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OZONE AIR POLLUTION AND EFFECTS TO NATIVES PLANTS IN SWITZERLAND 

1. SUMMARY 

This final report includes the findings from the WSL project funded by the Swiss Agency for the 
Environment, Forests and Landscape (SAEFL/BUWAL) (contract Nr. WE03/2000 I 07) for the 
time period from 1 April 2000 until 30 April 2002. The content is based on the previously 
published annual reports for the SAEFL and on two publications recently submitted to the peer 
reviewed journal Environmental Pollution. 
The report is divided into three main chapters. Two chapters are describing studies investigating 
the effects of ozone on native plant species grown (i) at the Lattecaldo open-top chamber (OTC) 
research facility and (ii) under natural forest conditions on Level II long-term forest monitoring 
plots. The third main chapter (iii) describes the results from an exercise conducted during the 2nd 

UN/ECE ICP-Forest Intercalibration Course, held in Switzerland and Italy in August 2001. 
Furthermore, the report gives an overview of activities during the two-year project period such as 
publications and extension. The future perspectives are based on the submitted WSL project 
proposal for the SAEFL from 28 March 2002. 

Following a summary of the aims (A) and expected results (E) based on the proposal, followed 
by the abstract of the actual results (R). 

Al To determine, assess and validate visible and non visible ozone symptoms (foliar 
symptoms, physiological symptoms, senescence). 

El The results will expand our listing of species known to be sensitive to ambient ozone 
exposures in southern Switzerland. 

Rl Plant responses to ozone varied significantly among species; however, 11 species exhibited 
visible symptoms typical of exposures to ambient ozone. The symptomatic species were 
Populus nigra, Viburnum lantana, Sa/ix alba, Crataegus monogyna, Viburnum opulus, 
Tilia platyphyllos, Cornus alba, Prunus avium, Fraxinus excelsior, Ribes alpinum, and 
Tilia cordata; Clematis spp. did not show foliar symptoms (Chapter 2; paper I). In 2000, no 
physiological measurements were conducted since the plants were still under planting 
shock and in the stage of establishment to their environment. The gas exchange 
measurements of 2001, conducted with the LiCor6200 photosynthesis system, will be 
analyzed combined with the 2002 measurements conducted with the LiCor6400 allowing a 
scientific more profound study about the effect of elevated ozone concentrations on the 
physiological behavior of the seedlings. 

A2 To examine the seasonal long-term and cumulative ozone exposures required to induce the 
onset and development of visible foliar injury on several forest, shrub and herb species in 
southern Switzerland as a continuing study. 

E2 Via the OTC facility, we will have demonstrated initial injury thresholds, the season long 
development of symptoms for the species tested and the relationships to the AOT40 
concept of preventing damages will be determined. 

R2 Of the 11 symptomatic species (Populus nigra, Viburnum /antana, Sa/ix alba, Crataegus 

monogyna, Viburnum opulus, Tilia platyphyllos, Cornus alba, Prunus avium, Fraxinus 
excelsior, Ribes alpinum, and Tilia cordata), 5 showed initial injury below the critical level 
AOT40 10 ppm.h 03 in the 2001 season (Populus nigra, Viburnum /antana, Sa/ix alba, 
Crataegus monogyna, Viburnum opulus ). Further investigations are needed to determine 
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weather the increased and early symptom development is followed by reduced carbon 
allocation biomass, respectively. (Chapter 2; paper I, Figure 4) 

A3 To assess the sensitivity of different plant species to ozone in southern Switzerland and 
determination of dose-response relationships. 

E3 A sensitivity ranking list will be a result from the survey, being aware, however that other 
ecological factors like, e.g., nutrition, water availability, radiation and other biotic impacts 
may modify the sensitivity to ozone. 

R3 Symptomatic species, from most to least sensitive were Populus nigra, Viburnum lantana, 
Sa/ix alba, Crataegus monogyna, Viburnum opulus, Tilia platyphyllos, Cornus alba, 
Prunus avium, Fraxinus excelsior, Ribes alpinum, and Tilia cordata; Clematis spp. did not 
show foliar symptoms (Chapter 2; paper I). 

A4 To test the applicability of the ICP-Forests Sub-Manual on 'Methods and Criteria for 
Harmonized Monitoring and Assessment of Ambient Air Quality and Ozone Effects in 
Forest Ecosystems'. 

R4 The results of the exercise during the UN/ECE ICP-Forest training course at the Lattecaldo 
OTC facility call for an adequate training of the observers prior to the symptom assessment 
in order to achieve accurate results. The results demonstrate that the percentage of visible 
injury per plant and leaf area is usually underestimated. In particular the high injury classes 
tend to be more misjudged than the lower injury classes. The high score of 88% agreement 
with the reference values (assessed by Romania), not only shows that a trained person can 
obtain higher skills in the assessment of visible ozone-induced injury but also that the 
applied Horsfall and Barratt rating system and the flowchart for the diagnosis of ozone
induced injury are valuable tools to achieve accurate results for the symptom assessment on 
broadleaved species in the field. (Results are shown in chapter 3 and 4) 

A5 To assess experimentally determined symptoms in the field 
R5 Within the frame work of UN/ECE and ICP-Forests, visible ozone-like injury was assessed 

on 5 Level II plots in late summer of2000 (by P. Vollenweider) and on all 16 Level II plots 
in 2001 (by Bassin and Schaub). A list of percent of symptomatic, non symptomatic, and 
untypical symptomatic plants/species was developed for each plot. The number of 
symptomatic species in 2000 correlated with the weekly mean ozone concentrations and 
were two for Othmarsingen (Robinia pseudoacacia, Acer pseudoplatanus ), 4 for 
Bettlachstock (Fagus sylvatica, Viburnum lantana, Sorbus aria, Picea abies), and 5 for 
Novaggio (Fagus sylvatica, Cory/us avellana, Prunus serotina, Alnus viridis, Rubus spp.). 
In Novaggio, symptoms were difficult to distinguish from seasonal discoloration, 
accelerated by drought stress. 
In 2001, following species were symptomatic in Othmarsingen (Carpinus betulus, Fraxinus 
excelsior, Oenothera biennis, Robinia pseudoacacia, Sa/ix alba, Sa/ix caprea), 
Vordemwald (Impatiens parviflora), Bettlachstock (Aquilegia vulgaris, Fraxinus excelsior, 
Heracleum sphondylium, Lonicera xylosteum, Rosa spp., Viburnum lantana), and in 
Novaggio (Acer pseudoplatanus, Rubus spp.). In 2001, there was a lack of correlation 
between symptomatic species and the seasonal average of weekly mean ozone 
concentrations on the 5 Level II plots, suggesting additional influence of environmental 
factors such as site conditions and species composition. (Figure 18, Annual Report 2001). 
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Continuing annual foliar symptom assessments are needed in order to gain more experience 
and more profound data collection for an ozone risk assessment (Results are shown in 
chapter 3). The test of the applicability of the ICP-Forests Sub-Manual will be continued 
within the SAEFL proposal from 28 March 2002. Furthermore, a QA/QC will be made in 
2002 comparing the assessment results of two different field teams (Goerg-Gilnthardt -
Schaub). 

A6 To assess the influence of environmental modifying factors ( e.g. soil moisture deficit, 
vapor pressure deficit, temperature, radiation, wind speed) on the occurrence of ozone 
symptoms and to develop a regionalized risk assessment on the basis of ozone monitoring 
and modeling data. 

R6 Requires further investigations; the application and validation of an Ozone deposition 
model will be the main focus within the SAEFL proposal from 28 March 2002. 

A 7 To produce information on ambient air quality in forest ecosystems. 
R7 The weakly mean ozone concentrations indicate clear differences in ozone exposures 

among the five Level II and the Lattecaldo plots with the southern plots Novaggio and 
Lattecaldo showing the highest and Othmarsingen the lowest weekly averages of ozone 
concentrations consistently throughout both seasons. Distinct patterns are reflecting 
significant meteorological influences on all five Level II plots. In 2000, the results of the 
ozone-like symptom assessment show a correlation between the weekly average of ozone 
exposures and the percent of symptomatic species on five Level II plots. In 2001, there was 
a lack of correlation between symptomatic species and the seasonal average of weekly 
mean ozone concentrations suggesting additional environmental influence factors (Chapter 
2 and 3). 
The gained knowledge and the information on ambient air quality in forest ecosystems was 
translated into several extension projects and meetings, e.g.: 

• Exhibition 'PUBLOZON 2000', KV Zilrich Business School, 21 Sept-5 Oct 2000. 
• Hereinspaziert ins Ozongewachshaus. Science et cite, ZH Festival des Wissens, 

4-7 May 2001. 
• WSL ozone web page: http://www.wsl.ch/ozone/ 
• Hosting of the '2nd UNECE/ICP-Forests Intercalibration Course on the Assessment 

of Ozone Injury on European Tree Species', 22-24 Aug 2001. 

For the entire list of publications, proposals and extension projects, please see chapters 6 and 7. 
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2. OPEN-TOP CHAMBER SEEDLING STUDY (paper I) 

Novak, K., Skelly, J., Schaub, M., Kraeuchi, N., Hug, C., Landolt, W., Bleuler, P. (submitted). Ozone air 

pollution and foliar injury development. Environmental Pollution. 

Abstract 

This study examined the foliar sensitivity to ozone exposure of 12 tree, shrub, and herbaceous 
species native to southern Switzerland and the seasonal cumulative ozone exposures required to 
induce visible foliar injury were determined. The study was conducted from the beginning of 
May through the end of August during 2000 and 2001 using an open-top chamber research 
facility located within the Vivaio Lattecaldo Cantonal Forest Nursery in Canton Ticino, southern 
Switzerland ( 600 m asl). Plants were examined daily and dates of initial foliar injury were 
recorded in order to determine the cumulative AOT40 ppb.h ozone exposure required to cause 
visible foliar injury. Plant responses to ozone varied significantly among species; however, 11 
species exhibited visible symptoms typical of exposures to ambient ozone. The symptomatic 
species (from most to least sensitive) were Populus nigra, Viburnum lantana, Salix alba, 
Crataegus monogyna, Viburnum opulus, Tilia platyphyllos, Cornus alba, Prunus avium, 
Fraxinus excelsior, Ribes alpinum, and Tilia cordata; Clematis spp. did not show foliar 
symptoms. Of the 11 symptomatic species, 5 showed initial injury below the critical level 
AOT40 10 ppm.h 03 in the 2001 season. 

2.1. Introduction 

2.1.1. Ozone in southern Switzerland 

Canton Ticino is located in the sub-alpine region of southern Switzerland and is bordered by the 
Swiss Alps to the north and the heavily industrialized and populated Po Plain and the city of 
Milano, Italy to the south. The Swiss and Italian Alps act as a barrier to northern and central 
European air mass transport and as a result, much of Canton Ticino is influenced by a 
Mediterranean climate; weather patterns consist of bright hot, sunny days during the summer 
season extending from early May through to late October. 
The long-range transport of ozone and its precursor chemicals is known to occur throughout 
Europe, resulting in elevated ozone concentrations many kilometers from the source region 
(Derwent and Jenkin, 1991; Vecchi and Valli, 1999; Wotawa et al., 2000). Staffelbach et al. 
(1997a,b) reported ozone concentrations of 166 ppbv near Chiasso, located in the southern tip of 
Ticino only several kilometers from the site of the current study. Ozone concentrations are 
influenced by the "Milan urban plume" which contains elevated levels of primary pollutants, 
including nitrogen oxides, and hydrocarbons. A northwesterly wind can transport this plume into 
northern Italy and southern Switzerland where it enters the complex topography of the sub-alpine 
region (Bacci et al., 1990; Staffelbach et al., 1997b; Wotawa et al., 2000). These air masses then 
circulate on a diurnal cycle and create a cumulative daily build-up of ozone (Bacci et al., 1990; 
Wunderli and Gehrig, 1990). The increased elevation of the Alps also influences ozone 
concentrations; concentrations increase as elevation increases (Wunderli and Gehrig, 1990; 
Bacci et al., 1990; Bronnimann et al., 2000). More recent studies at the Lattecaldo research site 
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have shown ozone concentrations continuing to reach hourly averages of ea. 140 ppb 
(VanderHeyden et al., 2001). 

2.1.2. Effects on vegetation 

The current European critical level of ozone as set to protect forest vegetation is expressed at 
values of AOT40 < 10 ppm.h (the amount of ozone accumulated over a threshold of 40 ppb) 
during daylight hours when solar radiation exceeds 50 wm·2, over a six-month growing season 
(Ashmore and Davison, 1996; Fuhrer et al., 1997). The critical level has been exceeded at 
numerous monitoring stations throughout Switzerland and southern Europe (NABEL, 1995; de 
Leeuw and de Paus, 2001; Gerosa et al., 1999; VanderHeyden, 1999; VanderHeyden et al., 
2001). Various plant species throughout Europe have proven to be symptomatic of ozone 
exposures, with most incidences of foliar symptoms occurring in southern Europe and the 
Mediterranean region (Skelly et al., 1999). Foliar ozone-induced symptoms have been observed 
and confirmed on a variety of native plant species in Canton Ticino via surveys and open-top 
chamber studies (Innes and Skelly, 1996; Skelly et al., 1998, 1999; VanderHeyden, 1999; 
VanderHeyden et al., 2001) (Table I). Species varied significantly in response to ozone 
exposures (Innes et al., 2001). The occurrence of ozone-induced injury to crops and forest 
species in Italy and other Mediterranean areas has also been reported (Lorenzini et al., 1995; 
Schenone and Lorenzini, 1992; Schenone, 1993; Bussotti and Ferretti, 1998; Inclan et al., 1999). 

2.1.3. Previous studies in Ticino, Switzerland 

In 1993 in the Canton of Ticino in southern Switzerland, typical ozone-induced injury was 
observed on black cherry, Prunus serotina Ehrh. near Ponte Tresa. Initial field surveys of foliar 
symptoms typical of ozone-induced injuries on black cherry were conducted in Ticino in 1994 
and 1995. The findings of the survey indicated that symptomatic trees occurred throughout 
southern Ticino (Skelly et al., 1998). Beginning in 1995, an open-top chamber facility was 
established at the Vivaio Lattecaldo Cantonal Forest Nursery in Ticino, located several 
kilometers from the Italian-Swiss border. Innes and Skelly (1996) exposed seedlings of black 
cherry, P. serotina, European beech, Fagus sylvatica L., and European ash, Fraxinus excelsior L. 
to ambient air, non-filtered air (~90% ambient 03), and charcoal filtered air (~50% ambient 03) 
at the Lattecaldo Nursery site. All species grown in ambient conditions displayed visible ozone 
symptoms; the type and severity of symptoms varied within and among species. Black cherry 
was found to be the most sensitive of the three species investigated. In addition, these symptoms 
occurred at exposures below the European air quality standard of AOT40 10 ppm.h 03 (Innes 
and Skelly, 1996; Ghosh et al., 1998). 
Additional field surveys were conducted in 1995 through 1998 within and around the Lattecaldo 
Nursery and in areas of southern Spain (Skelly et al., 1999). During these surveys, 
approximately 80 herbaceous and woody species native to Switzerland and 42 species native to 
southern Spain were found showing typical ozone-induced foliar symptoms (Skelly et al., 1999). 
To confirm ozone as the cause of these visible foliar symptoms, several species were fumigated 
in Continuously Stirred Tank Reactor chambers. The results of these fumigations confirmed 
ozone as the cause of visible foliar injury on the selected species. Open-top chamber experiments 
were also conducted in 1996 at the Lattecaldo nursery facility and at a similar facility near 
Valencia, Spain. Ozone-induced symptoms were observed on plants grown under ambient ozone 
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exposures (Skelly et al., 1999). In the spring of 1997, six additional plots were added to the 
open-top facility at Lattecaldo and 16 species (also selected from previous surveys, Skelly et al., 
1999) were investigated during the 1997 and 1998 summer seasons (VanderHeyden, 1999; 
VanderHeyden et al., 2001). This study also utilized ambient, non-filtered, and filtered air 
treatments and the results of the study confirmed ozone as the cause of foliar injury on 14 of the 
16 species investigated; several species showed injury below the AOT40 critical level for ozone. 
As a part of continuing research within the Lattecaldo open-top chamber research facility, we 
assessed the foliar sensitivity of 12 additional native tree, shrub, and herbaceous species to ozone 
in southern Switzerland and examined the seasonal cumulative ozone exposures required to 
induce visible foliar injury on these species. 

2.2. Materials and methods 

2.2.1. Study site and plot design 

The research site was located in the sub-alpine region of southern Switzerland at the Vavaio 
Lattecaldo Cantonal Forest Nursery in the Valle di Muggio, Canton Ticino (9°3 'E, 45°51  'N, 600 
m asl). The site used by VanderHeyden et al. (2001) was also used in the current research 
project; in the spring of 2000, the site was cleared of the previously used plants and open-top 
chambers, and the soil was tilled during the time period of 17-19 April. The current study 
consisted of 3 treatments with four replications (12 plots): 4 filtered air chambers, 4 non-filtered 
air chambers, and 4 open plots (Figure 1 ). Activated charcoal filters reduced ambient ozone 
concentrations by approximately 50% (VanderHeyden et al., 2001); non-filtered chambers (NF) 
received approximately 91 % ambient ozone concentrations and open plots (Amb) were exposed 
to 100% ambient air. 
Twelve species of native trees and shrubs (Table 2) were examined in the 2000 and 2001 
growing seasons; species were selected from a list of apparent ozone-sensitive species developed 
during surveys in the nursery and surrounding areas (Skelly et al., 1999). During 26-29 April 
2000, seedlings were planted in two concentric circles at a spacing of ea. 50 cm. Each plot 
contained 36 plants consisting of 3 representatives of each species; species were arranged 
identically in each of the 12 plots (Figure 1). Following the initial planting, several dead or dying 
individuals of Clematis spp., P. nigra, P. avium, T. platyphyllos, and V. lantana were replaced 
with healthy plants from nursery stock. 

2.2.2. Visible foliar ozone injury evaluation 

Foliar injury evaluations were made from 16 May to 22 August in 2000 and from 2 May to 20 
August in 2001. In 2000, fully expanded leaf maturity dates following bud break were recorded 
for each species with the exception of Clematis spp. and Ribes alpinum, which had mature leaves 
prior to the beginning of the observation period. Fully expanded leaf maturity dates were not 
recorded in 2001 since leaf maturity had occurred prior to the start of the observations. 
Evaluations took place daily throughout the season to determine the date of initial visible foliar 
injury. All plants were observed macroscopically; potential ozone-induced symptoms were 
further examined using a 1 Ox hand lens. The following general criteria were used and combined 
as shown in Figure 2, when diagnosing ozone-induced foliar injury: (1) symptoms usually 
appeared as dark-colored stipple or discoloration (reddening or bronzing) on the upper leaf 
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surface only; (2) symptoms did not occur on leaf veins or veinlets; and (3) symptoms initially 
appeared with greater severity on older leaves toward the base of the plant. The timing of initial 
injury was also considered and a defined progression of symptoms following initial injury was 
also recorded. Chlorosis was noted but not recorded as ozone-induced injury. Symptoms on 
plants growing in non-filtered and open plots were compared to plants growing in the filtered air 
chambers to further confirm ozone as the cause of foliar symptoms. 
Following the onset of injury, all plants were examined every 3-5 days. A 5% scale (0, 5, 10, 
15 . . .  100%) was used to evaluate the percentage of symptomatic leaves per plant and a modified 
Horsfall-Barratt scale (0, 1, 3, 6, 12, 25, 50, 75, 88, 94, 97, 99, 100%) was used to evaluate 
percent area injured on symptomatic leaves (Horsfall and Barratt, 1945). The number of abscised 
leaves was not recorded but was noted and scored with the highest rating class. A Forest Health 
Expert Advisory System (Nash et al., 1992a,b) was used for eye calibration to insure accuracy 
and consistency when evaluating. All evaluations were made by the same observer throughout 
the 2000 and 2001 growing season. The relative amounts of yellowing and leaf abscission were 
noted via photographic records for all plants within each of the respective plots at the conclusion 
of 2000 and 2001 seasons; photographic records of injury progression on symptomatic species 
were also kept throughout the 2001 season. In addition to foliar rating, notes on insect damage, 
and the presence of chlorotic or necrotic spots, discoloration of the leaves, obvious changes in 
plant vigor, and any noticeable abnormalities were recorded for each plant during each 
evaluation period. 

2.2.3. Ozone monitoring 

Ozone concentrations were monitored throughout each growing season using a Monitor Labs 
Model ML 8810 ozone monitor that was calibrated monthly. Hourly average ozone data were 
downloaded several times daily and displayed graphically on a website maintained by the Swiss 
Federal Institute for Forest, Snow, and Landscape Research (WSL) 
(http://www.wsl.ch/forest/wus/ozone/tio3mess/tio3mess 1 e.htm ). Ozone concentrations were 
recorded from 9 May to 25 October, 2000 and from 1 May to 2 October, 2001. Two-minute air 
samples drawn at 1 m height were taken from one ambient plot No. 5 (100% ambient air) and 
each of the open-top chambers (Plot No. 's 1, 2, 4, 6, 7, 8, 10, and 12) (Figure 3); a repeating 20-
minute sampling interval was used 24 h/day. 

2.2. 4. Data analysis 

The cumulative AOT40 ppb.h ozone threshold required to cause visible foliar injury was 
calculated by subtracting the AOT40 values for dates of leaf maturity from the AOT40 values for 
dates of initial foliar injury appearance. This value was the total parts-per-billion hours (ppb.h) 
of ozone exposure greater than 40 ppb that induced visible foliar injury. The injury thresholds 
were expressed as averages per species, per treatment, using daylight hours (07 :00-18 :59). 
Analysis of variance and Duncan's mean separation test were performed among species to test 
for significant differences in cumulative AOT40 ppb.h ozone injury thresholds. Statistical 
analyses were performed using SAS, Version 8 (SAS Institute Inc., 1999). 
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2.3. Results 

2.3.1. Ozone exposures 

Peak hourly ozone concentrations as well as monthly average ozone concentrations per treatment 
are shown in Table 3. The highest hourly ozone concentration (128.5 ppb) was recorded on 3 
June 2000 during the 15 :30-16 :29 hr and on 23 July 2001 (139.1 ppb) during the 16 :30-17:29 hr 
period. Monthly peak-hour ozone concentrations were generally higher in 2001 as compared to 
2000, with the exception of August, 2000. Monthly 24-hr and 12-hr averages were higher in 
May, June, and August of 2000; July averages were higher during 2001. 
Ozone exposure episodes tended to be more pronounced in 2001 with a series of major episodes 
occurring in late June and July as well as early August. Lower ozone exposures observed in July 
of 2000 corresponded to a high frequency of rain events and unfavorable meteorological 
conditions for ozone formation. There was an obvious chamber and filter effect when comparing 
seasonal mean ozone concentrations among treatments. Cumulative AOT40 ozone exposures 
were based on daylight hours (7:00-18 :59) and the AOT40 critical level of 10,000 ppb.h was 
exceeded on 24 June 2000 and 25 June 2001 (Figure 3). 

2.3.2. Foliar injury onset 

The overall plant response to ozone exposure varied significantly among species in both 2000 
and 2001 growing seasons. Most species had an increase in the percentage of symptomatic plants 
in 2001 as compared to 2000 with exception of C. monogyna, R. alpinum, and T. cordata. The 
onset of visible foliar injury varied among seasons, among species, and, to a lesser extent, within 
species (Table 4). For most species, initial injury was observed earlier in 2001, corresponding to 
earlier leaf maturity, and likely earlier ozone uptake. Most plants showed injury by late July or 
early August, with the exception of P. nigra. Several of the more sensitive species including P. 
nigra, S. alba, V. lantana, and V. opulus exhibited symptoms beginning in late May 2001 (Table 
4). Also, these species were among those species with the greatest number of symptomatic 
plants. 
Although symptoms typical of ozone exposures have been noted at the Lattecaldo nursery in 
previous years on wild type Clematis spp., no injury was observed within any of the open plots 
or non-filtered plots during the 2000 or 2001 seasons on the rooted cuttings selected for the 
study. It is important to note that a commercial variety was selected (rather than a field or wild 
type selection) and hence the lack of symptoms is most likely a result of a tolerant genotype. 

2.3.3. Foliar injury development and sensitivity of species 

The ozone (ppb.h) thresholds required to induce foliar injury were species specific. In 2000, 
none of the species investigated were symptomatic at exposures below the standard (Figure 4). In 
comparison, 5 of 12 species exhibited visible injury below the current standard in 2001, based on 
average initial injury dates. When comparing the date of the first symptom observed to the date 
of exceedance for the AOT40 critical level, we found that 9 of 12 species showed initial injury 
below an AOT40 of 10,000 ppb.h. Of the symptomatic species, P. nigra, V. lantana, and S. alba 
appear to be the most sensitive as determined by the 2001 rankings (Figure 4). 
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Plants of P. nigra, V lantana, F. excelsior, and P. avium were among the most severely injured 
at the end of the 2001 season with total leaf area affected per plant (LAA) injury ratings 
approaching 25%, 15%, 15%, and 7%, respectively (Figures 5-8). Tilia cordata and R. alpinum 
showed initial symptoms late in the season and were among the least injured species at the 
conclusion of the experiment. Several species such P. nigra, P. avium, and S. alba also showed 
fluctuations in injury development as a result of new leaf and shoot growth. New leaves affected 
the overall injury rating of the plant and injury ratings remained the same or even decreased if 
the new leaf production exceeded the injury development on older leaves. 
All symptomatic species showed increased injury in response to seasonal cumulative AOT40 
ozone exposures in 2000 and 2001. In 2001, V lantana, V opulus, T platyphyllos, and P. nigra 
were among the species showing steadily increasing injury throughout the season as cumulative 
ozone exposures increased. Other species such as C. alba, F. excelsior, P. avium, and S. alba 
showed distinct increases in injury toward the latter part of the research season. 

2.4. Discussion and conclusions 

The filtered air, open-top chamber treatment proved to be useful for comparison purposes in 
confirming ozone-induced symptoms as they occurred on plants within the non-filtered air 
chambers and open plots. The advance of symptoms throughout the season was also an important 
consideration. Many of the symptoms observed were characteristic of ozone-induced injury and 
nearly identical to those previously identified in field surveys and OTC studies conducted in and 
around the Lattecaldo Nursery by Skelly et al. (1999) and VanderHeyden et al. (2001). Obvious 
differences in the timing of symptom expression, the number of symptomatic plants per species, 
and the progression of symptoms throughout the observation period were observed between the 
two seasons. In addition, the type, onset, and progression of the symptoms varied among species, 
illustrating the species-specific nature of visible symptom responses to ozone. Foliar injury 
occurred earlier and on a greater number of plants for most species in 2001 compared to 2000. 
Although the exact leaf maturity dates for 2001 were not recorded, these dates were considerably 
earlier than leaf maturity dates in 2000. Thus, there was most likely an earlier start of ozone 
uptake by the plants that coincided with the considerably earlier injury start dates in 2001 
ranging from 25 May to 7 August as compared to 27 June to 15 August in 2000 (Table 4). This 
may also be a result of the plants having better-established root systems as well as more vigorous 
foliage in the 2001 season. Having well established and more vigorously growing plants supports 
the observation by VanderHeyden et al. (2001) that plant responses among seasons vary 
considerably due to multiple stresses involved with initial planting. 
The variability in plant responses between 2000 and 2001 may also be partially explained by the 
differences in ozone exposures. Ozone peaks were considerably higher and the episodes were 
more pronounced in 2001 as compared to 2000 (Table 3). The distributions of peak ozone 
episodes were clearly associated with meteorological conditions and driven mainly by sunlight 
and higher temperature intermixed with periods of precipitation. The 2000 summer season had 
relatively frequent episodes of elevated ozone exposure; however, cloudy and cool weather 
conditions with extended periods of heavy rain persisted throughout the latter portion of the 
summer season. As a result, symptom expression was likely suppressed for many species toward 
the end of the observation period. Some species showed a leveling or decreasing trend in injury 
rating during the last several rating periods. This trend appeared to be more pronounced in the 
faster growing and more heavily injured species such as P. nigra, P. avium, and S. alba, where 
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new growth occasionally surpassed the advance of symptom progression on the older leaves. 
Similar trends in injury progression were observed in 2001 as a result of slightly lower ozone 
exposures in mid to late August. In general, all symptomatic species showed increasing injury in 
response to increasing cumulative ozone exposures and therefore, exceeded the compensating 
growth of new leaves. In addition, several species such as C. alba, F. excelsior, P. avium, and S. 
alba showed distinct increases in injury following a high ozone episode in late July, during 
which peak ozone concentrations exceeded 130 ppb for several days, thus illustrating the 
influence of peak ozone episodes on symptom expression. 
The types of symptoms observed also varied among and within species. All symptomatic plants 
observed in this study exhibited some form of upper leaf surface stippling; leaf discoloration, 
such as reddening, yellowing, or bronzing often occurred simultaneously with stippling. These 
symptoms were clearly shown on P. nigra, which simultaneously exhibited typical dark colored 
stippling, yellowing, and necrotic spotting throughout both summer seasons. The relative amount 
of each symptom increased in response to peak ozone episodes and eventually led to early leaf 
abscission. Bortier et al. (2000), exposing P. nigra and F. sylvatica to ozone, described nearly 
identical symptoms on P. nigra with yellow discoloration occurring throughout the season from 
the time of first symptom expression. Fagus sylvatica also showed ozone symptoms comparable 
to those observed during previous studies at the Lattecaldo Nursery (VanderHeyden et al., 2001). 
Bortier et al. (2000) concluded that faster growing species, such as P. nigra, exhibit a greater 
sensitivity and response to ozone as compared with slower growing species such as European 
beech. Most of the faster growing species observed in the current study followed this trend, with 
P. nigra being the most notable example. 
Significant levels of senescence and leaf abscission was observed on P. nigra and S. alba, with 
as much as 50% ozone-induced defoliation occurring during the 2001 growing season. Plants 
growing in the filtered air treatment retained most of their leaves throughout the summer season, 
with only slight senescence and abscission occurring in late August. These observations support 
the findings of Reich ( 1987), who suggested that some species might produce additional leaves 
to compensate for effects of ozone exposure. 
The current study was successful in validating ozone-induced foliar injury on 11 of 12 species 
investigated in 2000 and 2001. These results add to the ongoing list of plant species showing 
confirmed foliar injury as a result of ozone exposures (Skelly et al., 1999; VanderHeyden, 1999; 
VanderHeyden et al., 2001; Innes et al., 2001). Several genera and species investigated in the 
current study appear to be sensitive to ozone across a variety of regions in Switzerland, Italy, 
Spain, and southern Europe in general (Skelly et al., 1999); these genera include Prunus, 
Viburnum, Salix, Populus, Fraxinus, and Cornus. In addition, the more sensitive species within 
these genera could serve as bioindicators of ozone in the field. A variety of studies have 
investigated the response of Populus species to ozone. Ballach ( 1997) suggested that poplar 
clones exhibiting a range of ozone sensitivities might serve as bioindicators of ozone air 
pollution. Similarly, Bergmann et al. (2000) investigated the relative ozone sensitivities of 25 
German native plants and also suggested the possibility of using ozone sensitive herbaceous 
species as biomonitoring systems in the field. 
The relative species sensitivity rankings (Figure 4) were based on average dates of initial injury 
per species; 5 out of 12 species were shown to be symptomatic below the current AOT40 critical 
level. In comparison, the plant-specific date of initial injury (Table 4) showed 9 out of 12 species 
to be symptomatic below this critical level. To make an accurate assessment of the relative 
sensitivity of a species, it becomes necessary to determine whether initial injury as averaged for 
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each individual species or injury as observed on a plant-by-plant basis (within species) is more 
relevant. 
The difficulty in assessing the sensitivity of species further emphasizes the species-specific 
nature of plant responses to ozone exposure, which is primarily determined by the uptake of 
ozone through the stomata (Reich, 1987; Wieser et al., 2000; Zhang et al., 2001; Schaub, 2001). 
Many environmental factors such as relative humidity, temperature, light, and soil moisture 
affect stomata) conductance and therefore affect the overall sensitivity of plants to ozone. The 
current critical level to protect forest vegetation is expressed as AOT40 10 ppm.h (the amount of 
ozone accumulated over a threshold of 40 ppb) during daylight hours when global radiation 
exceeds 50 wm-2, over a six-month growing season. The current critical level is based on the 
Level I approach, which largely ignores the environmental factors that determine the impacts of 
ozone on a plant (Fuhrer et al. , 1997; Fuhrer, 2000). Therefore, to accurately determine the 
critical level required to protect vegetation from harmful effects of ozone, a transition needs to 
be made from a simplified Level I approach, on which the current AOT40 critical level is based, 
to a more inclusive and ecologically meaningful flux-based Level II approach (Fuhrer et al., 
1997, Fuhrer, 2000; Grilnhage et al., 2001). 
The symptomatic species (from most to least sensitive) were P. nigra, V. lantana, S. alba, C. 
monogyna, V. opulus, T. platyphyllos, C. alba, P. avium, F. excelsior, R. alpinum, and T. cordata 
with Clematis spp. not showing any foliar injury induced by ozone exposure. Of these 11 
symptomatic species, 5 showed injury below the AOT40 critical level of 10 ppm.h ozone in the 
2001 season. 
VanderHeyden et al. (2001) confirmed ozone injury on 14 of 16 species in 1997 and 1998. 
Combined with the current study, this confirms ozone-induced foliar injury on 22 forest and 
native plant species of Switzerland, using the open-top chamber research facility within the 
Lattecaldo Nursery. This emphasizes that field surveys conducted for determining ozone-induced 
injuries can actually be very effective for identifying ozone sensitive species. 
There is a need to confirm ozone symptoms on more plant species in order to determine their 
relative sensitivities and find possible bioindicators. In addition, the more plant species found 
sensitive to ozone, the more important it becomes to develop the strategies needed to control the 
precursor primary pollutants and lower the potential risks to forests across Europe. 
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3. LONG-TERM MONITORING LEVEL II PLOTS 

3.1. Introduction 

In 1997, based on ten years of monitoring forest condition in Europe for estimating direct effects 
by air pollution on forest trees, the UN/ECE (UN/ECE, 1997) concluded that ozone is the main 
parameter to be considered. The Task Force of lCP-Forests further agreed in June 1999 - based 
on a report prepared by a working group for 'Ambient Air Quality' of the expert panel on 
deposition - that data on air concentrations of ozone need to be implemented in the ICP Level II 
monitoring. In 2001 ozone concentrations and the visible symptoms on ICP Level II plots were 
added to the European manual as an optional parameter to monitor. 
The objective of the vegetation injury assessment is to provide information on the ozone injury 
distribution of the forest ecosystems in Europe in a simple and feasible way. The essential basis 
for choosing visible injury is that many plant species (VanderHeyden et al., 2001, Skelly et al., 
1998, 1999) respond to ambient levels of ozone pollution with distinct visible foliar symptoms. 
Ozone injury can be difficult to assess in the open field, forest respectively. Symptoms can be 
camouflaged by other stress factors like drought, thus precise identification on natural vegetation 
needs professional expertise. Harmonized, straight forward, and uniform procedures are needed 
to asses the effects of ozone concentrations on the forest ecosystem. 

3.2. Materials and methods 

Within this project, ozone measurements were carried out on the following ICP Level II open
field plots from 16 May until 14 August 2000 and from 12 May until 25 September 2001: 
Bettlachstock, Othmarsingen, Vordemwald, Schanis, and Novaggio (Figures 18 and 19). Due to 
logistic difficulties, Bettlachstock and Schanis could not be monitored from the beginning of the 
season 2000. The devices, referred to as passive samplers, were attached to the support pole of 
the L WF-meteorological station in the open field - close to the Level II main plot. Three 
samplers per site were collected once a week (Hangartner et al., 1996) and analyzed by the 
passam Ltd. Mannedorf (laboratory for air quality). 
The objective of the vegetation injury assessment is to provide information on the ozone injury 
distribution of the forest ecosystems in Europe in a simple and feasible way. The essential basis 
for choosing visible injury is that many plant species (VanderHeyden et al. 2001, Skelly et al. 
1998, 1999) (Table 1) respond to ambient levels of ozone pollution with distinct visible foliar 
symptoms. Ozone injury can be difficult to assess in the open field, forest respectively. 
Symptoms can be camouflaged by other stress factors like drought, thus precise identification on 
natural vegetation needs professional expertise. Harmonized, straight forward, and uniform 
procedures are needed to asses the effects of ozone concentrations on the forest ecosystem. In 
Figure 2, a simple and uniform method is shown as how to assess possible visible foliar ozone 
injury by applying five main characteristics of typical ozone symptoms on broad leaves. In 
general, the guide lines of the Sub-Manual on 'Methods and Criteria for Harmonized Monitoring 
and Assessment of Ambient Air Quality and Ozone Effects in Forest Ecosystems' was applied to 
observe European forest species for the occurrence of ozone induced symptoms. 
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3.3. Results 

The results indicate clear differences in ozone exposures among the five Level II and the 
Lattecaldo plots with the southern plots Novaggio and Lattecaldo showing the highest and 
Othmarsingen the lowest weekly averages of ozone concentrations consistently throughout both 
seasons (Figure 9). Distinct patterns are reflecting significant meteorological influences on all 
five Level II plots. For example, during week 28 (10-16 July 2000) extended rain fall and 
decreased temperatures (meteorological results are not shown) might have reduced ambient 
ozone concentrations. Furthermore, the influence of the geographic location relative to major 
cities being the main source of ozone precursors may be reflected by the seasonal curve of 
weekly average ozone concentrations (Figure 9). In addition to the hot and sunny meteorological 
conditions, Novaggio seems to be affected by the air masses coming from Milano, Italy whereas 
Bettlachstock may be affected by the air masses coming from Bern, Biel or even as far as from 
Lausanne moving along the mountain range of the Jura. However, these patterns need to be 
confirmed with further long-term measurements within the long-term monitoring project LWF. 
Furthermore, passive sampler results at the Level II plots need to be linked to near-by sites with 
similar pollution climate, active monitoring and passive measurements in parallel (i.e. to NABEL 
sites) in order to validate the passive sampler results as well as to make conclusions about the 
probability of exceeding the hourly ozone standard of 120 µg/m3 within the passive monitored 
area (see Monn and Hangartner, 1990). 
Within the frame work of UN/ECE and ICP-Forests, visible ozone-like injury was assessed on 
all Level II plots throughout Switzerland. A list of number/percent of symptomatic, non 
symptomatic, and untypical symptomatic plants/species was developed for each plot. For 2000, 
the results show a correlation between the weekly average of ozone exposures and the 
number/percent of symptomatic plants/species on five Level II plots (Figure 19, Annual Report 
2000). The number of symptomatic species were 4 for Novaggio, 4 for Bettlachstock, and 2 for 
Othmarsingen. In Novaggio, symptoms were difficult to distinguish from seasonal discoloration, 
accelerated by drought stress. In 200 l ,  there was a lack of correlation between symptomatic 
species and the seasonal average of weekly mean ozone concentrations on the same 5 Level II 
plot, suggesting additional influence of environmental factors such as site conditions and species 
composition (Figure 18, Annual Report 2001). 

3.4. Conclusions 

In order to be able to draw more valuable comparisons among the different sites, it is important 
to take the relative season of the respective site into account instead of the absolute season. The 
differing site conditions affect the seasonal progression of plant development (bud break, 
flowering, aging, etc.) and therefore the response to elevated ambient ozone exposures, and the 
development of visible foliar ozone injury, respectively. However, continuing annual foliar 
symptom assessments are needed in order to gain more experience and more profound data 
collection for an ozone risk assessment. 
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4. 2
ND INTERCALIBRA TION COURSE (paper Iij 

From: Bussotti, F., Schaub, M., Cozzi, A., Krauchi, N., Ferretti, M., Novak, N., Skelly, J. (submitted). 

Assessment of ozone visible symptoms in the field: perspectives of quality control .  Environmental 

pollution. 

Abstract 

The 2nd UNIECE ICP-Forests lntercalibration Courses on the Assessment of Ozone Injury on 
European Tree Species was carried out in August 2001 at Lattecaldo (Canton Ticino, CH) and 
Moggio (Lombardy, I). About 50 people, from several European and North American countries, 
participated the exercises and assessed ozone injury symptoms both in OTC (Lattecaldo) and 
field (Moggio) conditions. The results indicate a large variability among the team in the 
evaluation of the symptoms, and call for an adequate training of the observers prior to the 
symptom assessment in order to achieve accurate results. The most relevant problems were 
found on the species where the symptoms were not clear or could be confused with the 
senescence processes. The authors give some suggestions to improve the reliability of the 
assessment techniques. 

4.1. Introduction 

Current levels of tropospheric ozone have been shown to cause damage to forest trees, 
agricultural crops and semi-natural vegetation (Karenlampi and Skarby, 1996). Ozone pollution 
leaves no elemental residue that can be detected by analytical techniques. Therefore, visible 
injury on leaves and needles is the only easily detectable evidence in the field. The evidence we 
have today strongly suggests that ozone occurs at concentrations which cause visible foliar injury 
to sensitive plants. Even though visible injury does not include all the possible forms of injury to 
trees and natural vegetation (i.e. pre-visible physiological changes, reduction in growth, etc.), 
observation of typical symptoms on above ground plant parts in the field has turned out to be a 
valuable tool for the assessment of the impact of ambient ozone on sensitive plant species (Innes 
et al. , 2001). 
During the 1990s, the potential impact of ground-level ozone on plants and human health has 
come into focus within the European co-operation on reductions of air pollution emissions within 
the United Nations Economic Commission for Europe (UN/ECE) and the European Union (EU). 
This has lead to a request from policy-makers to the scientific community for quantitative 
information concerning ozone effects. The UNIECE ICP-Forests Sub-Manual of Ambient Air 
Quality, Part II on The Assessment of Ozone Injury on European Forest Eco-systems 
(http://www.gva.es/ceam/ICP-forests) is requiring the assessment, validation, and mapping of 
visible ozone injury on the Level II plots. 
Starting in 2000, annual UNIECE ICP-Forests lntercalibration Courses on the Assessment of 
Ozone Injury on European Tree Species are held in order to harmonize the criteria and methods 
of the assessment and evaluation of foliar symptoms among the participating European countries. 
Two blocks of exercises were conducted during the 2nd UNIECE ICP-Forests lntercalibration 
Course, held and organized by the Swiss Federal Research Institute for Forest, Snow and 
Landscape (WSL) in collaboration with The Pennsylvania State University, The University of 
Florence, and Linnaea-ambiente, from 22-24 August 2001. One exercise was organized by the 
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WSL within the open-top chamber (OTC) research facility at the Lattecaldo nursery and one was 
organized by the University of Florence and Linnaea-ambiente at a Level II plot close to 
Moggio, Italy. For this report, we only present the results of the exercise performed by the WSL 
in collaboration with The Pennsylvania State University. 48 participants represented 21 
countries. 

4.2. Methods 

The exercise was conducted at the WSL OTC research facility, established at the Vivaio 
Lattecaldo Cantonal Forest Nursery within the sub-Alpine region of southern Switzerland in 
1995 (Innes and Skelly, 1996; VanderHeyden et al., 2001). On 23 August 2001, the 48 
participants split into 16 teams were required to assess ozone induced visible foliar injury on 33 
three year-old seedlings of 12 different forest shrub and tree species grown in one out of four 
randomly chosen open-plot, exposed to 100% ambient ozone concentrations. The observed 
species were: Cornus alba, Crateagus monogyna, Clematis vita/ha, Fraxinus excelsior, Prunus 
avium, Populus nigra, Ribes alpinum, Sa/ix alba, Tilia cordata, Tilia p/atyphyllos, Viburnum 
/antana and Viburnum opulus. Ozone induced symptoms were distinguished from other 
mimicking symptoms caused by drought- or insect-damage, natural leaf discoloration, or 
pathogens by comparing the symptomatic plants with plants grown in charcoal filtered OTCs 
exposed to 50% ambient ozone concentrations where lower amounts of injury and later and/or no 
symptom development are expected. Furthermore, it was recommended to use the flowchart for 
the diagnosis of ozone-induced injury on broadleaved plant species (Innes et al., 2001) for a 
more accurate assessment of typical ozone symptoms (Figure 2). The participants were asked to 
rate (i) % symptomatic leaves per plant, and (ii) the average injury class in % according to the 
Horsfall and Barratt rating system (Horsfall and Barrat, 1945). The deviation of the symptom 
assessments conducted by 16 teams from the reference values was calculated based on the last 
assessment of a series of bio-weekly observations conducted by the WSL/PSU research 
assistants throughout the vegetation period. 

4.3. Results 

On 19 August 2001, the WSL/PSU research group conducted the last assessment before the 
invited expert teams assessed the same plants for ozone-induced visible symptoms on 23 August 
2002. The results of this assessment were used as reference values to rate the assessment of the 
teams. For the statistical analysis only the rated plants were considered and the non-rated plants 
were omitted as missing data (Table 5 and 6). The reference values of the assessment conducted 
by the WSL/PSU group shows that Viburnum /antana, Fraxinus excelsior and Populus nigra 
developed the most severe injury regarding the percent injured leaves per plant as well as the 
average of the symptomatic leaf area (Novak et al. , submitted, Figure 10 A and B). The same 
species show the highest deviation from the reference values after rating the assessment of the 
teams. The percentage of injured leaves per plant was underestimated by 20% for V. /antana and 
P. nigra but overestimated for F. excelsior by 10%. Except for the non-symptomatic species 
Clematis vita/ha, Tilia cordata and for the symptomatic species Tilia p/atyphyl/os, the 
percentage of injured leaves per plant was underestimated for all species (Table 5, Figure 11 C). 
The seedlings of Populus nigra and Viburnum /antana showed the highest average of 
symptomatic leaf area when applying the Horsfall and Barratt rating system for Prunus serotina. 
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As for the percentage of symptomatic leaves per plant, most species' injured leaf area was 
underestimated except for the non-symptomatic species and Prunus avium (Table 6, Figure 11 
D). Overall, the percentage of symptomatic leaves seemed to be more misjudged than the 
average leaf injury class per plant (Figure 11 A and B). In particular for Crataegus monogyna, 
Prunus avium and Viburnum lantana the rating of percentage of injured leaves per plant seemed 
to cause more difficulties than the rating of the average affected leaf area (Figure 11 E and F). 
It was expected that the standard deviation of the team rating from the reference values would 
increase with increasing percentage of symptomatic leaves and leaf area (Figure 11 E and F). 
The correlation between absolute deviation and the reference values of percent injured leaves 
shows an increasing misjudgement towards the range of 50 - 70% injured leaves whereas the 
deviation decreased with increasing injury classes when higher than 70% (Figure 11 E). For the 
average of injured leaf area, there is a consistent trend of increasing deviation from the reference 
values with increasing injury class (Figure 11 F). 
Within a range of ± 5% the rating of the most accurate group (Romania) correlated with 88% 
with the reference values, followed by Lithuania and Latvia (76%), Slovak Republic (70%), 
Finland (67%), and Czech Republic (56%). 

4.4. Conclusions 

The results call for an adequate training of the observers prior to the symptom assessment in 
order to achieve accurate results. The results of the Lattecaldo exercises demonstrate that the 
percentage of visible injury per plant and leaf area is usually underestimated. In particular the 
high injury classes tend to be more misjudged than the lower injury classes. The Horsfall and 
Barratt rating system includes rating sheets with pictorial examples for each injury class per leaf 
area. This may be one reason why the rating of Prunus avium was conducted very accurately. 
The high score of 88% agreement with the reference values (assessed by Romania), not only 
shows that a trained person can obtain higher skills in the assessment of visible ozone-induced 
injury but also that the applied Horsfall and Barratt rating system and the flowchart for the 
diagnosis of ozone-induced injury are valuable tools to achieve accurate results for the symptom 
assessment on broadleaved species. Here, the final assessment of a series of bio-weekly 
assessments, conducted by a trained and calibrated expert, was used for reference in order to rate 
the symptom validations of the teams. In order to improve training and calibration of the 
symptom rating, we suggest to incorporate digital picture analysis as an unbiased addition tool, 
in particular in respect to the increasing variety of symptom expression of different species. 
In conclusion, special attention should be paid to the following objectives: 

1. To focus the research on the species specific characteristics of visible ozone-induced 
InJUry. 

2. To consider only a limited number of species, developing confirmed, distinguished 
and reproducible symptoms for a site characteristic ozone risk assessment. 

3. To conduct an adequate training program with the observer prior to the symptom 
assessment to increase the accuracy of symptom validation, for calibration and for 
quality control. 
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2 1  Sept-5 Oct 2000. Schaub, M. ,  Cherubini, P. ,  Krauchi, N.,  Goerg-GUnthard, M. ,  Vollenweider, 
P. (Exhibition) .  'PUBLOZON 2000' .  KV Zurich Business School . 

4 Dec 2000. Schaub, M. (Presenation) .  The effect of ozone on plant physiology and forest health. 

2001 

Technical School in Rapperswil (HSR) under the guidance of Mr. Hans Rudolf Burgi from 
the EAWAG. 

4 Apr 200 1 . Schaub M. (Presentation) . The Swiss Alps, Palm Trees and Ozone, a contribution to 
the 1 0th Air Pollution Society of Central PA. State College, PA, USA. 

9- 1 2  Apr 200 1 .  Schaub M. (Presentation). Interactions between soil moisture and ozone of three 
hardwood tree species. 33rd Air Pollution Workshop, Riverside, USA. 

4-7 Mai 200 1 . Schaub M.,  Krauchi N., Hug C.  (Exhibition). Herein-spaziert ins 

Ozongewachshaus. Science et cite, Zurcher Festival des Wissens, Zurich. 

1 Jun 200 1 . Schaub M., Krauchi N., Cherubini P.  (Presentation) . Ozono e foreste : la situazione 
in Svizzera. Giomata di studio Ozono e foreste. Pisa, Italy. 

1 0  Aug 200 1 . Krauchi , N., Schaub, M. (Web page). WSL ozone web page: 
http://www.wsl .ch/ozone/ 

22-24 Aug 200 1 . Schaub, M.,  Hug, C . ,  Krauchi,  N.,  Novak, K. (Meeting). Hosting of the '2nd 
UNECE/ICP-Forests Intercal ibration Course on the Assessment of Ozone Injury on 
European Tree Species ' .  Switzerland / Italy. 

24 Aug 200 1 .  Laubli M.  (Extension) . Beitrag zu Zeitungsartikel ,,Ozon - keine Entlastung in 
Sicht", Tages-Anzeiger, WISSEN. 

23-27 Aug 200 1 .  Krauchi N., Schaub M.  (Power Point Presentation) Schweizerische Forstmesse, 
Luzern. 

3 -4 Sept 200 1 .  Schaub M. (Presentation) . Ozone plant effects in Switzerland; an overview. 
INTERREG 200 1 . Ozone effects over Mediterranean vegetation. Ending conference. 
Torino, Italy. 

25 Sept 200 1 .  Schaub, M. ,  Krauchi, N. ,  Broggi, M. (Official Letter of Agreement). Scientific 

collaboration between WSL (Section Forest Ecosystems and Ecological Risks) and the 
Italian working group, coordinated by Fondazione Lombardia per l 'Ambiente (FLA), and 
composed (besides FLA) by Regional Forest Agency (Antonio Tagliaferri), Regional 
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2002 

Environmental Protection Agency and the Universities of Brescia (A. Ballarin-Denti and 
G. Gerosa) and the University of Florence (F. Bussotti). 

15-18 Apr 2002. Schaub, M., Bussotti, F., Novak, K., Skelly, J.M., Kraeuchi, N., Bleuler, P., 
Landolt, W. (2002)(Presentations). Discussion of an 03 standard dependent on plant 
response. 34th Air Pollution Workshop, State College, PA, USA. 
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8. FUTURE PERSPECTIVES 

Schaub, M., Kriiuchi, N., Bassin, S. ,  Fuhrer, J. ,  Skelly J. (2002). Effect- and Risk-Assessment of Ozone Air 

Pollution on Forest Vegetation in Switzerland. Research Proposal for SAEFL, 29 pp. 

The future perspectives can be determined by 4 main objectives; (i) the development of a 
regionalized risk assessment, (ii) the screening and validation of ozone sensitive plant species 
combined with studies investigating the physiological plant response under controlled OTC 
conditions, (iii) the assessment of visible ozone injury in the field, i.e. Level II plots throughout 
Switzerland and Level I plots in Canton Ticino, and (iv) the development of a data bank based 
web page on visible foliar ozone injury. 

• The main objective will be to contribute to the development of a regionalized risk assessment 
on the basis of the Level II flux approach by adapting and applying the ozone deposition model 
ODEM. ODEM will be parameterized and validated for forest ecosystems to (1) determine the 
distribution of stomata} ozone uptake on forest stands, (2) to determine the effect of ozone 
deposition on exposure concentrations at forest canopy height, and (3) to quantify the 
partitioning of ozone flux into surface, soil, and stomata} flux components. 

• To continue the ongoing studies at the Lattecaldo OTC research facility and to maintain the 
leading position as a validation- and learning center in Europe with the following objectives: ( I )  
to assess the sensitivity of different, native forest plant species to ozone and determination of 
dose-response relationships, (2) to determine, assess and validate visible and non-visible ozone 
response (foliar injury, physiological response, and senescence), (3) to examine the seasonal 
long-term and cumulative ozone exposures required to induce the onset and development of 
visible foliar injury on several forest plant species, ( 4) to assess the relationship between 
morphological features such as leaf age, early leaf senescence and mesophyll characteristics with 
the gas exchange capacities, and (5) to produce information on ambient air quality in forest 
ecosystems. 

• At the Lattecaldo OTC research facility, in addition we aim ( I )  to monitor below-ground 
respiration during the field season and to determine the parameters that are the most important 
for the variation of soil respiration, (2) to detect seasonal trend ( early - late seasonal differences) 
in total soil respiration during plant exposure to ozone, (3) to assess the effect of ozone on root 
respiration and microbial respiration, and ( 4) to evaluate species specific below-ground response. 

• Contributions to UN/ECE ICP-Forests: (1) to test the applicability of the 'ICP-Forests Sub
Manual on the Assessment of Ozone Impact on European Forest Ecosystems' on the Swiss Level 
II plots (LWF-plots) and (2) more intensively on the 'Sanasilva' Level I plots within the Canton 
Ticino (if possible, combined with the investigations of our Italian colleagues at the region of 
Lombardy), (3) to confirm and extend the existing European and Swiss lists of potentially 
sensitive species by providing the OTC research facility at Lattecaldo as a learning and 
validation center for the assessment of visible foliar ozone injury on European forest species, and 
( 4) to show the distribution of symptomatic plant species in correlation with the current AOT40 
standard. 
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• Extension: To develop a data bank based web page as extension of the ozone guide from 
Innes et al., (2001) and as a tool to make the information on internationally validated typical 
ozone injury accessible to the public, i.e. the UN/ECE ICP-Forests program. 

• International collaboration with Italy: Written contract of common scientific collaboration 
between the WSL (Section Forest Ecosystems and Ecological Risks) and the Lombardy, 
represented by the FLA, the Regional Forest Agency (Antonio Tagliaferri), the Regional 
Environmental Protection Agency, the Universities of Brescia (A. Ballarin-Denti and G. Gerosa), 
and the University of Florence (F. Bussotti). 

• International collaboration with USA: Continuing intensive collaboration at the Lattecaldo 
research facility with Prof. John M. Skelly and his group of the Air Pollution Laboratory of The 
Pennsylvania State University (PSU), PA, USA. 

• Consulting for the new OTC research facility at the Curno Nursery m the region of 
Lombardy, Italy in collaboration with the PSU. 
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9. TABLES AND FIGURES 

Table 1. Scientific names of native ozone sensitive plant species with reference of observation 
or validation. 

# species §, !, f 1 999 2001 97/98 00/01 CSTR Level II 

1 Acer platanoides X X 

2 Acer pseudoplatanus X X X X 

3 Acer saccharinum X X 

4 Ailanthus a ltissima t X X 

5 Alchemi l la spp. f X 

6 Alnus incana X X X 

7 Alnus viridis s X X X X 

8 Aquilegia vulgaris f X 

9 Artemisia vulgaris f X X 

1 0  Berberis spp. s X 

1 1  Betula pendula t X X X X 

1 2  Calamentha grandiflora f X 

1 3  Calystegia sepium f X 

1 4  Calystegia spp. f X 

1 5  Carpinus betulus t X X X 

1 6  Centaurea paniculata f X 

1 7  Chenopodium spp. f X 

1 8  Cirsium helenidoides f X 

1 9  Clematis alpina f X 

20 Clematis spp. f X X 

2 1  Convolvulus arvensis f X X 

22 Conyza canadensis f X 

23 Cornus alba s X X X X 

24 Cornus capitata t X 

25 Cornus mas s X X 

26 Cornus sanguinea s X X X X 

27 Cornus stolon ifera t X X 

28 Corylopsis pauciflora s X X 

29 Corylus avellana s X X X X 

30 Crataegus monogyna s X X X 

31 Epilobium angustifol ium f X X X X 

32 Epilobium hirsutum f X X 

33 Euonymus europaeus s X X 

34 Fagus sylvatica t X X X 

35 Forsythia spp. s X 

36 Frangula alnus t X X X 

37 Fraxinus excelsior t X X X X X 

38 Geranium sylvaticum f X 

39 Heracleum sphondyleum f X 

40 Impatiens parviflora f X X 

41  Juglans nigra t X X 

42 Lamium galeobdolon f X 

43 Lapsana communis f X 

44 Ligustrum oval ifol ium s X X 

45 Ligustrum vulgare s X X 

46 Lilac spp. s X 

47 Liquidambar styraciflua t X X 

48 Liriodendron tul ipifera X X X 
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# species !, !, f 1 999 2001 97/98 00/01 CSTR Level II 

49 Lonicera caprifol ium f X X 

50 Lonicera nigra s X 

51  Lonicera xylosteum s X 

52 Malus sylvestris t X 

53 Malva spp. f X X 

54 Morus a lba s X X X 

55 Morus nigra s X X X X 

56 Oenothera biennis f X 

57 Oenothera spp. f X X 

58 Parthenocissus quinquefol ia f X X 

59 Plantago major f X X X 

60 Platanus oriental is t X X 

61 Polygonum spp. f X 

62 Populus nigra X X X 

63 Prunus avium X X X 

64 Prunus mahaleb s X 

65 Prunus serotina t X X X X 

66 Prunus spinosa s X X 

67 Reynoutria japonica f X X 

68 Rhamnus frangula X X 

69 Rhamnus catharticus s X X X X 

70 Ribes alpinum s X X X 

71  Ribes rubrum s X X 

72 Robinia pseudoacacia t X X X X 

73 Rosa canina s X X 

74 Rosa spp. s X 

75 Rubus fruticosus f X X 

76 Rubus spp. s X 

77 Rudbeckia lacinata f X 

78 Rumex obtusifol ius f X X X X 

79 Salix a lba s X X X X 

80 Salix caprea s X X 

81  Salix daphnoides s X 

82 Salix pentrandra s X X 

83 Salix purpurea s X X 

84 Salix viminal is t X X X 

85 Sambucus racemosa s X X X X X 

86 Senecio ovatus f X 

87 Solidago canadensis f X 

88 Spirea spp. s X X 

89 Stachys officinalis f X X 

90 Succisa pratensis f X 

91  Tilia cordata t X X X X 

92 Tilia platyphyl los t X X X 

93 Titis spp. f X 

94 Ulmus g labra X X 

95 Ulmus montana X 

96 Vaccin ium myrti l lus s X 

97 Vaccin ium ul ig inosum s X 

98 Viburnum lantana s X X X X X 

99 Viburnum opulus s X X X 

1 00 Viburnum pl icatum s X 

1 01 Vitis spp. f X 

1 02 Vitis vin ifera f X 
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Table 1 cont. Legend 

Legend Description 

§, !, f shrub, tree, forb 

1 999 Native plant species of Switzerland observed with ozone-l ike fol iar symptoms during surveys of 
natura l  habitats and forest nursery conditions in the late summer seasons of 1 995-1 998. 

Skelly J .M . ,  Innes J .L . ,  Savage J .E . ,  Snyder K.R . ,  Vanderheyden D., Zhang J . ,  Sanz M .J .  1 999. 

Observation and confirmation of fol iar ozone symptoms of native plant species of Switzerland 
and southern Spain .  Water, Air, and Soil Pol lution 1 1 6 :227-234. 

2001 Confi rmed ozone-induced symptoms and published in pictorial field gu ide: 

Innes J .L . ,  Skel ly J .M . ,  Schaub M .  2001 . Ozone and broadleaved species. A guide to the 
identification of ozone-induced fol iar injury. Ozon,  Laubholz- und Krautpflanzen .  Ein Fuhrer zum 
Bestimmen von Ozonsymptomen. Birmensdorf, Eidgenossische Forschungsanstalt WSL. Bern , 
Haupt. 1 36 S .  

97/98 Confirmed ozone-induced symptoms via open-top chamber investigations at the Lattecaldo 
research faci l ity, Canton Ticino, CH in 1 997/1 998. 

VanderHeyden D., Skelly J . ,  Innes J . ,  Hug C., Zhang J . ,  Landolt W. , Bleuler P .  2001 . Ozone 
exposure thresholds and fol iar injury on forest paints in Switzerland. Env. Pol l .  1 1 1  :32 1 -331 . 

00/01 Confirmed ozone-induced symptoms via open-top chamber investigations at the Lattecaldo 
research faci l ity, Canton Ticino, CH in 2000/2001 .  

Novak K. (2002). Ozone air pollution and fol iar injury development on native plants of Switzerland. 

Masters of Science Thesis, The Pennsylvania State University, PA, USA. 92 pp. 

Novak, K . ,  Skel ly,  J . ,  Schaub, M. ,  Kraeuchi ,  N. ,  Hug,  C. ,  Landolt, W. , Bleuler, P .  (submitted). 

Ozone air pol lution and fol iar injury development. Environmental Pol lution , submitted. 

CSTR Confirmed ozone-induced symptoms via CSTR chamber investigations at PSU. 

Level I I  Observed ozone-l ike fol iar symptoms during ICP-Forests surveys on LESS of Level I I  plots in 
Switzerland in  2001 by Bassin S .  and Schaub M. 
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Table 2. Scientific and common names of species studied in the 2000 and 2001 growing 
seasons. Lattecaldo Nursery, Canton Ticino, Switzerland. 

Scientific Name 

Clematis spp. L. 

Cornus alba L. 

Crataegus monogyna Jacq. 

Fraxinus excelsior L. 

Populus nigra L. 

Prunus avium L. 

Ribes alpinum L. 

Sa/ix alba L. 

Tilia cordata Miller 

Tilia platyphyllos Scop. 

Viburnum lantana L. 

Viburnum opulus L. 

32 

Common Name 

Clematis 

Tatarian Dogwood 

Hawthorn 

European Ash 

Black Poplar 

Sweet Cherry 

Alpine Currant 

White Willow 

Small Leaf Linden 

Linden 

Wayfaring Tree 

European Cranberry 
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Table 3. Monthly and seasonal peaks and 24-hr and 12-hr (07 :00-18 : 59) average ozone 
concentrations for ambient (Amb), non-filtered (NF), and filtered (F) air treatments for 2000 and 
2001. Lattecaldo Nursery, Canton Ticino, Switzerland. 

Amb NF F 

Peak hr 24hr 12hr 24hr 12hr 24hr 12hr 

2000 

May 1 1 0.4 44.3 50.7 39.3 45.3 1 9.2 25.5 

June 1 28 .5 54. 1 62.9 48.3 56.7 25.5 35 .0 

July 1 20.8 48.9 54.4 44.0 49.0 22. 1 28.6 

August 1 1 6 .3 52 . 1  58 . 1  46.6 52.2 2 1 .3 28.0 

Seasonal 1 28.5 50.2 56.9 44.9 5 1 .2 22.2 29.5 

200 1 

May 1 36.0 43 .9 48.0 39.4 43.2 1 7.9 2 1 .8 

June 1 38 .8 54.3 60.2 49.3 54.7 23.3 30.0 

July 1 39. 1 53 .4 59.9 49.3 54.7 1 9.2 24.0 

August 97.2 48.9 52.9 45.0 48.4 1 6.8 20.0 

Seasonal 1 39 . 1  50.2 55 .3 45.8 50.3 1 9.3 24.0 
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Table 4. Dates of first observed foliar injury, average initial injury dates, and standard error 
(days) for each treatment within the Lattecaldo Nursery, Canton Ticino, Switzerland for 2000 
and 2001. 

Ambient Non-filtered Filtered 

Date of first A vg Injury Std Date of first A vg Injury Std Date of first Avg Injury Std 
Seecies Year s�metom Onset error s�metom Onset error s�metom Onset error 
Cornus 2000 1 8-Jul 4-Aug 4 27-Jun 27-Jul 8 no injury 
alba 2001 1 2-Jun 29-Jun 5 1 9-Jun I I -Jui 6 no injury 
Crataegus 2000 1 8-Jul I -Aug 3 26-Jul 5-Aug 4 1 5-Aug 1 5-Aug 0 
monogyna 200 1 7-Jun 1 5-Jun 6 1 5-Jun I 6-Jul 0 3 1 -Jul 3 1 -Jul 
Fraxinus 2000 1 8-Jul 8-Aug 6 1 -Aug 1 9-Aug 4 no injury 
excelsior 2001 22-Jun 1 2-Jul 6 1 7-Jun 1 4-Jul 6 no injury 
Populus 2000 1 3-Jul 2 1 -Jul 1 8-Jul 3 1 -Jul 4 no injury 
nigra 200 1 25-May 25-May 5 25-May 28-May 6 1 7-Jun 1 8-Jul 7 
Prunus 2000 2 1 -Jul 25-Jul 5 27-Jun 23-Jul 7 no injury 
avium 200 1 7-Jun 2-Jul 4 5-Jun 3-Jul 6 no injury 
Ribes 2000 27-Jun 9-Jul 4 27-Jun 23-Jul 5 1 3-Jul 26-Jul 5 
alpinum 200 1 1 0-Jul 1 5-Jul 3 J O-Jui 1 5-Jul 5 no injury 
Sa/ix 2000 2 1 -Jul 28-Jul 2 26-Jul 2-Aug 3-Aug 7-Aug 3 
alba 200 1 25-May 1 0-Jun 6 25-May I 6-Jun 8 3 1 -Jul 5-Aug 1 
Tilia 2000 26-Jul J O-Aug 4 1 5-Aug 1 6-Aug 3 8-Aug 1 5-Aug 2 
cordata 2001 7-Aug 7-Aug 0 7-Aug 7-Aug 0 no injury 
Tilia 2000 5-Jul 29-Jul 1 1  1 8-Jul 2-Aug 6 I I -Aug 1 5-Aug 2 
platyphyl/os 2001 I -Jun 23-Jun 7 1 9-Jun 1 9-Jun 0 no injury 
Viburnum 2000 27-Jun 1 7-Jul 6 1 8-Jul 29-Jul 7 no injury 
lantana 200 1 25-May 3 1 -May 2 25-May 6-Jun 4 no injury 
Viburnum 2000 1 3-Jul 24-Jul 5 I I -Aug 1 1 -Aug 0 no injury 
opulus 2001 27-May 2 1 -Jun 4 26-May 1 4-Jun 6 23-Jul 23-Jul 0 
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Table 5. Descriptive statistics of the deviation (%) of the symptom assessment conducted by 16 
teams from the actual % of leaves injured per plant based on the assessment of the WSL/PSU 
group for 12 species grown within open plots at the OTC research facility at Lattecaldo, Canton 
Ticino, Southern Switzerland. 

Species n St Dev CV % Min. Lower Median Upper Max. 
Quart. Quart. 

Cornus alba 32 1 1 .26 -2 1 1 -35 -8 -5 -4 25 

Crataegus monogyna 34 29. 1 3  -202 -70 -34 -8 1 5 0  

Clematis vitalba 29 1 2 .66 294 0 0 0 0 60 

Fraxinus excelsior 2 1  22.76 637 -60 0 1 0  1 0  40 

Prunus avium 29 26. 1 5  -339 -75 -25 -5 1 5  25 

Populus nigra 32 20.36 - 1 05 -60 -3 1 -20 0 20 

Ribes alpinum 3 1  1 7 .40 599 - 1 7  -5 - 1  5 60 

Sa/ix alba 37  1 6. 1 3  -3 1 3  -40 - 1 2  -5 0 40 

Tilia cordata 34 24.63 209 0 0 0 5 80  

Tilia platyphyllos 35  27.62 -546 -50 -24 0 8 65 

Viburnum lantana 32 26.08 - 1 63 -65 -40 -20 5 45 

Viburnum opulus 32 2 1 .33 - 1 65 -50 -2 1 -8 o ·  40 
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Table 6. Descriptive statistics of the deviation of the average Horsfall and Barratt leaf injury 
class (%) per plant conducted by 16 teams from the actual average leaf injury class based on the 
assessment of the WSL/PSU group for 12 species grown within openplots at the OTC research 
facility at Lattecaldo, Canton Ticino, Southern Switzerland. 

Species n St Dev CV % Min. Lower Median Upper Max. 
Quart. Quart. 

Cornus alba 3 1  5 .86 - 1 3 8  - 1 2  -6 -6 - I  1 3  

Crataegus monogyna 32 1 0.82 - 1 23 7  -25 -6 -2 0 3 8  

Clematis vita/ha 29 1 .27 334 0 0 0 0 6 

Fraxinus excelsior 22 6.32 -22 1 - 1 5  -6 -2 0 1 3  

Prunus avium 27 1 2 .70 3 1 7  - 1 2  -3 0 8 44 

Populus nigra 33 22 .48 - 1 99 -50 -25 -9 0 3 8  

Ribes alpinum 32 9.61 699 -6 -3 - 1  3 49 

Sa/ix alba 37 1 8 .53 1 594 -25 - 1 2  -6 8 63 

Tilia cordata 34 4. 1 5  224 0 0 0 2 20  

Tilia platyphyllos 35 I I .49 -398 - 1 9  - 1 2  -6 0 25  

Viburnum lantana 3 1  I I .79 1 740 - 1 1 -6 -2 0 47 

Viburnum opulus 33 I 6.4 1 -276 -88 -7 -4 0 1 5  

36  FINAL REPORT 



OZONE AIR POLLUTION AND EFFECTS TO NATIVES PLANTS IN SWITZERLAND 
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Figure. 1. Layout of open-top research facility and plot design at the Lattecaldo Nursery, 
Canton Ticino, Switzerland. OTC = Open-top Chamber; NF = Non-filtered air; F = Filtered air; 
Amb = Open Plots (ambient air). 
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Figure 2. Flowchart for the diagnosis of ozone-induced injury on broadleaved species (L. = 
leaves) (from Innes et al. ,  2001 ) .  
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Figure 3. Cumulative AOT40 ozone (ppb.h) exposures for ambient, non-filtered, and filtered air 
treatments from 16 May to 22 August 2000 and 2 May to 19 August 2001 for daylight hours 
(07:00-18 :59). Lattecaldo Nursery, Canton Ticino, Switzerland. 
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Figure 4. Species-specific average AOT40 ozone thresholds (ppb.h) required to induce foliar 
injury for ambient and non-filtered air treatments, from 1 6  May to 22 August 2000 and 2 May to 
1 9  August 2001. Lattecaldo Nursery, Canton Ticino, Switzerland. 
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Figure 5. Populus nigra: Ozone-induced injury on upper leaf surface (A, B) ; the AOT40 ozone 
exposures and the % total leaf area symptomatic per plant (LAA) for plants grown in ambient, 
non-filtered and filtered air, 2 May to 19  August 2001 (C) and; full green leaf retention (D) and 
symptomatic older leaves and defoliation (E) for seedlings in the filtered air and non-filtered air 
chambers, respectively. Lattecaldo Nursery, Canton Ticino, Switzerland. 
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Figure 6. Viburnum lantana : Ozone-induced injury on upper leaf surface (A, B) ; the AOT40 
ozone exposures and the % total leaf area symptomatic per plant (LAA) for plants grown in 
ambient, non-filtered and filtered air, 2 May to 19  August 200 1 (C) and; full green leaf retention 
(D) and symptomatic older leaves and defoliation (E) for seedlings in the filtered air and non
filtered air chambers, respectively. Lattecaldo Nursery, Canton Ticino, Switzerland. 
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Figure 7. Fraxinus excelsior: Ozone-induced injury on upper leaf surface (A, B) ; the AOT40 
ozone exposures and the % total leaf area symptomatic per plant (LAA) for plants grown in 
ambient, non-filtered and filtered air, 2 May to 19  August 200 1 (C) and; full green leaf retention 
(D) and symptomatic older leaves and defoliation (E) for seedlings in the filtered air and non
filtered air chambers, respectively. Lattecaldo Nursery, Canton Ticino, Switzerland. 
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Figure 8. Prunus avium: Ozone-induced injury on upper leaf surface (A, B) ; the AOT40 ozone 
exposures and the % total leaf area symptomatic per plant (LAA) for plants grown in ambient, 
non-filtered and filtered air, 2 May to 19  August 200 1 (C) and; full green leaf retention (D) and 
symptomatic older leaves and defoliation (E) for seedlings in the filtered air and non-filtered air 
chambers, respectively. Lattecaldo Nursery, Canton Ticino, Switzerland. 
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Figure 9. Weekly average of ozone concentrations measured with 3 passive ozone samplers 
(passam Ltd.) per plot and week at 5 ICP Level II open-field plots within Switzerland, from (A) 
16 May to 14 August 2000 and from (B) 12 May to 25 September 200 1 .  
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Figure 10. Reference values for (A) percentage of injured leaves per plant and (B) average 
symptomatic leaf area according to the Horsfall and Barratt (HB) rating system of three year-old 
seedlings of Cornus alba (Ca), Crateagus monogyna (Cm), Clematis vitalba (Cl), Fraxinus 
excelsior (Fe), Prunus avium (Pa), Populus nigra (Pn), Ribes alpinum (Ra), Sa/ix alba (Sa), Tilia 
cordata (Tc), Tilia platyphyllos (Tp ), Viburnum lantana (VI) and Viburnum opulus (Vo), based 
on the assessment conducted by the WSL/PSU group. 
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Figure 11. Deviation and absolute deviation of the injury assessment conducted by 13 teams 
from the reference values based on the injury rating of the WSL/PSU group for the percentage of 
symptomatic leaves (A, C, E) and for the average percentage of symptomatic leaf area (B, D, F) 
on three year-old seedlings of Cornus alba (Ca), Clematis vita/ha (CJ), Crataegus monogyna 
(Cm), Fraxinus excelsior (Fe), Prunus avium (Pa), Populus nigra (Pn), Ribes alpinum (Ra), Sa/ix 
alba (Sa), Tilia cordata (Tc), Tilia platyphyllos (Tp), Viburnum lantana (VJ), and Viburnum 
opulus (Vo). 
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