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Sites may be classified into site types according to 
their similarity regarding the climate, topography, 
soil and vegetation. Site classification may serve a 
range of management purposes, including ecologi-
cal stratification for optimizing the estimation of 
forest site productivity (Skovsgaard, Vanclay 
2008). Furthermore, accurate estimates of forest 
productivity are needed for sustainable forest man-
agement in order to determine annual allowable cut 
and rotation period and to make decisions on tree 
species selection (Splechtna 2001). Traditional 
methods of mapping vegetation use the represen-
tation of stands of vegetation as discrete spatial 
units that belong to one of the finite number of pre-
defined types (Brown 1998). Generally, site clas-
sification is based either on (i) geobotanical prin-
ciples of Zürich-Montpelier School; or (ii) climate, 

relief and edaphic properties; or (iii) combination 
of characteristics of the abiotic environment and 
phytocoenoses. The first approach is represented 
by the new variant of forest typology drafted out 
in Russia (Zaugolnova, Morozova 2006), which 
looks like two-dimensional matrix, where the col-
umns are represented by dominant tree species 
categories and the rows determine the subsection 
segregated by the ecological composition of phyto-
coenoses. Each subsection is analogical to associa-
tion in the Z-M system (Braun-Blanquet 1964). 
Different variants of typological matrix for boreal, 
hemiboreal and nemoral botanical zone are set up 
according to zonal differences in tree species and 
understorey vegetation.

The second group of classification systems is 
based upon so-called ecological site classification 
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(ESC), which is widely used especially in Scandina-
via and North America (Kuusipalo 1985; Allen 
1987; Cleland et al. 1993; and others) as well as 
for Britain forests (e.g. Ray 2001). ESC classifies 
sites in terms of climatic factors and site quality, 
and determines the suitability of alternative tree 
species on the basis of interconnection of key site 
factors and ecological requirements of tree species.

Further, Hill (1960) proposed so-called physio- 
graphic site classification. Taking into account the 
terrain relief and parent rock, he divided the land-
scape into several site-based regions, which were 
further divided into smaller districts with the aim 
to achieve higher homogeneity. Thus, physiograph-
ic site types and forest types (characterized by both 
overstorey and ground vegetation) were combined 
to form the total site types. In Austria, Kilian et 
al. (1994) proposed a classification scheme, con-
sisting of 9 main growth regions further divided 
into 22  eco-regions, within which 7 vegetation 
zones were recognized. A similar system based on 
82 growth regions divided into 610 climate and 
geologically homogeneous growth districts was 
proposed for Germany by Gauer and Aldinger 
(2005).

In Slovakia, Blatný and Šťastný (1959) were 
the first who attempted to reconstruct the poten-
tial range of the original main tree species accord-
ing to their occurrence recorded at present. Next, 
Zlatník (1959; 1976a,b) drafted a scientific con-
cept that takes into account the relationship exist-
ing between the occurrence of native tree species 
and site properties. Stressing the importance of the 
site for phytocoenosis composition he produced 
an alternative approach to the generally adopted 
geobotanical Zurich-Montpellier school (Braun-
Blanquet 1964). On the basis of research in pri-
meval forests in the Carpathian Mountains he sug-
gested basic site units – groups of forest site types 
(GFST) distinguished along the altitudinal, soil 
quality, and soil water supply gradients, indicated 
by ground vegetation in compliance with principles 
formulated by Ellenberg (1974, 1988). Zlatnik’s 
School became a starting point for creating the 
geobotanic map of potential (original) vegetation 
over Slovakia (Michalko 1986) as well as the basis 
for further development of forest typology in Slo-
vakia (Hančinský 1972). The basic mapping unit 
is forest site type defined as a group of forest bio-
coenoses, original or changed, and its development 
stages, thus the geobiocoenoses belonging to one 
another regarding the evolution (development) are 
considered. Forest site types in Slovakia have been 
mapped according to Hančinský (1972) method-

ology. However, during the decades of site survey 
and typological mapping the number of site units 
had been increasing until there were finally about 
365 forest site types. Thus the need the site clas-
sification would be more suitable for forest practice 
led to an idea to merge forest site types into groups. 
Following this idea the forest site types were 
merged into so called management groups of forest 
site types regarding the site and production prop-
erties. Finally, the number of those units was  70. 
Nevertheless, there were several troubles because 
of the fact that a forest type could be located on 
commercial forest lands as well as on protected for-
est lands in extreme sites at the same time. As a 
consequence, the number of management groups 
of forest site types increased to 187.

Nowadays, growth modelling and development 
of growth simulators (e.g. SIBYLA – Fabrika, Slo-
vakia) have become important in the prediction 
of forest development in Slovakia (Fabrika 2003) 
as well as in other countries (e.g. Pretzsch 1992, 
2001; Pretzsch et al. 2002). Furthermore, for-
est site types are among the input variables to a 
growth model (modelling the production poten-
tial) developed in Slovakia for the Western Car-
pathian Mountains. Growth models developed in 
other countries also use the site quality estima-
tion as an input variable. For instance, SILVA 2.2 
growth model (Pretzsch 1992, 2001; Pretzsch 
et al. 2002) contains growth equations where the 
site is one of the variables to determine the growth 
potential (Mette et al. 2009). Thus, the knowledge 
of site quality and potential has been considered as 
very important. For instance, Assmann (1961) was 
convinced that well-distinguished site units could 
provide production homogeneity. On the contrary, 
Franz (1971) found height variation of 7 m, and 
pointed out that the main factor causing the vari-
ation was imprecise site mapping. However, no 
objective analyses of the tree growth or stand pro-
duction potential within site units have been per-
formed yet. There are many discussions about the 
accuracy of forest site classification in Slovakia (e.g. 
Šebeň, Bošeľa 2008) as well as in other countries 
(e.g. Tonteri et al. 1990). 

There have been few studies focusing on the pro-
duction potential of tree species within forest site 
units in the Western Carpathians. Thus, the objec-
tives of this study were to obtain information about 
the growth potential of Silver fir (Abies alba Mill.) 
and to investigate the efficiency of several forest site 
units for growth and production potential estima-
tion. Furthermore, another objective was to discuss 
the classification approaches all over the world and 
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to make suggestions for an improvement of the site 
classification used in forestry practice in the condi-
tions of the Western Carpathian Mountains.

MATERIAL AND METHODS

Study area

The territory of Slovakia (Fig. 1) belongs to the 
temperate climatic zone. The climate is determined 
by a great variety of climatic conditions resulting 
from variation in latitude, elevation and continen-
tality. The mean annual rainfall increases from ap-
proximately 500 mm in the Danubian Lowland to 
about 2000 mm in the High Tatras Mts. The altitude 
ranges from 93 to 2,655 m a.s.l. (Gerlach Peak). The 
relief of Slovakia is characterized by two distinct 
geological and geomorphological formations: the 
Carpathian Arc and its adjacent lowlands. It was 
shaped by young tectonics, Tertiary volcanism, 
glacial sculpturing as well as peri-glacial, glacio-
fluvial and fluvial processes. Due to an extraordi-
nary orographic variability and geological diversity 
of Slovakia, the Eurasian soil-geographical (hori-
zontal) zonality vanishes in the Carpathians and 
the Luvisol bioclimatic region, to which Slovakia 
belongs, manifests itself in hilly regions. The oldest 
parent rocks are so called rocks of the crystalline 
complex (gneiss, granite, phyllite, schist and oth-
ers) (Pichler 2000).

Different conditions have led to creating units 
which described two main gradients. Altitudinal 
gradient is defined by altitudinal vegetation zones. 
Their number is 8 and they are defined on the basis 
of climatic parameters and topography. The second 
gradient is defined by edaphic-trophic units which 
describe soil nutrient and soil moisture regimes, 
and soil depth. 

Only the data belonging to the Western Car-
pathians were selected for our analysis.  

Site and stand description

Permanent research plots (PRPs) were cho-
sen to study the development of top heights and 
age on different sites. PRPs were established for a 
growth and yield model constructed for five main 
tree species in the 60’s and 70’s for the conditions 
of the Czechoslovakia (Halaj 1978; Halaj et al. 
1987; Halaj, Petráš 1998). Out of all plots, the 
plots that are located in the Western Carpathi-
ans were selected for these analyses (Fig. 1). The 

plots are located on the northern side of Low 
Tatras (49°00'32''N and 19°24'46''E), Poľana Massif 
(48°36'43''N and 19°36'37''E), and Slovenské Rudo-
horie mountains (48°50'20''N and 20°44'06''E). The 
area of PRPs ranges from 0.25 to 1.00 ha. The size of 
the plots was determined according to the rule that 
300  trees at least are needed for measurements. 
Such a number of trees was supposed to represent 
the variance and the tree distribution inside the 
diameter class. PRPs are located on homogene-
ous sites regarding the nutrient regime and climate 
conditions. Thus, very precise typological observa-
tions were carried out there. The forest site types 
(FST) (Hančinský 1972) on the plots were deter-
mined on the basis of Zlatník’s typological school 
(Zlatník 1956, 1976a). Consequently, the FSTs 
were grouped into the management groups of for-
est site types (MGFSTs) using the climatic and soil 
characteristics. Thus, a total of 52 PRPs for Silver 
fir were chosen. In addition, measurements of trees 
on the PRPs were repeated 3–5 times from 1965 to 
1983 in a 5–10 year interval. The age of forest stands 
was assessed by means of sample cores bored from 
3 trees at least. The range of stand age in the year 
of establishment was from 30 up to 159. Out of 
this this number, 11 PRPs (44 measurements) oc-
curred in management groups of forest site types 
(MGFST) 405 (acid beech forests in the 4th (beech) 
altitudinal vegetation zone), 12 PRPs (48 measure-

Fig. 1. Location of Slovakia and the locality of permanent 
research plots
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ments) in MGFST 505 (acid beech-fir forests in the 
5th (beech-fir) altitudinal vegetation zone), 24 PRPs 
(89 measurements) in MGFST 511 (fertile beech-
fir forests in the 5th altitudinal vegetation zone) and 
5 PRPs (20 measurements) in MGFST 516 (beech-
fir forests on rocky soils in the 5th altitudinal vege-
tation zone). The first digit of the code refers to the 
altitudinal vegetation zone and the other two digits 

point to the soil and topography properties. In ad-
dition, the growth development was also analysed 
for FSTs. Thus, 11 PRPs were chosen for FST 5303 
(fern fir-beech forests inferior belonging to MGFST 
511), 8 PRPs for FST 4112 (hair-grass fir-beech for-
ests with oak belonging to MGFST 405) and 7 PRPs 
for FST 5105 (blueberry fir-beech forests with Nor-
way spruce belonging to MGFST 505). The distribu-

Table 1. The description of selected characteristics stratified into management groups of forest site types 

Average Min Max SD

Acid beech forests in 4th AVZ (405); n = 11

Stand age (years) 79 40 123 22

Slope inclination (°) 21 15 30 5

Altitude (m a.s.l.) 592 480 750 86

Content of silver fir (%) 90 78 99 7

Content of norway spruce (%) 5 0 16 5

Content of beech (%) 3 0 17 5

Site index of fir (m) 25 22 28 3

Acid beech-fir forests in 5th AVZ (505); n = 12

Stand age (years) 111 47 165 33

Slope inclination (°) 20 7 27 6

Altitude (m a.s.l.) 745 560 900 135

Content of silver fir (%) 87 68 100 11

Content of norway spruce (%) 9 0 24 9

Content of beech (%) 4 0 23 7

Site index of fir (m) 27 24 30 2

Fertile beech-fir forests in 5th AVZ (511); n = 24

Stand age (years) 95 30 174 36

Slope inclination (°) 20 15 35 4

Altitude (m a.s.l.) 754 600 960 73

Content of silver fir (%) 74 40 100 17

Content of norway spruce (%) 16 0 50 15

Content of beech (%) 8 0 36 10

Site index of fir (m) 32 22 38 4

Beech-fir forests on rocky soils in 5th AVZ (516); n = 5

Stand age (years) 85 37 136 35

Slope inclination (°) 18 15 20 2

Altitude (m a.s.l.) 731 510 925 168

Content of silver fir (%) 91 82 99 6

Content of norway spruce (%) 8 1 16 6

Content of beech (%) 1 0 3 1

Site index of fir (m) 30 28 32 2
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tion of top heights over the stand age for all site units 
studied in this paper is shown in Fig. 2.

Other characteristics such as altitude, slope incli-
nation, proportion of silver fir and its site index for 
individual selected site units are listed in Table 1.

Height-age model

At the beginning, top-height-age development on 
all plots was figured to see the total variability of 
height growth of Silver fir. The top height was cal-
culated as an average height of 10% of the thickest 
trees selected on the PRP. Moreover, top height was 
chosen to be analysed because the site classifica-
tion by means of stand height (mainly top height) 
has become one of the most universal practices in 
forestry (Pinto et al. 2008). In addition, it is rec-
ognized as one of the most suitable indicators of 
site productivity (site quality) for management pur-
poses in even-aged forest stands (e.g. Hägglund, 
Lundmark 1977; Monserud 1984; Schönau 
1987; Rayner, Turner 1990; Rayner 1992; Mac-
Farlane et al. 2000). In pure, even-aged stands, 
the height of dominant trees at a reference age 
(site index) is almost independent of competition 
(Halaj 1978; Lanner 1985; Šmelko et al. 1992). 
On the contrary, a few studies showed some densi-
ty dependence of height growth even for dominant 
trees in even-aged stands (e.g. Curtis, Reukema 
1970; MacFarlane et al. 2000).

Consequently, the mean curve was fitted by 
means of the Korf growth function (Korf, 1939) 
(Fig. 2) as it achieved the best fit (e.g. also in Lund- 
qvist 1957; Zeide 1993; Liao et al. 2003). It was 
found to be suitable for volume as well as height 
growth (Šmelko 1992). Moreover, Nake (1983) 
considered the Korf equation as the third best one 
of examined growth equations. The Korf equa-
tion is sigmoid curves with asymptotes at f(t) = 0  
and f(t) = b0, and it is compared favourably to oth-
er approaches (e.g. Chapman-Richards) (Falcao 
1997):

   (1)

The growth equation that is supposed to suffi-
ciently explain the growth patterns of the tree spe-
cies should fulfil the assumptions of the null val-
ue – f (t)  =  0; asymptote (maximum potential top 
height); and the inflexion point. In the Korf equa-
tion, the parameter b0 defines the asymptote; b1 and 
b2 are the parameters representing the inflexion 
point and the shape of the curve.

In addition, we have chosen the equation 
with three parameters, because equations with 
two parameters only are more theoretical ones. 
Furthermore, when fit more theoretical func-
tions – e.g. Michajlov growth function (1949, 
1952), as well as the equations with four pa-
rameters – e.g. Chapman-Richards (Richards  
1959), the goodness-of-fit appeared to be worse 
compared to the Korf equation fit. Furthermore, 
multiple initial values were used to ensure that the 
least-squares solution was the global solution, and 
did not fall to the local one (Zhang 1997). 

All the analyses were performed by statistical soft-
ware Statistica 9 (StatSoft, Inc. 2009), R, and SAS.

Comparison of height growth of Silver fir  
among site units

For this purpose two approaches were selected to 
compare the top-height growth differences among 
site units. As the first, we employed analysis of vari-
ance (ANOVA) and F-test to investigate if residual 
errors of the whole dataset would decrease when 
divided into the site units. The second approach 
was to apply t-test to study the differences in indi-
vidual regression parameters among the models of 
site units.

(a) Comparison using the test of residual 
variance of growth models 

F-test was employed to find out whether the top-
height variability would decrease when categorized 
into site units. Thus, it tests the difference between 
two variances. In this case the variance within in-
dividual site units is compared with total variance 
(variance of the whole dataset) as follows:

   (2)

   (3)

where:
nSU  – sample size of particular site unit,
ntotal  – sample size of the whole dataset,
k  – degrees of freedom of regression parameters, 
MSi(SU) – mean square of residual errors yi(SU) for indi-

vidual site units,
MStotal  – mean square of residual errors yi(total) for the 

whole dataset.
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The P-value was calculated to measure its statis-
tical significance. 

(b) Comparison using the test of regression 
coefficients of growth models

Student’s t-test was employed to test the null hy-
pothesis about the inexistence of differences be-
tween regression coefficients of two models:

   (4)

where:
bi(1), bi(2) – regression coefficients, 
SE  – standard error of regression coefficients. 

However, comparing models for two datasets is 
usually a common problem, and there is no clear 
consensus for its solution (Motulsky, Ransnas 
1987). It is not appropriate to use the standard er-

ror values reported by the nonlinear regression 
program to compare two models, as those standard 
error values are underestimates of the actual un-
certainty. One approach is to repeat experiments 
several times, and to compare the resulting param-
eters using the t-test.

Finally, we analysed the height increment above 
the absolute top height as well as the age of stand to 
find a culmination of the height increment for dif-
ferent site units to ascertain the growth dynamics 
of Silver fir on different sites.

RESULTS

Top-height-age development of all forest stands on 
the PRPs was visualized to observe the total variabil-
ity. It revealed really high variability in height growth 
(the top height at 100 years of age ranged from 25 up 

Fig. 2. Top height-age distribution and 
Korf model (a) for particular forest site 
types (FST) and (b) management groups 
of forest site types (MGFST)
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to 40 m). Such variability is said to be the result of 
various factors influencing the height development. 

Forest site types and management groups of forest 
site types (Hančinský 1972) were developed and 
mapped to reflect the combination of many ecologi-
cal factors in the Slovakian region while they were 
considered to be homogeneous in the growth poten-
tial of tree species. Thus, the main goal of our study 
was to analyse this assumption in detail. So, the 
philosophy was to compare the variance within site 
units with total variance. For the variance computa-
tion, the differences in individual heights and model 
curve fit were taken. Therefore, the first step was to 
fit the model to the whole dataset and to calculate 
the total variance to be further compared to variance 
obtained by categorizing the dataset into site units.

In the following step, the Korf function was used 
to fit the empirical data within individual site units 
(FST, MGFST). Equations are shown in Table 2. In 
Fig. 2b we can notice that up to the age of around 
60–70 years the top-height development seems 
to be very similar in all site units and we were un-
able to reveal any significant differences because the 
variability was very low. However, from this age and 
particularly from the age of 100 years and above, we 
observed great differences. Two groups of site units 
can be distinguished from each other there. One 
composed of acid beech forests (MGFST 405) and 
acid beech-fir forests (MGFST 505), thus it was as-
sumed that it grows on acidic and oligotrophic soils 
in the 4th and 5th altitudinal vegetation zones. The 
other group represented fertile beech-fir forests and 
beech-fir forests on rocky soils making the fir spe-
cies more productive.

Furthermore, the fir growth dynamics within 
some forest site types was studied. Those units are 
at the lowest hierarchical level of site classification. 
Thus, the sites within the units are considered to 

have very narrow and similar productivity of tree 
species naturally growing there. Nevertheless, we 
found some differences in growth dynamics. Com-
paring the models (Fig. 2a), we could recognize two 
main groups. The sites belonging to the first group 
are mesotrophic ones and the second group involves 
oligotrophic and acidic sites. Like in the case of 
management groups of forest site types, the altitudi-
nal vegetation zones did not play an important role 
for the growth ability of fir. However, it is only valid 
when related to the 4th and 5th altitudinal vegetation 
zone. The growth ability of fir is likely to be different 
(lower or higher) in higher than the 5th or lower than 
the 4th altitudinal zones (due to the limiting growth 
conditions – moisture in lower zones and tempera-
ture in higher zones).

In the previous text, the comparison was focused 
on the growth dynamics in different site units only 
visually. Thus, in the following text, we concentrat-
ed on the statistical comparison of growth ability 

Table 2. Regression models of h10% = f (t) for forest site types (FST) and management groups of forest site types (MGFST)

Equation R2 n SE

MGFST
405 h10% = 32.9339 exp[30545.9/(1 – 3.55071) t(1–3.55071)] 0.84 44 2.17

505 h10% = 34.6201 exp[1873.94/(1 – 2.94855) t(1–2.94855)] 0.64 48 2.07

511 h10% = 50.4692 exp[152.217/(1 – 2.26377) t(1–2.26377)] 0.89 89 2.86

516 h10% = 44.1502 exp[746.891/(1 – 2.63891) t(1–2.63891)] 0.99 20 0.77

FST

5303 h10% = 60.7934 exp[16.8964/(1 – 1.79874) t(1–1.79874)] 0.96 38 1.36

4112 h10% = 32.4811 exp[14328.2/(1 – 3.38421) t(1–3.38421)] 0.80 32 2.18

5105 h10% = 83.8551 exp[1.69712/(1 – 1.33968) t(1–1.33968)] 0.77 28 2.36

Table 3. F-test of differences in variances (mean differences 
between empirical top height and model one) between 
individual site units and total

DF SS MS F P(DFi;DFtotal)

MGFST

405 41 193.48 4.72 2.43 0

505 45 187.76 4.27 2.69 0

511 86 700.99 8.15 1.41 0.0239

516 17 10.2 0.6 19.14 0

FST

5303 35 65.17 1.86 6.17 0

4112 29 137.41 4.74 2.42 0.0002

5105 25 139.26 5.57 2.06 0.0031

Total 221 2537.49 11.48    
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between individual site units (FST and MGFST). 
As mentioned in the methodology, F-test was em-
ployed to compare variability within the particular 
site units with variability in the whole dataset. As 
presented in Table 3, the total variability signifi-
cantly decreased by applying each of the site units. 
This was not true of site unit (MGFST) 511 at 
α = 0.01 level of significance. However, we can state 
that the site units selected for our study seemed to 
explain most of the total variability.

In addition, looking at the figures above, one could 
recognize two groups of sites: oligotrophic (acid) and 
mesotrophic. We were wondering if there were signif-
icant differences between site units belonging to the 
above-mentioned groups. Thus F-test was employed 
again. As for the MGFST, none of the units within 
these groups explained more variability (Table  5). 
Thus, with regard to the fir growth ability we could 
merge them. Equations for new groups (oligotrophic 
and mesotrophic sites) are shown in Table 4.

Similarly, we used the same procedure for the forest 
site types (Table 5). Also in this case, we could merge 
two forest site types into one group.

In the following step, we performed the same com-
parison by employing the t-test, which verified the hy-
pothesis about the equality of regression parameters 
between two models that were developed for individ-
ual site units. The results are shown in Table 6. Based 

on these results, one could confirm the previous state-
ment that the two main groups concerning the height 
growth of Silver fir can be recognized there. Sites 
belonging to the first group are oligotrophic (with 
low nutrient content and shallow soil layer) with the 
maximum growth ability of about 34 m at the age of 
100 years. The second group consists of mesotrophic 
(fertile sites with deeper soil layer and sufficient mois-
ture regime) sites, where the silver fir can reach even 
more than 45 m at 100 years of age. This can also be 
seen when the errors of the predictions are compared 
with one another (Tables 2 and 4). One can see that 
after merging the site units the prediction errors did 
not increase significantly. 

Concerning the height growth dynamics during the 
whole life the culmination of height increment for the 
particular site units could be ordered as follows: 511, 
505, 516, and 405, respectively (Fig. 3a). The highest 
increment at the age of increment culmination was in 
site units 505 and 405 and the lowest in soil unit 511. 
From the age of about 60 years the height increment 
in units 511 and 516 appeared to be higher than in 
the others.

DISCUSSION

On the example of silver fir growth ability we 
could say that the site classes created for the condi-

Table 4. Regression models of h10% = f(t) for new groups (oligotrophic and mesotrophic sites) 

Groups of site units Equation R2 n SE

405 + 505 h10% = 33.7551 exp [20336.1/(1 – 3.4605) t(1 –-3.4605)] 0.79 92 2.36

511 + 516   h10% = 49.6347 exp [181.291/(1 – 2.30356) t(1 – 2.30356)] 0.91 109 2.58

4112 + 5105 h10% = 36.823 exp [360.515/(1 – 2.52507) t(1 – 2.52507)] 0.78 60 2.31

Table 6. t-test of a hypothesis about the difference in 
regression parameters between models

bi Variable t DF P (two-tailed)

b0

405–505 0.65 90 0.5173
511–516 1.65 107 0.1019

4112–5105 0.26 58 0.7958

b1

405–505 0.57 90 0.5701
511–516 1.21 107 0.2289

4112–5105 0.37 58 0.7127

b2

405–505 0.29 90 0.7725
511–516 1.62 107 0.1082

4112–5105 2.09 58 0.041

Table 5. F-test of a hypothesis about the equality of vari-
ances (mean differences between empirical top height and 
model one) between individual site units (405, 505, 511, 
516, 4112 and 5105) and totals for the created new groups 

MGFST DF SS MS F P(DFi;DFtotal)

405 41 193.48 4.72 1.22 0.2167

505 45 187.76 4.27 1.35 0.1148

Total 89 513.51 5.77    

511 86 700.99 8.15 0.81 0.8443

516 17 10.2 0.6 11.07 0

Total 106 723.89 6.64    

4112 29 137.41 4.74 1.12 0.3496

5105 25 139.26 5.57 0.96 0.5299

Total 57 319.29 5.32    
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tions of Western Carpathians do not satisfy enough 
when connected to timber production. It is obvi-
ous that the determination and characterization of 
forest site types is influenced by many factors. The 
determination within Zlatnik’s approach is based 
on the types of phytocoenosis (on the basis of phy-
tocoenological material from permanent research 
plots – PRPs). The forest site types are subsequent-
ly confronted with soil and other environment de-
scription. The permanent research plots in manage-
ment forests are then confronted with parallel PRPs 
in natural or virgin (primeval) forests in order to be 
further reconstructed. However, the determination 
(analysis) of production capability within the forest 
site types has not been conducted yet in spite of the 
fact that the determination of production capabil-
ity and growth development of tree species which 
are typical of the particular forest site types is the 
basic assumption for the use of forest typology and 
classification in management planning (Vyskot 
et al. 1971). In our study we found that the vari-
ability of production on the example of Silver fir 
growth was reasonably high, and the site index 
ranged from 28 to 32 in fertile beech-fir forests on 

rocky soils, and from 22 to 38 m in fertile beech-fir 
forests. Several Slovak and foreign specialists stud-
ied the wood production of forest site types. For 
instance in Slovakia, in their study of rotation age 
(maturity or exploitability) of tree species Halaj et 
al. (1990) revealed a high variability of production 
within the particular management units of forest 
site types, when the variability of site index within 
units was higher than the variability between them. 
Similar results were found out in our study, where 
in many cases the variability within a site unit was 
much higher than between site units.

In the site classification of Slovakian forests, the 
major attention during mapping was paid to the 
ground vegetation only. However, using the ground 
vegetation as an indicator of site quality has sev-
eral limitations, since the vegetation composition 
is affected by many factors. In forest ecosystems, 
such factors are primarily tree layer, especially its 
structure and tree species composition (Križová, 
Ujházy 1998; Ewald 2000; Fischer et al. 2002; 
Bošeľa et al. 2007) and disturbance history (Ber- 
gès et al. 2006). On the other hand, Bergès et al. 
(2006) observed that understorey vegetation ex-

Fig. 3. Development of top height incre-
ment along (a) stand age and (b) the top 
height
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plained the same portion of variance in sessile oak 
site index as soil, climate and topography. 

All kinds of maps (e.g. forest site type maps, soil 
type maps) are created with the assumption that 
each location can be mapped exactly to one type 
(Brown 1998). However, the inherent continuous 
nature of environmental gradients and complexity 
of vegetation responses ensure that obvious breaks 
along environmental gradients at which bounda-
ries can easily be drawn are rare (Bryan 2006). On 
the contrary, management measures directed to 
forest stands are closely connected with the area of 
forest stand, so it implies the need to create spatial-
ly based categories in which similar management 
measures could be applied. 

When we summarize the above-mentioned facts, 
we could conclude that the main problems and dif-
ficulties of the present site classification used in the 
Western Carpathians arise from (i) a large number 
of forest geobiocoenotic types and other classifica-
tion units, which brings about some difficulties in 
their determination and identification during field 
works; (ii) the insufficiently precise reconstructive 
mapping of very changed forest geobiocoenoses; 
(iii) different productivity of forest stands with the 
same tree species composition within segments of 
the same forest geobiocoenotic types. The difficul-
ties in the determination of site units are connected 
especially with the occurrence of the various quali-
tative, quantitative, topical, choric and dynamic 
manifestations of species (Kukla 1993b). All eco-
logical characteristics of forest site types can be de-
termined only indirectly at present, by means of the 
floristic analysis of vegetation though it is required 
to confront the obtained results with character-
istics of the abiotic environment. The complete 
analysis of ecological factors influencing the nature 
of ecosystems has not been performed yet (Kukla 
1993a). 

Assuming that the classification means to break 
a continuum to create spatially-based categories, 
all the classifications are artificial (Allen 1987). 
Ecosystem boundaries have often been defined by 
consensus and thus subjectively drawn with un-
clear choice and weighting of input data. On the 
other hand, the regional ecosystem classification is 
important for understanding the potential distri-
bution of species and the productivity of the land-
scape and it also provides a tool for interagency 
strategic planning (Host et al. 1996). Austin and 
Smith (1989) suggested that it may be more use-
ful to accept that there is no single optimal clas-
sification, but many good classifications at a variety 
of scales. Therefore, it would be more accurate to 

include a probabilistic approach to mapping the 
ecosystems that would utilize continuity as an in-
herent status of environmental factors and vegeta-
tion responses. Many authors have dealt with the 
use of a fuzzy principle in various kinds of classi-
fication. For instance, McBratney and Gruijter 
(1992) used the principle of fuzzy logic for the 
classification of soils in Wespe in the Netherlands. 
Townsend (2000) presented a methodology for 
the construction of similarity index for assessing 
the precision of natural vegetation maps. Bur-
rough (1989) formulated two arguments against 
using classical mapping units for soil types, which 
are further connected to forest site type mapping: 
(i) spatial variability within mapping units, and (ii) 
experimental error of measurement. Many other 
authors utilized fuzzy logic in development of clas-
sifications for various subjects such as forest ecol-
ogy, forest management, vegetation analyses, and 
others (Silvert 1997; Brown 1998; Woodcock, 
Gopal 2000; Salski 2007; and others).

Another approach is to measure the site quality 
using two methods: phytocentric (direct) and geo-
centric (indirect) (West 2004; Skovsgaard, Van-
clay 2007). The one is based on direct measure-
ment of site index as an average height of dominant 
trees at a standard age. The other approach follows 
the relationships between site index and ecological 
factors (Wang, Klinka 1996; Kayahara, Klinka 
1997; Corona et al. 1998; Curt et al. 2001; Sey-
nave et al. 2005; Socha 2008) and then models for 
the site quality prediction are constructed directly 
from the ecological characteristics. From our study 
it is obvious that using the mean or top height of a 
forest stand could be one of the approaches to as-
sess site quality.

CONCLUSION

The forest site types and their management 
groups were examined in connection with growth 
ability. Based on the site units selected for our 
analysis and Silver fir growth ability we could cre-
ate two main groups significantly differing from 
each other. The first one consisted of oligotrophic 
(acid) sites and the second involved mesotrophic 
sites with quite a higher production potential. We 
can state that the soil conditions (nutrient status, 
moisture, base saturation – this is a basis for distin-
guishing the edaphic-trophic units, soil depth) are 
the main factors influencing Silver fir productivity 
within the 4th and 5th altitudinal vegetation zone in 
the Western Carpathians. 
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The present classification of forest geobiocoe-
noses in the Western Carpathians and in the whole 
Slovakian region is focused on the reconstruction of 
the potential vegetation which, as believed, should 
reflect ecological conditions of forest sites (soil and 
climate conditions, physiographic properties, and 
others) and should allow to monitor their changes. 
However, despite the wording of the forest site type 
definition (forest geobiocoenotic units), the Slovak 
classification is based mainly on a description of 
potential natural vegetation, but particularly the 
definitions of geobiocoenotic units  do not usually 
contain any clear rules how field workers should 
cope with the current state of each particular site 
and forest stand on it, with man-induced changes 
to soil properties or tree species composition and 
productivity.

It can be said that the actual classification system 
used in the Western Carpathians (Slovakia) does 
not satisfy the needs of management planning, 
since it does not reflect the production capabil-
ity of sites. Thus it would be necessary to include 
the production capability in order to improve the 
system or to propose the new one that would in-
clude the productivity of individual species. One 
approach would be to develop a growth model or 
model of potential site production capability based 
on the study of relationships between ecological 
factors and site index employing probability meth-
ods (fuzzy logic).
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