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Abstract: Morphological architecture of different ecotypes of Scots pine (Pinus sylvestris L.) in Poland. In this
paper, we attempted to accurately describe and compare the morphological architecture of Scots pine (Pinus
sylvestris L.), representing three different ecotypes from Bolewice, Gubin, and Taborz. The samples come from
old pine stands aged from 104 to 113 years located in three areas. In total, over 580 pines representing the three
ecotypes were analyzed. All trees have been measured with respect to their height, diameter at breast height. Crown
ratio and slenderness coefficient have also been calculated for each tree. The results obtained in the study revealed
significant morphological differences between the investigated ecotypes of Scots pine. The highest measurements
of diameter at breast height, and tree height were obtained for Taborz pines, while the lowest measurements were
obtained for Gubin pines. Taborz pines also proved to be the most slender of all analyzed ecotypes.
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INTRODUCTION

Over the years of evolution, populations adapted to local growth and development
conditions have formed within local species. Significant differences between them have been
observed, mostly with regard their morphological features (Biatobok 1967, Krzakowa 1979,
Szweykowski & Urbaniak 1982, Krzakowa et al 1994; Giertych 1995, 1997; Biatobok et al.
1993, Szweykowski et al. 1994). Abiotic factors, such as temperature, light, soil type, available
nutrients, and other derived factors (Pawlaczyk et al. 2010) lead to the development of local
phenotypes (geographic races), that is populations with distinguishing characteristics. These
populations are present in a given area within the range of the species. In Poland, many of the
local populations of Scots pine, referred to as ecotypes, are considered to be valuable. Local
populations develop optimal growth characteristics in the conditions, in which they have been
growing for generations. Scots pine races have been known and valued in forestry for years.
Due to their unique characteristics, typical for given populations, several attempts to describe
them have been made. Most studies found in the literature investigate the population differences
with regard to the morphological and anatomic characteristics of needles, cones, and seeds
(Sokotowski 1931, Staszkiewicz 1961, Bobowicz, Korczyk 1994a, b, Urbaniak 1997, 2009,
Skrzyszewski 2004, Pawlaczyk et al. 2010). Genetic studies are currently also gaining in
popularity (Sokotowski 1931, Staszkiewicz 1961, Bobowicz, Korczyk 1994a, b, Urbaniak
1997, 2009, Skrzyszewski 2004, Pawlaczyk et al. 2005, 2007a, b, Nowakowska et al. 2014).
On the basis of DNA analyses, genetic relationships between pine populations in different
regions of Poland have been identified (Nowakowska et al. 2005, 2007a, 2010).

This paper attempts to describe and compare the morphology of three known Scots pine
(Pinus sylvestris L.) ecotypes, i.e. the Bolewice ecotype, the Taborz ecotype, and the Gubin
ecotype (Figure 1). The Taborz ecotype can be observed, among other places, in the Sosny
Taborskie Nature Reserve, which was founded in 1958 in the area near Tabodrz, in the Warmian-
Masurian Voivodeship. This ecotype was highly valued around the world, as it was used in
building masts for sailing ships. According to Fabijanowski (1961), a characteristic feature of
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Taboérz pine is its longevity. Some of the stands are older than 180 years, and many of them are
over

260 years old. Regardless of their economic ,‘

value, Tabérz pines exhibit high ecological satmc sea T

value and high timber quality. The Taborz

pine grows up to 43 meters, is rather lightly

branched even in favorable environmental .
conditions, in which a regular pine would 2 BELARUS
develop branches of considerable size, and has  sewser o :

good adaptive characteristics (Fabijanowski
1961).

The Gubin pine can be found in the area of the
Forest District Gubin, in the Lubusz
Voivoidship, Crosno Odrzanskie County, to
the right of the Lusatian Neisse, at the Lubsza stovaKiA

River.

Bolewice pine is a local ecotype of Scots pine  Fig. 1. 1- Tabérz ecotype, 2-Bolewice ecotype, 3-
(Pinus sylvestris L.), found in part of the Gubin ecotype

Forest District Grodzisk (Greater Poland Vovoidship). The population of this ecotype is
considered to be one of the most valuable ones in Poland. Among the genetic resources of Scots
pine that have already been identified, the Bolewice ecotype is characterized by an
exceptionally high breeding quality.
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METHODS

In this paper, we attempted to accurately describe and compare the morphology of Scots
pine (Pinus sylvestris L.), representing three different ecotypes from Bolewice, Gubin, and
Taboérz. The samples come from old pine stands aged from 104 to 113 years located in three
areas (Fig. 1).

The methodology of this study involved measurements of approximately 200 trees from
the chosen stands representing a given ecotype. We measured basic morphological
characteristics, i.e. diameter at breast height (D13), tree height (Hd), crown diameter (DK),
slenderness coefficient (H/D13), and crown ratio (Hd/Dx).

Diameter at breast height (D1,3) for each tree was measured to an accuracy of 0.1 cm, in
two measurements that were made perpendicular to each other, i.e. N-S and E-W. The final
measurement was calculated as a mean of the two perpendicular measurements. Tree height
(Hd), height of the first knot, and crown depth were measured using a Nikon Forestry Pro laser
rangefinder to the accuracy of 0.1 m. The lowest live branch, which was located < 1 m of the
dense crown base, was taken as the crown base. Crown spread was measured in two directions,
N-S and E-W, using BOSH Laser distance measurer. By using the longest spread and the
longest cross-spread, the diameter of the crown (Dx), was measured to the accuracy of 10 cm.

In total, 580 pines representing the three ecotypes i.e. Bolewice, Gubin, and Taborz were
analyzed.

Collected empirical data were analysed using statistical methods with the application of
the STATISTICA 12 software package.

RESULTS
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This study analyzed the height Hd, and the diameter at breast height D13 of the trees,
and two factors responsible for tree stability, i.e. slenderness coefficient HyD, s, and crown ratio
Hg/Dx.

On average, Bolewice pines were characterized by lowest values of the described
morphological characteristics (diameter at breast height, tree height), in comparison to the other
analyzed ecotypes. On average, Taborz pines were characterized by highest values of the
analyzed characteristics. Dispersion analysis of tree height and diameter at breast height has
shown greatest diversity of these characteristics in the Taborz ecotype (Tab. 1).

Average height of the analyzed pines was 26.62 m, with standard deviation equal to 4.27
m, and variation equal to 18.26. Furthermore, statistically significant differences between the
analyzed ecotypes were found (Fig. 2).

Table 1. Statistical profile of the morphology of Scots pine (Pinus sylvestris L.) representing the three ecotypes
Standard  Coefficient

Variable Ecotype = Mean N deviation  variation [%] Variance
Bolewice  22.86 201 2.10 9.16 439
Gubin 25.50 200 1.41 5.53 1.99
Ham Tabérz 31.82 188 2.63 8.25 6.90
Overall 26.62 589 427 16.05 18.26
Bolewice  31.64 201 5.68 17.96 3229
Gubin 36.54 200 4.63 12.67 21.44
D13 [cm] ]
Taborz 41.68 188 6.51 15.61 4233
Overall 36.51 589 6.95 19.05 4835
HoDis  Bolewice  74.10 201 12.20 16.46 148.84
Gubin 70.68 200 7.93 11.22 62.91
Taborz 77.74 188 11.13 14.32 123.94
Overall 74.10 589 10.93 14.76 119.55
Bolewice  3.75 201 1.06 2827 1.13
HyD. Gub,in 436 200 0.85 19.49 0.72
Taborz 3.38 188 0.61 17.89 037
Overall 3.84 589 0.95 24.76 0.90

Another analyzed characteristic was diameter at breast height (D13). Average diameter
at breast height of the analyzed pines was 36.51 m, with standard deviation equal to 6.95 m,
and variation equal to 48.35. Statistically significant differences in diameter at breast height
between the analyzed ecotypes were found (Fig. 3). Trees of the Taborz ecotype were
characterized by a statistically significantly higher diameter at breast height than trees of other
ecotypes. On average, trees of the Taborz ecotype were the thickest (41.68 cm), while trees of
the Bolewice ecotype were the thinnest (31.64 cm) (Tab. 1, Fig. 3). Greatest dispersion of the
D13 variable was found in the Taborz population and the Bolewice population. Greatest
variation equal to 42.33 was found in the Tabdrz pine, while the coefficient of variation of the
diameter at breast height was highest in tree group representing the Bolewice ecotype (Tab. 1).
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Fig. 2 Height profile of Scots pine (Pinus sylvestris L.)  Fig. 3 Diameter at breast height profile of Scots pine
representing the three ecotypes of the species found in  (Pinus sylvestris L.) representing the three ecotypes of
Poland. the species found in Poland.

Results of Tukey’s HSD test for the average tree height ~ Results of Tukey’s HSD test for the average tree height

Ecotypes Ecotypes

Hd Bolewice Gubin Taborz D3 Bolewice Gubin Taborz
Bolewice 0.000022 0.000022 Bolewice 0.000022  0.000022
Gubin 0.000022 0.000022 Gubin 0.000022 0.000022
Taborz ~ 0.000022 0.000022 Taborz ~ 0.000022 0.000022

* differences statistically significant at the significance level ~ * differences statistically significant at the significance level
p<0.05 are marked p<0.05 are marked

Additionally, an analysis of two coefficients calculated on the basis of the morphological
characteristics of the trees was conducted.

The average value of the slenderness coefficient (HyD:3) was equal to 74.10, with
standard deviation of 10.93, and variation of 119.55 (Tab. 1).

Statistically significant differences in the average slenderness coefficient were observed
between all three analyzed pine ecotypes (Fig. 3). On average, highest values of the slenderness
coefficient (77.74) were found for the Bolewice pine ecotype. On the other hand, the lowest
values of the slenderness coefficient, which were equal to 70.68 on average, were observed in
the Gubin pine. Greatest population diversity with respect to the slenderness coefficient was
observed in the Bolewice pine, while lowest diversity was observed in the Gubin population
(Tab. 1, Fig. 4).

Similarly, statistically significant differences between all of the analyzed pine ecotypes
were found with regard to the crown ratio (Ha/Dy) (Fig. 4).

The average value of the crown ratio was equal to 3.84, with standard deviation of 0.95,
and variation of 0.90. Significantly highest value of the crown ratio, which was equal to 4.36
on average, was observed for pines from the Gubin ecotype. The lowest value of crown ratio
was observed for the trees from the Taborz ecotype, being equal to 3.38 on average (Fig. 5, Tab.

1.
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Fig. 4 Slenderness coefficient profile of Scots pine
(Pinus sylvestris L.) representing the three ecotypes of
the species found in Poland.

Results of Tukey’s HSD test for the average tree

Fig. 5 Crown ratio profile of Scots pine (Pinus
sylvestris L.) representing the three ecotypes of the
species found in Poland.

Results of Tukey’s HSD test for the average tree height

height Ecotypes
Ecotypes Hy/D.  Bolewice Gubin  Tabérz
Hd/Di;  Bolewice Gubin  Tabbrz Bolewice 0.000022 0.000106
Bolewice 0.003463 0.002421 P R——— 0000022
Gubin  0.003463 0.000022 Tabérz  0.000106 0.000022
Taborz  0.002421 0.000022

* differences statistically significant at the significance level

* differences statistically significant at the significance level ~ p<0.05 are marked

p<0.05 are marked

CONCLUDING REMARKS AND DISCUSSION

The size, shape, and structure of a tree have a considerable impact on its stability under
static and dynamic loads (James et al. 2006). According to Kim (2000), the stability of a tree is
influenced by the relation between the average bole diameter and tree height, and the allocation
of foliage biomass.

The most commonly measured biometric characteristics is diameter at breast height,
which is positively correlated with the length and the width of the crown (Jelonek 2013). These
characteristics are considered to be the main indicators of tree and tree stand development
dynamics (Lemke 1971). They also constitute a major criterion in assessing the risk of damage
caused by wind (Peltola & Kellméki 1993, Bruchwald & Dmyterko 2011, 2012).

The basic biometric characteristics of the analyzed trees, i.e. diameter at breast height
(36.5 cm) and height (26.6 m) were typical for pines that reached felling age, and similar to
those provided by Meixner et al. (1979) and Beker (2007). The only exception was the Taborz
pine, which height and diameter at breast height was well above the obtained average.

In statistical analyses of trees and tree stands, and their resistance to wind, stability is
most often defined in terms of the slenderness coefficient (Erteld & Hengst 1966, Zajaczkowski
1991, Jaworski 2004, Peltola 2006). Therefore, as a relevant measure of tree stability, this study
adopted allometric functions based on morphological characteristics of a tree i.e. the slenderness
coefficient, which is a reflection of the relation between the diameter at breast height of a tree
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and its height, and the crown ratio, which has a significant impact on the statistics of the tree,
and involves the width of the crown, which by self is an important parameter.

Pine slenderness in Poland is in the range between 50 and 150 (Orzet 2007, Rymer-
Dudziniska 1992a) and decreases with the age of the tree, reaching about 70 at the felling age.
The difference in slenderness between the pines from the analyzed groups was negligible, being
equal to 74 = 11 on average for the three populations. Taborz pines were found to be the most
slender trees from the analyzed ecotypes, with the slenderness coefficient equal to 78. Taborz
pines also showed the lowest (3.3) crown ratio.

The highest crown ratio was observed in the Gubin pines, which, when combined with
the lowest slenderness coefficient of these pines, confirms Jelonek’s (2013) hypothesis on the
adaptive pine growth that optimizes the architecture for transferring mechanical loads by the
tree. The higher the crown ratio is, or in other words, the wider the crown is in relation to the
height of the tree, the less slender the bole needs to be to carry greater loads from wind or snow-
caps.

In general, tree stands grown in a given environment develop local ecotypes, which are
characterized by a set of specific allometric features, which provide the trees with proper
stability. Furthermore, significant differences in the results of the analysis were observed with
regard to the analyzed ecotypes. This means that specific modifications in tree architecture have
developed within each of the ecotypes. The analysis conducted in this study is by no means
comprehensive. Many practical and scientific issues connected with the topic presented in this
study require further investigation.
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Streszczenie: Architektura morfologiczna drzew reprezentujqgcych rozine ekotypy sosny
zwyczajnej (Pinus sylvestris L.) w Polsce. W pracy podjeto probe d oktadnego opisania oraz
poréwnania architektury morfologicznej sosny zwyczajnej (Pinus sylvestris L.)
reprezentujacych ekotyp bolewicki, gubinski oraz taborski. Materiat doswiadczalny pochodzit
ze starych drzewostandw sosnowych w wieku od 104 do 113 lat zlokalizowanych na trzech
powierzchniach. W sumie analizie poddano 580 sosen reprezentujacych jej trzy ekotypy. W
przypadku wszystkich drzew pomierzono wysokos¢ i pier$nicg, orazobliczono wspotczynnik
smuktosci 1 wspolczynnik wychylenia koron.
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