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1. Introduction

Scots pine (Pinus sylvestris L.) is one of the most commer-
cially important forest tree species in the world. This especially 
concerns Central and Northern Europe where in some coun-
tries, as e.g. in Poland and Finland, the species covers more 
than half of the total forest area (Sevola, 2013; Milewski, 2017). 
However, the relatively high share of Scots pine is the result of 
different reasons which are specific for the boreal and the tem-
perate European region. In Northern Europe the predominance 
of conifers is mainly related to a natural agent, as it results pri-
marily from climatic conditions. In turn, in Central Europe the 
high predominance of Scots pine is related to anthropogenic 
factors, because since turn of the 18th and 19th century the 
species has been introduced on huge areas of sandy as well 
as fine-textured soils which previously had been covered with 
broadleaved forests (Olaczek, 1976; Zerbe, 2002; Kint et al., 
2006).

As a result of the high importance of the issue for forestry, 
the dissimilarities in growth parameters of Scots pine between 
different regions have been examined in many studies. They 
were also investigated with reference to climatic gradient (e.g. 

Seo et al., 2010; Henttonen et al., 2014; Franke et al., 2017), be-
cause of the obvious and important effect of climate on the 
growth dynamics of trees. In these studies, traditionally, the 
importance of temperature and precipitation has been high-
lighted, the significance of which increases (temperature) or 
decreases (precipitation) with increasing latitude (Hustich, 
1972).

The detailed knowledge about the effects of climate and 
soil conditions on growth dynamics of main commercial tree 
species is important not only from an economic point of view, 
but the issue also poses an ecologically important question. 
For example, in Central Europe, where in the past conifer 
monocultures were commonly planted on primarily sites of 
broadleaved species, recognition of the relationship between 
soil texture and pine dynamics is crucial for indicating areas 
in which conifer monocultures should be converted into de-
ciduous stands. In turn, the conversion is highly postulated, be-
cause pine monocultures covering huge areas in the temperate 
European zone are labile and susceptible to hazards (e.g. Kenk 
and Guehne, 2001; Spiecker, 2003).

With regard to growth parameters of pine stands exam-
ined in relation to soil texture, so far the issue has been sep-
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Abstract

The aim of the study was to compare the differences in growth parameters (height, diameter, site 
index) of Scots pine (Pinus sylvestris L.) stands in three regions located in different parts of the Eu-
ropean pine limit (Wrocław, SW Poland; Kolari and Kevo, N Finland) with reference to soil texture. 
The detailed research conducted in the Wrocław region (349 plots) was confronted with prelimi-
nary results from Finland (18 plots). Despite the fact that the study was based on a relatively low 
number of plots for the Finnish regions, statistically different mean site index values between all 
the studied regions were found. The study determined also the magnitude of differences in height 
and diameter of pines being at the same age, but growing in various climatic regions of European 
pine limit. The effect of soil texture on site index of pine stands was found only for the Wrocław 
region; however, it concerned ecosystems with sandy soils. For detail investigation of potential 
existence of the effect for pine ecosystems of northern Finland this preliminary study should be 
expanded to more research plots located in this zone. The results of this research suggest that in 
Central Europe Scots pine does not fully utilize the fertility of soils when grown on fi ne-textured 
pedons. Thus, such soils should be primarily designed for conversion of pine monocultures into 
broadleaved stands.
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arately studied for Polish forests (Sewerniak, 2011a) and for 
Finnish woodlands (Tamminen, 1993). Moreover, in the latter 
study only pine stands located in southern Finland were inves-
tigated, while northern parts of the country were neglected. 
The aim of this study is to compare the differences in growth 
parameters of Scots pine stands (height, diameter, site index) 
in three regions located in SW Poland and in N Finland with 
reference to soil texture.

2. Materials and methods

The study was conducted in three regions in Europe, which 
clearly differed in climatic conditions: 1. the Wrocław region 
located in south-western Poland, 2. the Kolari and 3. the Kevo 
regions both located in northern Finland (Fig. 1). The first two 
regions (Wrocław and Kolari) are located within the natural 
range limit of Scots pine in Europe, while the Kevo region is 
located about 70 km further north than the continuous pine 
forest limit in Lapland (Hustich, 1958).

In total, 367 plots were investigated in the study (349 in 
the Wrocław region, 13 in the Kolari region, and 5 in the Kevo 
region). At each plot, the growth parameters (height and di-
ameter at 130 cm above ground level) of pines, as well as soil 
properties were investigated. In the Wrocław region and in the 
Kolari region the study was conducted in even-aged produc-
tion pine stands. The range of their age was 42–141 years for 
the Wrocław and 78–95 years for the Kolari region. In these 
regions the top height of a pine stand was determined in each 
plot. The height was defined as the mean height of 10 the thick-
est pines growing in 0.1 hectares (Bruchwald and Kliczkowska, 
1997). From these measurements, site index for the pine stand 

was calculated, which indicated the potential top height of 
a stand at the age of 100 years. For these calculations, the equa-
tion of Bruchwald et al. (2000) was applied for Polish stands, 
and of Gustavsen (1980) for the stands situated in the Kolari 
region. Besides heights, diameters of the 10 pines were meas-
ured in each plot. 

In the Kevo region the studied pine woods were not even-
aged stands, but all-aged, which were not subjected to forest 
management treatments. This involves that the methodology of 
tree measurements was different in the Kevo region. Namely, 
in each of the Kevo stands, a circular plot was established in 
which the height and diameter of all pines at least 1.5 m tall 
(251 in total) were measured. Furthermore, the age of each tree 
was determined by counting the tree-rings in cores extracted 
with an increment borer. The range of the age was 8–215 years. 
The area of circular plots varied from 0.03 to 0.08 hectares, and 
it depended on the density of the pine stand. The number of 
pines measured in a single plot in the Kevo region varied from 
47 to 59. For each plot, linear regression was elaborated for 
the relationship between age and height of the pines, which 
showed the occurrence of the strong relation between the 
variables – values of coefficient of determination (R2) equalled 
from 0.58 to 0.94. The equations were used to calculate model 
heights of the studied stands at the age of 100 years and the ob-
tained values were treated as site index values for the studied 
Kevo pine stands.

In each plot located in Finland, a soil pit was dug and soil 
samples were collected to determine the content of particular 
textural classes. Particle-size distribution of each collected sam-
ple was examined by the combined sieve-hydrometer method 
(FAO 2015). The results of soil texture for the Polish plots were 
gained from Forest Sites Inventory Plans (Operat, 2003, 2004, 

Fig. 1. Location and main climate characteristics of the investigated regions (climatic data gained from Woś 2010 
and Finnish 2008-2009). Climatic data for Kolari are averaged records for meteorological stations in Muonio and 
Pello, which are situated ca. 65 km north and south to Kolari, respectively (direct climatic data for Kolar were not 
available)
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2005). In the elaborations the textural class >1 mm was treated 
as soil skeleton, thus such approach was also applied for this 
study. Based on contents of the particular classes obtained for 
soil horizons as well as the thicknesses of the horizons, for each 
studied soil the mean weights of the classes were calculated 
for the whole soil profile (Table 1). This was done to facilitate 
investigating soils with regard to one value referring to a par-

ticular soil texture class. Examples of soils and pine stands in-
vestigated in the studied regions are shown in figure 2.

The statistical analyses were performed in the STATISTICA 
9.0 package. In the analysis of variance, the RIR Tukey test for 
uneven size samples was applied. The Spearman correlations 
were used to examine the relationships between site index val-
ues and contents of the investigated soil textural fractions.

Table 1
Mean weights (±SD) of the main textural classes content for the studied soils by regions

Textural class
Region

Wrocław Kolari Kevo

>1 mm  14.7 ±16.1  17.7 ±10.4  25.6 ±25.1

1–0.05 mm  88.6 ±13.6  76.9 ±9.6  90.9 ±7.4

0.05–0.002 mm  8.5 ±9.2  21.1 ±9.0  8.0 ±7.0

<0.002 mm  2.7 ±6.0  2.0 ±1.0  1.1 ±0.7

Fig. 2. Exemplary soils and pine 
stands of the studied plots. A – the 
Wrocław region, B – the Kolari re-
gion, C – the Kevo region. Percent-
age values given in a photo of a soil 
indicate weighted average content 
of some textural fractions for a soil 
profile
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3. Results

3.1. Differences in growth parameters

All the investigated growth parameters of pine stands 
(height, diameter, site index) were the highest in the Wrocław 
region, next in the Kolari region, and they were the lowest in 
the Kevo region (Figs 3 and 4). In plots in the Kolari area, mean 
height of the measured pines was 16.5±1.3 m and mean diam-
eter 24.7±2.5 cm. Compared to the same age range as pine stands 
in Kolari (78–95 years), trees investigated in the Wrocław region 
were on average about 7 m taller (23.3±2.6 m) and ca. 11 cm 
thicker (35.7±4.5 cm, Fig. 3). Similar differences of the growth 
parameters were found between Kolari and Kevo. Namely, in the 
Kevo region, pines at the age 78–95 years were ca. 7 m smaller 
(8.8±2.1 m) and ca. 11 cm thinner (13.6±4.3 cm, Fig. 3) than in the 
Kolari region. Similarly, the site index obtained for pine stands 

in these regions varied by a difference of about 7 m. The high-
est value of the parameter was found for Wrocław (24.7±3.6 m), 
next for Kolari (17.7±1.3 m) and the lowest for the Kevo region 
(10.5±1.5 m). The differences between mean values of the site 
index among all the studied regions were statistically important 
(Fig. 4).

3.2. Effect of soil texture on site index

The only significantly important correlations between con-
tents of textural soil classes and values of site index were found 
for the Wrocław area. In this region, contents of all the fractions 
>0.25 mm were negatively related to site index, while for all 
the smaller fractions positive, statistically significant (P<0.05) 
correlations were consequently found. The strongest relations 
were stated for the content of the fraction 0.5–0.25 mm (–0.353, 
P<0.001) and 0.005–0.002 mm (0.334, P<0.001; Table 2). The rela-

Fig. 3. Relation between age vs. height 
(H) and age vs. diameter (D) for pine 
stands investigated in the studied re-
gions. Records shown for Wrocław 
and Kolari refer to means obtained 
from measurements of 10 dominant 
trees in each even-aged stand while 
for Kevo to all all-aged trees occur-
ring in a plot located in a stand

Fig. 4. Mean (+SD) site index of pine stands in the studied regions. Dif-
ferent letters at bars indicate significant difference (P<0.01) between 
the regions according to ANOVA RIR Tukey test for uneven size sam-
ples

Table 2
Values of the Spearman correlations between site index of pine stands and contents of particular textural classes in the studied plots by regions; in bold 
significant relations (P<0.05) are indicated

Region Textural classes [mm]

>1 1–0.05 0.05–0.25 0.25–0.10 0.10–0.05 0.05–0.02 0.02–0.005 0.005–0.002 <0.002

Wrocław –0.09 –0.19 –0.35 0.18 0.24 0.31 0.32 0.33 0.19

Kolari 0.15 0.02 –0.18 0.23 –0.04 0.30 0.40 0.41 0.46

Kevo 0.00 0.00 0.10 –0.30 0.00 –0.20 –0.20 0.67 –0.30
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tion between the site index and all the fine-textured fractions 
(silt and clay: <0.05 mm) was curvilinear. Namely, the strong 
positive relation was found for relatively low contents of the 
<0.05 mm fraction (up to ca. 15% content of the fraction), while 
for middle and high contents the relationship disappeared 
(Fig. 5). This is clearly reflected in the results of the correlation 
analysis. Namely, with regard to soils having less than 15% of 
the <0.05 fraction, the relation between values of the site index 
and the content of this fraction was clear and significant (0.35, 
P<0.001). While for pedons being characterized by the higher 
content of the fraction, the relation was statistically insignifi-
cant (P=0.12). Contents of all the studied textural fractions were 
of no importance for site index for both of the investigated 
Finnish regions.

4. Discussion

Close to the boreal timberline, even relatively small dif-
ferences in temperature can distinctly affect tree growth (e.g. 
Hustich, 1948; Seo et al., 2010). This well known climatic rule 
can explain the fact that differences in pine growth parameters 
between Wrocław vs. Kolari and Kolari vs. Kevo were similar in 
spite the distance apart, as well as differences in climatic param-
eters between the two studied Finnish regions were relatively 
small. Albeit in this preliminary comparative study the number 
of plots in Finland was enough to determine differences in pine 
site index between the studied regions, the number was too low 
to show the possible effect of soil texture on pine growth in the 
studied Finnish regions. In the northern boreal zone this effect 
is of course strongly obliterated by the dominant influence of 
climate conditions, however its hypothetical existence could be 
examined in possible future studies based on more numerous 
plots. The effect of soil texture on site index was revealed for 
Scots pine stands in southern Finland by Tamminen (1993) who 
showed the positive correlation of the index to the content of 
fine fractions and negative correlation to the content of stones 
and gravel.

With decreasing latitudes the importance of climate declines 
and the significance of water conditions for growth of trees in-
creases (Hustich, 1972). This can be linked to the strong posi-
tive relation between contents of fine-textural fractions in sandy 
soils and site index of Polish pine stands, as stated in this study. 
Namely, these fractions affect positively not only soil fertility but 
also, by increasing retention of rainwater, improve water condi-
tions for the existence of trees, which is especially crucial just 
with regard to sandy ecosystems (e.g. Prusinkiewicz et al., 1980; 
Binkley and Fisher, 2013). From this point of view, it could be 
surprising why the positive relation between the content of fine-
textured fractions and site index found for the Wrocław region 
did not concern soils characterized by middle and high volume 
of the fractions. This can likely be explained with two reasons. 
Firstly, the study concerned the species of rather low demands 
to soil fertility, thus higher pools of nutrients resulting from rela-
tively high content of fine-textural classes was not reflected in 
a higher site index. Secondly, in temperate forests the species 
can grow improperly when is introduced on fine-textured soils, 
because of the negative effect of such a texture on pine roots 
(Dzięciołowski, 1963).

Growth dynamics of trees are, of course, related not only 
to triggers included in this study (climatic and pedogenic condi-
tions), because such agents as e.g. genetic variation within the 
species as well as thinning intensity can also exert a significant 
effect on the dynamics. However, the dominant influence of the 
climatic factor on the stated differences in pine growth between 
the studied regions was so dominant and clear, that it likely ob-
literated the existing effect of other agents. 

The obtained results gain new data for potential improve-
ment of sustainable forest management in Central Europe. 
Namely, according to the current Polish instructions for forestry 
(Klasyfikacja, 2000; Zasady, 2012), it is still permitted to intro-
duce even up to ca. 50% portion of Scots pine on fine-textured 
soils. However, the results of this study suggest that Scots pine, 
as indicated by its height growth, does not fully utilize the rela-
tively high fertility of fine-textured soils, which, in the Wrocław 
region, is much higher than of sandy pedons (Sewerniak, 2011b). 

Fig. 5. Relationship between site index of pine 
stands and content of the <0.05 mm soil textural 
fraction in the Wrocław region
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Hence, it would be advisable to fully dedicate fine-textured soils 
for breeding deciduous forests in Central Europe and thus the 
soils should be primarily designed for full conversion of pine 
monocultures into broadleaved stands.

5. Conclusions

The magnitude of differences in growth parameters of 
pines growing in particular northern boreal regions can be of 
a similar scale to the differences between boreal and temperate 
regions. This highlights the high importance of climate for tree 
growth close to the northern tree limit. The dominance of the 
effect of the climatic factor in the northern boreal zone involves 
the obliteration of the relation between the pine site index and 
soil texture, as stated for the investigated temperate region. To 
conclusively examine the possible existence of the relationship 
in the northern boreal zone, the conducted preliminary research 
should be expanded to more research plots located in this zone. 
This study suggests that in temperate European forests Scots 
pine does not fully utilize the potential fertility of fine-textured 
soils. Hence, in Central Europe such soils should be primarily 
designed for full conversion of pine monocultures into broad-
leaved stands.
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Streszczenie

Celem pracy było przeanalizowanie różnic w parametrach wzrostowych (wysokość, pierśnica, 
wskaźnik bonitacji) drzewostanów sosny zwyczajnej (Pinus sylvestris L.) w Polsce i Finlandii w na-
wiązaniu do uziarnienia gleby. Szczegółowe badania przeprowadzone na 349 powierzchniach ba-
dawczych w drzewostanach Regionalnej Dyrekcji Lasów Państwowych we Wrocławiu porównano 
ze wstępnymi wynikami prac wykonanych w dwóch rejonach położonych w północnej Finlandii 
(Kolari i Kevo, łącznie 18 powierzchni badawczych). W pracy udokumentowano wielkość różnic 
w wysokości oraz pierśnicy sosen, a także wskaźniku bonitacji drzewostanów rosnących w trzech 
odmiennych pod względem klimatu regionach europejskiego zasięgu sosny zwyczajnej. Zależność 
między wartością wskaźnika bonitacji sosny a zawartością drobnych frakcji uziarnienia stwier-
dzono jedynie dla powierzchni z glebami piaszczystymi w Polsce. Ze względu na kluczowy wpływ 
czynnika klimatycznego na funkcjonowanie drzewostanów w warunkach północnej Finlandii, 
w regionie tym znaczenie tekstury gleby dla parametrów wzrostowych sosny wydaje się margi-
nalne. Z tego względu jednoznaczne określenie występowania potencjalnych zależności pomiędzy 
cechami uziarnieniem gleby a dynamiką wzrostu drzew w warunkach północnej Finlandii wyma-
gałoby przeprowadzenia szczegółowych badań z większą liczbą powierzchni próbnych.

Słowa kluczowe

Drzewostany sosnowe
Uziarnienie gleby
Bonitacja drzewostanu
Klimat
Urzadzanie lasu
Przebudowa monokultur iglastych
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