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Abstract — Ecophysiological investigations Quercus petraeandQuercus cerrisvere performed at

the Sikf&kut research site in the dry and humid growing seasons of 2003 and 2004. The results
suggested that leaf growth and the photosynthetic appara@uspetracaexhibited higher sensitivity

to drought in 2003 than that . cerris In leaves ofQ. petraea chlorophyll content showed larger
inter-annual and within-canopy variability than in thoseQf cerris Fully developed leaves of

Q petraesashowed lower SLM which indicated higher leaf cell wall elasticity allowing them to
maintain a water spending strategy, while high specific leaf mass (SLM) values reflected a water
saving strategy foRQ. cerris Water use efficiency of. cerris was higher than in the case of

Q. petraea which may provide an advantage for this species in dry periods. In the contrasting years
the final leaf area and leaf mass of both species were determined by the amount of rainfall and
temperature conditions during the period of early exponential phase of leaf growth. As indicated by
the low values of the Fv/Fm chlorophyll fluorescence parameter the photosynthetic apparatus of both
species exhibited high susceptibility to abiotic stress factors in early spring. A large VAZ cycle pool
indicated that zeaxanthin dependent heat dissipation was the main contributor to photoprotection of
photosynthetic apparatus in young leaves but in fully developed leaves the relatively high light
saturated ETR and low,g as well as the maintenance of high Fv/Fm even in severe dry periods
reflected the potential involvement of photorespiratory electron transport in photoprotection of both
species in summer. Drought in 2003 may have resulted in serious depletion of dry matter reserves
influencing the vitality of trees in following yea@. petraeashowed lower photochemical activity in

the successive vegetation period after the dry year@harerriswhich suggested lower tolerance to
drought in the long term.

oak / drought / leaf growth / photosynthesis / photochemical efficiency of PSl|

Kivonat — Cseres-tblgyes fafajainak levélntvekedése és fotoszintetikus teljesitménye kontrasztos
idéjarasu években. A sikfékati cseres-tdlgyes eddllomanyban végzett vizsgalatok eredményei
alapjan megéllapithatdé, hogy a kocsanytalan tolgy levélndvekedése és fotoszintetikus apparatusa
nagyobb klimatikus érzékenységet mutat, mint a csertélgyé. A kocsanytalan tdlgy esetében a klorofill-
tartalom nagyobb évek kozotti eltérést, és klimatikus valtozékonysagot mutat, mint a csertdlgynél. A
kocsanytalan tolgy kisebb SLM értékekkel jellemeé&henint a csertdlgy, ami az &b fajnal
nagyobb, az utébbinal pedig kisebb sejtfal elasztikussaggal tarsul. Az SLM és a WUE alapjan
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megallapithatd, hogy Quercus petraeaizpazarl6 stratégiaval, @Quercus cerrisgnkabb vizmegrzé
stratégiaval rendelkezik. A két tolgyfaj fainak #dwegetaciés periodusban kifgls végleges
asszimilalo lombfellletét és tomegét a levélndvékeeixponencialis fazisaban uralkodimeérséklet

és csapadékviszonyok nagymértékben befolyasoljalordbfakadaskor és a levélndvekedés idején
felléps aszalynak nemcsak a levélndvekedeés Uteme, harf@kmegész évi produkcidja szempontjabol
sulyos kovetkezménye lehet. Nem csak a szervesgamyadukciojuk és a kovetkézévi
fiziologigjukat is meghataroz6 szerves anyag rakisikken, hanem a fak legyengult allapotba
kerllnek és a kérositdkkal szemben is fogékonyakithdak. Mindkét tblgyfajra jelleniz hogy a
fotoszintetikus apparatus a tavasaisdakban nagy sérulékenységét és abiotikus strésgedikkel
szembeni érzékenységét mutat. A nagy VAZ ciklusneigt készlet azt jelzi, hogy a fiatal levelek
fényvédelmében a zeaxantin akkumulaciéval kapcgohfddisszipacié a meghataroz6 folyamat. A
kifejlett levelekben a magas ETR ellenére alacdeypy, és a szaraz peribdusban is magas Fv/Fm arra
utalnak, hogy nyaron a xantofill ciklus mellett k@t fajnél fontos szerepet kap a fotorespiracio a
fényvédelemben. Az aszalyos évet kdveegetacios idszakban a kocsanytalan télgynél jelentkez
alacsonyabb fotokémiai aktivitas a csertolgyhdzelsép vitalitds nagyobb mértégyengulését jelzi.

télgy / aszaly / levélndvekedés / fotoszintézis EP fotokémiai hatékonysaga

1 INTRODUCTION

Numerous current scenarios on future climate chang€entral Europe predict elevated
temperatures and simultaneous reduction of raimfajrowing seasons which will increase
the frequency and duration of summer drought (IFZDG1). The reduced soil water avail-
ability as the main limiting factor for trees magve an adverse influence on the abundance
and biomass production of European broad-leavezsfer There are several signs that climate
change has already resulted in a shift of distigouaind/or vigour of natural vegetation and
further consequences are also forecast (Gel3ldr 20@7). Climatic change and prolonged
summer drought stress have been suggested as ooajibuting factors to the decline of
central European forests in recent decades (J&tuads1986, Mészaros et al. 1993).

Severe summer drought such as that which occumed0D3 may have long-term
consequences for the forest condition by makingttbes susceptible to other abiotic and
biotic stresses appearing simultaneously or inegiosnt growing seasons.

The climate projections for Hungary predict a rdauc in the total area of natural
climate-zonal forests and a gradual shift of trimsibetween forest-steppe and forest zones
(Matyas — Czimber 2004). The analyses showing kbsecaelationships between the decline
of health condition of zonal forest trees and thvmer water shortage of their habitats have
strengthened such predictions (Berki — Rasztod®12. Longer drought periods are expected
to affect very seriously the tree species and ferescurring in transitional habitats in the
North Hungarian Central Range, especially the mstathds of Turkey oalkQuercus cerriy
and sessile oalQUercus petraga A massive decline of oak (mostly sessile oale) dlao been
reported for forests of transitional habitats (&zket al. 1986).

Although the climatic requirements Q. petraeaandQ. cerrishave been well described
on the basis of distribution pattern, the inforrmaton physiological traits and mechanisms
determining the organic matter production and tolee to fluctuations of weather and soll
water availability are still lacking. For that reasthe aim of this study was to characterise the
physiological traits of). petraeaandQ. cerrisnaturally co-occurring in a mixed forest stand
by monitoring the fluctuation of leaf growth paraers and the functioning of photosynthetic
apparatus within the canopy. Special focus has lbeephysiological responses of the two
oak species to one of the most extraordinary drisugécorded for Hungary, which was
experienced during the summer of 2003. Ecophysicddgneasurements performed during
growing season of the humid year 2004 served aetbeence of those in the dry year 2003.
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Seasonal investigation of leaf physiological traiisan extreme growing season may
provide an explanation for the differences in talere to environmental constraints and
competitive abilities of co-existing tree specigis information may also be useful for
predicting the effects of climate change on climaiaal species and for modelling responses
of forests to environmental stresses.

2 MATERIALS AND METHODS

2.1 Site conditions

The investigations were performed in the 8kKit long-term ecological research site
established in 1972 in the Bukk Mountains, Northngiarian Central Range (Jakucs 1985).
The site is situated at 320-340 m above sea lexetisacovered by a 85-90 year-old stand of
sessile oak- Turkey oak forest community. From dtaat of the Sikfkut project the forest
stand has been untouched. Based on an averageyafa®) the mean annual temperature is
9.9°C and the annual precipitation is 6.1 mm. Téérbck is miocenic grebble and the soil is
deep brown forest soil.

The investigations were carried out in a 50 m x7d5Quadrat of the central 1 ha area of
the site where a 25 m tower was built at the stathe long-term project for meteorological
records and vegetation sampling. At this locatib@ present composition of the tree layer
consists of 84%0Q. petraeaand 16%Q. cerris A substantial decline of sessile oak has
occurred at the site since the 1980s which hadteglsin drastic thinning of the tree layer,
appearance of large gaps and gradual alteratioimeofvertical and horizontal dominance
pattern of the forest stand (Mészaros et al. 1REports on temperature, light conditions and
soil moisture content have revealed drastic chamgesicroclimate within the interior of
declining forest stand (Antal et al. 1997).

Compared to records from the early 1970s the ptesanber ofQ. petraeatrees in the
site is 60% lowerQ. cerrishas also suffered a reduction in the number oividdals but
only by 20%. (Koncz et al. 2005). Repeated fieldveys have indicated an increase in the
basal area of individual trees in both species @déss et al. 2007) as compared to the period
before decline (Jakucs 1985), but it was higheQircerris (Table ). However, when the
present basal area of trees is calculated for Qhpetraeaoak shows a 57% decrease in total
basal area, whil®. cerrisexhibited a moderate increase (Koncz et al. 2005).

Table 1. Basal area of two tree species in thefB8ikfforest in 1974 (Jakucs 1985) and in 2003

Species Mean basal area of tree canopy Degree of change
(m?) (%)
1974 2003
Qurrcus petraea 11.1 12.6 +13.6
Quercus cerris 13.8 18.2 +32.6

In the present state of the forest stand the slaydy in the canopy gaps show a similar
structure (Mészaros et al 1999) to that reportedtie edge of the forest (Mészaros et al.
1981).Acer campestrandAcer tataricumexhibited very intense growth and have formed a
second, lower canopy layer of the stand. In sfitdn@® opened canopy layer, regeneration of
both oak species is rather poor and the covereoh#rb layer is low. The latter observations,
together with the large extent of oak decline, ssgghat the habitat can be considered as a
transitional one for sessile oak - Turkey oak fo(@aiercetum petraeae-cerjis
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2.2 Measurements of weather conditions

The investigations were performed during the 2008 2004growing seasons. The weather
conditions (temperature, relative humidity, raihfaind photosynthetically active radiation,
PAR) were monitored by means of automatic sensatis @ataloggers (Onset Co., USA)
located at the top of the meteorological tower. Pphacessing of records was performed by
BoxCar 4.3 Pro software. The soil moisture contwas measured using the gravimetric
method on sampling days. Soil samples were talan the top 300 mm layer at three points
of the study quadrats near the sample trees. Neptaevater loss soil samples were placed in
plastic bags prior the measurements.

2.3 Measurements of ecophysiological traits

Leaf samples were collected regularly during thewgng seasons. In spring and early
summer the interval between samplings was shatt@rweeks) than later (3-4 weeks). Four
trees of each species growing close to the metagical tower and less than 10 m apart from
each other were selected at random for measurengmtsd| twigs were cut from the sun and
shade layers of sample trees with telescopic sliearsthe tower or from the ground.

Leaf area was measured by an AreaScope leaf arest (developed at the Department
of Botany, University of Debrecen), leaf dry masaswneasured after drying at 85°C Leaf
discs taken for biochemical analysis were frozehiqgunid nitrogen and kept at -70°C until
processing.

Chlorophyll fluorescence parameters (Fv//&R/Fm’) were measured with a PAM 2000
fluorometer (WALZ, Germany) (Schreiber et al. 1998y/Fm was measured after 1 h dark
acclimation. AF/Fm’ of light acclimated samples was used for walion of electron
transport rate, ETR AF/Fm’ x PPFD x 0.84 x 0.5 as suggested by Gengy. ¢1989).

Photosynthetic pigment composition of leaves wassueed in 80% acetone extract.
Chlorophylls were determined by the spectrophotamemethod (Shimadzu UV/VIS
spectrophotometer) using the equations of Wellbi®994). Carotenoid composition was
measured by reversed phase HPLC method (UV/VIS HBaSco, Japan), with application
of zeaxanthin as standard.

Leaf gas exchange parameters were assessed usig iafrared gas analyser (ADC,
UK) under ambient air and saturating light conaiscsupplied by a portable lamp. Ratio of
light-saturated photosynthesis (Pmax) to trandpmatate (E) was used for estimation of
water use efficiency (WUE).

3 RESULTS

3.1 Weather conditions

Concerning the weather conditions the two studys/@aere completely different, especially
in the seasonal distribution and the total amountainfall and temperature fluctuations
(Figure 1. In 2003, after a dry winter period the precipda was 30% less during the
vegetation period than in 2004. The mean dailyeamrperature was significantly higher in the
growing season of 2003 than in the respective gaxi®004.

In 2003 low values of Gaussen-Bagnouls’ xerothardex (Table 3 indicated persisting
drought for spring and early summer, the main geofbcanopy development.

The soil moisture content was low in the spring2003 and fell to 15% (f.m.) in June
and remained around this value till the end of gngvseasonKigure 2). Although there was
a large amount of rainfall in July it could not neodte the soil water deficit. After the drought
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of 2003 the soil water budget did not fully recowkring the winter months and low soill
moisture occurred again in the topsoil during sumofi€004.
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Figure 1. Monthly averages of daily mean tempemtmd monthly sums of rainfall in
growing seasons of 2003 and 2004 at&ikf Research Site

Table 2. Values of Gaussen-Bagnouls’
xerotherm index in growing 36.00
seasons of 2003 and 2004. 30,00 |
Bold values indicate the
ecologically dry months

25,00 A

20,00 A

€

2003 2004 £ 1500
March 0.599 2.684 10,00 -
April 0.333 1.119 5,00 |
May 0.774 2.328 0.0 ‘ ‘ ‘
June 0.156 1629 Apr May June July Aug Sept

I 2.301 1. . : .

July 30 998 Figure 2. Soil moisture content (0-30 cm)
August 0.209  1.794 in growing seasons of 2003 and 2004
September 0.548 0.353 at Sikékuat Research Si

3.2 Leaf growth

Q. petraeashowed larger inter-annual and within-canopy \emns in area and mass of fully
developed leaves th&p. cerris(Figure 3. In the upper canopy of both species leaf arem wa
similar in different growing seasons but in shameel it was significantly larger in the humid
2004 than in 2003.

The persisting drought in 2003 resulted in a lagpuction of leaf mass in both canopy
layers ofQ. petraeaQ. cerrisshowed slight inter-annual changes in leaf masy;tbe mass of
fully developed shade leaves was smaller in 2003 awpared to 2004. The differences in leaf
growth between the canopy layers between specids yaars appeared clearly in the
exponential phase of leaf developmédsigQre 4. The drought in the spring and early summer
of 2003 resulted in smaller slopes of growth cumkeleaf mass in both canopy layers of both
species than in 2004. The specific leaf mass (SbMgxpanded sun and shade leaves of
Q. petraeawas 15-20% lower in 2003-igure 3. This reflected decreases of density and/or
thickness of leaf. In case @ cerristhe inter-annual variation of SLM was less (3-10%)
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Figure 3. Leaf area, leaf mass and specific leassn&LM) of fully developed sun and shade
leaves of Quercus petraea and Quercus cerris 0820hd 2004.
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3.3 Photosynthetic pigments

Leaf chlorophyll content per unit dry matter incsed from spring until summer in sun and
shade leaves of both speci€sglre 5. Carotenoid content per unit dry matter was higher
in spring than in summer. Fully developed leavesdhath canopy layers of sessile oak
contained lower concentrations of all pigment gup2003 than in 2004. The chlorophyll

content of leaves of Turkey oak was similar in eliéint years but total carotenoid content

was lower in 2003.
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Figure 5. Chlorophyll and total carotenoid conténtg g* dry matter) in sun and shade
leaves of Quercus petraea and Quercus cerris invgrg seasons of 2003 and 2004.

Similarly to the carotenoid content per unit of amatter, a significant reduction in the
total carotenoid pool expressed on a chlorophyissémmol mot chlorophyll a+b) was also
observed in summefFigure 6. Although sun leaves contained less carotencgdsupit dry
matter than did shade leavésgure 5 similarly to chlorophylls the total carotenoidgyger
unit of chlorophyll was higher in sun leavésgure 6).

The differences in this biochemical trait betweée tanopy layers were larger for
Q. petraeaThe variation of carotenoid pool in the early daite growing seasons appeared to
be closely correlated with the changes in the totaitent of pigments taking place in the
photoprotective VAZ cycle pooMiolaxanthin,AntheraxanthinZeaxanthin) Figure 6).
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3.4 Light saturated photosynthesis rate and electrotransport rate within the canopy of
trees

Leaf gas exchange parameters and the electrorptdmnste of fully developed leaves were
investigated at the study site in the first weekul, 2004 when experimental conditions did
not indicate severe drought. Therefore these data anly be used as an indication of
interspecific variation in photosynthetic parameteand description of photosynthetic
efficiency of two oak species. Both species exhibitrelatively low light saturated
photosynthesis rat@ éble 3 which changed with the light adaptation charaofahe leaves.
Q. petraeaexhibited two or three times higherRin sun leaves than in shade leaves. The
decline of Rax within the canopy of). cerriswas smaller. The transpiration rate of both
species was also the highest in the upper patieotanopy but it showed slighter reduction
towards the shade layer of tre@alfle 3. Water use efficiency was higher fQr petraeain
each layer of the canopy. In contrast to low phgitsesis rate both species maintained
relatively high light saturated ETR values. ETR vidgher at saturation light intensity for
both canopy layers @. cerristhan forQ. petraegTable 3.
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Figure 6. Changes in total carotenoid content a#\tycle pool in sun and shade leaves of
Q. petraea and Q. cerris in spring and summer @3and 2004.

Table 3. Stomatal conductance (gs), light satur&€&® assimilation rate (Pmax),
transpiration rate (E), Water use efficiency (WWdag electron transport rate (ETR)
of sun and shade leaves of Quercus petraea ando@sieerris. The measurements
were performed on 5-7 July 2004. Mean values atdSE are presented (n = 18).

Prax E WUE ETR
(mmol m?s?)  (umol m?s?) (mmolm?s?)  (umol CO, mmol* H,0)  (umol m?s?)
Q. sun leaves 362.7426.7 8.33+0.44  3.78+0.13 1.82+0.06 109.1+18.4
petraea shade leaves 168.6+11.9 3.34+0.38  2.79+0.09 1.a8+0. 60.91+11.5
Q. sun leaves 486.9+44.4 8.06£0.54  3.7310.24 1.96+0.11 126.7£10.9
Cerris shade leaves  349.6+41.8 6.26+0.56  3.29+0.23 1.68+0. 109.4+26.3
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3.5 Seasonal changes of maximum photochemical eiigiecy of leaves

The seasonal course of maximal photochemical effey of PSIl (Fv/Fm) measured at noon
in the dark-adapted statéigure 7) resembled that of chlorophyllBigure 5 and leaf growth
(Figure 4. In the early growing season leaves exhibitedelo®v/Fm values in each year.
Fv/Fm was always lower in sun leaves of both oa@cEs in each year but the variability of
Fv/Fm within the tree canopy was higherQn petraea In 2003 Fv/Fm ratios were slightly
lower (by 1-3%) for fully expanded sun and shadeds in both species.
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Figure 7. Seasonal changes in maximal photochemsitigiency measured at noon in sun
and shade leaves of two oak species in 2003 andl. 200

4 DISCUSSION

The years in which the investigations were perfarniéffered significantly in weather
conditions. 2003 was an extreme year for the fa@®sid and trees experienced drought stress
from the start of crown development. Growing seasioR004 was colder and rainfall during
the main period of canopy expansion was signifigahigher and showed more even
distribution from April to September. In 2003 thailsnoisture content decreased to around
15% in June and July. In May and June of 2003,ndutthe main period of leaf development,
the temperature was higher than in 2004.

Leaf growth ofQ. petraeawas less tolerant to drought than thatQofcerris Drought
slightly affected the leaf area expansiorQfpetraeabut reduced significantly the leaf mass
increment. It suggests that sessile oak investsd #ssimilates into producing structural
carbohydrates in the dry year (2003) than@idterris but instead it maintained a similar leaf
area as in 2004. As a result, SLM was lower in 20@3 in 2004. In contrast Q. petraea
Q. cerris showed small plasticity of leaf growth traits inresponding canopy layers in
response to the alteration of soil water availgbil different years and maintained smaller
leaf area and leaf mass but higher SLM, particylarkun leaves.

In comparative studies with a wide range of trgescies it was revealed that SLM is
positive correlated with modulus of leaves’ celllvedasticity which inversely relates to cell
wall elasticity (Salleo — Lo Gullo 1990). This retmship is a well accepted indicator of
interspecific differences in drought tolerancegémeral, tree species showing lower SLM and
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lower modulus of elasticity (more elastic cell wallleaf tissues) occur preferably in more
mesic sites. However, species with higher SLM &3 klastic leaf area are better adapted to
drier sites (Corcuera et al. 2002). It can alsatiaged that the functional correlation between
the two leaf traits is not so well revealed. lagsumed that SLM depends more on the amount
of mechanical tissue (mainly cells with lignifieglicwall) and thereby reflecting the leaf
density and thickness, while modulus of elastigtynore sensitive to thickness and cellulose
content of cell wall, indicating primarily the maxal amount of water accumulated in cells at
full turgor of leaves.

The lower SLM and more elastic cell walls of leawdsserved inQ. petraeain 2003
allow this species to store adequate amounts oérwadtlow leaf (and soil) water potential
such that it can afford to transpire more than wassported from the roots. In this way
Q. petraeaacclimated to the severe drought conditions thnoexhibiting a water-spending
strategy. In comparison, the higher SLMQfcerris supposed less elastic cell walls and more
rigid anatomy in the leaf that allowed the adoptwiha water-saving strategy. The two
different strategies for controlling the leaf watetations may be advantageous for the two
species co-existing at the same site. The waterespg strategy of). petraeacan permit it
to absorb water from the soil at the expense @irgel loss of water through transpiration;
therefore this species must adopt a specific drotgd@rance mechanism for maintaining the
leaf turgor for leaf physiology as optimal as pbksiwhen leaf water potential is reduced.
However, such a strategy cannot be sufficient wlienught persists. At the same period
Q. cerris showed a water-saving strategy that allows it \oicthe larger water loss and
moderate the water absorption. Therefore this spatiay be more successful in prolonged
drought periods.

These different strategies might explain the déferes in water use efficeincy of leaves
between the two specie®. cerriswas characterised by a higher water use efficethwing
the same measurement conditions tQapetraea.

The rate of leaf mass increase was very similéinennitial phase of leaf development in
both study years but it was substantially reducatiez in 2003 and continued more slowly
until the date of full expansion of leaves thar2094. Nevertheless, not only zero growth but
reduction of average leaf mass was also observedtaithe prolonged drought in June
particularly forQ. petraea As a result, we observed a transient phase ditivegleaf growth
rate reflecting the impairment of leaf carbon ba&afMészaros et al. 2007) which could only
recover after the short heavy rain in July.

Alteration of growth traits during drought has beeported for other tree species. Sessile
oak seedlings adapted to drought by reducing tlaréet ratio (Thomas 2000) and
decreasing the ratio of leaf to fine root biomaRsofmas — Gausling 2000). Large reductions
in annual biomass and tree circumference for gao# and beech trees were also reported as
a result of drought in 2003 as compared to humats/€Granier et al. 2007).

The chlorophyll contents of shade and sun leave® wegher in 2003 than in 2004,
particularly inQ. petraea The higher leaf chlorophyll content per unit oy dnatter in drier
year can be considered as a compensating mechéoisine reduced leaf area and mass.

Studies on a wide range of species showed thattemgince of photosysthesis rate at the
level which provides a positive carbon balance edves during stress requires efficient
photoprotection of photosynthetic apparatus inelgdcarotenoids (Long et al. 1994) In
contrast toQ. petraeaQ. cerrisinvested less in synthesis of carotenoids in tlyeydar than
in the humid year which suggests that other lesfstrand processes may also be effective in
avoiding the effects of excess light under limitimgter availability.

Chlorophylls and carotenoids exhibited clear sealstrends for both species. In spring
carotenoids were synthesised earlier than chlodtpland showed high concentrations in
young leaves in the whole crown of the trees. fleated the fact that these compounds
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played important role in photoprotection of expagdiree crown before the photochemical
efficiency and the carbon assimilation capacityreés were low and chloroplast development
was incomplete. Carotenoids/chlorophyll ratios elated negatively with the Fv/Fm values
during the growing seasons.

Depression of Fv/Fm in young leaves took place witimultaneous adjustment of the
pigment composition in both species. The high earoid content in developing leaves seems
to be an important stabilising biochemical traittbé two species for the balance between
light absorption and its utilisation in the photeatfical reactions particularly when heat stress
and water stress may result in more serious dogukagon of photosynthetic GO
assimilation such as appeared in the hot springeamty summer of 2003. The depressed
Fv/Fm and down-regulated G@ssimilation in spring obviously increase the dedsaon
photoprotective processes such as non-assimilagt@gtron transport and non-radiative
dissipation of absorbed light energy (Demmig-Adamslams 1992 The non-radiative (heat)
dissipation of excess light energy is mediatedemvés of oak species by the operation of
xantophyll cycles, a largest part of VAZ cycle aadsmall part of lutein-epoxid cycle
(Mészaros et al. 2005). Young leaves of both sgeascumulated VAZ cycle pigments
(violaxanthin, antheraxanthin, zeaxanthin) by 1%5-8mes higher than fully developed
leaves. It suggests a greater demand on photoparteagainst the high light intensity in
developing leaves of the tree crown which may beelacated significantly when other
environmental stresses appear. The low midday satfeFv/Fm in spring indicated the
susceptibility of photosynthetic apparatus of bsyiecies to photoinhibition.

Our measurements showed that both species exhibiitively low R.x of fully
developed sun leaves at saturated light which Vs r@ported for other late-successional
tree species (Bassow — Bazzaz 1998). However,ntrast to the low C@assimilation rate,
both oak species showed high ETRs at saturatidnt iigfensity. Due to a loose canopy
structureQ. cerris maintains a relatively higher ETR not only in deaves but also in the
shade leaves. These results suggest that sun elxjgmsees of both species must develop
substantial non-assimilatory (photorespiratory) cetn utilisation for avoiding PSII
photoinhibition (Kozaki — Takeba 1996) in the sumrperiod when high light levels are
accompanied by high temperatures. Increased plspioagion has also been reported to be
involved in the maintenance of high ETR for a saaitree species (Franco — Luttge 2002)
and for Norway spruce (Spunda et al. 2005).

Increased photorespiratory electron utilisation also explain that in spite of relatively
low Pmnax both species have the capacity to maintain higkime photochemical efficiency
of PSIl (Fv/Fm) in summer. It also suggested thaictioning of photosynthetic apparatus
was generally less impacted even during summer giitothan leaf growth, and could
maintain a reduced but positive carbon balanceea¥ds, with the exception of a negative
growth rate forQ. petraean June 2003. The mean midday levels of Fv/Fnuthy leveloped
leaves remained around 0.80 in both summer periQdserris sun leaves 0.803 (2003),
0.792 (2004), shade leaves 0.813 (2003), 0.8064)2@D petraea sun leaves 0.801 (2003),
0.782 (2004), shade leaves 0.816 (2003), 0.81®4. This reflects a high degree of
resistance of the photosynthetic apparatus to ahnqamotoinhibition in summer which was
also reported for other tree species (Spunda @08b, Mészaros et al. 1998). However, the
midday levels of Fv/Fm were lower than the maxingalue (0.832 +0.004) potentially
reached by dark-adapted leaves of plants with @btphysiological condition (Bjérkmann —
Demmig-Adams, 1987) in the absence of stress.

Beside the potential involvement of photorespinateectron transport in photoprotection
the low CQ assimilation rate also increases the demand onradtiative dissipation of
absorbed light energy in the upper part of crowthan summer period. However, in contrast
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to fully expanded leaves the higher VAZ pool inisgrindicated that the latter process might
have a more significant role in photoprotectioyaong leaves of both species.

Our results show that sun leaves of both speciag w@whvays characterised by more
depressed Fv/Fm and larger VAZ cycle pool than sHadves during the whole growing
season of both years. The midday depression ofnrefirelated with the de-epoxidation of
violaxanthin into antheraxanthin and zeaxanthind ahe zeaxanthin dependent heat
dissipation in sun leaves (Mészaros et al. 2006jh Bpecies showed larger impairment of
maximal photochemical efficiency and lower Fv/Fnthe wetter year (2004) than in 2003.
This indicated lasting drought effects on the pbbe&mical activity of leaves of both species,
but Q. petra@ was more affected th&h cerris. Such a time lag of drought occurring during
the previous growing season on the physiologicatstrwas also reported for other species
(Bréda et al. 2006, Granier et al 2007). This mayabconsequence of reduced amount of
carbohydrates, lipid and protein reserves formeth@nend of 2003 and also the damage to
roots and irreversible xylem embolism. These togrethight weaken the trees for long period
and accelerate their susceptibility to stressedudig the large scale gradation of
phytophagous insects particularly at sites with Ifevtility and transitional position.
However, the questions of how drought extremes imiyyence the competition between the
two existing oak species, and whether they may ltresuserious tree dieback in the
investigated forest, require further studies.
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