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Abstract

Psipova, E., JaMNICKA, G., DiTMAROVA, L. 2012. A preliminary study on physiological changes of
Central European beech provenances in response to progressive drought stress. Folia oecol., 39:
63-70.

Four-year seedlings of two European beech ecotypes (Fagus sylvatica L.) were grown under
well-watered and drought conditions for 51 days. Two populations were from the same medium-
wet climatic region, but they differed in altitude. The results showed that there were significant
differences in responses to different watering regimes in both provenances tested. Drought re-
duced quantum yield of photosystem II (PS II), decreased electron transport rate (ETR) through
photosystem II and photochemical quenching (qP). More dissipation of energy excess (qN) was
found in PV1 under drought-stress conditions. Water-deficit was associated with increases in pro-
line content. Moreover, drought-treated seedlings of both provenances had significantly decreased
chlorophyll pigment contents (Chl a, Chl b, Chl a + b) and carotenoids (Car x + ¢). Drought also
influenced the height and stem diameter of seedlings. However, the differences between the pro-
venances were statistically significant in drought stressed plants only in case of proline content

and fluorescence parameter qN.
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Introduction

Growth and distribution of European beech (Fagus syl-
vatica L.) in Central Europe is considerably influenced
by water availability. The current climate change is as-
sociated with more frequent drought periods (prolonged
and repeated drought periods, primarily in spring and
summer) — decreasing the tree tolerance against unfa-
vourable environmental conditions. In relation to fact
that European beech is rather sensitive to extreme
drought, the identification of symptoms and effects of
drought presence becomes extraordinary important in
context of stability and further development of beech
ecosystems. Eco-physiological approaches including
tree growth assessments are necessary for determining
the extent of drought-caused changes. As photosynthe-
sis system plays a key role in plant life, evaluation of
photochemical processes under progressive water stress

has a great importance. Chlorophyll a fluorescence is
a measure of photosynthetic performance because it
shows a strong relationship with the quantum yield of
CO, assimilation (GenTY et al. 1989, OxBorouGH and
Baker, 1997). Consequently, the processes of exces-
sive energy dissipation, photo-inhibition avoidance and
photo-oxidation under drought stress (BAQUEDANO and
CasTILLO, 2006) can be monitored through chlorophyll
fluorescence parameters; photochemical efficiency of
photosystem II (PSII) — as good indicator of photoin-
hibition, and non-photochemical quenching (NPQ) — as
good indicator of excessive energy dissipation.

Valuable information on the plant adaptation to
drought can be gained by assessment of contents and ra-
tios of photosynthetic pigments controlling the absorp-
tion and dissipation of energy in plants (BAQuEDANO and
CasTILLO, 2006).
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The aim of this study was evaluation of the (ex-
pected) differences in physiological parameters in re-
sponse to drought stress in two populations of European
beech. The objectives of this experiment were (i) to in-
vestigate progressive drought stress effects on growth,
photochemical processes, and pigment and proline con-
tents in the rather sensitive woody plant Fagus sylvati-
ca at the seedling growth stage; and (ii) to evaluate the
biochemical, ecophysiological and growth responses
of two beech provenances from the Central-European
region.

Materials and methods
Plant material and greenhouse experiment

Four-year-old beech seedlings, in plastic pots (7 dm?)
containing substrate based on peat and composed bark,
were grown under greenhouse conditions from July
2010 to August 2010 (51 days). The nutrient contents in
the substrate were (DM in %): N 0.3-1.2; P ca. 0.1; K
ca. 0.2; moisture content (max.) 65.0%, pH value (aque-
ous extract) 5.0-6.5. The characteristics of the studied
seedlings descended from two different ecotypes of
European beech (Fagus sylvatica L.) are shown in Ta-
ble 1. By ten plants per each provenance were grown
under fully irrigated conditions (variant control — K),
and other ten were maintained under drought conditions
(variant drought — S). The modes of humidity, air tem-
perature, adequate air circulation and light conditions
were controlled throughout the entire experiment.

The plant water potential (y) was recorded during
the whole experiment — as an indicator water status in
plant. The leaf water potential was measured by psy-
chrometric method with a PSY-PRO (Wescor, USA)
via psychrometric chambers C-52. The measurements
of leaf water potential were performed once a week du-
ring the entire experiment.

Pigment analyses and proline concentration
Five leaf samples per a provenance and treatment were

collected at the beginning and at the end of experiment.
One sample was composed of ten leaf discs carved from

five leafs (two discs for a leaf). The leaf samples were
wrapped in aluminium foil, quick frozen in liquid nitro-
gen and stored at —196 °C until the analysis in the la-
boratory. In the laboratory, the samples were extracted
with a 80% aqueous solution of acetone, homogenised
to suspensions and filtered. The contents of chlorophyll
pigments (Chl a, Chl b, Chl a + b) and carotenoids (Car
x + ¢) were determined with a spectrophotometer CIN-
TRA 6.5, GBS, Australia. The methodology by Lich-
TENTHALER (1987) was used to calculate the concentra-
tions of photosynthetic pigments. The pigment concen-
trations have been expressed in the unit weight of dry
matter (mg g™).

The measurement of proline was carried out spec-
trophotometrically, according to BATes et al. (1973).
This methodology works with the evaluation of proline
color reaction with ninhydrin.

Chlorophyll fluorescence parameters

Chlorophyll fluorescence emission was measured with
using three fully expanded leaves of ten plants per a
provenance and a treatment, at the beginning and at
the end of the experiment. The measuring device was a
MINI-PAM (pulse amplitude modulated portable fluo-
rometer by Heinz Walz, Germany). The maximum fluo-
rescence yield (Fm) of dark adapted leaves (30 minutes)
and the minimum fluorescence yield (Fo) were used in
calculation of the maximum photochemical efficiency of
PSII (Fv/Fm). Moreover, the steady-state levels of NPQ
and gN (non-photochemical quenching) were evaluated
as well as gP values (photochemical quenching).

The photochemical efficiency of the open reac-
tion centres of PSII (Fv'/Fm") with the qN values was
measured in the presence of actinic light. These pa-
rameters were estimated as Rapid Light Curves (RLC)
expressing the response to photosynthetic active radia-
tion (PAR). RLC allow an insight into the physiological
flexibility enabling the plant to adapt its photosynthetic
apparatus in response to rapid changes of light inten-
sity. Hence, RLC contain information on the induction
as well as saturation characteristics of photosynthesis
(WaLz, 1999). For measurement, there were set the fol-
lowing parameters: actinic intensity 3, length of the ac-
tinic-light-periods 0:15 min, saturation pulse intensity

Table 1. Characteristics of the studied beech provenances from Slovakia, Central Europe

Provenance PV1

Provenance PV2

Location
Climatic region
Altitude a.s.l. (m)
Longitude (°)
Latitude (°)

Annual mean rainfall (mm)

Brezno (Central Slovakia)
Medium wet climatic area
682 a.s.l.

19°41°

48°51°

750 mm

Krivan (Central Slovakia)
Medium wet climatic area
525 as.L

19°37"

48°28"

750 mm
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8, electronic signal damping 2, electronic signal gain 3
and intensity of measuring light 1.

Electron transport rate (ETR) was estimated as
ETR = Yield (Fv'/Fm") x PAR x 0.5 x ETR-factor
(0.84). The standard factor corresponds to the fraction
of incident light absorbed by a leaf.

Growth parameters

Biometrics parameters were evaluated for all seedlings,
and then there were calculated the average values for
the individual variants. Stem height was measured as
the distance from root collar to the top (cm). Stem dia-
meter was measured as an average diameter from two
measurements with a slide calliper (mm). Seedling
growth, stem diameter and height, were measured at
the beginning and at the end of experiment. We deter-
mined height and diameter increment as the difference
between the values at the beginning and at the end of
the experiment (Table 2).

Data analysis

The results are expressed as arithmetic means with cor-
responding standard deviations. The significance of dif-
ferences in the parameters was analysed using two-way
ANova with two independent variables: treatment and
provenance. When a factor was declared statistically
significant (Provenance, Treatment and Provenance x

Treatment interactions), post-hoc Tukey tests were used
to determine differences between the means. Statisti-
cal probabilities at levels of p < 0.05, p <0.01 and p <
0.001 were considered significant. The statistical analy-
ses were carried out using STATISTICA 8.0 (StatSoft).

Results
Water potential

The values of water potential (y), recorded regularly
throughout the experiment, provide an insight into the
impact of progressive water stress to seedlings (assimi-
lative apparatus). The course of water potential values
in the control seedlings and the treated seedlings are
shown in Fig. 1. The control seedlings were not affected
by drought, as these seedlings were watered regularly.
Values of y in control seedlings ranged between —0.4
MPa to —0.5 MPa. A significant decrease in water po-
tential (—1.5MPa) was recorded in the middle of the
experiment. At the end of the study, the leaf water po-
tential for both provenances fell below the critical limit
of —1.9 MPa for xylem embolism, and there was re-
corded a considerable decrease of water potential from
—2.9 MPa to —3.0 MPa. There were not found statisti-
cally significant differences between the provenances in
course of y values.

Table 2. Biometric characteristics of beech seedlings at the start and the end of experiment

Diameter [mm]

Height [cm]

PV1 PV2 PV1 PV2

Drought Control Drought Control Drought Control Drought Control
Start 7.49+0.44  7.69+0.87 6.85+0.36 6.97+1.37 71.80+£5.19  71.55£5.59  38.63£5.63  44.88+5.02
End 7.78+0.44  8.46+1.02 7.25+0.31 8.33+1.05 72.90+5.53  73.95+£5.24  40.5£5.73 50.38+6.56
Incr. 0.41£0.35¢c  0.77+0.35ab  0.40+0.32b  1.36+0.98c  1.80+1.49c  2.4+2.18b 1.88+1.25¢c  5.5+2.24a
Average values with their standard deviations.
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Fig. 1. Water potential values in PV1 and PV2 provenances during dehydration process.
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Effect of drought on chlorophyll pigment
and proline contents

The drought significantly decreased the contents of Chl
a, Chl b, and the total chlorophyll content in both popu-
lations, at probability levels of P = 0.01 and P = 0.001
(Fig. 2a, b, ¢). The Chl a content decreased on average
by 20%. A marked decrease was observed in content
of Chl b: by 23% in PV1 and by 36% in PV2, and in-
creased Chl a/b ratio in both provenances. There were
recorded statistically significant differences in Car x + ¢

a)

content (Fig. 2 d); however the Chl/Car ratio was signifi-
cantly affected only in PV2 in interaction with drought
stress. A more decreasing trend in Chl @ and Chl b — in
comparison with the content of carotenoids, resulted in
significant changes in Chl/Car ratio in PV2. A parallel
decreasing trend in chlorophyll content and carotenoid
content resulted in an insignificant change in Chl/Car
ratio in PV1 (Fig. 3). There was revealed a significant
interaction effect between the treatment and provenance
in Chl b, Chl a + b and Chl/Car ratio.
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Fig. 2. Changes in pigments content in two beech provenances in response to water-stress,
a) Chl a, b) Chl b, ¢) Chla + b,d) Carx + c.
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Fig. 3. Influence of progressive drought-stress on Chl/Car ratio in two beech provenances. K, control; S, stress.

The drought significantly increased the accumula-
tion of free proline (P = 0.001) in both provenances,
with more increasing PV2 towards the end of the ex-
periment (Fig. 4).

Drought-affected chlorophyll fluorescence
parameters

The drought-stress led to a decrease in Fv/Fm (a dark-
adapted measurement), approximately from 0.8 to 0.7,
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but these changes were not statistically significant.
Significant differences were recorded in case of ETR
(from 5 to 2) and fluorescence quenching, non-photo-
chemical as well as photochemical, at a significance
level of P = 0.01 (Table 3). The only difference be-
tween the provenances was recorded in N parameter.
The RLC curves demonstrate (Fig. 5) more energy dis-
sipation in PV1, while the photochemical efficiency of
the open reaction centres of PSII was similar in both
provenances.

30.6.

Day of experiment

@PV1 - control BPV2 - control PV - drought @PV2 - drought

Fig. 4. Changes in proline content in two beech provenances (PV1, PV2) during the experiment.
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Table 3. Changes in fluorescence parameters in response to drought stress

Fv/Fm NPQ gN qP ETR
Provenance 0.224 0.756 0.044* 0.465 0.262
Treatment 0.051 0.001** 0.002** 0.001** 0.002**
Prov x Treat 0.713 0.282 0.681 0.145 0.304

Significant differences at * P < 0.05, ** P <0.01, *** P <0.001, two-way ANOVA.
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Fig. 5. Fluorescence parameters as Rapid Light Curves in response to photosynthetic active radiation
at the end of experiment.

Changing growing parameters

The drought significantly decreased the height and
the stem diameter of the seedlings (Table 2). The high
increments were significantly affected by all the dis-
cussed factors, and also by the Provenance * Treat-
ment interaction, while the diameter increments were
affected only by the Treatment. In the Treatment K,
the differences in height increments between the two
provenances were statistically significant, while in the
Treatment S the decrease rates in height increments
were almost the same.

Discussion

Drought is one of the most important factors adversely
affecting production and development of seedlings as
well as adult trees, by restricting their nutrients uptake
and growth. The water deficit persisting for 51 days re-
sulted in a progressive limitation of water availability,
which was reflected in the decline of water potential in
the stressed beech seedlings. The leaf water potential
of the stressed plants decreased with increasing water
stress (PEsoLI et al., 2003). Moreover, all water-stressed
plants slowered the tempo of their growth. In our case,
the drought significantly reduced the height and the
stem diameter of the studied seedlings. Czajkowski and
BortE (2006) observed minimum differences in mean
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dimensions (leaf area, plant shoot length, root collar
diameter) and growth between a drought-exposed and
control group of beech seedlings from eleven different
provenances.

We observed an evident decrease in contents of
pigments and carotenoids in both populations, while
the drought-stressed plants exhibited less reduced ca-
rotenoid content than chlorophyll content — in accord-
ance with observations of other authors (BAQUEDANO
and CasTiLLo, 2006; Duan et al., 2005). The possible
underlying cause of decrease of photosynthetic pigment
contents is photo-oxidation. On the other hand, the pho-
tosynthetic machinery in green plants is protected by
effects of carotenoid-mediated dissipation of excess
radiation of and by xanthophyll cycle (VERHOEVEN et
al., 1996). GaLLE and FeLLER (2007) report that under
a drought lasting 36 days, the content of chlorophylls
(Chl a + b) per leaf area unit was lower in the stressed
than in the control plants at the drought period (day 36).
Progressively decreasing pigment contents were found
by Ditmarova et al. (2009). These authors confirmed
significant differences in Chl a + b content between
the group of severely stressed seedlings and the other
groups (seedlings subjected to mild drought stress and
non-stressed seedlings) after 36 days of treatment.

At the end of the experiment, significant differ-
ences between the provenance were recorded in Chl
a/b ratio per provenances, resulting from non-parallel
decreasing contents of Chl ¢ and Chl b. On the contrary,



L1 et al. (2006) and DitmaroVvA et al. (2009) observed
parallel decreasing trend in Chl a and Chl b, resulting in
absence of significant changes in Chl a/b.

The most sensitive response to water deficit was
found in parameters Chl b and proline content. Except
to many other functions, proline serves an important
role in osmosis protection. The protection effects of
proline mean stabilization of membranes, proteins, and
enzymes and reduction of free radicals (Okuma et al.,
2004). In our case, the drought was associated with a
large increase in proline content in leaves of both pro-
venances. The similar results obtained PEUKE et al.,
2002, founding out a significant increase in proline con-
tent of different beech ecotypes under drought stress.

The drought did not have significant effects on
Fv/Fm — which suggests a considerable resistance of
PSII to water deficit (Duan et al., 2005; LawLor and
Cornic, 2002). However, significant differences be-
tween the provenances were found in gN under drought
stress, indicating differences in capacity for non-radia-
tive dissipation of excitation energy in form of heat.
Moreover, among the fluorescence parameters, qN may
be supposed to be the best indicator. It seems that the
provenance PV1 from an altitude of 682 m a.s.l. has a
higher photoprotective capacity than PV2 from 525 m
a.s.l. However, these findings cannot affect the conclu-
sions derived based on a comprehensive assessment of
physiological responses to the drought stress, according
to which there have been confirmed only insignificant
differences between the two provenances.

GarLrtt and Ferrer (2007) ask a question about
whether such physiological changes can provide an
improved drought tolerance for following drought pe-
riods. Answering this question is a great challenge re-
quiring more research aimed also to adult beech trees of
contrasting provenances.

Conclusions

This study has shown that a progressive drought stress
caused significant changes in photochemical processes,
photosynthetic pigments and proline contents in beech
seedlings. The difference in altitude (157 m) between
the localities of the origin of the studied provenances
did not cause significant differences between the two
ecotypes coming from the same climatic region, repre-
senting optimum conditions for Fagus sylvatica L. (4th
forest vegetation degree, medium wet climatic area, an-
nual mean rainfall 750 mm).

Future research will focus on more contrasting
beech provenances, originated not only from different
altitudes, but also different climatic regions of Central
Europe.
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Predbezna Stiadia fyziologickych zmien stredoeuropskych proveniencii buka
lesného v reakcii na postupujuci stres zo sucha

Suhrn

V roku 2010 bol pocas mesiacov jun az august realizovany riadeny experiment, v rdmci ktorého sme otestovali
dve proveniencie buka lesného (Fagus sylvatica L.) na zaklade vybranych fyziologickych reakcii na postupujici
stres zo sucha. Rastlinny material reprezentovali 4-rocné sadenice buka pochddzajice z rovnakého klimatického
regionu, ale z rozdielnych nadmorskych vysok. V ramci kazdej proveniencie boli 2 varianty experimentu — sucho
a kontrola. Po dobu 51 dni sme pravidelne v tyzdennych intervaloch sledovali hodnoty vodného potencidlu (v)
listov, na zaklade ktorého bol sledovany i priebeh postupujucej dehydratacie. Klesajlica tendencia a zavere¢ny
pokles hodnét y na —2,9 MPa az —3,0 MPa bol zaznamenany u obidvoch proveniencii (varianty so suchom) spolu
s prehlbujucim sa suchom. Sucho vyraznym sposobom ovplyvnilo aj koncentracie chlorofylov (Chl a, Chl b, Chl
a + b) a karotenoidov (Car x + ¢). V rdmci sledovanych parametrov fluorescencie chlorofylu a (Fv/Fm, NPQ, qN,
gP, ETR) bolo pozorované pdsobenie vplyvu sucha ako stresového faktora, vplyvom ktorého hodnoty jednotlivych
parametrov k zadveru experimentu reagovali poklesom. Napriek tomu, Ze v priebehu pokusu boli potvrdené signifi-
kantné zmeny vo fotochemickych procesoch fotosyntézy, v obsahu fotosyntetickych pigmentov a obsahu vol'ného
prolinu u obidvoch proveniencii, nemozno z nich jednoznac¢ne urcit’ ekotyp tolerantnejsi voci suchu.
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