar N and P in beech and Norway spruce. 
Meanwhile, ozone was found to be a significant predictor for the community composition 
of ectomycorrhiza in 15 beech plots of the same forest monitoring network. These results 
suggest a possible pathway for the reduced foliar nutrient concentrations. Decreased 
carbon allocation to roots is a known impact of ozone and mycorrhizal symbiosis plays 
a key role in nutrient uptake of trees. 
 
Keywords: ozone, foliar nutrients, phosphorus, European beech, Norway spruce, 
ectomycorrhiza 
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Poplar submitted to a succession of ozone and drought 
stresses: dynamic of stomatal responses 
 
Dusart Nicolas(1,2), Didier Le Thiec(1,2), Jean-Charles Olry(1,2), Marie-Noëlle Vaultier(1,2), 
Yves Jolivet(1,2) 

 
(1)Université de Lorraine, Ecologie et Ecophysiologie Forestières, UMR 1137, BP70239, 

Vandoeuvre-lès-Nancy, F-54506, France (2)INRA, Ecologie et Ecophysiologie 
Forestières, UMR 1137, Champenoux, F-54280, France 
 
Nowadays, plants are facing stronger environmental stresses due to anthropogenic 
activities (atmospheric pollution, climate changes). To protect forest health, we need to 
improve risk assessment, taking into account interacting stresses. For example, the 
impact of ozone (O3) events pollution on drought response needs a special attention. 
Indeed, it is very likely to have an O3 spring episode before summer drought. O3 could 
affect the stomatal dynamic under drought through stomatal sluggishness. We intend to 
decipher the response of stomatal closure/aperture mechanisms relative to light or vapor 
pressure deficit variation in condition of O3 stresses and for drought stress (with or 
without previous O3 stress). Two genotypes of Populus nigra x deltoides were exposed 
to various treatments during 21 days. Trees were exposed to 80 ppb/day O3 for 13th day 
then to a moderate drought. The objectives of this work:  - Are there differences of 
stomatal movement dynamics linked to environmental variables (light, VPD) among 
poplar genotypes and between hydric regimes or O3? - Does O3 treatment modify the 
drought-induced stomatal closure? - How do those differences, studied at the leaf scale, 
contribute to WUE at the whole plant scale? 
 
Keywords: poplar, ozone, drought, light, VPD, stomatal closure 
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Ozone and BVOC exchanges between biosphere and 
atmosphere 
 
Silvano Fares 
 
Council for Agricultural Research and Economics, Research Centre for Forestry and 
Wood, Arezzo, Italy 
 
Ozone is the main oxidant stressor in regions with warm climates, where high 
temperatures and large emission of precursors (Nitrogen oxides and hydrocarbons) from 
anthropic sources lead to the formation of this secondary pollutant. Plants can remove 
ozone from the atmosphere through stomatal absorption (i.e. ozone penetrates stomata 
and reacts with leaf tissues) and various non-stomatal deposition processes. Many 
vascular plants can produce and emit into the atmosphere large amount of Biogenic 
Volatile Organic Compounds (BVOC), largely represented by isoprenoids. BVOC 
emission is particularly stimulated by high temperatures, similar conditions promoting 
high levels of tropospheric ozone. One of the reason why plants invest energy to produce 
BVOC is that these molecules can play as antioxidant, thus defending leaf tissues from 
the adverse effects of oxidant molecules. Chemical lifetime of isoprenoids such as 
sesquiterpenes is very short due to fast reactions with ozone and other reactive 
molecules. In order to fully explore plant-atmosphere interactions under environmental 
stress, bi-directional exchanges of BVOC, CO2, water, and ozone should be investigated 
simultaneously. Gas exchange studies through laboratory experiments using branch 
enclosures and through field measurements at canopy level with the Eddy Covariance 
technique help to understand possible links between BVOC emission and ozone 
removal inside leaves and in the gas phase in the sub-canopy region. In my talk, I will 
introduce examples of such studies, mostly performed in agricultural and forest 
ecosystems located in ozone stressed Mediterranean areas. Mediterranean forest 
ecosystems are indeed exposed to high loads of anthropogenic pollutants and are 
among the most threatened ecosystems on Earth by climate changes. Advantages and 
disadvantages from using state of the art instrumentation for fast detection of ozone and 
BVOC will be analysed, as well as the most advanced modelling approaches currently 
adopted to predict BVOC emission, and ozone sequestration in the soil-plant-
atmosphere continuum. Future research needs will emerge after deep evaluation of 
what has been discovered so far and what is highly needed to better understand the link 
between BVOC emission and ozone removal by plants. 
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Linking ozone susceptibility to induced emissions of biogenic 
volatile organic compounds 
 
Rüdiger Grote 
 
Karlsruhe Institute of Technology, Institute for Meteorology and Climate Research (IMK-
IFU), Kreuzeckbahnstrasse 19, 82467 Garmisch-Partenkirchen, Germany 
 
Ozone damage is usually linked to ozone concentration and/ or uptake but the large 
variety of sensitivities is either neglected or linked to a single species-specific property. 
However, sensitivity to ozone stress differs not only by species but also by season, pre-
disposition to other stresses (e.g. drought) and environmental conditions such as 
temperature. Therefore, estimates of damages due to ozone under future climates are 
highly uncertain. Sensitivity depends on at least four processes that are either related to 
stomatal control or to biochemical defense reactions. The latter are generally assumed 
to be constitutive but also have an inducible component. It has been noted that this 
inducible component is linked to the capacity of plants to form biogenic volatile organic 
compounds (BVOCs) such as isoprene. The current work describes the link as it has 
been put into a physiological model. Since the BVOC emission depends on 
photosynthesis activity, photosynthesis can be damaged by ozone uptake, but the 
damage depends on BVOC emission, and a full feedback cycle has been implemented. 
The model offers the possibility to hypothesize about future plant responses to air 
pollutants as well as about the effect of emission changes that in turn might affect ozone 
formation.  
 
Keywords: ozone damage, BVOC emission, induced defense, modelling 
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Spatial variability of isoprene emission in China under the 
ambient O3 concentration using MEGAN and PS_BVOCs model 
 
Xiangyang Yuan(1,2), Xu Yue(3), Zhaozhong Feng(1,2)  
 
(1)State 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; (2)College of Resources and Environment, University of 
Chinese Academy of Sciences, Beijing 100049, China; (3)Institute of Atmospheric 
Physics, Chinese Academy of Sciences, Beijing 100029, China 
 
Due to a significant interaction between biogenic volatile organic compounds (BVOCs) 
and global climate change, improving understanding of regional isoprene emissions 
under the present and future elevated O3 conditions is imperative. Past estimations of 
BVOC emissions in China were based on conventional algorithms and models, few take 
into account the impacts of O3. With an increasing ambient O3 concentration in most 
parts of China, previous models will lead to large inaccuracies in the estimated results. 
To refine isoprene emission estimation for China and to further explore the role of O3 

impact on isoprene emission, the latest algorithms of MEGAN (Model of Emissions of 
Gases and Aerosols from Nature) and PS_BVOCs model with the parameterization of 
O3 were used to estimate the biogenic emissions of isoprene (C5H8) in China. The 
combined local-survey and experiment-based data were used to characterize plant 
functional types, and base emission factors of isoprene. Real-time MODIS (Moderate 
Resolution Imaging Spectroradiometer) data were introduced to update the land-use 
parameters and high-resolution meteorological outputs from the MM5 model to 
determine the influence of leaf area index (LAI) and leaf age deviation from standard 
conditions. Because of the considerable regional disparity in plant distributions and 
meteorological conditions across China, isoprene emission presented significant spatial 
and temporal variations in both two models. Compared with isoprene emission data from 
MEGAN model, the effects of O3 was obvious especial in eastern region of China. The 
results also indicate high uncertainties in isoprene emission estimated. We present an 
improved estimation of isoprene emissions, which provides important information for 
further exploration of the role of global climate change on BVOCs emission. 
 
Key words: Isoprene emission, Tropospheric O3, MEGAN model, PS_BVOCs model 
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Ornamental plants used as tool for remediation of ozone 
pollution in indoor environment 
 
Pallavi Saxena(1) and Chirashree Ghosh(2) 

 
(1)Department of Environmental Sciences, Hindu College, University of Delhi, Delhi-
110007, India. (2)Department of Environmental Studies, University of Delhi, Delhi-
110007, India 
 
Indoor air pollution is more severe than outdoor air pollution especially in context with 
human health. A number of studies have been reported on outdoor environments which 
indicate that vegetation act as sink for outdoor ozone but very less data available for 
indoor environment taken ozone as a pollutant with the help of indoor ornamental plants. 
This study evaluate ozone deposition velocities (vd) for three common indoor ornamental 
plants (Dracaena deremensis, Tagetes erecta and Lilium candidum). Vd was calculated 
by using measured leaf areas of each plant and give exposures for two diurnal cycles 
where ozone concentrations in chamber tests were elevated for 8 h followed by 16 h in 
the absence of ozone. Estimates of vd after the exposures ranged from 5.6 m/h for 
Dracaena deremensis to 0.9 m/h for Lilium candidum.  Values of vd were approximately 
50% and 66% lower at the end of a second exposure and third exposure, respectively. 
For deposition velocities measured in this study, the ozone removal effectiveness 
ranges from 0.9% to 9% for leaf surface area to room volume ratio of 0.06/m when 
accounting for values for air exchange and background loss typical of a residential 
environment. 
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Plants 2018. To apply for the Award, authors need to include the specific mark in the 
upper right corner of their poster. 

During the poster sessions, participants will evaluate posters based on the level of 
research, quality of the poster and clarity of the presentation. The award consists in a 
certificate and will be assigned during the closing ceremony. 

 

 

  



International Conference on Ozone and Plant Ecosystems. 21-25 May, 2018 - Florence, Italy 

82 
 

  



International Conference on Ozone and Plant Ecosystems. 21-25 May, 2018 - Florence, Italy 

83 
 

Elevated O3 affects the decomposition process in different types 
of soil 
 
Evgenios Agathokleous(1,2), Alessandra De Marco(3), Mitsutoshi Kitao(1), Takayoshi 
Koike(2), William J. Manning(4), Georgia Ntatsi(5), Elena Paoletti(6), Costas J. Saitanis(5), 
Judith Sarneel(7), Pierre Sicard(8), Marcello Vitale(9) 

 

(1)Forestry and Forest Products Research Institute, 7 Hitsujigaoka, Sapporo, Hokkaido, 
062-8516, Japan. (2)Hokkaido University, Kita 9 Nishi 9, Sapporo, 060-8589, Japan. 
(3)Italian National Agency for New Technologies, C.R. Maria di Galeria, Rome, 00123, 
Italy. (4)University of Massachusetts, Amherst, 639 North Pleasant Street, 01003, USA. 
(5)Agricultural University of Athens, 75 Iera Odos, Athens, 11855, Greece. (6)National 
Research Council, Sesto Fiorentino Via Madonna del Piano 10, Florence, 50019, Italy. 
(7)Umeå Universitet, Uminova Science Park plan 3 Tvistevägen 48, 901 87, Sweden. 
(8)ACRI-HE, 260 Route Du Pin Montard BP234, Sophia-Antipolis Cedex, 06904, France. 
(9)Sapienza University of Rome, Piazzale Aldo Moro 5, Rome, 00185, Italy 
 
Ozone (O3) pollution remains a global challenge for the scientific community and 
stakeholders. Ample scientific evidence shows that elevated O3 levels negatively affect 
trees with further potential ecological consequences in the long term. It remains however 
poorly understood whether and how elevated O3 alters the core process of litter 
decomposition in forest ecosystems and how the type of soil modifies the impact of O3. 
We will present our novel project for studying the decomposition process in communities 
of native to Northeast Asia deciduous trees. Trees of these communities are growing in 
three different types of soil. These trees have been previously (during the years 2014-
2016) exposed to ambient or elevated O3 levels, in a novel and globally unique 
experimental station located at the Northern island of Japan, Hokkaido. Based on plant-
level data, according to which O3 affected nutrient re-translocation during the seasons 
2014-2016, we hypothesized indirect effects of O3 on the decomposition process in soils, 
independently from O3 injury on plants and the leaf litter per se. To investigate the 
impacts on decomposition process, we employed the standardized Tea Bag Index (TBI) 
method. Accordingly, we implanted tea bags of two types of tea in the soil of each 
experimental condition in Autumn 2016, which we retrieve periodically. In addition, we 
installed field chambers from which we periodically receive samples to analyze the major 
greenhouse gases emitted from soil. This project will provide critical information which 
can be served as the basis for modeling too. 
 
Keywords: nutrient cycling, decomposition, greenhouse gases, ozone, tea bag index 
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Japanese larch seedlings grown in containers, inoculated with 
ectomycorrhizal fungi, and exposed to ozone 
 
Evgenios Agathokleous(1), Mitsutoshi Kitao(1), Hideyuki Saito(2), Hisanori Harayama(1), 
Akira Uemura(1), Takayoshi Koike(2) 

 
(1)Forestry and Forest Products Research Institute, 7 Hitsujigaoka, Sapporo, 062-8516, 
Japan. (2)Hokkaido University, Kita 9 Nishi 9, Sapporo, 060-8589, Japan 
 
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. 
However, successful symbiosis may also promote seedling tolerance to drought through 
an increase in water uptake. Such an improvement of water status may cause higher O3 
uptake via stomatal openness, leading to higher sensitivity 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 influence plant tolerance to O3. We will discuss our recent findings 
which will contribute in understanding tree responses to changing environment and 
promoting tree tolerance to O3 in Asia. 
 
Keywords: drought, ectomycorrhizae, fertilization, forestry practice, ozone, stress, 
tolerance 
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Ozone deposition in forest canopies 
 
Kirsti Ashworth(1), Frederick Otu-Larbi(1), Adriano Conte(2), Silvano Fares(2), Oliver Wild(1) 

 
(1)Lancaster Environment Centre, Lancaster University, Lancaster, LA2 9HY, UK. 
(2)Council for Agricultural Research and Economics, Via della Navicella, 2-4 - 00184 
Roma, Italy 
 
Dry deposition is the dominant sink for tropospheric ozone and removal rates by 
vegetated surfaces are several times higher than bare ground. However, ozone is a 
powerful phytotoxin and uptake through the stomata leads to oxidative stress and 
damage to plant cells. This impairs many physiological processes, reducing 
photosynthesis and carbon assimilation, inducing early senescence and disrupting 
stomatal functioning. However, the net effect of these various impacts on plant health 
and growth, and on ozone deposition rates and atmospheric concentrations is not well 
understood. Here we apply the FORCAsT (FORest Canopy-Atmosphere Transfer) one-
dimensional canopy model to investigate the underlying processes driving ozone 
deposition and uptake. We incorporate three photosynthesis and stomatal conductance 
models and evaluate the ability of the model to capture observed ozone concentrations 
and fluxes in a Holm oak forest at Castelporziano Estate, Rome. We perform sensitivity 
tests with each physiological mechanism to investigate stomatal and non-stomatal 
ozone deposition fluxes under a range of background ozone concentrations and 
environmental conditions. We determine the impact of ozone damage to physiological 
processes on atmospheric fluxes and concentrations and ozone reactivity within the 
canopy space. We identify the key processes governing the rate of ozone uptake in each 
case. 
 
Keywords: ozone deposition, stomatal conductance, forest canopy, biosphere-
atmosphere exchange, ozone reactivity 
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Effect of ozone on physiological response of Israeli wheat 
cultivars 
 
Nivedita Chaudhary(1), David Bonfil(2), Eran Tas(3) 
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8531100, Israel. (2)The Department of Vegetable and Field Crop Research, The Institute 
of Plant Sciences, Agricultural Research Organization, Gilat Research Center, M.P. 
Negev, 8531100, Israel. (3)The Department of Soil and Water Sciences, The Robert H. 
Smith Faculty of Agriculture, Food and Environment, Hebrew University of Jerusalem, 
Rehovot 76100, Israel 
 
Tropospheric ozone (O3) is globally recognized as a phytotoxic atmospheric pollutant 
become a potential threat to agriculture. Numerous studies on effect of O3 on crop plants 
revealed wheat as one of the sensitive crop additionally the effect varies with species, 
cultivars and environmental factors. Wheat is a major crop in Israel and the present 
study is the first attempt to investigate the effect of O3 on commercial Israeli wheat 
(Triticum aestivum L.) cultivars selected according to phenological variability. Yuval, 
Zahir and Amit are very early; Galil, Negev and Ruta are late, while Gedera, Binyamin 
and Bar-Nir are intermediate maturing phenotypes. Study was undertaken to determine 
the effect of chronic O3 expsoure on plants using open top chambers and exposed with 
~10 %, above ambient O3 from flag leaf emergence till the maturity of the plants. Gas 
exchange measurements accomplished on randomly selected fully expanded flag leaf 
from emergence, heading and flowering stages of plants with maintained microclimatic 
condition inside the leaf chamber of photosynthetic system. Statistically significant 
reduction in photosynthtic rate (Ps) was observed between O3 and control treatments; 
however, across cultivar variations were insignificant. Amongst test cultivars BarNir 
showed maximum reduction in O3 exposed plants as comparison to control. Stomatal 
conductance (gs) reduced in Amit and BarNir (significant) and Gedera, however, 
increased in others. Intercellular CO2 also followed the similar trend of variation. An 
acute O3 exposure experiment was also carried out in the greenhouse; cultivars were 
exposed continuously above 100 ppb O3 for four days at the flowering stage resulted 
significant variation across treatment in Ps and within cultivars in gs, besides O3 induced 
foliar injury symptoms were also observed under elevated O3 treatment. Study suggests 
that O3 is the threat for wheat cultivation and pave the way for further investigation for 
differential cultivar respons with altering environmental factors and comparison with the 
present study results. 
 
Keywords: Wheat; Ozone, Physiology, Open top chamber; Ozone injury 
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Anatomical responses of a tropical liana species (Passiflora 
edulis) to ozone stress 
 
Francine Faia Fernandes(1), Poliana Cardoso-Gustavson(2), Marcela Regina Gonçalves 
da Silva Engela(1), Marisia Pannia Esposito(1), Yasutomo Hoshika(3), Elisa Carrari(3), 
Marisa Domingos(1), Elena Paoletti(3) 

 
(1)Instituto de Botânica, Núcleo de Pesquisa em Ecologia, Avenida Miguel Stéfano 3687, 
04045-972 São Paulo, Brazil. (2)Universidade Federal do ABC, Centro de Ciências 
Naturais e Humanas, Rua Arcturus 03, 09606-070 São Bernardo do Campo, Brazil. 
(3)Institute for Sustainable Plant Protection, National Research Council, Via Madonna del 
Piano 10, 50019 Sesto Fiorentino, Florence, Italy 
 
Passiflora edulis (Passifloreaceae) is a wide-world distributed Brazilian native liana 
species. It has a high economic value due to its fruits and pharmacological properties. 
Most Passiflora species are identified and collected in the border of fragmented 
vegetation. Indeed, lianas compete with trees, interfering in their growth and mortality 
rate. Due to these effects over trees, lianas are considered as plagues, compromising 
the ecosystem homeostasis. The effects of ozone over liana species are, however, 
almost completely unknown. Thus, we aimed to identify microscopic changes in P. edulis 
leaves maintained in a FACE (Free-Air Controlled Exposure) ozone system installed at 
the Institute of Sustainable Plant Protection/National Council of Research (IPSP/CNR). 
Plants were submitted to a high ozone exposure (ambient O3 x 2.0) and compared to 
ambient air concentrations. Samples from asymptomatic and symptomatic leaves 
(predominantly chloroses) were collected at the beginning and after 94 days of exposure 
and detailed microscopic analyses were performed. Preliminary results indicated 
following changes in leaf structure of plants from high free air ozone exposure: epidermal 
cells with sinuous walls, and alterations in the palisade parenchyma tissue, such as a 
fraction of chloroplasts with plastoglobuli accumulation and fewer starch grains, nuclei 
deformation and plasmolysis of some cell groups. All of them are indicative of plant 
sensitivity to ozone. In addition, macroscopic symptoms and changes in leaf architecture 
were observed. We are now evaluating physiological and volatile data also collected 
during the fumigation exposure period to compare with anatomical data obtained so far.  
 
Keywords: FACE system, leaf anatomy, microscopic markers, oxidative stress, passion 
fruit. 
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Regulation of the ascorbate-glutathione cycle in leaves of poplar 
exposed to combined stresses (ozone and/or drought) 

 
Dusart Nicolas(1,2), Marie-Noëlle Vaultier(1,2), Christelle Collignon(1,2), Joëlle Gérard(1,2) , 
Didier Le Thiec (1,2), Yves Jolivet(1,2) 
 

(1)Université de Lorraine, Ecologie et Ecophysiologie Forestières, UMR 1137, BP70239, 
Vandoeuvre-lès-Nancy, F-54506, France. (2)INRA, Ecologie et Ecophysiologie 
Forestières, UMR 1137, Champenoux, F-54280, France 
 
Nowadays, due to anthropogenic atmospheric pollution, trees are facing stronger 
environmental stresses leading to an increase of oxidative stress. To protect forest 
health, improvements in risk assessment are needed, taking into account detoxification 
mechanisms and interacting stresses. For example, the impact of drought events on the 
effect of ozone (O3) pollution needs a special attention. In this work, we intended to 
decipher the response of detoxification mechanisms relative to Halliwell-Asada-Foyer 
cycle (HAF) in condition of combined stresses (drought + O3). Genotypes of Populus 
nigra x P. deltoides were exposed during 17 days to various treatments: i) a mild drought, 
ii) an exposure to 120 ppb O3 and iii) a combination of both treatments. Ascorbate and 
glutathione pools (reduced and oxidized), enzyme activity and expression of the different 
gene isoforms coding for HAF proteins were studied. Depending the isoforms, and 
probably linked with the putative localization of ROS production in response to drought 
and ozone, respectively, different expression profiles were observed. Finally, some 
enzymes of ascorbate-glutathione cycle displayed an intermediate regulation (gene 
expression, activity level) for combined treatment compared to drought and ozone 
separately applied. 

 

Keywords: poplar, ozone, drought, detoxification, ascorbate, glutathione 
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Reversible photoinhibition in purple- and green-leafed sweet 
basil (Ocimum basilicum) exposed to ozone 
 
Lucia Guidi, Elisa Pellegrini, Marco Landi, Lorenzo Cotrozzi, Giacomo Lorenzini, 
Cristina Nali 
 
Department of Agriculture, Food and Environment, University of Pisa, Via del Borghetto 
80, 56124, Pisa, Italy 
 
A research was conducted to investigate the physiological response of two cultivars of 
sweet basil (Ocimum basilicum) characterized by the different colour of leaves (Purple 
Ruffle, PR, red, and Green Ruffle, GR, green) to realistic ozone (O3) dosages (60, 80 
and 100 nL L-1 for 3 or 5 h). The aim was to evaluate the influence of anthocyanins on 
the oxidative stress induced by the pollutant in relation to their photoprotective and 
antioxidant capacity. At the end of the exposure and during the recovery in filtered air, 
chlorophyll a fluorescence and gas exchange were analysed on mature leaves. Overall, 
PR showed a lower sensitivity to O3 as compared to GR as testimony by the appearance 
of minute roundish browning necrosis only on both the surfaces of the fully-expanded 
leaves of GR. Chlorophyll a fluorescence analysis revealed differences in the responses 
of genotypes to O3. The potential PSII photochemical efficiency (Fv/Fm ratio) significantly 
changed in PR only at the highest O3 dose (0.77 and 0.76 in comparison to ~0.80 in 
controls, respectively at 3 and 5 h). However, this ratio recovered 2 h after the end of 
the fumigation reaching the values of controls. Differently, GR showed a decrease in 
Fv/Fm at all the dosages (excluded the lowest 60 nL L-1 for 3 h) and the values did not 
recover until 3 h after the end of the fumigation (100 nL L-1, independently of the 
duration). Analysis of gas exchanges revealed differences in the response of the two 
cultivars to O3 (80 nL L-1 for 5 h), which negatively affected CO2 photoassimilation more 
in GR (-54%) than in PR (-28%), but no differences in stomatal conductance were 
observed (-46 and -52%, in PR and GR, respectively). A detailed analysis of the 
mechanisms involved in the reversible photoinhibition is discussed.  
 
Keywords: O3, photosynthesis, PSII, chlorophyll a fluorescence, gas exchange, visible 
injury, photochemical efficiency 
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