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Abstract
Stefandik, 1., 2004: Tree species growth in mixed spruce, fir and beech stands. Folia oecol., 31 (1),
p. 36-39.

The paper presents a comparison of tree species growth on four research plots in Slovakia. The plots
are situated in mixed spruce, fir and beech stands where no interventions were catried out in the last
30 years. The results showed that in the initial stage of research had fir the second highest proportion
in tree species composition over three of the plots and/or on one of them even the highest one. After
30 years, the highest proportion of beech was found over the plots overall and/or the following total
decrease (according to the number of trees) was registered: 76-89% for fir, 46-93% for spruce and 36—
73% for beech. After 30 years, beech reached the upper crown layer, while fir together with spruce
constituted the medium crown layer. As for mean crown width, differences between individual tree
species were low and statistically insignificant (P > 0.05). The highest mean annual diameter

increment was registered for spruce and the lowest for fir.
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Introduction

Mixed spruce, fir and beech stands are important
stand type of higher situated mixed forest complexes
in the Alps and Carpathians Mountains. In Slovakia,
the mentioned stands cover an area of one-fourth of the
total forest area, i. e. more than 461,000 hectares, mainly
within the 4% to 6% altitudinal forest zones. Nowadays,
the advantage of mixed stands is generally recognized
in comparison to unmixed ones, especially in view of
their stability and/or resistance to injurious factors.

In Slovakia, research on tending of mixed spruce, fir
and beech stands started at the end of the 60°s of the last
century. For this reason, four permanent research plots
(17 partial plots) were established in the 5™ and 6%
altitndinal forest zones situated in the natural range of
mixed spruce, fir and beech forests in Slovakia in both
the Velka Fatra Mountains and the Low Tatra Moun-
tains. The first results of research on the mentioned

problems were published in 1977 (L. Steranti 1977).
An assessment of the 30-year tending effect on stand
condition was already carried out on the three-plot
seties (L. Steranci, L. STerancix 2003).

The aim of this paper is to ascertain and compare
the growth of individual trec species in mixed spruce,
fir and beech stands in the 30-year peried of study.

Material and methods

As the object of our research was chosen several series
of permanent research plots (PRP) located in the 5% and
6t forest altitndinal zones of Central Slovakia, estab-
lished in the past by Prof. Ing, L. Stefangfk, DrSc., for the
research on production relations in mixed spruce, fir and
beech stands. The area of plots ranges from 0.20 to 0.50
hectare, their arrangement depends on field conditions,
and ihey are isolated by 10 m wide tree belts. The trees
on all the plots have been munbered and measurement

* The paper was presented at the conference Forest Ecology — State and Perspectives” held from 18 to 19 September

2003 in Zvolen, Slovakia.
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points at the breast height 1.3 m marked out. Complex
biometrical measurements were carried out on the num-
bered trees in 5-year intervals, in accordance with stan-
dard methods (L. Seranéix 1977). Since the establish-
ment of PRP, seven biometrical measurements have been
carried out on all plots focused on quantitative para-
meters — breast height diameter, tree height and crown
size at horizontal projection.

A more detailed description of research plots is pre-
sented in Table 1. The data were processed by common
biometrical and statistical methods according to standard
research methods. To find out the significance of in-
fluence of tree species on diameter increment and crown
width, the analysis of variance (ANOVA) was used.

The background of the methodical procedure in
processing of the results was to compare between the
biomeirical values on the partial plots at their estab-
lishment and after the last measurement, what repre-
sents a period of 30 years. To exclude the influence of
management on development of the investigated pa-
rameters, we took into account only control plots,
where no interventions were carried out.

Resulés and discussion

Fig. 1 presents the tree species composition on partial
plots in the initial stage of research and after 30 years.
As for spruce, fir and beech, it can be seen that at the
beginning was fir the second most abundant trec spe-
cies and on the Motytky PRP even the most abundant
one. After the 30-year period, conspicuous changes
were ascertained because the highest proportions were
found for beech on all the plots. It can be seen that the
mentioned increase caused a decreased proportion of fir
on all the plots while increases were found for the other
tree species. It is in accordance with the values of the
total decrease in the individual tree species during the
investigated period. To provide an objective compari-
son, the values were expressed as a percentage from the

number of trees of the corresponding free species in
the initial stage of the research (Fig. 2). Almost on all
the plots was the highest decrease recorded for fir; on
the contrary, it was the lowest for beech. An exception
was found on the Hrable PRP, where the decrease in
spruce was higher in comparison with the other tree
species. This plot is located in the Spi¥§ region with a
marked worsening of spruce health condition and
decline caused by air pollutants, reported already from
the past (L. Sterancik, I STERaNGIK 1993; B. KonopkAa
etal. 1997).

The above-mentioned development of tree species
composition is remarkable especially for decrease of fir,
which was, according to our opinion, caused by aume-
rous factors. It is known that especially fir belongs to the
most sensitive tree species what was also confirmed by
the increased mortality on our research plots. The chan-
ges related to fir decrease confirmed the known fact of
its overall decline in forest stands during the last de-
cades (MALEK 1983; ViaboviC et al. 1998).

On the other hand, a considerable increase of beech
proportion was found. This fact could be explained by
a strong competitive ability of beech compared with
other tree species under the given ecological condi-
tions. After 30 years, beech reached the upper crown
Jayer, while fir together with spruce made up the me-
dium crown layer, It is noticeable that the same trend
was registered on all the investigated plots.

From the point of view of growth space utiliza-
tion, especially throughout the verticat profile of fo-
rest canopy, in addition to tree height, crown size and
crown width of individual trees (tree species) are also
considered to be very important parameters, Particu-
larly, the crown size and the area of foliage together
with other ecological factors influence the rate of
physiological processes (photosynthesis, respiration)
in the vertical canopy structure, which is refiected in
biomass production of the given forest stand (Masa-
ROVICOVA et al. 1996; MaREk et al. 1997). Therefore, we

Table 1. Basic characteristics of permanent research plots (PRP) in mixed stands

Charnctoristic TRP Moty3ky

PP Woryinicna I, 1T, 15

PHRY Hrable

1571
apruce 46, fir 41, boech A%

Establishioent (yon)
Stand age (yearsy

1967
spruce 58, fir 50, bocch 50

1568
spruce RO, fir 82, beech 74

Altindinal forost zona 5% fir - boech
MManagement complex 35 &5
Mansgsment comphex of foroat 511 fertile fir-boochwooda
typosForast typo group Fageto-Acerctiim (FAc) st

Forasi iyps 5401 mercury-becch maplowoods n.st.

Cloomorphologic unit the Volka Fatra Mty the Mizks Totry bts, (wosl park) the Volovsks veohy Rta.

Expogition ME NE w

Altitude () 810-870 230-970 BR0-BA0

Inclination (Jegree) 30 30-35 25 .

Parept rock Dolomito ‘Irinpsic Schist phyllite and quanz-phylitte slope deposgits
Soil unit dzic L VColcaric Gambisol [~ ipolUTmbrio 1. Haplic C {zol/Drystric Cambisol

&% spruce-beoch-fr
Ecotogical rank BAC B/
611 fertilo beach-fir apruccwoods

TFaogewo-Aceraturn (FAQ) v.ut,
6402 fom-beach maplswoods v.st,

Mean temperpture (*C) 5.8 4.2 5.0
Mean apnual pracipitation total 1.085 1,200 2900
‘rrmyrear)
| Gy

5% fir-beach

Y

53

511 fertile fic-becchwoads
Abisto-Fagetum (AF) nst.
5301 1o

ons fir A5 n.st.
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compared the values of mean crown width of the
individual tree species. Differences between the spe-
cies were low and statistically insignificant (P > 0.05).
The crown size increased with the age of stand. It is
known that crown size of trees can be influenced by
silvicultural interventions, i. e. by removing undesirable
individuals with the aim to release the crowns of re-
maining trees. However, on plots without interven-
tions (as in our case), the crown size is a result of
competitive relations between the treo species.
Consequently, our inierest was focused on the
crown widih in relation to diameter increment of indi-
vidual tree species — one of the most significant produc-
tion parameters. By the method of correlation analysis,
a statistically significant relation (P < 0.01) between
crown width and mean annual diameter increment (cot-
relation coefficient ranged from 0.795 to 0.864) was found
for beech trees on all the plots. For fir ranged the
coefficient value from 0.181 to 0.981, and on one plot
was the mentioned relation found as insignificant (P >
0.05). Similar results were found for spruce with corre-
lation coefficient 0.453-0.819, where the investigated
relation was also statistically insignificant on two plots

in Korytnica (P > 0.05). These results suggest a favou-
rable growth of beech under the given conditions and
jts prevalence in competitions with spruce and fir. Tt was
also confirmed by the fact that spruce mean diameter
was found the highest in comparison with fir and beech
on the all plots. On the just opposite, the mean diameter
of beech was the lowest. This species had, however, the
highest diameter increment, although the differences
between the tree species were neither high nor statisti-
cally significant (P > 0.05).

Conclusion

The aim of this paper was to ascertain and compare the
growth of tree species in four mixed spruce, fir and beech
stands over a 30-year period. The results showed, that at
the beginning of the experiment, fir was the second most
abundant tree species on three plots and on one plot
even the most abundant one. After 30 years, the highest
proportion for beech was found over the all plots. The
fir proportion decreased on all plots, while for the other
tree species, an increase was observed. It is in accordance
with the values of the total decrease, which were 76 to

Percentage of tree specios composition
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Fig. 1. Development of tree species

composition on investigated
plots for study period of 30
years
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Fig. 2. Percentage of total decrease in individual
tree species on investigated plots for study
period of 30 years
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89% for fir, 46-93% for spruce and the lowest were found
for beech 36-73%.

Cn the contrary, beech was characterized by a very
strong competitive ability against the other tree species
under the given ecological conditions, After 30 years, the
beech trees reached the upper crown layer, while fir
together with spruce made up the medium crown layer.
As for the mean crown width, differences between indi-
vidual tree species were small and statistically insignifi-
cant (P > 0.05). The highest mean annual diameter incre-
ment was found for spruce and the lowest for fir.

These results suggest a favourable growth of
beech under the given conditions and its prevalence
in competitions with spruce and fir.
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Rast drevin v zmieSan§ych smrekovo-jedPovo-bukovych porastoch

Sithrm

V prispevkn sa hodnoti rast drevin na $tyroch vyskumngch plochéch Slovenska v zmiefanych smrekovo-

jedPovo-bukovych porastoch, kde sa nevykonévali Ziadne zésahy za obdobie 30 rokov. Vysledky ukazali vyrazny
bytok jedle, ktory &inil 76-89 % z poétu stromov. Naopak, najvii¥ie zastipenic dosiahol na vietkych plochach
za sledované obdobie buk, ktory sa dostal do hornej vrstvy, kym jedFa tvorila spolu so smrekom siredni vrstvu,
Co sa tyka priememe;j $irky koruny boli rozdiely medzi jednotlivymi drevinami malé a tieZ Statisticky nevyznamné.
Sirka koruny vo vzi'ahu s bribkovym prirastkom jednotlivych drevin bola najtesnej¥ia u buka priCom na vietkych
plochéch bola tatisticky v§znamna (P < 0,01). Pri jedli a smreku sme zistili niZ$ie hodnoty korelaéného koefi-
cienta, pri¢om neboli vZdy signifikanté. Najvyi§i priemerny ro¢ny hribkovy prirastok mal smrek a najmensi
jedTa. Tieto vysledky naznaduji, Ze buk sa v dangch ekologickych podmienkach vyznaduje silnou konkurenénou
schopnostou vo&i ostatnym drevindm.
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