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ABSTRACT

The research was conducted on the external spoil heap of the ‘Piaseczno’ Sulphur Mine (southern Poland). This paper
is aimed to compare the selected properties of macrostructure and density of wood of Scots pine trees planted onto
the external spoil heap of the mine, in the scope of forest reclamation, depending on the soil substrate and employed
reclamation treatments. The annual rings of pine trees on the Quaternary sands and Tertiary Krakowieckie clays
(S&C) were significantly wider than those of the individuals on the Quaternary loose sands (S) and Quaternary
sands and Tertiary clays after an intense initial fertilization (F). However, the share of latewood zone and density of
wood of the pine trees growing on the substrate F were significantly greater in comparison to those of substrates S

and S&C.
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INTRODUCTION

Scots pine (Pinus sylvestris L.) is the most wide-
spread woody plant species in the territory of Poland.
Pines grow in almost 60% of all Polish forests (Lasy
Panstwowe 2017). A relatively high flexibility of pine
in terms of their adaptation to changeable environ-
mental conditions is the reason for using this species
commonly for afforestation of post-industrial areas
(Pietrzykowski et al. 2015). Trees growing in such ar-

eas develop under difficult habitat conditions, facing
strong competition for nutrients and water with other
species (Pietrzykowski 2008). These conditions are so
distinct from those encountered in natural habitats that
they can ultimately result in developing stands of dif-
ferent structures and changing the macrostructure of
wood of Scots pine (Ochat et al. 2010). A major objec-
tive of reclamation of post-industrial sites is to restore
their utility value. Thus, reclamation to forest aims
to introduce new trees onto areas previously defor-
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ested and recreate multifunctional forest ecosystems
(Krzaklewski 2001). However, if an investor decides
to bear certain costs of afforestation, he surely hopes
to gain some profits from selling the trees planted on
waste dumps. His income will depend on the dimen-
sions of timber harvested, which are mostly affected
by the widths of annual rings forming the tree trunk,
and the wood quality being a derivative of technical
quality of the stem and wood density (Barszcz et al.
2014; Michalec et al. 2016).

Scots pine wood is one of the major resources used
in wood-based industry; therefore, an accurate recogni-
tion of its properties is of great interest. Both in Poland
and Europe, the study of Scots pine wood properties
was carried out mainly on the material taken from the
trees growing in a forest environment (Paschalis 1980;
Pazdrowski and Sptawa-Neyman 1993; Niedzielska et
al. 2001; Witkowska and Lachowicz 2012, 2013; Kask et
al. 2008; Fernandes et al. 2017) as well as on post-agri-
cultural land (Jelonek et al. 2008, 2009, 2010). Whereas,
the properties of wood macrostructure of pines used in
the afforestation of reclaimed post-industrial waste sites
were neglected.

The aim of this study was to verify the hypothesis
that between Scots pines growing on different sub-
strates, there are significant differences of following
features: the share of sapwood on the stem cross-sec-
tion, the annual ring width, the share of latewood and
wood density.

This is the third paper regarding the Scots pine
trees, growing on a waste dump of the Piaseczno sul-
phur mine. The previous two concerned the variability
of the morphological features of the trees’ structure
(Pajak et al. 2016b) and the assessment of their stems’
quality (Pajak et al. 2016a).

MATERIAL AND METHODS

Study sites

The studies were carried out on the external waste
dump of the Piaseczno Sulphur Mine, the construction
of which started in 1959. The site under scrutiny is lo-
cated on the left-bank flood plain of the Vistula River,
near Tarnobrzeg in the Sandomierz Basin, within the
mesoregion of the Vistula Lowland (Zielony and Klicz-
kowska 2012). The waste dump was built of overburden

of the sulphur mine accumulated in an unselective man-
ner, consisting of the Quaternary and Neogene sands,
as well as the Neogene Krakowiec clays (Pawlowski
et al. 1985). The waste dump was shaped in the form
of a frustum of a cone and took up an area of 120 ha.
Woody plants were introduced on the dump in the years
1967-1969. The plantations established on the external
waste dump were characterised by a diversified spe-
cies composition and varied forms of mixing, the aim
of which was to grow mixed forest stands. The struc-
ture of regeneration was dominated by alder (intro-
duced as a transitional species) and Scots pine. Apart
from these, there were also other tree species, planted
as a group mixture, such as: a European larch (Larix
decidua Mill.), red oak (Quercus rubra L.) and a sessile
oak (Quercus petraea (Matt.) Liebl) (Ziemnicki et al.
1980; Wegorek 2003). The field research was conducted
in spring of 2014, in the north-western part of the waste
dump. The investigations covered, circular trial plots
with an area of 1 ar, located in Scots pine stands. The
selection of certain locations for establishing trial plots
was preceded by the soil survey.

Table 1. Mean values of selected physical and chemical
properties of mine soil substrates

Sub- | Level | Silt | Clay pH C N
strate | (cm) | (%) | (%) | H0 | KC1 | (%) | (%)
0-5 5 1 | 53| 44 |0.76|0.03
S 5-30 4 1 | 63| 56 |0.10| 001
30-110 | 3 1 | 70 | 62 |0.04]0.01
0-5 23 | 3 | 57 | 50 | 1.84]0.10
S&C TSR0 [ 24 | 4 | 64 | 56 | 031 0.02
and F
30-110 | 22 | 3 | 6.6 | 5.8 | 0.14 | 0.01

F* — in the course of the reclamation treatment, the substrate was
additionally subjected to an intensive fertilisation (200 kg of urea, 200
kg of 40% potassium chloride and 320 kg of superphosphate per one
hectare [Ziemnicki 1980; Wegorek 2003].

In total, 17 sample plots were set up, located on
various mine soil substrates, such as:
5 trial plots on the Quaternary loose sands (sub-
strate S)
— 5 trial plots on the mixture of the Quaternary sands
and the Neogene Krakowiec clays (substrate S&C)
— 7 trial plots on the mixture of the Quaternary sands
and the Neogene clays after an intensive fertilisation
(substrate F).
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Basic information referring to the physical and
chemical properties of mine soil substrates encountered
on particular trial plots are presented in Table 1.

Field sampling

Analyses of wood properties covered a total of 68 trees,
including 20 individuals growing on the substrates S
and S&C each, and 28 trees on the substrate F.

Four pine trees were chosen, in every trial plot, from
which a single increment core was taken. The core was
sampled from the northern side of a tree trunk at breast
height (1.3 m above the ground level). All the investi-
gated trees belonged to the second class (co-dominant
trees) according to the Kraft’s classification system.

Sample preparation and measurements

The increment core samples were placed in a spe-
cial holder, and then, a very thin layer of wood was
trimmed perpendicular to the grains using a segment
knife. Provided that no traces of coloured heartwood
had been detected, a cross-section of the core obtained
in the above-mentioned manner was subject to measure-
ments covering the width of sapwood zone using a ruler
with an accuracy of 1 mm. Afterwards, cross-sections
of the increment cores were scanned with a resolution
of 1200 dpi, which allowed to obtain their digital im-
ages in the form of bitmaps. These images served for
measuring the widths of the annual rings, as well as the
widths and shares of latewood zones performed with the
use of a specialised software ‘Przyrost WP’ (Biotronik
2001). The measurements were taken successively, start-
ing from the bark towards the stem pith. Then, based on
the results of measurements, the increment cores were
divided into sections. In each section, five annual rings
were enclosed, starting from the bark of the trunk. The
last section, located directly by the stem pith, usually
contained less than five annual rings. For every section,
arelative (stipulated) wood density was determined, cal-
culated as a quotient of weight of absolutely dry wood
and its volume in the maximally swollen state. The vol-
ume was measured using the hydrostatic method (Olesen
1971). According to the methodology assumed by Eric-
son (1959), wood density obtained for particular sections
of the increment core was converted into wood density
of the trunk cross-section at breast height, through com-
puting a mean value weighted by shares of every section
within the entire area of the trunk cross-section.

Statistical analysis

The results were compared, and the mean values and
coefficients of variation were calculated for particular
trees and types of substrates on which they grew. Statis-
tical analyses were performed employing standard pro-
cedures, for which the significance level p = 0.05 was
assumed (StatSoft Inc. 2011).

A consistency of empirical distributions with the
normal distribution was assayed using the Shapiro-Wilk
test. A homogeneity of variances within the groups
compared was evaluated with the use of Levene’s test.
A significance of differences between mean values for
multiple samples was verified by means of the variance
analysis, while the Scheffe’s test was used for indicat-
ing the community responsible for rejecting the null
hypothesis of equality of means. If the assumptions
of parametric test were not meet, the Kruskal-Wallis
(KW) and the multiple comparison tests (MC) were
performed as required. The significance level p < 0.05
was assumed.

REsuLTs

Technical mean values of height and dbh of the pines un-
der analysis for particular mine soil substrates amount-
ed to, respectively: 15.9 m and 18.9 cm for the substrate
S, 16.0 m and 23.1 cm for the substrate S&C, and 18.3
m and 22.5 cm for the substrate F (Pajak et al. 2016).
Based on the data given in Table 2, the mean numbers
of annual rings within the increment cores sampled
from pine trees growing on the substrates S and S&C
amounted to 29.3 and 29.2 (Fig. 1), with relatively low
coefficients of variation accounting for 6.7% and 8.1%,
respectively. A higher mean number of annual rings and
greater variability in this value were recorded for the in-
crement cores taken from individuals on the substrate F.
These values amounted to 35.6 and 16.7%, respectively.
Statistically significant differences in the number of
annual rings within the increment cores sampled from
trees growing on various substrates were revealed (KW
test: p = 0.0000), whereas the MC test proved a signifi-
cantly greater number of annual rings within the cores
taken from pines on the substrate F when compared
with those growing on two other substrates (substrates
F and S — MC test: p = 0.0001, substrates F and S&C
— MC test: p =0.0002).
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Figure 1. Numbers of annual rings within the increment
cores
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Figure 2. Share of trees depending on the number of
increments within the heartwood

Number of annual rings in cores

Figure 2 displays the frequency of trees per particular
substrates depending on the number of annual rings en-
closed in the heartwood. Based on the data given in this
figure, coloured heartwood was not detected within the

wood of half of all trees growing on the substrate S,
75% of individuals on the substrate S&C (15 trees), and
43% of pines on the substrate F. The maximum number
of annual rings within the heartwood zone encountered
in the trunks of particular tress amounted to eight rings
for the substrates S and F, and ten rings for the substrate
S&C. Due to a small number of annual rings within the
heartwood zone of pine trees under analysis, we did not
continue further and more thorough examinations re-
ferring to the percentage of this value on the radius and
within the area of the trunk cross-section.

Annual rings’ width

A mean width of annual rings amounted to 2.66 mm
for the substrate S, 3.47 mm for the substrate S&C, and
2.52 mm for the substrate F (Tab. 2, Fig. 3). While the
coefficients of variation describing this property ac-
counted for 17.1%, 24.0% and 22.1%, respectively. The
KW test revealed statistically significant differences in
the width of annual rings between pines growing on
various mine soil substrates (p = 0.0001), while the MC
test proved that the annual rings of trees on the substrate
S&C were significantly wider than those of individuals
on the substrates S and F (p = 0.0139 and p = 0.0001,
respectively).

5.5

@ mean
[J mean + standard deviation
I mean +1.96 x standard deviation e

5.0

4.5

S S&C F
Substrate

Figure 3. Annual rings’ width
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Table 2. Values of the studied properties of wood of pine 1 2 3 4 5
trees on the 3 substrates 39 29 287 35.9 0.449
Number NARC ARW SL Vw 40 31 3.17 41.4 0.488
of tree (mm) %) | (g-om?) 43 30 5.00 29.4 0.440
1 2 SUBST3RATE 3 u 2 44 28 4.41 31.8 0.408
19 0 293 23 0.493 45 28 3.87 30.3 0.397
20 3 256 208 0.444 46 30 3.51 25.7 0.406
1 0 169 205 0.446 Mean 29,2 3.47 34.0 0.441
22 27 3.38 353 0.456 CV %] 8,1 240 154 8.0
49 29 3.12 30.9 0.437 SUBSTRATE F
50 31 262 297 0472 86 32 2.07 44.7 0.543
51 30 266 343 0443 87 37 1.60 37.5 0.487
) 25 301 300 0454 88 38 2.36 37.9 0.530
60 28 329 36.1 0519 89 35 2.58 48.0 0.522
61 28 2.96 24.6 0438 98 37 2.67 34.9 0.495
62 28 568 350 0454 99 40 2.04 40.9 0.484
63 28 233 305 0429 100 39 2.11 38.3 0.506
67 29 205 345 0447 101 39 2.36 36.4 0.478
68 29 1.94 378 0.474 106 34 1.94 334 0.461
69 29 206 30.2 0.484 107 37 3.12 44.6 0.464
70 27 218 250 0.436 108 31 2.74 38.8 0.524
77 31 317 357 0.433 109 39 2.34 42.4 0.506
78 30 250 316 0.467 111 35 3.00 50.1 0.485
79 29 256 34.2 0.446 112 40 2.72 45.7 0.558
0 31 263 7.6 0.432 113 40 2.66 42.1 0.464
Mean 29,3 2.66 317 0.458 14 4l 256 42.9 0.540
CV [%] 6.7 17.1 11.4 53 116 42 2.64 37.8 0.477
SUBSTRATE S&C 117 39 1.91 37.1 0.478
1 30 3.12 31.8 0.437 118 38 2.16 454 0.496
2 30 275 398 0.492 119 37 2.13 37.5 0.430
3 30 4.4 352 0.483 121 38 2.21 39.1 0.476
4 30 3.71 31.6 0.465 122 39 2.16 37.9 0.474
11 31 231 33.4 0.447 123 41 1.92 37.2 0.469
12 25 2.88 392 0.426 124 39 2.55 44.8 0.506
13 32 2.64 36.9 0.449 130 22 2.85 44.6 0.440
14 28 2.00 39.1 0.517 131 23 4.01 42.0 0.442
31 30 4.10 334 0.425 132 25 3.75 31.7 0.433
32 30 3.38 335 0.435 133 21 3.34 34.7 0.444
33 30 4.79 26.3 0.404 Mean 35,6 2.52 40.3 0.486
34 32 3.99 37.6 0.381 CV [%] 16,7 22.1 11.3 7.0
37 22 4.06 24.5 0.422 NARC - number of annual rings per one increment core; ARW — annual
38 27 2.63 4.9 0.440 Tgi:;fl‘itiz;tsgf_vzriz;f1ateW00d; v, — relative wood density; CV
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Share of latewood

Mean share of latewood in pine trees on the substrate
S amounted to 31.7%, with the coefficient of variation
of 11.4% (Tab. 2, Fig. 4). In respect to the individuals
growing on the substrate S&C, these values were 34.0%
and 15.4%, respectively, while on the substrate F, they
accounted for 40.3% and 11.3%, respectively (Tab. 2).
The variance analysis revealed statistically significant
differences in the share of latewood between pines
growing on various mine soil substrates (p = 0.0000),
while Scheffe’s test proved that the share of latewood
within the wood of trees on the substrate F was signifi-
cantly higher when compared with those growing on the
other two substrates (substrates F and S: p = 0.0000,
substrates F and S&C: p = 0.0001).
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Figure 4. Share of latewood

Wood density

Mean relative wood density of pine trees on the sub-
strate S amounted to 0.458 gecm, for the substrate
S&C it was 0.441 gecm?, while for the substrate F,
the mean relative wood density reached the value of
0.486 g-cm™ (Tab. 2, Fig. 5). A variability of this charac-
teristic amongst individuals growing on different sub-
strates was relatively low, and the coefficients of vari-
ation accounted for 5.3%, 8.0% and 7.0%, respectively.
The variance analysis revealed significant differences
in wood density between pines growing on the three
mine soil substrates under scrutiny (p = 0.0000), while
Scheffe’s test proved that a significantly higher value of

the characteristic in question was that of pines on the
substrate F when compared with individuals growing of
the substrates S and S&C (respectively: p = 0.0149 and
p =0.0000).
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Figure 5. Relative wood density

Variability in wood features on the radius
of the cross section of trunks

Based on the data given in Figure 6, a variability in an-
nual ring widths observed on the radius of the trunk
cross-section of pine trees growing on the substrates S
and S&C was similar and characterised by a consider-
able decrease in this value. The variability in annual
ring widths revealed a decreasing tendency in this val-
ue, dropping down from the sections located close to the
stem pith (V, VI and VII), towards the trunk girth. In
the recent 5-year period of tree development (section I),
a clearly readable increase in the annual ring widths was
recorded with regard to both of the above-mentioned re-
search samples. In respect to the individuals growing
on the substrate F, after a rapid decrease in annual ring
widths between the sections VIII and VII, that is, at the
beginning of lifespan of those trees, a small, gradual in-
crease in this value was observed. This increase started
from the section IV and was followed by another gradu-

Folia Forestalia Polonica, Series A - Forestry, 2018, Vol. 60 (1), 11-21
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Figure 6. Variability in the annual increment width, the share of late wood and wood density on the radius of the cross section

of trunks of pine trees growing on various substrates

Explanation of symbols — see Table 2.

al decrease towards the trunk girth. Noteworthy are the
higher mean widths of annual rings located close to the
stem pith recorded in pine trees on the substrates S and
S&C, and reaching the values of ca. 5 mm. Whereas, the
annual ring widths of trees growing on the substrate F
did not exceed 4 mm.

DiscussiOoN

The area of the land on which forest-reclamation is
planned in the coming years is estimated to be over
800 ha all across Poland (Referowska-Chodak 2017).
In this context, the results presented in this paper are
important both from a scientific and a practical point
of view. The study covered examinations of wood of
pine trees planted on the waste dump in two episodes,
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that is, in the period between 1967 and 1971, and in
the years 1974-1976 (Ziemnicki et al. 1980; Wegorek
2003). Thus, when the study was conducted, they would
have been nearly 50 years old. An occurrence of a con-
siderably smaller number of annual rings within the in-
crement cores sampled at breast height from the trunks
of trees growing on the substrates S and S&C may be
due to the fact that these individuals were planted in the
younger planting episode. On the other hand, a greater
number of annual rings in the cores taken from pines on
the substrate F seems to indicate that they were planted
within the earlier episode.

Coloured heartwood was not detected in the wood
of half of the increment cores sampled from the trunks
of pine trees growing on the substrate S, and 75% of
samples taken from the individuals growing on the
substrate S&C. Whereas, in respect to the substrate F,
heartwood occurred within 57% of increment cores;
however, in 43% of the samples, heartwood enclosed no
more than five annual rings. This was due to the fact
that the trunks of pine trees under analysis had just
started the process of heartwood formation, taking into
account a relatively great variability in the mean num-
ber of annual rings within the sapwood. These findings
are supported by studies carried out by Skrzyszewski et
al., who investigated pine trees from the Carpathian and
Sudeten Mountains, ranged from 35 to 71 (Skrzysze-
wski et al. 2001). It should be interesting to examine the
wood of the pine trees under scrutiny once again, after
a dozen or so years would pass.

The mean widths of annual rings obtained in these
studies amounted to 2.66 mm, 3.47 mm and 2.52 mm,
respectively for the substrates S, S&C and F. There-
fore, the wood of pines growing on the substrates S
and F can be considered to be fine-ringed wood (with
an annual ring width below 3 mm), while that of in-
dividuals from the substrate S&C can be classified as
wide-ringed wood (with an annual ring width above
3 mm) (Krzysik 1974). The mean values given in this
paper were in significantly higher than those quoted
by Paschalis (1980) and Skrzyszewski et al. (2001),
which could have been a result of the younger age of
pines growing on the waste dump in Piaseczno. Sta-
tistical analyses revealed that the wood of individuals
on the substrate S&C (mixture of sands and clays) had
significantly wider annual rings when compared with
those of trees growing on two other substrates. Taking

into account that the dbh values of pines growing on
the substrates S&C and F did not differ significantly
(Pajak et al. 2016b), we concluded that the growth in
diameter of the trees on the substrate S&C was faster
than that of the individuals on the substrate F. This
seems to be due to a higher share of juvenile wood
within the dbh cross-section of the trunk in pines
growing on the substrate S&C. Admittedly, we did not
conduct an analyses of the juvenile zone area; how-
ever, an observation of the figures displaying the vari-
ability in the investigated properties of wood of radius
trunk cross-section allowed us to conclude that nearly
half of the cross-section radius (sections IV-VI) of
trees on the substrate S&C enclosed the juvenile wood.
This was indicated by both, high mean values of an-
nual ring widths within the above-mentioned sections,
exceeding 3 mm, as well as low shares of latewood
and wood density. In respect to the trees growing on
the substrate F, the properties of wood tissue typi-
cal of juvenile wood were recorded only within two
sections, those most closely located to the stem pith
(sections VIII and IX). While, the respective values of
these properties analysed for the other seven sections
indicated an occurrence of mature wood. Based on the
obtained results, we concluded that the trunks of pines
on the substrate F revealed a higher share of mature
wood at breast height, in comparison to the individuals
on the other two investigated substrates. Most likely,
this was due to their older age. Juvenile wood is char-
acterised by smaller density and lower strength pa-
rameters; therefore, its technical quality is worse than
that of mature wood (Tomczak et al. 2010; Tomczak
and Jelonek 2012). Thus, the above-mentioned quality
of wood obtained from the trunks of pines presently
growing on the substrate F is expected to be a little
higher than that of trees from the other two substrates.
Nevertheless, it seems that these differences will blur
over time, since the share of mature wood within the
trunks of pines on the substrates S and S&C will in-
crease, resulting in an increase in wood density as
well. After analysing the data given in Figure 2, we
concluded that even now pine trees growing on the
above-mentioned substrates have started to form ma-
ture wood. This conclusion is based on the fact that the
density of wood in their outermost sections exceeded
the value of 0.500 gecm™ and is comparable with that
of the outermost sections of individuals on the sub-
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strate F. Thus, taking into account both cognitive and
utilitarian perspectives, it seems very important to
replicate similar studies cyclically to determine the
impact of fertilisation of mine soil substrates on prop-
erties of pine wood.

Results of studies conducted by Pajak et al. (2016a)
revealed that the technical quality of trunks expressed
by a certain class of large-sized timber (Warunki tech-
niczne 2002) was higher with regard to the trees grow-
ing on the substrates S&C and F in comparison to the
individuals on the substrate S. Cyclical replication of
studies to verify the results obtained would also be rec-
ommended.

Mean share of latewood computed for pine trees
from the substrates S, S&C and F amounted to 31.7%,
34.0% and 40.3%, respectively. The mean shares ob-
tained for the substrates S and S&C were close to
the data given by Paschalis (1980) referring to pines
from eastern Poland, and Skrzyszewski et al. (2001)
with regard to most of the individuals they examined
in the Carpathian and Sudeten Mountains. The mean
value calculated for the trees from the substrate F was
significantly higher when compared with those deter-
mined for the other two substrates. This was due to
an occurrence of mature wood within the prevailing
part of the radius of the trunk cross-section, as men-
tioned above. As a consequence of the higher share of
latewood zone within the annual rings of tree trunks
growing on the substrate F, the density of their wood
was significantly greater, with a mean value reach-
ing up to 0.486 gecm=. The other two mean values of
wood density amounted to 0.458 gecm? for the sub-
strate S and 0.441 gecm™ for the substrate S&C. The
total volumetric shrinkage of pine wood is assumed to
maintain at the level of 13.6% (Meier 2015). Therefore,
the mean values of absolute wood density, that is, ab-
solutely dry wood, computed for the substrates S, S&C
and F would account for 0.530 gecm, 0.510 gecm™ and
0.563 gecm?, respectively. This would place the pine
trees under analysis in the group of species forming
light wood, that is, with a density ranging from 0.510
to 0.600 gecm (Krzysik 1974). The values of relative
(stipulated) wood density obtained in these studies are
comparable with those quoted by Niedzielska et al.
(2001), while the calculated values of absolute wood
density correspond to the density ranges reported by
Paschalis (1980). Amongst the properties subjected to

examination as discussed in this paper, wood density
proved to be the least varying property.

As it was mentioned in the introduction, as per the
authors’ knowledge, the results presented in the paper
are the first ones regarding the wood properties of pines
growing on the industrial waste dump. However, tak-
ing into consideration the differences in the age of pines
growing on different substrates, it would be necessary
to repeat the same research in a few years to verify the
research hypothesis included in the aim of study. It
would also be interesting to broaden the scope of the
analysis with a variability in the wood anatomical struc-
ture and some mechanical properties.

CONCLUSIONS

1. With regard to most of the pine trees under analy-
sis, an occurrence of coloured heartwood within
their wood was not detected. Whereas, in respect to
those that actually contained heartwood, these did
not contain more than the oldest few annual rings.
Consequently, at the moment of conducting these
studies, the pines under scrutiny had just entered
the stage of heartwood formation.

2. The pine trees growing on the substrate S&C (sands
and clays) had considerably wider annual rings
when compared with those of the individuals on
the substrate S (sands) and F (fertilised sands and
clays).

3. The share of latewood zone and density of wood
of the pine trees growing on the substrate F were
significantly greater than those of the individuals
on the other two substrates. Such a result should be
associated with a higher age of pines from the sub-
strate F compared to the pines from the substrates
S and S&C. These differences are expected to blur
over time.

4. Taking into consideration that the age differences
between the groups of pines growing on different
substrates could have influenced on the obtained
results, it would be necessary to repeat the same
tests in a few years to verify the hypothesis about
the substrate’s impact on the wood properties of the
pines growing on it.

Folia Forestalia Polonica, Series A - Forestry, 2018, Vol. 60 (1), 11-21

19



DE GRUYTER
OPEN

20

Radostaw Wasik, Marek Pajqk, Krzysztof Michalec, Marcin Pietrzykowski, Bartlomiej Wos

ACKNOWLEDGEMENTS

This Research was financed by the Ministry of Science
and Higher Education of the Republic of Poland.

REFERENCES

Barszcz, A., Michalec, K., Wasik, R. 2014. A compara-
tive analysis of pine and beech wood classifica-
tion according to polish and EU norms. Drewno.
Prace Naukowe, Doniesienia Komunikaty, 57 (193),
135-145.

Biotronik. 2001. Przyrostomierz (Instrument for meas-
uring of annual increments of Wood) ,,Przyrost
WP”.

Ericson, B. 1959. Mercury immersion method for de-
termining the density of wood increment core sec-
tions. Forest Research Institute of Sweden.

Fernandes, C., Gaspar, M.J., Pires, J., Alves, A., Simdes,
R., Rodrigues, J.C., Silva, M.E., Carvalho, A., Bri-
to, J.E., Lousada, J.L. 2017. Physical, chemical and
mechanical properties of Pinus sylvestris wood at
five sites in Portugal. iForest — Biogeosciences and
Forestry, 10 (4), 669—-679.

Jelonek, T., Pazdrowski, W., Arasimowicz-Jelonek, M.,
Tomeczak, A. 2010. Properties of wood of Scots pine
(Pinus sylvestris L.) growing on former farmlands
(in Polish with English summary). Sylwan, 154 (5),
299-311.

Jelonek, T., Pazdrowski, W., Tomczak, A, Szaban, J.,
Jakubowski, M. 2008. The effect of former farm-
land on selected wood properties of Scots pines
(Pinus sylvestris L.) from mature stands. Annals of
Warsaw University of Life Sciences — SGGW, For-
estry and Wood Technology, 65, 150—156.

Jelonek, T., Pazdrowski, W., Tomczak, A. 2009. Se-
lected properties of wood in Scots pine (Pinus
sylvestris L.) growing on post-agricultural land in
northern Poland (in Polish with English summary).
Lesne Prace Badawcze, 70 (3), 277-286.

Kask R., Ots, K., Mandre, M., Pikk, J. 2008. Scots pine
(Pinus sylvestris L.) wood properties in an alkaline
air pollution environment. Trees, 22, 815-823.

Krzaklewski, W. 2001. Reclamation of post-mining
and post-industrial areas (in Polish). In: Przemi-
any S$rodowiska naturalnego a ekorozwdj (ed.:

M.J. Kotarba). TBPS ,,Geosfera”, Krakow, Poland,
85-104.

Krzysik, F. 1974. Nauka o drewnie. PWN, Warszawa,
Poland.

Lasy Panstwowe. 2017. Polish State Forests in numbers
2017. Centrum Informacyjne Laséw Panstwowych,
ORWLP in Bedon.

Meier, E. 2015. The wood database. Copyright ©
2008-2018 Eric Meier.

http://www.wood-database.com/scots-pine/

Michalec, K., Wasik, R., Barszcz, A., Gron, A. 2016.
Classification of wood of selected tree species ac-
cording to the Polish and the EU standards (in
Polish with English summary). Sylwan, 160 (6),
459—465.

Niedzielska, B., Skrzyszewski, J., Biel, T. 2001. Basic
wood features of Scotch pine (Pinus sylvestris L.) in
forest stands of local origin on Carpathians and Su-
detes area (in Polish with English summary). Acta
Agraria et Silvestria, Series Silvestris, 39, 161-182.

Ochat, W., Pajak, M., Pietrzykowski, M. 2010. Diameter
structure of selected pine stands growing on post—
mining sites reclaimed for for estry (in Polish with
English summary). Sylwan, 154 (5), 323-332.

Olesen, P.O. 1971. The water displacement method.
Royal Veterinary and Agricultural University
— Copenhagen, Copenhagen, Denmark.

Pajak, M., Michalec, K., Wasik, R., Koscielny, M.
2016a. Quality of Scots pine wood on the lands re-
claimed for forestry — spoil heap after the exploita-
tion of sulphur in Piaseczno case study (in Polish
with English summary). Sylwan, 160 (4), 284—-291.

Pajak, M., Wasik, R., Michalec, K., Ptoskon, M. 2016b.
The variability of selected features of the morpho-
logical structure of Scots pine introduced on a re-
claimed waste dump of a former sulfur mine in
Piaseczno. Journal of Ecological Engineering, 17
4), 83-90.

Paschalis, P. 1980. Variation in technical quality of
Scots pine wood in the estern part of Poland (in Pol-
ish with English summary). Sylwan, 124 (1), 29—44.

Pawlowski, S., Pawtowska, K., Kubica, B. 1985. Geol-
ogy of the Tarnobrzeg native sulphur deposit (in
Polish with English summary). Prace Instutu Geo-
logicznego, 114.

Pazdrowski, W., Sptawa-Neyman, S. 1993. Investi-
gations of chosen properties of Scots pine (Pinus

Folia Forestalia Polonica, Series A - Forestry, 2018, Vol. 60 (1), 11-21



DE GRUYTER
OPEN

A comparison of the selected properties of macrostructure and density of wood of scots pines...

sylvestris L.) wood on the pattern of biological tree
classes in the forest stand (in Polish with English
summary). Folia Forestalia Polonica, Ser. B, 24,
133-145.

Pietrzykowski, M. 2008. Macronutrient accumulation
and relationships in a Scots pine (Pinus sylvestris
L.) ecosystem on reclaimed opencast lignite mine
spoil heaps in central Poland. In: Procedings of 25th
Annual Meeting of American Society of Mining
and Reclamation (ASMR) and 10th International
Affiliation of Land Reclamationists (IALR), ‘New
Opportunities to Apply Our Science’. Richmond,
Virginia, USA, 856—877.

Pietrzykowski, M., Socha, J., van Doorn, N.S. 2015.
Scots pine (Pinus sylvestris L.) site index in relation
to physico—chemical and biological properties in
reclaimed mine soils. New Forests, 46 (2), 247-266.

StatSoft, Inc. 2011. STATISTICA (data analysis soft-
ware system), version 10. www.statsoft.com

Tomczak, A., Jelonek, T. 2012. Technical parameters of
juvenile and mature wood in Scots pine (Pinus syl-
vestris L.) (in Polish with English summary). Syl-
wan, 156 (9), 695-702.

Tomczak, A., Jelonek, T., Zon, L. 2010. Comparison of
selected physical properties of the juvenile and ma-
ture wood of Scots pine (Pinus sylvestris L.) from
mature stands (in Polish with English summary).
Sylwan, 154 (12), 809—817.

Wegorek T. 2003. Changes in some properties of soil
material and the development of phyto-cenoses on
external dumping grounds of a sulfur mine result-
ing from target reclamation (in Polish). Rozprawy
Naukowe AR w Lublinie, 275.

Witkowska, J., Lachowicz, H. 2012. Analysis of vari-
ation in pure density of Scots pine wood (Pinus
sylvestris L.) along a trunk height depending on
selected factors (in Polish with English summary).
Przeglad Papierniczy, 68, 1-6.

Witkowska, J., Lachowicz, H. 2013. Variability of con-
ventional wood density of Scots pine (Pinus sylves-
tris L.) depending on the selected factors (in Polish
with English summary). Sylwan, 157 (5), 336—347.

Zielony, R., Kliczkowska, A. 2012. Regionalizacja
przyrodniczo-lesna Polski 2010 (Natural-forest re-
gionalisation of Poland 2010) (in Polish). Centrum
Informacyjne Lasow Panstwowych, Warszawa.

Ziemnicki, S. 1980. Rekultywacja zwatu kopalni od-
krywkowej (na przyktadzie Piaseczna). PWN, War-
szawa.

List of standards

Warunki techniczne — Drewno wielkowymiarowe igla-
ste. 2002. Zatacznik nr 1 do zarzadzenia DGLP
(Technical conditions — large-sized timber 2002.
Annex no. 1 to the Regulation of the Director-Ge-
neral of the State Forests). Warszawa.

Folia Forestalia Polonica, Series A - Forestry, 2018, Vol. 60 (1), 11-21

21



