
A ir quality is an important ecological 
factor for forests , native ecosystems 
and agricultural crops. Atmospher­

ic pollutants may cause biochemical and 
physiological damages which lead to reduc­
tion of growth and yield (Treshow, 1984). 
An impairment of competitive and 
reproductive performance may also occur, 
which causes changes in species diversity 
and composition at ecosystem level (West­
man, 1985). 
The interactions between air quality and 
vegetation in the Mediterranean area 
received so far only little attention from the 
scientific community, in spite of the threat 
that air pollution may represent. The high 
temperature and solar radiation which oc­
cur during the hot season facilitate the 
production and accumulation of ozone in 
the lower troposphere. The precursors in­
volved in the photochemical production of 
0 3 are nitrogen oxides (NOx) and volatile 
hydrocarbons, emitted in large amounts in 
the region especially in summer, due to the 
influx of tourists from central and northern 
european countries. The instruments for the 
analYSis of atmospheric ozone are not 
numerous in the Mediterranean basin, but 
the available data, coming from physico­
chemical and biological monitoring, clear­
ly indicate the occurrence of significant con­
centrations of this pollutant at ground lev­
el over large urban and rural areas (Loren­
zini, 1992). 
The analysis of the historical records of 
0 3 has revealed a more than two fold 
increase over the last century (Volz and 
Kley, 1988). On the basis of present esti­
mates, the global tropospheric concentra­
tions of ozone will continue to increase 
at a rate faster than during the past 100 
years, as a consequence of the continuous 
increase of the emissions of precursors 
(Hough and Derwent, 1990). Other air pol­
lutants have, at least in some Mediterrane­
an countries, a different trend. 
This is the case for sulphur dioxide (502), 

whose emissions have been decreasing over 
the last decade in Italy, France and Spain 
(EMEP, 1990). In this paper the available in­
formation on the impact of air pollutants on 
plants in the Mediterranean area is briefly 
reviewed, and the main research require­
ment on the subject are outlined. 

(') ENEL S.p.A. - CRTRN, Laboratory of Terrestrial Eco­
logy, Milano. 
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I Abstract 

The Mediterranean area is densely populated and has high emission rates of air pollutants. Among 
these, nitrogen oxides and volatUe hydrocarbons are precursors of highly phytotoxic 
photochemical oxidants like ozone (03)' The production and accumulation of ozone In the lower 
troposphere is Increased by the high temperature and solar radiation which characterize the 
Mediterranean cllmate during summer. In several localities 03 concentrations above the 
thresholds for phytotoxicity frequently occur. Significant losses of yield attributable to ambient 
ozone have been observed In Spain In the Ebro delta region and In Italy at urban and rural sites 
In the Po plain. The avaUable information on the Influence of ambient air pollution on forests, 
natural species and ecosystems is still very slight. Typical 0 3 Injury symptoms have been 
observed on Plnus halepensis In Israel, Greece and Spain. Information on other species is almost 
completely lacking. An Increase In research on this topic is urgently needed. 

I Resume 

L 'atre medtterraneenne est tr~s peupUe et les taux d'bnlsston des polluants atmospbertques sont 
eleves. L 'oxyde d'a:rote et les bydrocarbures volattles sont les precurseurs des oxydants pbotocbtmt­
ques pbytotoxtques, tels que I'ozone. Laformatlon et I'accumulatton d'ozone dans les coucbes super­
ftctelles de l'atmosPb~re sontfavortsees par les temperatures elevees et par les radtatlons solalres 
caracterlsant le cltmat medtterraneen. Dans nombreuses localttes des concentrattons d'ozone supe­
rteures aux ltmttes de pbytotoxtctte sont frequemment decelables. Des reductions de la production 
agrtcole attrtbuables a I'ozone des coucbes superftctelles ont ete observees en Italte dans des atres 
urbatnes et rurales de la plalne du Pol. Les tnformatlons dlspontbles sur l'lnfluence que la pollutton 
des coucbes atmosPbertques superftctelles a sur les forets, les esp~ces naturelles et les ecosyst~es 
sont ltmttees. De symptIJmes typlques attrtbuables aux degats provoques par I'ozone ont ete obser­
ves sur le Plnus halepensls en Israel, en Gr~ce et en Espagne. Les tnformatlons sur d'autres esp~ces 
manquent presque totalement, I'ou une recbercbe plus approfondte s'av~re necessalre. 

Impact of air pollutants 
on plants in the 
Mediterranean basin 

Traits of Mediterranean vegetation 
relevant to air pollution effects 

The study of air pollution effects on crops, 
forests and natural ecosystems in the 
Mediterranean area (figure 1) must take 
into consideration the biological features of 
the different species, which reflect their 
adaptation to the climate. The mild temper­
atures which occur in winter allows the 
growing season to extend over the whole 
year. It is therefore clear that the concept 
of a «seasonal concentration mean», calcu­
lated over a fixed time interval (usually 
spring and summer) cannot be easily applied 
to Mediterranean ecosystems: the exposure 
to pollutants should rather be calculated on 
an annual basis for the ecosystem as a 
whole. For single species the actual duration 
of the growing season should be consi­
dered. The high temperatures and drought 
which characterize the summer may cause 
severe heat and water stress, which is coun­
teracted with different strategies. Some spe­
cies (e.g. Eupborbia dendroides) lose their 
foliage and start dormancy at the beginning 
of summer; others have evergreen 
sclerophyllous leaves which can close their 
stomata during the hot hours of the day in 
order to reduce the loss of water by trans-

piration (water savers, e .g. Quercus ilex); 
others have an extremely developed root 
system which can provide sufficient water 
for keepi.ng the stomata open all day (water 
expenders, e.g. Pistacia terebintbus) (Levitt, 
1980). The response to water stress, in par­
ticular the closure of the stomata during the 
central hours in summer may influence the 
uptake of photochemical pollutants, which 
usually reach their maximum concentra­
tions during the hot hours of day. On the 
other hand, air pollutants themselves may 
interfere with the behavior of the stomata 
and with other biological processes relevant 
for adaptation to drought, causing a loss of 
tolerance to this stress (Kasana, 1992). 

Crops 

Visible injury to crops from several air pol­
lutants (e .g. fluoride, sulphur dioxide, 
hydrochloric acid) has been locally ob­
served around industrial sources in the 
Mediterranean area. The information avail­
able for Italy has recently been reviewed by 
Schenone and Lorenzini (1990) . Visible in­
jury from ambient photooxidants at the 
regional scale has been detected on several 
crops in different countries. In Greece Velis­
sariou et al ., (1 992 a) report the case of a farm 
where tobacco (Nicotiana tabacum) culti­
vation was stopped partly because of a «dis­
ease» which was later identified as 0 3 le­
sions. The comparison of old and new greek 
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Figure 1 - The effects of air pollution on Mediterranean vegetation are almost unknown. The tree 
near the centre of the picture is an Aleppo pine (Pious haiepensis), a species highly sensitive to pho­
tochemical smog. (Photo courtesy of Dr. C. Margiocco). 

cultivars of wheat (Triticum aestivum) 
showed surprisingly that recent varieties are 
mo re sensitive to ozone than older ones 
(Barnes et aI. , 1990). In this case the sensi­
tivity to ozone was associated with some 
other favourab le characte ristics w hich 
breeders have specifically selected fo r over 
the years; further studies in fact showed that 
modern greek cultivars have higher rates of 
photosynthesis , associated w ith greater 
stomatal conductance. This may contribute 
to the greater 0 3 sensitivity of modern cul­
tivars, although this may not be the only fac­
tor invo lved. The large sca le use of 
agrochemicals for pro tecting aga inst pests , 
some of them having a sign ificant an­
tiozonant activity, may have reduced for the 
modern cultivars the disadvantage due to 
greater ozone sensitivity (Velissario u e t aI. , 
1992b). In the Ebro delta regio n in Spain 
ambient oxidants were suspected to cause 
severe fo liar fl ecks to watermelon (Citru l­
Ius lanatus) ; a subsequent experiment per­
formed w ith o pen-top fie ld chambers 
showed that the removal o f ambient air pol­
lut ion by filtrat io n could prevent the leaf 
damage and increase the yield . The 7h 0 3 

mean during the experim ent was 50 
nano litres per li tre (nil - I), w ith 800 hours 
exceeding that concentration , and a maxi­
mum value of 90 nil - I (Reinert e t aI. , 
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1990). In Spain visible ozone injury has also 
been no ticed on several o ther cro ps, like 
bean (Phaseolus vulgaris), peanuts (Arachis 
hypogea) , commercial tobacco, tomato 
(Lycopersicon esculentum) and grape (Vitis 
v inifera) (Salleras et aI., 1989). In Tuscany 
(central Italy) oxidant stipples have been ob­
served on grape, bean, soybean (Glycine 
max) and tomato (Lorenzini et aI., 1984). In 
this region 7h 0 3 concentrations up to 60 
nil - I have been recorded for the May­
September period , w ith hourly maxima 
above the American standard of 120 nil - I 
(Lorenzini e t aI. , 1988). In the Po plain 
(northern Italy) visible injury attr ibutable to 
ambient ozone has been o bserved on bean 
(Panattoni e t aI. , 1990), courgette (Cucur­
bita pepo) (Schenone and Lorenzini, 1992), 
soybean and hybrid po plar (Populus del ­
taides x Maximowiczii) (G. Schenone, un­
published) (figure 2 ). 
In northern Italy the effects of ambient air 
po llutio n on crops have been investigated 
with open-top fie ld chambers, a technique 
wh ich allows control of the air pollution 
content of the atmosphere while keeping 
the plants in near- fi eld conditio ns. The ex­
periments were performed at two sites in 
the Po Plain ; one site was within the urban 
area of Milano (urban site), and the second 
was in the countryside along the Po river 

90 km south-east of Milano (rural site). The 
crops were cultivated in the field under stan­
dard agronomic conditions and were ex­
posed to e ither fi ltered or no nfiltered air in 
the o pen-top chambers until final harvest. 
The results showed Significant yield losses 
for vario us crops in the chambers receiving 
ambient nonfilte red air compared to the 
filtered o nes . No relevant diffe rences be­
tween the two sites were no ticed . For 
w inter w heat the yield reduction in non­
filtered air averaged 23 % over three years 
at the urban site and 2 1 % at the rural site. 
Phytotoxic levels of ozone were measured 
at bOth sites during the two months before 
harvest. For dry bean the yield losses over 
two years and three cultivars were 27% at 
the urban site and 23 % at the rural site . Dur­
ing the experiments with bean 7h 0 3 me­
ans up to 50 nil - I were recorded, with 
maxima up to 100 nil - I. Significant reduc­
tio n o f yield were also o bserved fo r barley 
(Hordeum vulgare) in 1989 . For bean the 
effects on yie ld were associated with visi­
ble injury to leaves, while for wheat no sym­
ptoms were noticed. An experiment with 
courgette gave a nonsignificant yield reduc­
tion of 10%, altho ugh visible interveinal 
fo liar flecking occurred in plants grown in 
non filte red air (Schenone and Lorenzini , 
1992; Schenone e t al., in press). The effects 
of 0 3 on herbaceous and woody crops are 
studied with open-top chambers at a field 
site nea r Viterbo , in central Italy. A prelimi-
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Figure 2 - Leaf of hybrid poplar (populus deltoides x Maximowiczii) grown at a rural sUe in the Po 
Plain, northern Italy. The leaf shows interveinal stipples on the upper surface, a typical symptom 
of ozone injury for most deciduous trees. 

Figure 3 - Leaves of peach tree (prunus persica) exposed to charcoal-filtered air (FA), filtered air plus 
ozone (FA + 0,) and ambient air (AA) at a semirural site in near Viterbo, central Italy. On this spe­
cies ozone causes diffusion of red pigments from injured tissue into surrounding tissue. Visible in­
jury which occur in ambient air can be prevented by removing the air pollutants by filtration; the 
same symptoms can be reproduced by adding ozone to filtered air. (photo courtesy of Dr. M. Badiani). 

nary experiment performed with peach tree 
(Prunus persica) suggests the occurrence of 
negative effects of ambient levels of 0 3 on 
this species (figure 3). A synergistic inter­
action between ozone and a pathogenic fun­
gus has in addition been observed (Badiani 
et aI. , 1992). 

Forests, native species 
and ecosystems 

The research on effects of ambient air pol­
lution on Mediterranean forests, native spe­
cies and ecosystems has been mainly per­
formed as field observations. Most refer­
ences deal with the direct impact of vehi­
cle exhausts or other forms of pollution and 
lack quantitative data on air quality for the 
«clean» and «polluted» sites. Very little is 
known about the impact of photochemical 
air pollution at regional scale. A first case­
study which can be mentioned here is the 
severe damage which occurs to coastal 
forest ecosystems along the Tyrrenian 
beachfront, especially in the proximity of 
river mouths. The typical symptom is foliar 
necrosis of the side of the crown directed 
to the sea; the growth is reduced and the 
plants often die. The damaged leaves have 
a high content of chloride. There is now 
convincing evidence that the disorder is 
caused by the polluted marine aerosol with 
a synergistic action between sodium chlo­
ride and detergents (Gellini et al ., 1985; Gui­
di et aI., 1988). The elemental analysis of 
leaves of evergreen oak (Quercus ilex) grow­
ing under the influence of urban air pollu­
tion at Naples has indicated a high load of 
trace metals, whose concentration was posi­
tively correlated with the traffic intensity 
(Alfani et ai. , 1989). In leaves of Laurus 
nobilis at the botanical garden of the univer-

sity of Naples, the content of chlorophyll 
and nitrogen was found to be inversely 
related to the amount of sulphur, suggest­
ing a negative influence of ambient levels 
of 502 (Alfani et ai., 1983). The ultrastruc­
tural and biochemical analysis of leaves of 
Pinus pinea collected within the urban area 
of Rome and in the surrounding rural areas 
indicated faster and higher degradation of 
epicuticolar waxes, higher levels of perox­
idase activity and sulphate contents in plants 
sampled in Rome; these effects may be at­
tributed to the direct action of vehicle ex­
hausts (Manes et al., 1989). Analogous 
studies carried out in Greece on Laurus 
nobilis , Olea europea and Eucalyptus 
camaldulensis demonstrate that sclerophyl­
lous trees growing in a heavily polluted ur­
ban environment generally present harder 
and thicker leaves in comparison to plants 
living in rural areas . Nevertheless the struc­
ture of cell organelles is not damaged, and 
the trees maintain their photosynthetic ac­
tivity (Christodoulakis and Fasseas , 1990; 

Christodoulakis and Koutsogeorgopoulou, 
1991). The authors therefore conclude that 
these species must be regarded as «injury 
resistant»; the observed thickening and 
hardening of the leaf external structures lead 
to a more xeromorphic habitus, which can 
be related to the hot and dry urban microcli­
mate. As mentioned before, the information 
on the effects of photochemical air pollu­
tion on Mediterranean native species and 
ecosystems is very slight. Chlorotic mottling 
and banding of needles of Pinus hale pen­
sis and Pin us pinea have been observed in 
Israel in the Shaar Hagai canyon, along the 
road leading to Jerusalem. The symptoms 
were identical to those described for Pin us 
ponderosa in the San Bernardino mountains 
in California and attributed to ozone. 
The ozone damage is accompanied by se­
vere infestation by Matsucoccus josephy 
scales and Scolitidae beetles (Naveh et ai. , 
1980). Pinus halepensis is also severely 
damaged by ambient photo oxidants in the 
greater Athens basin in Greece (figure 4) 
(Velissariou et ai. , 1992a). The lesions were 
visible in all but the current year needles in 
the cooler months; in summer the needles 
were very clorotic , possibly due to pho­
tooxidation of chlorophylls mediated by 
heat or drought, and the 0 3 symptoms 
were masked. Ozone damage to Aleppo 
pine has also been noticed in Spain (Gime­
no et aI. , in press). 

Figure 4 - Chlorotic 
mouling on needles of 
Aleppo pine (Pious 
halepeosis) exposed to 
ambient ozone near 
Athens. Mottling is a 
typical symptom of 
ozone injury to 
conifers. (Photo 
courtesy of Dr. D. 
Velissariou). 

51 



For other Mediterranean species the infor­
mation is less certain. Ambient air pollution 
is suspected to play a role in the decline of 
Greek fir (Abies cephalonica) on the slopes 
facing Athens (Heliotis et aI., 1988). In Italy 
symptoms resembling the so called «new 
type forest decline» have been described for 
Pinus pinea, Pin us pinaster, Pinus 
halepensis and Quercus ilex (Clauser et al., 
1989). The presence of generally mild 
damage all over the Italian territory, and of 
severe damage in the vicinity of strong 
sources of air pollution suggests to the 
above authors that diffused regional at­
mospheric pollution may be the main cause 
of the decline . However, no data on air qual­
ity are given, and the described symptoms 
are not specific to an air pollution-induced 
damage. 

Critical levels for effects 
of air pollutants on vegetation 

The recently introduced concept of critical 
level allows a practical approach for estimat­
ing the sensitivity of ecosystems to air pol­
lution. The critical level of a certain pollu­
tant is intended as the threshold concentra­
tion (or the dose) above which harmful ef­
fects to sensitive receptors may occur. An 
extremely useful feature of this approach is 
that the critical levels can be mapped (UN­
ECE, 1988). In these maps the more sensi­
tive areas have lower values of critical le v­
el. The comparison of the critical level maps 
with the concentration maps obtained from 
instrumental monitoring allows identifica­
tion of the areas where the critical levels are 
exceeded, and where the abatement of pol­
lutant concentrations is needed. The criti­
cal levels for European crops, forests and 
natural vegetation have been established by 
the United Nations Economic Commission 
for Europe (UNECE), and are now being up­
dated following new knowledge coming 
from research. However, the above over­
view indicates that the present knowledge 
on the responses of crops, forests and natur­
al vegetation to air pollutants in the Mediter­
ranean basin is absolutely insufficient and 
that a greater research effort is needed in 
order to identify and map the critical levels 
for air pollutants in this region. 

Research requirements 
and conclusions 

The research so far carried out has found 
evidence of clear effects of ambient air pol­
lution on plants in the Mediterranean basin. 
The instrumental and biological monitoring 
of air quality has demonstrated the occur­
rence of phytotoxic concentrations of 
ozone at regional scale over large urban and 
rural areas, with a trend towards a further 
increase. Nevertheless, the data on air qual­
ity for the Mediterranean area are still insuffi­
cient, especially for 0 3 , and reliable maps 
of pollutant concentration can not be 
drawn. A better knowledge of air quality is 
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therefore essential, and a greater number of 
monitoring stations at rural and natural sites 
is required. The use of biological indicators 
may provide extremely useful data because 
of the high density of measuring points 
which can be covered with relatively little 
expense (Mignanego et al., 1992). As far as 
experimental research is concerned, con­
trolled fumigation systems should be set up 
for operating under field or near-field con­
ditions: open-air fumigation systems and 
open-top field chambers seem to be the best 
choice. High priority should be given to the 
following research topiCS: 
- Effects of realistic exposures to air pol­
lutants on Mediterranean crops, forest and 
natural vegetation species. Ozone should be 
given particular attention. 
- Interactions between air pollutants and 
other stress factors, both physical (water 
stress, heat), and biological (insects, dis­
eases). 
- As far as natural vegetation is concerned, 
the experimental work in fumigation cham­
bers should be accompanied by field sur­
veys for evaluating the extent and spatial 
distribution of specific symptoms of air pol­
lution damage on sensitive species (e.g. 
03-induced chlorotic mottling on conifer 
needles). • 

References 
Alfani A., Bartoli G., Santacroce R.: Sulphur contami­
nation of soil and Laurus nobilis leaves in the botani­
cal garden of Naples university. JOURNAL OF EN­
VIRONMENTAL SCIENCE AND HEALTH, A18, 621-632, 
1983. 
Alfani A., Bartoli G., Virzo de Santo A., Lombardi M., 
Rutigliano F. , Fioretto A., Gargiulo E.: Leaf elemental 
composition of Quercus ilex L. in the urban area of Na­
ples. I: Trace elements. In: Proceedings of the confer­
ence «MAN AND ENVIRONMENT. THE PLANT COM­
PONENTS IN ANTHROPIC SYSTEMS •. Rome, 24 oc­
tober 1989. ENEL and Societa Botanica Italiana, Rome, 
pp. , 121-135. 
Badiani M. , Paolacci A.R. , D'Annibale A., Schenone G., 
Giovannozzi-Sermanni G.: An ozonefumigation experi­
ment on peach trees enclosed in open-top chambers in 
central Italy: Experimental setup and some preliminary 
results . Symposium Air Pollution and Crop Responses 
in Europe, 23-25 November 1992, Tervuren, Belgio, Ab­
stract 39, Commissione delle Comunita Europee, Brux­
elles, 1992. 
BarnesJ.D., Velissariou D., Davison A.W., Holevas e.D.: 
Comparative ozone sensitivity of old and modern Greek 
cultivars of spring wheat. NEW PHYTOLOGIST, 116, 
707-714, 1990. 
Christodoulakis N.S., Fasseas e.: Air pollution effects on 
the leaf structure of Laurus nobilis, an injury resistant 
species. BULLETTIN OF ENVIRONMENTAL CONT AMI­
NATION AND TOXICOLOGY, 44, 276-281, 1990. 
Christodoulakis N.S. , Koutsogeorgopoulou L.: Air pol­
lution effects on the leaf structure of two injury resis­
tant species: Eucalyptuus camaldulensis and Olea eu­
ropea L. BULLETTIN OF ENVIRONMENTAL CONT AMI­
NATION AND TOXICOLOGY, 47, 433-439, 1991. 
Clauser F., Gellini R., Bussotti F., Cenni E., Bottacci A.: 
New types oJ damage to forest trees typical oJ the 
mediterranean region. European Journal of Forest 
Pathology, 19, 78-83, 1989. 
EMEP: Calculated budgets of airborne sulphur and 
nitrogen over Europe. EMEP Report MSC-W 2/90, 1990. 
Gellini R., Pantani F., Grossoni P., Bussotti F., Barbola­
ni E., Rinallo e.: Further investigations on the causes 
of disorder of the coastal vegetation in the park of San 
Rossore (central Italy). EUROPEAN JOURNAL OF 
FOREST PATHOLOGY, IS, 145-157, 1985. 
Gimeno B.S, Velissariou D. , Barnes].D., Indin R., Pena 
J.M., Davison A.W., (in press): Ozone effects on Aleppo 
pine needles in Greece and Spain. FITOPATOLOGIA 
MEDITERRANEA. 

Guidi L., Lorenzini G. , Soldatini G.F.: Pbytotoxicity of 
sea-water aerosols on forest plants witb special refer­
ence to the role of surjactants. ENVIRONMENTAL AND 
EXPERIMENTAL BOTANY, 28 , 85-94, 1988. 
Heliotis F.D., Karandinos M.G., WhitonJ.e.: Air pollu­
tion and the decline of the fir forest in Parnis National 
Park, near Athens, Greece. ENVIRONMENTAL POLLU­
TION, 54, 29-40, 1988. 
Hough A.M, Derwent R.G.: Changes in the global con­
centration of tropospheric ozone due to human activi­
ties. NATURE, 344, 645-648, 1990. 
Kasana M.S.: Effects of ozone fumigation on a tropical 
fibre plant, kenaf (HibiSCUS cannabinus L.). AGRICUL­
TURE, ECOSYSTEMS AND ENVIRONMENT, 38, 61, 70, 
1992. 
Levitt J.: Responses of plants to environmental stress­
es, voll/, Academic Press, New York, 1980. 
Lorenzini G., Triolo E., Materazzi A.: Evidence ofvisi­
ble injury to crop species by ozone in Italy . RIVISTA 
ORTOFLOROFRUTTICOLTURA ITALIANA, 68, 81-84, 
1984. 
Lorenzini G. , Guidi L., Panattoni A.: Ozono atmosferi­
co al suolo. Risultati di un anno di monitoraggio a Pisa 
e valutazioni di ordine ambientale. INQUINAMENTO, 
1988(6), 48-56, 1988. 
Lorenzini G.: Towards an ozone climatology over the 
Mediterranean basin: Environmental aspects. Interna­
tional Conference on «Environmental and sanitary 
problems of land and coastal waters in the Mediterra­
nean area. , Naples , 8-10 October 1992, 1991. 
Manes F., Altieri A., Angelini R., Bruno F., Tripodo P.: 
Plants as monitor of environmental pollution in the ur­
ban system of Rome. In: Proceedings of the conference 
«MAN AND ENVIRONMENT. THE PLANT COMPO­
NENTS IN ANTHROPIC SYSTEMS •. Rome, 24 october 
1989. ENEL and Societa Botanica Italiana, Rome, pp. 
137-151, 1989. 
Mignanego L., Biondi F., Schenone G.: Ozone bi­
omonitoring in northern Italy. AGRICULTURE, 
ECOSYSTEMS AND ENVIRONMENT, 21 , 141-159, 
1992. 
Naveh Z., Steinberger E.H., Chaim S., Rotmann A.: Pho­
tochemical oxidants-A threat to Mediterranean forest 
and upland ecosystems. ENVIRONMENTAL CONSER­
VATION 7:301-309, 1980. 
Reinert R.A. , Gimeno B.S., Salleras J.M., Bermejo V., 
Ochoa MJ., Tarruel A. : Ozone effects on watermelon 
plants at the Ebro Delta (Spain): SymptomatOlogy. 
Agriculture, Ecosystems and Environment 38, 41-49, 
1992. 
PANattoni A. , Lorenzini G., Schenone G.: IdentiJicazio­
ne dell 'ozono quale agente di sintomi fogliari su fagiolo 
in Pianura Padana. L'INFORMATORE FITOPATOLO­
GICO 12, 43-46, 1990. 
SallerasJ.M., Gimeno B.S. , Bermejo V., OchoaJ., Tar­
ruel A.: Evolucion del ozono y de la sintomatologia de 
sus efectos sobre sandias y otro cultivos en el Delta del 
Ebro durante 1988 y 1989. FRUTICULTURA PROFE­
SIONAL, 26, 127-136, 1989. 
Schenone G., Lorenzini G.: Research in Italy on plant­
air pollutant interactions. RIVISTA DI PATOLOGIA 
VEGETALE, 26, 85-106, 1990. 
Schenone G., Lorenzini G.: Effects of regional air pol­
lution on crops in Italy. AGRICULTURE, ECOSYSTEMS 
AND ENVIRONMENT, 38, 51-59, 1992. 
Schenone G., Botteschi G. , Fumagalli I., Montinaro F., 
in press: Effects of ambient air pollution in open-top 
chambers on bean (Phaseolus vulgaris L.). I. Effects on 
growth and yield. THE NEW PHYTOLOGIST. 
Treshow M. (ed.): Air pollution and plant liJe. John 
Wiley & Sons, Chichester, New York, 486 pp. , 1984. 
UNECE: ECE Critical levels workshop. Bad Hartzburg, 
FRG, 14-18 March. Final Draft Report , Umweltbun­
desamt, Berlin, 1988. 
Velissariou D. , Davison A., Barnes J.D. , Pfirrmann T., 
Madean D.e. , Holevas C.D.: Effects of air pollution on 
Pinus halepensis (Mill.): Pollution levels in Attica, 
Greece. ATMOSPHERIC ENVIRONMENT ,26A, 373-380, 
1992a. 
Velissariou D. , Barnes).D. , Davison A.W.: Has inadver­
tent selection by plant breeders affected the sensitivity 
of modern Greek cultivars of spring wheat? AGRICUL­
TURE, ECOSYSTEMS AND ENVIRONMENT, 38, 79-89, 
1992b. 
Volz A., Kley D.: Evaluation of the Montsouris series 
of ozone measurementsmade in the nineteenth centu­
ry. NATURE, 332 , 240-242 , 1988. 
Westman W.E.: Air pollution injury to coastal sage 
scrub in the Santa Monica Mountains, Southern 
CaliJornia. WATER, AIR, AND SOIL POLLUTION, 26, 
19-41 , 1985 . 


	49
	50
	51
	52

