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Introduction

Among the factors that determine plant distribution 
and life is important shortage of water – drought stress 
in the recent years. The phenomenon of drought and 
dry periods is linked to the ongoing climate change. In 
some parts of Central Europe, an increase in rainfall in 
the winter is expected, and, on the other hand, declining 
rainfall totals during the summer months are supposed 
just because of the global warming (Schär et al., 2004). 
At present research of the impact of climate change 
on forest ecosystems and their management is much 

needed from many points of view (Čaboun, 2008). The 
lack of water can disturb physiological activity and bio-
mass production in trees. The weather conditions and 
climate change significantly affect the water availabi-
lity. The same applies to the tolerance and resistance 
of plants to drought. In order to achieve high quality 
of production, cognition of critical effect of water defi-
cit and identification of response mechanisms in forest 
trees is necessary. It is known that physiological and 
biochemical processes precede visible manifestations 
of primary damage. Therefore, methods for diagnosing 
changes in forest trees at the physiological level are es-
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sentially important. Our research plan is based on the 
knowledge presented in the papers czaJkowski et al., 
2006; czaJkowski and boltE, 2006; rosE et al., 2009. 
These papers consider forest tree provenances (species 
originated) from Central and Eastern Europe as a per-
spective source of ecotypes of forest trees resistant to 
both drought and frost. 

Water deficit has a strong influence on physiologi-
cal processes in plants. The assessment of physiological 
processes can be used in stress bio-indication at vari-
ous levels in plants. Tree responses to drought are com-
plex and varied, and they involve the entire tree (ryan, 
2011). Water deficit in plants reduces metabolic activity 
and stomatal conductance, and causes a decrease in the 
photosynthetic rate (Escós et al., 2000). The reduction 
of photosynthetic rate under drought stress can be as-
cribed to both, stomatal and non-stomatal factors. From 
a physiological perspective, leaf chlorophyll concen-
tration is a parameter of significant interest in its own 
right (anJum et al., 2011). The dynamic of pigment con-
centrations has a diagnostic value for a range of plant 
physiological properties and processes (blackburn, 
2007). Assimilation pigments rank among the impor-
tant conditions for photosynthesis. As available water 
is necessary for biosynthesis of assimilation pigments, 
we monitored changes in their concentration – indicat-
ing water stress before visible symptoms. Chlorophylls 
have the dominant control over the amount of irradi-
ance absorbed by leaves; therefore, foliar concentra-
tions of chlorophylls control the photosynthetic poten-
tial and, consequently, the primary production in plants 
(blackburn, 2007). 

Among the many responses of plants to drought 
stress, we focused our study on the observation of in-
creased proline accumulation in beech leaves. One of 
the essential tasks of increased proline accumulation is 
to maintain turgor in cytoplasm (blum, 1999). Under 
water deficit and as a result of solute accumulation, the 

osmotic potential of the cell is lowered, which attracts 
water into the cell and helps with the maintenance of 
turgor (Farooq et al., 2009). Accumulation of proline is 
regarded as a means of providing biochemical adapta-
tion during drought (kandPal et al., 1981). In the stud-
ies riazi et al. (1985); krivosudská and brEstiČ (2010) 
are reported correlations between the osmotic potential 
and proline amino acids. Proline is a good marker of os-
motic adjustment (OA). One of proline functions under 
stress is the role of mediating osmotic adjustment (mo-
linari et al., 2007). 

In the present study we characterize selected pro-
venances of European beech (Fagus sylvatica L.) in 
terms of their tolerance to drought. We describe the 
biochemical and physiological response, of beech seed-
lings at the level (i) changes in content of assimilation 
pigments and (ii) increased proline accumulation. At 
the end we propose one of the provenances as a suitable 
source of drought resistant beech ecotype.

Material and methods

Design of the experiment

A pot experiment for investigating the issue was es-
tablished in the Arboretum Borová hora in Zvolen. We 
tested 4-year-old saplings of European beech (Fagus 
sylvatica L.) from three different beech provenances, by 
30 ex. from each provenance. The characteristics of the 
studied beech provenances (PV1, PV2 and PV3) are in 
Table 1. These 30 samples were divided in two variants: 
control (15 samplings) and drought (15 samplings). The 
basic scheme of the experiment is in Fig. 1, the techni-
cal realization of the experiment is in Fig. 2. The sap-
lings were planted into pots, each containing 7 litres of 
universal soil substrate KERA (Table 2). At the same 
time, the soil substrate of drought variants was supple-

PV1 PV2 PV3
Location Čierňany

(region Ružomberok)
Banská Štiavnica Divín

Altitude a.s.l. [m] 1116 710 400
Climatic region Wet climatic area Medium wet climatic area Dry climatic area
Latitude [°] 48°33' N
Longitude [°] 48°58' N 48°28' N 19°36' E

19°10' E 18°58' E
Annual mean temperature [°C] 4.3 7.7 8.2

(Štrbské pleso)
Annual mean rainfall [mm] 1089 

(Partizánska Ľupča) 610 627

Table 1. Characteristics of the studied beech provenances (PV1, PV2 and PV3)

*30-year averages for the years 1951 to 1980, data calculated from surrounding places.
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mented with a soil adjuvant called Perlit, in a ratio of 
10 : 3 (10 litres of soil and 3 litres of Perlit). Perlit is 
generally used as a controlling agent of soil moisture. 
A controlled regime of humidity, air temperature, air 

circulation and light conditions was provided over the 
whole experiment, and the saplings of drought variants 
were exposed to simulated drought conditions for 55 
days. The saplings of control variants were irrigated 

Fig. 1. Design scheme of experiment (PV1, provenance location Čierňany; PV2, provenance location Banská Štiavnica; PV3, 
provenance location Divín; C, variant of control; D, variant of drought).

Fig. 2. Technical realization of experiment (under the film – variants of drought, without film – variants of control).

 Property Value
The content of total nitrogen as N in dry matter [%] 0.3–1.2
The content of total phosphorus as P2O5 [mg kg–1] 100
The content of total potassium as K2O [mg kg–1] 200
Humidity [%], max. 65.0
Combustible substances in dry mater [%], min. 25.0
pH (aqueous extract) 5.0–6.5
Electrical conductivity mS/cm max. in aqueous extract 1 : 25 1.2
The content of particles larger than 20 mm [%], max. 5.0

Table 2. Chemical and physical properties of soil substrate KERA Universal
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following the requirements of the automatic irrigation 
system used. 

Measurement methodology

The measurements of leaf water potential (Ψw) and leaf 
osmotic potential (Ψs) were carried out by psychromet-
ric method, with a device PSYPRO (Wescor, USA). 
Leaf discs we put in psychrometrics chambers C-52 
with thermocouples, components of the device PSY-
PRO. The measurements of leaf water potential (Ψw) 
were performed regularly on a weekly basis. In order to 
determine leaf osmotic potential (Ψs), leaf samples were 
taken, wrapped into an aluminium foil and stored in liq-
uid nitrogen until the measurement. We determined Ψs 
in three points: start of the experiment, middle of the 
experiment (day 28 of experiment) and ending of the 
experiment (day 55 of experiment). 

Pigment analyses and determination of proline 
concentration

In two points, start and termination of the experiment, 
determination of the concentration of assimilation pig-
ments and free proline was performed by spectrophoto-
metric method.

The concentration of assimilation pigments was 
determined by measuring the absorbance of the mixture 
of pigments at different wavelengths, corresponding to 
the absorption maxima of the individual components. 
We obtained extracts from assimilation organs of beech 
saplings. These extracts were analysed by means of 
spectrophotometer UV VIS Cintra 6.5 GBS (Australia). 
The absorbance values   were defined at different wave-
lengths: 470.0 nm – carotenoids, 663.2 nm – chloro-
phyll a, 646.8 nm – chlorophyll b, 750.0 nm – reference 
values. We used the formulas modified by lichtEntha-
lEr (1987) to calculate the concentration of pigments.

Using the method according to batEs et al. (1973), 
we determined spectrophotometrically the free proline 
content in leaves of beech saplings. The principle of 
this method is the evaluation of a color reaction of pro-
line with ninhydrin.

Data analysis

The initial statistical analysis of the data included ba-
sic statistical characteristics. We observed the effects of 
drought on concentrations of assimilation pigments and 
on free proline content. Statistically significant differ-
ences in leaf water potential (Ψw), leaf osmotic poten-
tial (Ψs), pigments content and proline content between 
provenances and treatments were revealed using multi-
factor analysis of covariance (mancova) in the program 
SAS 6.03. 

We considered three factors: 1. provenance (dis-
crete factor), 2. drought (discrete factor) and 3. initial 
height of saplings (continuous covariate). The means 
were compared by using Tukey-Kramer test at signifi-
cantly level P < 0.05. 

Results

Water and osmotic potential

The values of Ψw for the control saplings (PV1, PV2 
and PV3) during the whole study period were optimal 
and ranged from –0.2 MPa to –0.5 MPa. The saplings 
under the drought treatment responded to the controlled 
process of dehydration by decreasing their values of Ψw. 
The course of Ψw values in the control and drought treat-
ment is presented in Fig. 3. On the day 14, the values   
were significantly reduced due to drought in the range 
from –0.53 MPa to –0.65 MPa. In the middle of experi-
ment (day 28), there were recorded values below –1.5 

Mean values (±SD).

Fig. 3. Values of water potential (Ψw) during progressive water deficit (K, variant of control; S, variant of drought).
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MPa, which is generally considered as the threshold 
value for severe stress for plants. On day 55, at the end 
of the experiment, we found Ψw values   well below the 
optimum conditions for plant growth and development. 
The values of Ψw –2.4 MPa (PV1), –2.5 MPa (PV3), 
–3.1 MPa (PV2), indicated very severe stress causing 
adverse changes at the level of physiological parame-
ters. Differences in Ψw were not statistically among the 
monitored provenances.

Osmotic potential

The osmotic potential was significantly reduced under 
drought stress conditions. There were found no signifi-
cant differences between provenances (PV1, PV2 and 
PV3) under drought treatment in Ψs in the middle of the 
experiment. The Ψs of the stressed saplings   in this term 
(day 28) decreased to the range from –1.8 MPa (PV3) 
to –2.0 MPa (PV1). Simulation of drought conditions 
for 55 days resulted in a large reduction of Ψs values in 
all studied provenances. Nevertheless, provenance PV2 
responded to water deficit the most sensitively (Fig. 4) 

compared with the other two provenances (PV1 and 
PV3). At the end of dehydration period (day 55), PV2 
achieved reduction of Ψs value to –2.0 MPa. The im-
pact of drought to the values of Ψw and Ψs was proved 
to be significant. The interaction between drought and 
selected provenances was significant in Ψs, but not in 
Ψw values. 

Effect of drought on assimilation pigments 

All three tested provenances (PV1, PV2 and PV3) 
showed similar contents of assimilatory pigments. The 
chlorophyll content (Chl a, Chl b, Chl a + b) was signifi-
cantly reduced in dry conditions. On the other hand, the 
drought stress treatment did not cause significant changes 
in the content of carotenoids. At the end of the experi-
ment, we observed relevant decrease of Chl a, Chl b and 
Chl a + b content in sapling leaves due to water deficit 
(Table 3). Nevertheless, comparing the provenances (af-
ter 55 days drought treatment) did not show significant 
differences between them. The carotenoids content did 
not significantly decrease under the drought conditions 

Fig. 4. Values of osmotic potential (Ψs) during progressive water deficit (K, variant of control; S, variant of drought.

Mean values (±SD); p < 0.05, Tukey-Kramer test.

Treatments Chl a content Chl b content Chl a + b content Chl a / b Car (x + c) 
content Chl / Car

[mg g–1] [mg g–1] [mg g–1] [mg g–1]

PV1
0 day 2.83 ± 0.10  1.12 ± 0.05   3.85 ± 0.15 2.81 ± 0.09 0.82 ± 0.05 4.70 ± 0.12
55 days control 2.81 ± 0.21  1.05 ± 0.08   3.86 ± 0.28 2.70 ± 0.13 0.76 ± 0.07 5.23 ± 0.30
55 days drought    1.89 ± 0.21***  0.67 ± 0.07*** 2.56 ± 0.27*** 2.90 ± 0.13 0.72 ± 0.07 3.56 ± 0.29***

PV2
0 day    2.46 ± 0.1  1.02 ± 0.05   3.48 ± 0.15 2.41 ± 0.81 0.72 ± 0.05 4.86 ± 0.12
55 days control 2.68 ± 0.22  1.03 ± 0.08   3.71 ± 0.28 2.59 ± 0.13 0.68 ± 0.07 5.46 ± 0.30
55 days drought    1.79 ± 0.20***  0.82 ± 0.07*** 2.61 ± 0.26*** 2.23 ± 0.12 0.68 ± 0.07 3.89 ± 0.28***

PV3
0 day 2.72 ± 0.09  0.97 ± 0.05   3.69 ± 0.13 2.80 ± 0.07 0.80 ± 0.04 4.58 ± 0.11
55 days control 3.10 ± 0.19  1.13 ± 0.07   4.23 ± 0.25 2.71 ± 0.12 0.79 ± 0.06 5.35 ± 0.27
55 days drought    1.59 ± 0.19***  0.60 ± 0.07***  2.19 ± 0.25*** 2.70 ± 0.12 0.52 ± 0.06 4.18 ± 0.27***

Table 3. Pigment contents of European beech saplings exposed to drought stress for 55 days

Each value represents the mean of five replicates (n = 5) and its standard deviation (±SD); *** significant effect of drought. 
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compared to the control saplings. The Chl/Car ratio fol-
lowed the trends of its constituents. The drought affected 
this parameter, but provenances responded in the same 
manner. In summary, statistically significant differences 
at the level of assimilation pigments content among the 
monitored provenances responding to adverse humidity 
conditions were not recorded. 

Proline content and osmotic adjustment

During the drought period, proline levels in leaves of 
beech saplings increased to a great extent. The changes 
in the content of amino acid proline at the end of the 
experiment are in Fig. 5. The initial proline concentra-
tions ranged from 0.97 µmol g–1 (PV1) to 1.17 µmol g–1 
(PV2). The Tukey-Kramer test informs about signifi-
cant provenance-dependent differences in response to 
water deficit at the end of the experiment (Fig. 5). The 
most substantial and statistically significant increase 

in proline accumulation was observed in provenance 
PV2: from 1.174 µmol g–1 to 14.94 µmol g–1, repre-
senting an 12.7-fold increase in proline content in the 
variant drought compared with the initial measurement. 
The analysis of covariance for the day 55 confirmed 
a significant impact of drought, provenance and their 
interaction (provenance × drought) to proline content in 
assimilation organs of beech saplings. 

Osmotic adjustment

Accumulation of proline in plants is generally con-
sidered as their response to stress. Moreover, the in-
creased accumulation of proline is one of the signals of 
osmotic adjustment (OA). Figure 6 shows the correla-
tion values   of the Ψs with the proline contents in beech 
saplings from provenances PV1, PV2 and PV3 under 
the drought treatment. With Ψs –0.5 MPa, there was 
no considerable accumulation of proline (0.97 µmol g–1 

Fig. 5. Changes in proline content in beech saplings during progressive water deficit 
 (K, variant of control; S, variant of drought). 

Mean values (±SD).

Fig. 6. Correlation between osmotic potential and proline content in leaves of European beech saplings 
under drought treatment (55 days).
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(PV1) to 1.17 µmol g–1 (PV2)). The highest capacity 
to accumulate proline was in provenance PV2 (710 m 
a.s.l., medium wet climatic area). Among the observed 
provenances, the lowest value of Ψs recorded (–2.54 
MPa) was linked with the most increased proline ac-
cumulation (up to 12.7-fold), which gives evidence for 
osmotic adjustment. Compared with provenance PV1 
(1,116 m a.s.l., wet climatic area) the proline accu-
mulation in PV2 was 30% higher, and compared with 
provenance PV3 (400 m a.s.l, dry climatic area) 54% 
higher. 

Discussion

In the recent years, severe drought has become the lead-
ing environmental stress factor painstaking equally in 
cultivation of agricultural crops and in forestry. The 
stress resistance of plants depends, to a considerable 
extent, on how these can maintain their water balance 
by absorbing water with their roots and stalks and dis-
tributing it to the leaves (tzvEtkova and anEv, 2008). 
Adverse effects of water deficit in plant organisms are 
present at all levels (root, shoot, leaf). In our experi-
ment we focussed on study of physiological changes 
occurring in leaves. Under water deficit, the parame-
ter Ψw commonly drops significantly, and thus it is a 
proper parameter for monitoring the water condition in 
plants. The decrease of Ψw values with increasing de-
hydration has also been reported by rosE et al. (2009), 
with no significant differences in Ψw values confirmed 
between the provenance from the margin of the native 
range of beech (Poland) and the central provenance for 
the native distribution area of this species (Germany). 
Similarly, we did not confirm significant differences at 
the Ψw level among the Slovak provenances of beech 
with origin in the following areas: PV1 – wet climate 
of Slovakia, altitude 1,116 m a.s.l.; PV2 – medium wet 
climate of Slovakia, altitude 710 m a.s.l. and PV3 – dry 
climate of Slovakia, altitude 400 m a.s.l. The progres-
sive impact of drought on 4-year-old seedlings was also 
investigated by GallE and FEllEr (2007), recording 
after 36 days of dehydration the minimum Ψw values 
about –2.7 MPa. In our experiments, parallel with Ψw 
decreasing with dehydration during the study period, 
we recorded also a decreasing trend in the osmotic po-
tential of leaves (Ψs). The lowered values of Ψs in plants 
ensure to keep up the turgor and, consequently, the suf-
ficient stomatal conductivity in leaves under low wa-
ter potential (nGuyEn-quEyrEns and bouchEt-lannat 
2003). tschaPlinski et al. (1998) monitored the re-
sponse of several forest woody plants (Quercus prinus 
L., Quercus alba L., Acer rubrum L., Cornus florida 
L., Nyssa sylvatica Marsh.) to three different regimes 
of rainfall penetration into the soil (drought, control, 
wet) in June–September. During this experiment, in the 
variant with reduced rainfall penetration (drought), Ψw 

and Ψs decreased. Towards the end of the experiment, 
the Ψs values were below –1.5 MPa in all the monitored 
woody plants; the most remarkable drop Ψs due to the 
stress influence was recorded in Quercus prinus L., 
with Ψs –1.94 MPa (in the understorey) to –1.96 MPa 
(in the main stand layer). The corresponding Ψw values 
ranged from –2.89 MPa (in the main stand layer) to 
–3.02 MPa (understorey). To measure osmotic poten-
tial is also important for assessment of osmotic adjust-
ment. In our experiment we focussed on assessment of 
osmotic adjustment through enhanced accumulation of 
proline under significantly reduced osmotic potential 
of leaves. In the water regimen of plants, osmotic po-
tential is exactly the component closely connected with 
proline accumulation in these plants. This correlation 
between proline and osmotic potential has also been 
found by handa et al. (1986). These authors observed 
enhanced proline accumulation in a tomato cell sus-
pension with a relatively low osmotic potential (–1.06 
MPa to –1.5 MPa).

The amino-acid proline is a compatible solute gen-
erally recognised to perform in plant protection against 
stress in various effects: by contributing to osmotic ad-
justment, detoxifying reactive oxygen forms, stabilising 
membranes and natural structures of enzymes and pro-
teins (Farooq et al., 2009). Proline is generally accumu-
lated in plants stressed by osmosis, and it plays the key 
role in the control of osmosis and in the anti-oxidative 
protective mechanisms (cha-um and kirdmanEE, 2009). 
The accumulation of free proline under stress condi-
tions is enormously important for plant adaptation to 
stress (molinari et al., 2007). An instant raise of proline 
in assimilation organs of wheat stressed by drought was 
observed by tatar and GEvrEk (2008), who recorded 
proline accumulation more than 13.7-fold compared to 
the normal conditions. A similar response – increased 
proline accumulation in chickpeas seedlings stressed by 
drought, ensuring apart from maintaining the cell turgor 
also preserving the structural integrity of membranes 
has also been confirmed by naJaPhy et al. (2010). Pro-
line accumulation in leaves of beech and spruce under 
drought stress was observed by sluGEňová et al. (2011) 
– beech and spruce. sluGEňová (2010) investigated the 
seedlings´ response to the process of controlled dehy-
dration. Under significantly reduced water potential 
(below –2.0 MPa), she recorded enhanced proline ac-
cumulation in the two woody plants: 5.21-fold in beech 
and 5.7-fold in spruce. The presented facts give evi-
dence that the capacity of accumulation of free proline 
in plants under stress is species-specific. 

Under water deficit and enhanced accumulation of 
solutes, the osmotic potential of plant cells is reduced. 
This allows the water to enter the cells, and to ensure 
their appropriate turgor. This phenomenon is known as 
osmotic adjustment (OA) (Farooq et al., 2009). OA is an 
effective mechanism for retaining the turgor of tissues 
(brEstiČ and olšovská, 2001) and also a mechanism 
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enabling the plants to avoid adverse effects of drought. 
The leaves able to perform OA are able to keep up their 
turgor under lower water potential than the leaves in 
which no OA has occurred. For that reason, the plants 
can also use water fixed in soil with rather strong bonds 
(slováková and mistrík, 2007). This fact has also been 
supported with the soil water potential values measured 
in our experiment (Fig. 6), with especially low values 
recorded in the provenance PV2/S (710 m a.s.l., me-
dium wet climate of Slovakia). The appropriately main-
tained turgor also helps to keep up the stomata open, 
enhancing in such a way the exchange process of CO2. 
Despite the significantly enhanced proline accumula-
tion observed with aggravating drought, the lowered Ψs 
values and significantly lower soil water potential val-
ues give evidence for OA. Nevertheless, this is only a 
hypothesis, as the parameters of gas exchange in leaves 
were not found sufficiently unchanged in the end of our 
experiment. 

The slow synthesis of photosynthetic pigments 
and fast decomposition of these pigments also belong 
to the numerous effects of water deficit on plant organ-
isms. The photosynthetic pigments are used as reliable 
markers for assessment of metabolic imbalance in pho-
tosynthetic and growth processes under drought condi-
tions. Reduction of chlorophyll content – considered 
as a typical symptom of oxidation stress, may be the 
result of photo-oxidation of pigments and degradation 
of chlorophyll. The chlorophyll loss due to drought has 
been recognised to be the main cause of inactivation 
of photosynthesis (anJum et al., 2011). The reduc-
tion of chlorophyll content due to drought is primarily 
caused by the damage to chloroplasts by active forms 
of oxygen (maFakhEri et al., 2010). The adverse effect 
of water deficit in beech seedlings subjected to the 55-
day dehydration was manifested through the decrease 
in contents of Chl a, Chl b and the total chlorophyll 
a + b in comparison with the control seedlings. The 
drought, however, did not cause significant differ-
ences in contents of photosynthetic pigments between 
the provenances in the final phase of the experiment. 
sluGEňová (2010) published that the drought had 
a strong influence on contents of assimilation pigments 
– their reduction in beech and spruce seedlings. On the 
other hand, there was not detected significant influence 
of drought on the Chl a/b ratio in either of the stud-
ied woody plants (beech and spruce). ditmarová et al. 
(2010) studying spruce exposed to strong water deficit 
(36-day dehydration) observed that the Chl a/b ratio 
was unchanged, while the particular Chl a and Chl b 
contents were noticeably reduced. The preserved Chl 
a/b ratio in dehydrated individuals of Arbutus unedo 
L. has been documented by munné-bosch and PEnuE-
las (2004). The authors observed the total chlorophyll 
a + b reduction under severe drought representing 63% 
compared to moderate drought stress. No comparable 
reduction of Chl a + b was reached in our three prov-
enances (PV1 – 26%, PV2 – 25%, PV3 – 41%). Gallé 

and FEllEr (2007) testing the influence of drought on 
4-year-old beech seedlings obtained a reverse result – 
the ratio of chlorophylls a and b was raised due to the 
drought stress. 

The water stress due to the 55 days of dehydra-
tion resulted in a decrease of chlorophyll a + b con-
tent in all seedlings. We also recorded lowered content 
of carotenoids (Car x + c) in both beech provenances. 
Similar findings under drought stress were obtained by 
EFEoğlu et al. (2009) with three cultivars of maize and 
by munné-bosch and PEnuElas (2004) with individuals 
of Arbutus unedo L. 

The study of stress physiology and competition 
ecology is essential for evaluation of the climatic and 
site limitations of European beech (boltE et al., 2007). 
The provenance study focused on beech, its distribution 
and survival in drought has become truly needed in Eu-
ropean context in the recent years. This is also evident 
based on the large number of works dealing with this 
issue (FotElli et al., 2009; rosE et al., 2009; robson 
et al., 2012). All the studies focussed on beech ecosys-
tems suffering from water deficit agree in the finding 
that the provenances (ecotypes) of beech from southern 
or south-eastern parts of the beech native distribution 
range are tolerant to drought.

Conclusions 

The physiological response to prolonged water deficit 
(as negative drought effect) was found expressive in 
most of the parameters (parameters of water deficit, ra-
tio Chl/Car, proline accumulation) in the plants repre-
senting the provenance. This provenance is native to the 
optimum growth and ecological conditions of beech. 
Despite the PV2´s origin, our results showed a very 
sensitive response to drought only in this provenance. 
The provenances representing the marginal areas of 
beech distribution range (PV1 – wet climate of Slova-
kia, altitude 1,116 m a.s.l.; PV3 – dry climate of Slova-
kia, altitude 400 m a.s.l.) responded to adverse water 
regimen much less sensitively than PV2. Quantification 
of the differences among the studied provenances has 
revealed that the provenance PV3 was the most resis-
tant against the drought because is originated from dry 
climate of Slovakia. 
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Posúdenie vplyvu stresu zo sucha na vybrané biochemické a fyziologické 
charakteristiky listov bukových sadeníc rôznej proveniencie

Súhrn

V príspevku sú predložené výsledky štúdie reakcie sadeníc buka lesného (Fagus sylvatica L.) rozdielneho pôvodu 
na riadený proces dehydratácie. V rámci experimentu sme otestovali proveniencie PV1 (1 116 m n. m., vlhká klíma 
Slovenska), PV2 (710 m n. m., stredne vlhká klíma Slovenska) a PV3 (400 m n. m., suchá klíma Slovenska) na 
vybrané fyziologické a biochemické parametre. Jednotlivé proveniencie boli prezentované sadenicami vo veku 4 
roky, pričom každá proveniencia obsahovala dva varianty: kontrola a sucho. Sadenice variant sucho boli po dobu 
55 dní vyradené zo zálievky a miera ich dehydratácie bola monitorovaná prostredníctvom vodného potenciálu 
listov (Ψw) a osmotického potenciálu listov (Ψs). V závere experimentu sme zaznamenali zníženie hodnôt Ψw a Ψs 
zodpovedajúce veľmi silnému stresu. Ψw poklesol na hodnoty –2,37 MPa (PV1), –3,14 MPa (PV2) a –2,53 MPa 
(PV3). Hodnoty Ψs sa najvýraznejšie znížili vplyvom vodného deficitu u proveniencii PV2 (–2,54 MPa). Sucho 
na jednej strane spôsobilo významnú degradáciu asimilačných pigmentov (Chl a, Chl b, Chl a + b, Chl/Car) a na 
druhej strane zapríčinilo významne zvýšenú akumuláciu prolínu v listoch stresovaných sadeníc. Na základe pozo-
rovaných zistení a reakcií sadeníc vystavených nepriaznivým vlhkostným podmienkam, možno spomedzi monito-
rovaných proveniencií považovať provenienciu PV2 za najcitlivejšiu na pretrvávajúci vodný deficit. 
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