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S u m m a r y
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clones of European beech {Fagus sylvatica L.) exposed to ozone. - Phyton (Horn, Austria) 42 (3):
(149M155).

Two Fagus sylvatica clones, one from central and the other from southern Italy, were ex-
posed to charcoal-filtered or ozone-enriched (150 ppb, 5 h d"1) air for 14 days. Leaf gas exchange,
chlorophyll a fluorescence, leaf greenness and maximum RuBP-saturated rate of carboxylation have
been measured. Even though the two clones came from sites with different environmental features,
their photosynthetic performances were similarly depressed by fumigation, apart from stomatal
conductance. An uncoupling between stomatal conductance and carbon assimilation was assumed to
take place. Mesophyllic limitations were likely to be the most limiting factor. Photosynthetic light
reactions (i.e. apparent electron transport rate) responded to ozone earlier than dark reactions (i.e.
maximum RuBP-saturated rate of carboxylation).

I n t r o d u c t i o n

Contrasting results have been reported concerning the effects of ozone (O3)
on European beech {Fagus sylvatica L.), one of the most important broad-leaved
tree species in central and Western Europe (see SANDERMANN & al. 1997 for a re-
view).
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European beech distribution area extends south in the Mediterranean basin.
Southern populations show leaf sclerophylly and high tannin content (BUSSOTTI &
FERRETTI 1998, GROSSONI & al. 1998), high potential for drougth acclimation
(GARCIA-PLAZAOLA & BECERRIL 2000) and low susceptibility to photoinhibitory
damage (TOGNETTI & al. 1998). PALUDAN-MÜLLER & al. 1999 investigated long-
term responses to low levels of O3 of seedlings of 12 European beech provenances,
and found that northwest provenances were more sensitive than southeast ones in
terms of leaf gas exchange and growth parameters.

The purpose of this study was to analyze how two European beech clones
from Central and Southern Italy respond to O3 in terms of photosynthetic
performance. A previous work (NALI & PAOLETTI 2002) reported that these two
clones differed in the background levels of some physiological and biochemical
parameters. These differences could be interpreted as a result of the adaptation of
each clone to its environment.

M a t e r i a l a n d M e t h o d s

Seeds were collected from two beech forests with contrasting climatic conditions:
Abetone (Tuscany, Central Italy; altitude 1,200 m a.s.L, annual rainfall 2,568 mm, annual average
temperature 6.9°C) and Nebrodi mountains (Sicily, Southern Italy; altitude 1,250 m a.s.L, annual
rainfall 1,467 mm, annual average temperature 10.8°C). Ramets from five-years-old seedlings were
selfrooted in the greenhouse of the Niedersächsische Forstliche Versuchsanstalt (Staufenberg-Es-
cherode, Germany). As after-rooting survival was low, two years later only one clone per prove-
nance (clone C from Central Italy and clone S from Southern Italy) was available for the experi-
ment. Twelve even-sized plants from each clone were moved to a growth chamber at 20 ± 1 °C, 85 ±
5 % R.H. and 500 jamol m"2 s"1 photon flux density at plant height during a 12 h photoperiod. Plants
were allowed to acclimatize for one week and then exposed to O3.

Exposures to O3 were carried out during the summer of 2000 in a controlled environment
fumigation apparatus (LORENZINI & al. 1994), ventilated with charcoal-filtered air. Ozone was gen-
erated by a Fischer 500 (Zurich, Switzerland) supplied with pure O2. Its concentration was continu-
ously monitored using a PC-controlled photometric analyzer (Monitor Labs mod. 8810, San Diego,
CA, USA). The exposure regime was 150 ppb (for O3, 1 ppb = 1.96 |ig m"3 at 20° C and 101.325
kPa) for 14 days (5 h d"1 from 09:00 to 14:00, solar time) in form of a square wave. The "Accumu-
lated exposures Over the Threshold of 40 ppb" (the so-called "AOT40", sensu DE LEEUW & VAN
ZANTVOORT 1997) was 7700 ppb.h. Control plants were maintained in charcoal-filtered air. Envi-
ronmental conditions were the same as in the growth chamber. Analyses were performed after 14
days of exposure on a minimum of three well-watered plants per treatment (three mature leaves per
plant).

Measurements of leaf gas exchange were carried out at noon, using O3-free air, by an in-
fra-red gas-analyzer (CIRAS-1 PP-Systems, Herts, UK) equipped with a Parkinson leaf chamber
that controlled leaf temperature (25°C), relative humidity (80 %), light (800 umol m'2 s"1 PAR) and
CO2 concentration (350 ppm). Stomatal conductance to water vapor (Gw) and apparent internal CO2

concentration (Ci) were calculated according to VON CAEMMERER & FARQUHAR 1981 and related to
one-sided leaf areas. For CO2 response curves, photosynthetic rates were measured over a range of
CO2 concentrations (100-2000 ppm) under saturating PAR (1200 umol m"2 s"1). Parameter Vcmax

(umol m"2 s"1), i.e.the maximum RuBP-saturated rate of carboxylation, was estimated according to
FARQUHAR & al. 1980. Vcmax is positively correlated to carboxylation efficiency (CE), as calculated
on the initial slope of the curve (FARQUHAR & VON CAEMMERER 1982).

Chlorophyll a fluorescence of photosystem II (PSII) was measured on the leaf adaxial sur-
face of interveinal regions, using a fluorometer (FIM-1500, ADC, Herts, UK). Just before the
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measurement the leaves were dark-adapted for 40 min. In this state, initial fluorescence (Fo), when
all PSII reaction centers were open, was measured under a low ambient background light. Maxi-
mum fluorescence (Fm), when all PSII reaction centers were closed, was measured by applying a
saturating light pulse (5 s duration). Apparent electron transport rates through PSII (ETR) were
estimated as (Fm-F0)/Fm * PPFD * a * f, assuming an absorptivity a of European beech leaves in
photosynthetic active radiation of 0.84 and a light distribution factor between PSI and PSII,/, of 0.5
(KRALL & EDWARDS 1992).

Leaf greenness was measured using a SPAD-502 Chlorophyll Meter (Minolta, Osaka, Ja-
pan) (MANETAS & al. 1998). Three SPAD readings were averaged for each leaf to represent one
observation.

Two-factor analysis of variance (ANOVAs) was used to assess which factors significantly
influenced each variable (Tukey's HSD test). Two-factors ANOVA followed a collective multivari-
ate analysis (MANOVA) for the not-correlated variables in Table 1 (r2 < 0.3). A linear regression
between ETR and Pnet was applied to the mean values per each plant.

R e s u l t s a n d D i s c u s s i o n

After 14 days of treatment with O3, no visible symptom of leaf injury was
apparent. Both clones responded to O3 exposure by decreasing net photosynthesis
(Pnet) (-35.2 and -45.5 % in C and S, respectively, Table 1) and increasing Ci
(+26.4 and +19.8 % in C and S, respectively, Table 2). Ci and Gw had higher
values in clone S. In S, Gw was not affected by O3, while a strong increase (+51.9
%) was recorded in C. LEONARDI & al. 1990 observed that European beech showed
a transient increase in Gw and a persistent decrease in CO2 assimilation in response
to near-ambient O3 levels. The "ozone x clone" interaction was significant also for
Pnet and Ci.

Table 1. Two-factor ANOVA of ozone treatment and clonal variation on the not-corre-
lated parameters of the two European beech clones (MANOVA-derived). Pnet = net photosynthesis
(|amol CO2 m"2 s"1); Gw = stomatal conductance to water vapor (mmol H2O m"2 s"1); Chi = leaf
greenness (arbitrary units). Values represent the mean (±SD). Asterisks indicate: * = P<0.05, ** =
P<0.01, *** = P<0.001;ns = P>0.05.

Clone Treatment

r -O3
c +o3

S +Ö3

Ozone
Clone

Ozone x clone

Pnet

7.1 ±0.98
4.6 ± 1.43
10.1 ± 1.94
5.5 ±0.77

#**

m
w.

Gw

133 ± 21.6
202 ± 62.3
186 ±20.6
182 ±40.4

***

•mm

Chi

30.7 ±4.32
28.0 ±4.35
33.9 ±3.98
34.5 ±3.47

**
ns

Both our clones did not suffer any significant alteration in leaf greenness
after O3 exposure, even if the clonal variation showed higher values in clone S
(+10.4 %, Table 1). In both clones, O3 did not significantly decrease Vcmax (Table
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2), which represents the activity and/or amount of Rubisco during the photosyn-
thetic dark reactions. This result contrasts with findings by BORTIER & al. 2000 and
LIPPERT & al. 1996, who observed a significant reduction in Vcmax and CE caused
by long-term exposure to O3 of European beech. A decrease in CO2 uptake was
correlated to a decrease in CE for poplar as well (PELL & al. 1994), while FARAGE

1996 and FOSTER & al. 1990 did not find any effect on CE for Quercus robur.
FARAGE & LONG 1999 reported that chronic O3 fumigation did not affect the RuBP
regeneration capacity of wheat and pea and the decreased CO2 uptake was
essentially due to a decrease in the amount of active Rubisco.

Table 2. Two-factor ANOVA of ozone treatment and clonal variation on apparent internal
CO2 concentration (Ci, ppm), maximum RuBP-saturated rate of carboxylation (Vcmax, umol m"2 s"1),
maximal fluorescence of chlorophyll a (Fm, arbitrary units) and apparent electron transport rate
through PSII (ETR, |j.mol m"2 s"1) of the two European beech clones. Values represent the mean
(±SD). Asterisks indicate: * = P<0.05, ** = P<0.01, *** = P<0.001; ns = P>0.05.

Clone Treatment

r -O3
C +O3

« -O3

* +O3

Ozone
Clone

Ozone x clone

220
278
217
260

Ci

± 15.8
± 15.2
±15.1
±15.4

***

**
*

Vcmax

29.8 ±0.98
26.0 ± 1.56
29.3 ±2.86
23.9 ±8.41

ns
ns
ns

ETR

273
255
275
263

ä

±
±
±
±

***

*
ns

3.1
11.9
2.5
6.4

Fm

3740± 92
3134±252
3881± 124
3453 ±321

***

as
ns

CO2 fixation acts as a major sink for the reducing equivalents and energy
generated by the primary photochemical reactions (i.e. ATP and NADPH). The
decreased CO2 assimilation capacity observed in this study will cause ATP and
NADPH demand to decrease in chloroplasts, and will lead to redox back pressure
on PSII. In order to match the decreased ATP and NADPH demand by carbon me-
tabolism in ozonated leaves, the primary photochemical reactions of PSII should be
modified to down-regulate the linear photosynthetic electron transport. The results
obtained in this experiment show a significant 03-induced effect on ETR (Table 2),
a photosynthetic light parameter, whose decrease may be due to photoinhibition. In
fact, the decreased Fm (Table 2) is interpreted as a transformation of PSII reaction
centers to fluorescence quenchers, i.e. to dissipators of excitation energy, without a
decrease in trapping efficiency (SOMERSALO & KRAUSE 1990).
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Fig. 1. Relationship between apparent electron transport rate through PSII (ETR) and net
photosynthesis (Pnet) in the two clones ofFagus sylvatica after ozone exposure. Clone C: y = 245.5
+ 3.9x, r = 0.80; clone S: y = 239.6 + 3.2x, r = 0.38.

The linear correlation between ETR and Ci was not significant, but showed
positive and similar slopes in controls and negative slopes in the treated individuals
(data not shown). A progressive lowering of slopes in European beech seedlings
treated with O3 has been described by GRAMS & MATYSSEK 1999. The significant
correlation between ETR and Pnet in both clones (Fig. 1), suggests that the Cb-in-
duced effects were already well established (GRAMS & MATYSSEK 1999).

Although the two clones investigated come from areas quite different in
terms of environmental features, their photosynthetic performances did not show
marked differential variations in response to a realistic O3 fumigation, apart from an
increase in Gw in clone C. In this case, it can be assumed that an uncoupling be-
tween Gw and Pnet took place; this phenomenon has been reported for other O3-
exposed woody species (TJOELKER & al. 1995). Ci increase and ETR decrease,
lacking changes in the chlorophyll content (i.e. leaf greenness), were likely to be
related to a mesophyllic limitation in CO2 fixation under O3 exposure (BORTIER &
al. 2000). Photosynthetic light reactions (i.e. apparent electron transport rate) re-
sponded to O3 earlier than dark reactions (i.e. maximum RuBP-saturated rate of
carboxylation). The ecophysiological implications of these aspects are worthy of
further investigations, which should also focus on different O3 pollution scenarios.
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