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Abstract
PriwiTZER, T., CaBOUN, V. 2013. Ecophysiological research of European beech (Fagus sylvatica L.) in high-
productive mixed forests of the Pol'ana Mts in Central Slovakia. Folia oecol., 40: 243-250.

This paper presents the results of ecophysiological research of European beech (Fagus sylvatica L.) in high-
productive mixed forests of the Slovak Pol'ana Mountain. This research was performed in the research and
demonstration object Pol'ana - Hukavsky grun. The radiation, temperature and humidity regimes, as well as
daily dynamic of photosynthetic activity and electric resistance of cambial tissue are presented within the
whole beech crown profile. The impact of meteorological conditions on selected physiological processes
was studied. The results confirmed close correlation between a diameter of trees dl,z and biofield, as well as
between a biofield and cambial tissue’s electric resistance. The considerable differences in CO, uptake within
individual beech crown layers were determined.
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Introduction

The site conditions can be considered to be the deter-
mining complex of indices and factors from the point
of view of quantity and quality of physiological pro-
cesses in forest trees. Knowledge on time and spatial
dynamic of individual characteristics within the whole
forest ecosystem is necessary for quantification of im-
pact of meteorological characteristics on photosynthe-
sis and production processes, damage of foliage (frost,
radiation, immissions), water and energy regime of tree
species, etc.

This paper presents the results of ecophysiological
research of European beech (Fagus sylvatica L.) — the
tree species with the largest distribution in the Slovak
forests. The main attention is paid to the impact study
of site conditions on selected physiological processes
(mainly photosynthetic activity and electric resistance
of cambial tissue). This contribution is based on the
results gained within the framework of ecological and
ecophysiological research being realized in the research
and demonstration object Pol'ana — Hukavsky gran.

Material and methods
Description of research plot

All measurements were done in the research and dem-
onstration object (RDO) Pol'ana - Hukavsky griiii which
is a part of the Biosphere Reserve — Protected Land-
scape Area Polana. The highest attention of research
activity has been paid to the Permanent Research Plot
— 0 (PRP 0) of which more detailed description, as well
as the whole spectrum of problems being solved were
published by CaBoun et al. (1996). Basic geographic,
pedological, meteorological and typological character-
istics of the RDO and PRP 0 are presented in (Table 1).

Measurement of meteorological characteristics and
ozone concentration

All meteorological characteristics within the PRP
0 were continuously measured and recorded to the data
logger (DELTA T). The following meteorological char-
acteristics were measured: air temperature (Ta) and rel-
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Table 1. Selected characteristics of the RDO Pol'ana — Hukavsky gran and the PRP 0

Characteristics of RDO Characteristics of PRP — 0 (area 0.55 ha)

Orographic unit Polana Elevation 850-860 m

District Detva Slope 5-15%

Forest Enterprise Krivan Stand age 90-120

Forest Administration  Pol'ana Number of trees 342

Elevation 820-915m Tree species Beech 70.0 %

Exposure North-east Spruce 19.6 %

Slope 5-35% Sycamore maple 4.6 %

Geological substrate Volcanic Fir 35%

Forest Management Beech forests (411) Ash 2.0 %

Type Group fertile Fertile fir beech Aspen 0.3 %
Forests (511) Canopy 90

Number of PRP 8 Forest type nitrophilous fir beech forest (5302)

Soil type Ando-eutric Cambisol

ative air humidity (RH) (0.3 m, 6 m, 29, 34, 46 m above
the soil surface), soil temperature (Ts) (depth 0, 5 and
10 cm), global radiation (Q) (34 m), photosynthetically
active radiation (PhAR) (37 m, 32 m, 29 m, 19 m above
soil surface), precipitation (34 m), wind direction (46.5
m), wind speed (46.5 m, 38.8 m, 37m). More detailed
technical parameters of meteorological measurements
were published by CaBoun et al. (1996).

A daily dynamics of Ta, RH was determined for
three height levels (34, 29, 6 m). The amount of inci-
dent PhAR upon the forest stands was calculated from
the values of Q according to the relations presented by
RovNAkovA (1986). The values obtained by this method
were consequently quantified for individual height lev-
els on the basis of direct measurements (cloudless days
with typical daily course of PhAR).

In addition to meteorological characteristics, the
concentrations of atmospheric ozone (O,) were con-
tinuously measured above the stand. The analyzer ML
8810 (based on UV photometry) was used. The ozone
concentrations were calculated according to Lambert—
Bersch rule. More detailed methodology of atmospheric
quality measurement in PRP 0 is presented by CaBoun
et al. (1996).

Determination of photosynthetic activity of beech
foliage — ecophysiological measurements were realized
on representative co-dominant beech (diameter d, ;=49
cm and height 35 m.). Its crown was divided into three
separate crown layers (upper 32 m, central 29 m, lower
19 m from soil surface) on the basis of the previous
measurements of leaf area, anatomical leaf structure,
density of stomata, chlorophyll content (PriwiTZER et
al., 1996), as well as the incident PhAR.

For determination of photosynthetic activity was
used the portable photosynthetic system Li-6200 (Li-
cor, Nebraska, USA). The detailed description of in-
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strument and method of work with it was published
by Priwitzer (1993, 1998). All measurements were
performed directly in the crown space using the tower.
The measurements were usually performed from June
to September during favourable weather (days without
precipitation) on physiologically mature leaves (leaves
in phenophase of adult leaf) and ambient CO, concen-
tration (330-350 ppm). Daily dynamic of photosynthet-
ic activity was determined by two methods as follows:

o Measurement of CO, exchange in hourly intervals
for upper part of crown (sun type of leaves). More
detailed methodology was published by PriwiTzEr
et al. (1996).

Calculation using light response curves (relation
of photosynthesis and PhAR intensity) determined
on the basis of direct measurement, as well as con-
versed for individual crown layers according to the
methodology presented by MaRrek et al. (1989),
Marek et al. (1992) and PirocHTOVA and MAREK
(1991).

Measurement of electric resistance of cambial tis-
sue — within the framework of observing the relative
tree vitality was used the TREE VITALITY METER
—TVM 01. It is a portable electronic instrument for de-
termination of health condition of standing trees, and
occasionally damage of wood mass, operating on prin-
ciple of electronic measurement of cambial layer resist-
ance and wood tissue respectively. Air temperature is
being scanned by thermal sound. The 24-hour dynamic,
as well as seasonal resistance dynamic were finding out.
More detailed methodology of measurement of forest
trees’ cambial resistance was published by Casoun
(1994, 1997). Measurement of tree species biofield —
a magnitude of tree species biofield was measured in
sense of the methodology published by Caoun (1993).



Results

As an example of beech ecophysiology we present the
measurement performed on warm summer day with all-
day occurrence of cumuliform cloudiness.

Radiation regime — the curve of global radiation
showed typical daily course with the values around
900 Wm 2 between 10 a.m. and 2 p.m. (daily max. 950
Wm 2 around the midday). Daily course of ozone con-
centration has slightly upward character with maximal
values (58—63 ppb) between 2 p.m. and 4 p.m. At that
time, the maximal values of air temperature were meas-
ured (Fig.1).

The daily dynamic of PhAR above the stand has
a similar character as for global radiation. Changes
in intensity and amount of PhAR in crown space are
showed in the Fig 1. The individual daily course differs
significantly in certain parts of crown and during the
day. While PhAR in the upper part of crown showed
very similar daily dynamic like above the crowns (max.
— 1,397 uE m?2s! around the midday), in central part of
crown (29 m) the max. daily value of PhAR (1,085 nE
m2s') was recorded between 7 a.m. and 8 a.m. Fairly

balanced intensity of PhAR characterized the lower
part of the crown during the whole day. An increase of
PhAR was recorded only in very short periods of time,
while maximal daily values (520 pnE m~2s") were found
out between 8 a.m. and 9 a.m. As regards a decrease of
PhAR amount, due to its penetration through the crown
(Fig. 1), it can be observed for selected part of the day,
that 95% of PhAR from the amount measured above
the crown was found out in the upper part of crown at
8 a.m., 61% at midday, and 39% at 6 p.m. Within the
central crown layer the values of PhAR reached 50, 42
and 8% of values measured above the crown resp. 11%,
5% and 2% in the lowest part of crown. Similarly there
was found out that in the upper part of crown 70% of
PhAR values were in the interval of 500-200 uE m=2s,
while in the lower layer 70% of values in the interval of
0-50 uE m2s™! during the day.

Temperature and humidity regime — daily course
of air temperature and air humidity above the stand, as
well as in the individual layers of the stand is shown
in the Figure 2. Air temperature (Ta) in all height lay-
ers has gradually increased since early morning and it
reached maximal daily values (from 18.7 to 20.4 °C)
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Fig. 1. Daily course of global radiation (Q) and ozone (O,) concentration above the forest stand (34 m)
and PhAR measured in 37, 32, 29, 19 m above the forest floor.
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at around 3 p.m. The highest values of Ta during the
day were measured in the height of 34 m above the sur-
face of soil. It is a consequence of quicker warming of
air layer in the area immediately above the crowns and
followed radiation of crowns’ active surface within the
infrared range of spectrum.

Air humidity (RH) was fairly constant (80%) dur-
ing the period between 6 a.m. and 10 a.m. in the whole
vertical profile of the stand. After that time we recorded
its decrease while minimal daily values (48-57%) it
reached in all height layers at around 3 p.m. The lowest
RH values were measured in 37 m, between 10 a.m.
and 6 p.m.

Photosynthetic activity of individual parts of the
crown — daily dynamic of CO, (A) uptake determined
for individual parts of the crown is shown in the Figure
3. When we look at the course of measured values (Fig.
3 — right), we find out the considerable differences in
CO, uptake in individual crown layers.

While assimilation apparatus reached maximal
daily values A (8.09 umol CO, m?s™) at around 11
a.m. in the upper part of the crown (sun type of leaves),
in lower part of crowns (shade type of leaves) it was
between 8 a.m. and 9 a.m. In the central crown layer
(occurrence of both types of leaves), the maximal daily
values A (4.37 umol CO, m*s™') were found out at
around the midday. A considerable depression of CO,

RH [%]

uptake was recorded mainly in the central (at around
2 p.m.) and lower (between 11 a.m. and 1 p.m.) part of
the crown. After a decrease of CO, uptake we recorded
more considerable increase of A value (crown centre at
around 3 p.m., lower part at around 2 p.m.) in the both
crown layers. Significant decrease of CO, uptake in all
layers of the crown occurred after 4 p.m. When compar-
ing the maximal values A we can find out that central
part of the crown reaches 49% and in lower crown part
only 28% of A of the upper crown part.

When assessing the daily dynamic of CO, uptake
(sun leaves) obtained on the basis of direct measure-
ment we recorded certain differences in comparison
with simulated daily dynamic. While in direct meas-
urement the daily maximum was between 6 a.m. and 8
a.m., and after that there occurred the consequent whole
day decrease of values A , in case of simulated determi-
nation of A the daily maximum was between 10 a.m.
and 11 a.m., and values of CO, uptake were fairly con-
stant during the bigger part of the day (7 a.m.—3 p.m.).

Electric resistance of cambial tissue — daily course
of electric resistance of cambial tissue in the investigat-
ed beech is given in the Figure 4. From the values meas-
ured in various cardinal points we can see that values of
electric resistance of cambial tissue have similar daily
dynamic, however, the values of resistance measured in
northern direction are higher than in three other direc-
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Fig. 2 Daily course of air humidity and air temperature, measured in height of 34, 29, 6 m
a bove the forest floor.
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Fig. 3. Daily dynamic of CO, uptake (A, ) simulated for upper (32 m), middle (29 m) and lower (19 m) part
and measured in upper (32 m) part of beech crown.

tions. The increased resistance of tissues in the north
side has been significantly expressed also in average
values. The difference between average values of elec-
tric resistance of cambial tissue calculated from three
and four measured values can be seen in the Figure 4.
The highest dependence between electric resistance of
cambial tissue and air temperature was discovered.

Biofield of beech — the daily dynamic of biofield’s
value has not been expressed. The following values of
biofield: 56 cm, 47 cm, 38 cm, 29 ¢cm, 20 cm and 11 cm
from the stem of the tree were recorded. On the basis
of measured values we can determine a regular 9-cen-
timetre interval, it means a wave course of biophysical
component of observed beech’s biofield.

Discussion

The daily dynamic of physiological processes can, ac-
cording to ScauLzE and HaLL (1982), provide the basic
information on responses and adaptation of plants to
the nature conditions of the environment. At the same

time it is a reflection of effect of outside factors on indi-
vidual physiological processes, as well as it can provide
a great number of information about behaviour of tree
species in their natural environment. KozLowski et al.
(1991) present that photosynthetic rate frequently var-
ies between the tree species and their provenances, be-
tween the sun and shade type of leaves, during the day,
as well as during the growing season. These variations
are the result of interactions between the characteris-
tics of plants such as leaf age, its structure and position,
development of canopy, behaviour of stomata, amount
and activity of Rubisco, as well as the factors of the
environment such as light intensity, temperature, water
supply, atmospheric CO, concentration, air pollutants
and soil conditions. LARCHER (2003) presents that the
gas exchange rate, investigated directly under the con-
ditions of the forest stand, is a result of mutual effect of
number of internal factors and factors of the environ-
ment of which the specific effect can be recognized in
a very difficult way. From the whole group of factors,
one of them usually limits photosynthetic rate, while
others support it further. We can see from the daily dy-
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Fig. 4. Daily course of electric resistance of cambial tissue measured from north, east west and south direction
and average values from 3 direction (dotted) and 4 direction (hatched) (E,W,S, N).

namic of selected physiological processes a close con-
nection between individual processes and meteorologi-
cal characteristics.

The daily dynamic of photosynthetic activity of
beech leaves stated by simulation is decisively being
determined by light conditions in the individual parts
of tree crown. The reason is the fact that intensity of
PhAR was considered in advance to be the main fac-
tor influencing the CO, uptake. The influence of other
factors has not been considered since the measure-
ments of dependence of PhAR — A were done at leaf
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temperature 20 °C and relative atmospheric humidity
60%. In addition, we can see from the daily dynamic of
meteorological characteristics that Ta and RH have not
reached the values which influence more considerably
the CO, uptake in beech leaves (Schurzg, 1970). As for
the Ta, Sciurze (1970) presented that max. values of A
in mature beech leaves were measured at air tempera-
ture between 18-20 °C.

A favourable RH (80%), sufficient intensity of
PhAR, as well as low ozone concentration can be con-
sidered a reason for the maximal daily values of A in



upper part of crown in the morning. The consequent
whole-day decrease of CO, uptake, as well as the oc-
currence of considerable depression of photosynthesis
between 11 a.m. and 3 p.m. could be caused by a high
intensity of PhAR, reduction of RH, increase of leaf
temperature (CABOUN et al., 1996), and by an increase
of ozone concentration during this part of the day. For
instance Masarovicova and STEFANCiK (1990), Xu and
SHEN (1996) present the high intensity of PhAR, low
RH and high Ta as causes of midday depression of pho-
tosynthesis.

The most well-known dependence of values of
cambial tree tissue’s electric resistance, frequently de-
noted as relative vitality, is a dependence on diameter
of measured tree. The dependence of values of cambial
tissue’s electric resistance on their diameter, was found
out in observing the daily or seasonal dynamic of elec-
tric resistance within all cases. On the basis of our cur-
rent and previous research results (CaBoun et al., 1993;
CABOUN, 1994, 1997) we can state that the less diameter
tree species has, the higher annual variability of values
of cambial tissue’ electric resistance is. Thus, tree spe-
cies with lower diameter react more sensitively on the
environment’s influences. Similarly, daily dynamic in
trees with bigger diameter is not so marked than in trees
with low diameter. Considerably it has been expressed
in all cases and had an opposite course than atmospher-
ic temperature. We have found out a considerable cor-
relation in all our measurements between temperature
and electric resistance of cambial tissue. The closest
correlation has been found out between electric resist-
ance of cambial tree tissue and average maximal tem-
perature calculated from maximal temperatures of three
days before measuring the resistance. From the above
mentioned follows that the resistance of cambial tissue
is influenced more by three-day, mainly maximal tem-
perature, resp. by the weather (where temperature plays
a dominant role especially in beech) than moment tem-
perature during measurement. On the basis of previous
results we can state that since the yearly or seasonal dy-
namic of electric resistance is considerably higher than
daily dynamic, the date of measurement is essentially
more important than day’s time.

We have found out, within our long-term meas-
urements in a great sample of tree species, very close
cgrrelation betwegn a diameter of trees d, yand biofield
(CaBoun, 1993; CaBoun et al., 1996). We have also
found out a close correlation between biofield and elec-
tric resistance since it correlates very closely with di-
ameter of measured tree species as well. In spite of cer-
tain variability of a magnitude of tree species biofield,
considerable trend of biofield change during the year
has not been expressed. From the measurements we can
see that correlation between the magnitude of biofield
and temperature of atmosphere does not exist as well.
The differences in magnitude of biofield during the
year and also during the day, however, are not so high

that we could speak about the seasonal or daily biof-
ield dynamic but only about average values of biofield
individual levels. However, besides diameter and kind
of tree species also site conditions and intraccosystem
relations have an influence on a magnitude of tree spe-
cies biofield. On the basis of our previous observations
we can state that biofield of trees is not the same for
each measuring man. When we proceed with the defini-
tion of allelopathy (CaBoun, 1990); each organism can
react differently on biochemical and biophysical effect
of other organism.
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