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Abstract

The paper presents the evaluation and comparison of some physical and mechanical properties of Scots pine (Pinus
sylvestris L.) wood in stands with different growth type. The data have been collected on the basis of 9 sample plots.
There were aspired that pine stands chosen for wood analysis could have as much familiar structure and identity character
of stand growth as possible. Though, the requirements retained for using the mean diameter increment (cm per year) in
maximum index (dv) for classification of dominant trees growing. According to this index, the pine stands were divided
into three dv groups: 0.3, 0.5 and 0.7 cm per year, when the age in maximum (A k ) was from 15 to 36 years.
Wood samples were taken at the stem butt-end. The average annual ring width, late wood percentage in annual ring,
wood density, bending strength in tangential direction and compression strength along the grain were determined in the
samples.
It was estimated, that wood density, bending strength and compression strength of pine trees from the analysed
three dv groups have differed significantly. It is considered that pine wood has the most proper physical and mechanical
properties when the stand stocking level is between 0.8  0.9.
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Introduction
The structure and properties of wood are affected by genetic, environmental and anthropogenic factors acting during formation of wood cells and tissue
(Wodzicki 2001). The analysis of the influence of a
chosen factor becomes inconvenient. However, these
data are obtained while investigating the wood properties from the stands.
Sufficient light, warm and humidity conditions, the
dioxide amount in the atmosphere, also the supply of
nutrients and oxygen in the soil are necessary for
beneficial tree growth. The biological properties of tree
species, ecological habitat conditions and dominant
fluctuation of climatic factors influence singularity of
the dynamics of tree annual diameter increment (Bitvinskas 1997, Karpavièius 2005). Consequently, the annual ring width and the structure integrally reflect the
influence of all ecological factors (Ozolinèius 1998).
This indicates that structural and physical wood properties can have wide variation of respective indicators.
Though, the tree annual diameter increment also is one
of major indicators representing tree vitality (Juknys
et al. 2004).
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While investigating the dynamics of pine radial
increment, it was found that annual ring width depends
on the stand structure and specificity of stand development (Grigaliûnas 1997a). Therefore, the wood properties of the mature stands with similar diameter but
depending on the different development type can differ. To eliminate these differences it was proper to
evaluate the mean diameter increment (cm per year) in
maximum d v and age in maximum (Ak). These indexes
show the subsequent diameter growth and are relatively stable and reflecting the stand structure (mostly
primary stand density), habitat quality. Though, it is
easy to determine by measuring annual rings in bore
samples (Grigaliûnas 1998). Also, the derivative index
allows to classify the stands by similar structure in
the range of the habitat and properly to estimate the
wood properties.
Index dv and stands site index are closely related
(r2 = 0,67) (Fig. 1). Both indexes characterize site productivity but there is the significant difference: the
mean diameter increment in maximum reflects the
progress of stand development.
The aim of this study was to evaluate and compare some physical and mechanical properties of Scots
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pine (Pinus sylvestris L.) wood in stands with different mean diameter increment in maximum (dv) in Lithuania.

Materials and methods
Studies were conducted on 9 pine stands from Nb
(normal humidity poor site) forest site. The age of
stands was from 80 to 100 years. The radial increments
from 90 dominating trees were measured by microscope. The width of annual rings, percent of late wood,
wood density, bending strength and compression parallel grain strength were estimated conducting the
research. While determining wood properties the test
standards (ISO 3130:1975, ISO 3131:1975, ISO
3133:1975, ISO 3132:1975) were followed.
In each selected stand the wood bore samples
were drilled in ten chosen tree stems at the 1.3 m height
for measuring the width of annual rings, the percentage of latewood and the mean diameter increment in
maximum (dv) index.
It was aspired that the pine stands chosen for
wood analysis could have as much familiar structure
and identity character of stand growth as possible.
Though, the requirements retained for using d v for
classification of dominant trees growing on the corresponding pine forest site. According to this index,
the pine stands were divided into tree dv groups: 0.3
(0.201  0.400), 0.5 (0.401  0.600) and 0.7 (0.601  0.800)
cm per year, when their age in maximum (A k) was from
15 to 36 years.
The mean diameter increments were calculated for
each tree as follows:
dv = D zr/(A 1.3 + n)

(1)

where: dv - the mean diameter increment at age A 1,3, +
n, cm per year; Dzr - the diameter of a tree at age A 1.3
+ n, cm; A 1.3 - the number of years until a tree grows
up to 1.3 m high; n - the number of the annual tree
rings at the height of 1.3 m for each dv, units (Grigaliûnas 1997).
For measuring the wood density and mechanical
properties, two sample trees in each stand were randomly selected. The north and south directions were
marked on the standing sample trees. Wood density,
bending strength in tangential direction as well as
compression strength along the grain of pine wood
were studied based on small clear specimens. The
study was conducted with 2 m long butt logs cut from
the sample trees. From the central part of each log, a
75 mm thick board was cut, oriented along the north south direction, including the pith. The boards were
dried to air dry condition (MC ca. 12 %). Methods of
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preparing wood samples were presented by Aleinikovas and Grigaliûnas (2006).
The number of wood samples necessary for reliable determination of individual wood properties was
ascertained applying statistical methods (Saladis and
Aleinikovas 2004).

Results and discussion
Figure 1 shows the dynamics of the mean diameter increment in maximum of the pine stands.
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Figure 1. Dependence of the mean diameter increment in
maximum (dv) on site index

Grigaliûnas (1997b) obtained the similar distribution of d v curves in researching the radial increment
of Lithuanian pine stands. Intersecting increment
curves covered a wide area, which was characterized
by differing site quality, their combinations with stand
structure and stand age. Such distribution of d v curves
was related with inequality of soil properties on forest site. In some stands pine trees at the beginning
grew more slowly and their radial increment increased
gradually for a long time, therefore the trees diameter
at breast height (DBH) was less in following stands.
Other pine stands from the start grew more rapidly,
however, their increment further remained at culmination level and in following stands the trees DBH was
bigger.
According to the mean diameter increments in
maximum index, the pine stands were divided into tree
d v groups: 0.3, 0.5 and 0.7 cm per year, when their age
in maximum (Ak ) was from 15 to 36 years (Fig 1).
The data on physical and mechanical properties of
pine wood from stands with different mean diameter
increments in maximum index are shown in Table 1.
As the results show, the smallest annual ring
width (1.51 mm) and the biggest latewood percent
(36.18 %) was estimated in wood of trees from stands,
with dv = 0.3 cm per year, while the biggest annual ring
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dv,
cm/year

0.3

0.5

0.7

Stand
No.
1
2
3
Average
4
5
6
Average
7
8
9
Average

Width of
annual
rings, mm

Latewood,
%

Density,
kg m-3

Bending
strength,
MPa

Compression
strength ||,
MPa

1.75
1.29
1.48
1.51 ± 0.05
1.76
1.86
1.77
1.80 ± 0.04
1.77
1.87
2.42
2.02 ± 0.07

33.26
37.77
37.51
36.18 ± 0.68
37.76
35.42
34.80
35.99 ± 0.71
37.69
35.66
34.32
35.89 ± 0.66

631
587
558
591 ± 10.54
567
586
565
572 ± 7.64
548
510
515
525 ± 9.89

95.19
85.55
79.12
86.22 ± 2.12
97.75
97.10
83.17
92.67 ± 2.26
77.09
77.34
78.22
77.55 ± 1.58

79.76
77.71
71.49
76.19 ± 1.82
86.87
84.54
76.03
82.48 ± 2.13
70.72
74.12
69.16
71.25 ± 1.81

width (2.02 mm) and the smallest latewood percent
(35.89 %) was estimated in the wood of trees in pine
stands with dv = 0.7 cm per year. The essential differences between all d v groups of stand sites were found
in determining annual rings width of tree wood, while
latewood percent did not differed essentially between
all dv groups.
The primary stand density influences the annual
rings width, and it is one of the major stand indicators. It determines the currently increment variation in
the course of the ages, i.e. regulate the complexion of
increment variation (Kairiûkðtis and Juodvalkis 1985).
Therefore, not only the productivity of the habitat
influences the increase in the diameter and height but
it has crucial impact on the value of increment. That
was the greatest correlation coefficient (0.73) while
evaluating the mean diameter increment and habitat
quality index (Kulieðis 1993). That was emphasized by
many authors that wood with high properties comprises
only in the dense stand (Antanaitis 1981, Kulieðis
1989).
As the results show the highest wood density (591
kg m -3) was estimated in stands with d v = 0.3 cm per
year, though in stands with d v = 0.7 cm per year  the
smallest wood density (525 kg m -3). While comparing
pine wood strength properties it was estimated, that
bending strength (92.67 MPa) and compression
strength (82.48 MPa) of wood in pine stands with d v
= 0.5 cm per year were the highest. It was estimated
that wood density, bending strength and compression
strength of pine trees from the analysed three d v
groups have differed significantly.
The values of compression strength of analysed
pine stands are high. Therefore this could be explained
by the high content of latewood in the annual rings.
Kapper (1954) has determined that compression
strength depends on latewood percent (Table 2). Another reason is that the bottom logs of the stem were
used in this research.
While determining pine wood strength, it was
found that pine stands with the mean diameter incre2007, Vol. 13, No. 1 (24)

Table 2. Dependence of compression strength on latewood
percent
Latewood, %

21

23

26

29

30

34

38

44

Compression strength ||, MPa

30

35

40

45

50

55

60

65

ment in maximum dv of 0.5 cm per year have the higher strength properties. The obtained research data on
the main parameters of pine stands with the good wood
strength properties are compared with stand growth
regularities data for the stand structure estimation.
Though, the comparison provides the estimation of the
growth singularities of pine stands with good wood
strength properties. The main estimated parameters
during the research and the data of the Lithuanian
Forest Research Institute database for the pine stands
with dv of 0.5 cm per year is compared with the dynamics of model stand yield (Kulieðis 1989), Lithuanian normal stand growth (Repðys et al. 1983) and the
dynamics of the main stand parameters (Kulieðis 1993).
It is considered that pine wood has the most
proper physical and mechanical properties when the
stand stocking level is between 0.8  0.9. The same
conclusion was given by Ïåðåëûãèí (1963). In such
pine stands the site index varies from III.3 to I.3 on
Na and Nb forest sites, respectively.
The main parameters of the analysed 24 pine
stands with the mean diameter increment in maximum
dv of 0.5 cm per year were compared with the average
height, average diameter at breast height and basal area
of the model and normal stands. The dynamics of the
main stand growth parameters are presented in Figures 2, 3 and 4. The comparison was done by site index (normal stand growth tables), by forest sites (dynamics of model stand yield tables) and by basic
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Table 1. Average pine wood properties in the studied forest
site types
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Figure 2. Arrangement of the mean diameter increments in
maximum (dv) of dominating trees in different pine stands
in different periods of age
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Figure 3. A comparison of the average height of pine stands
(dv of 0.5 cm per year) and the data on height of the corresponding stand growth stage allowing for stand age
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Figure 4. A comparison of the average diameter at breast
height of pine stands (dv of 0.5 cm per year) with the data
on diameter at breast height of the corresponding stand
growth stage allowing for stand age

height (dynamics of the main stand parameters tables)
allowing for the stand age.
The comparable parameters (average height, average diameter and basal area) of each research object at the respective age are slightly differed when
compared with the parameters presented in the tables
of the databases. The average parameter values for the
relative table were obtained and the statistical parameters of regression were calculated.
The data in Figures 3 and 5 show that the analysed forest stands with higher wood strength properties has significantly higher average height and basal
area as compared with the model forest stands. Meanwhile, only the values of the average diameters are
comparable. Generally, the main parameters of the an2007, Vol. 13, No. 1 (24)
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Figure 5. A comparison of the basal area of pine stands (dv
of 0.5 cm per year) with the data on basal area of the corresponding stand growth stage allowing for stand age

alysed forest stands with the mean diameter increment
in maximum dv of 0.5 cm per year are comparable with
the parameters of the model forest stands. The correlation coefficient represents the predicted comparability, for the average height correlation coefficient is
r = 0.97, though with mr = 0.02, for the average diameters correlation coefficient r = 0.92 with mr = 0.02,
and for the basal area correlation coefficient  r = 0.74
with mr = 0.18 (Kulieðis 1993). The peculiarities of the
variation in parameter curves are also comparable due
to the age. As it was assessed, the average stand diameters are starting to differ more with increasing age
(Fig. 4). However, conformably to the average diameter the pine stands with the higher wood strength
correspond to the good dynamics of the main stand
parameters of the database tables. Moreover, the pine
stands are in the intermediate place between the stands
having average diameter foreseen in the regularities
and described in the normal stand growth tables. Thus,
the presented comparison of the main stand parameters shows that pine with the good wood strength is
definitely required to grow following the considered
parameters of the regularities and described in the
dynamics of the main stand parameters tables.

Conclusions
1. The smallest annual ring width and the biggest
latewood percent were estimated in the wood of trees
from stands with d v = 0.3 cm per year, while the biggest annual ring width and the smallest latewood percent were estimated in the wood of trees from pine
stands with d v = 0.7 cm per year. The significant differences between all dv groups annual rings width
ISSN 1392-1355
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were determined, while latewood percent did not differ significantly between all dv groups.
2.The highest wood density was estimated in
stands with dv = 0.3 cm per year and the lowest wood
density in stands with d v = 0.7 cm per year. The bending strength and compression strength of wood from
pine stands with d v = 0.5 cm per year were the highest.
3.The wood density, bending strength and compression strength of pine trees from the analysed three
dv groups differed significantly.
4.It was considered that pine wood has the most
proper physical and mechanical properties when the
stand stocking level is between 0.8  0.9. In such pine
stands the site index varies from III.3 to I.3.
A comparison of the main stand parameters shows
that pine with the beneficent wood strength is required
to grow following the considered parameters of the
regularities and described in the tables of the dynamics of the main stand parameters.
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ÂËÈßÍÈÅ ÑÐÅÄÍÅÃÎ ÏÐÈÐÎÑÒÀ ÏÎ ÄÈÀÌÅÒÐÓ ÍÀ ÔÈÇÈÊÎ-ÌÅÕÀÍÈ×ÅÑÊÈÅ
ÑÂÎÉÑÒÂÀ ÄÐÅÂÅÑÈÍÛ ÑÎÑÍÛ (PINUS SYLVESTRIS L.) Â ËÈÒÂÅ

M. Àëåéíèêîâàñ
Ðåçþìå

Â ñòàòüå ïðåäñòàâëåíû ñðàâíåíèÿ íåêîòîðûõ ôèçè÷åñêèõ è ìåõàíè÷åñêèõ ñâîéñòâ äðåâåñèíû ñîñíû (Pinus
sylvestris L.) â äðåâîñòîÿõ ñ ðàçëè÷íûì òèïîì ðîñòà. Äàííûå áûëè ñîáðàíû íà îñíîâå 9 ïðîáíûõ ïëîùàäîê. Ñîñíîâûå
äðåâîñòîè, âûáðàííûå äëÿ àíàëèçà äðåâåñèíû, èìåëè îòíîñèòåëüíî áëèçêóþ ñòðóêòóðó è õàðàêòåð èäåíòè÷íîñòè
ðîñòà äðåâîñòîÿ. Äëÿ êëàññèôèêàöèè äîìèíèðóþùèõ äåðåâüåâ èñïîëüçîâàí ìàêñèìóì ñðåäíåãî ïðèðîñòà (ñì*ã-1) ïî
äèàìåòðó(dv). Ñîãëàñíî ýòîìó èíäåêñó, ñîñíîâûå äðåâîñòîè áûëè ðàçäåëåíû íà òðè dv ãðóïïû: 0,3, 0,5 è 0,7 (ñì ã-1),
ïðè âîçðàñòå êóëüìèíàöèîííûõ ïðèðîñòîâ (Ak) ñ 15 äî 36 ëåò.
Îáðàçöû áûëè âçÿòû èç êîìáëåâîé ÷àñòè ñòâîëà. Íà îñíîâàíèè ñîáðàíîãî ìàòåðèàëà áûëè ðàñ÷èòàíû: ïëîòíîñòü,
ïðîöåíò ïîçäíåé äðåâåñèíû, øèðèíà ãîäè÷íûõ ñëîåâ, ïðî÷íîñòü ïðè ñòàòè÷åñêîì èçãèáå è ïðî÷íîñòü ïðè ñæàòèè
âäîëü âîëîêîí.
Áûëî óñòàíîâëåíî, ÷òî ïëîòíîñòü äåðåâÿñèíû, ïðî÷íîñòü ïðè ñòàòè÷åñêîì èçãèáå è ïðî÷íîñòü ïðè ñæàòèè âäîëü
âîëîêîí â ïðîàíàëèçèðîâàííûõ òðåõ dv ãðóïïàõ îòëè÷àëèñü çíà÷èòåëüíî. Óñòàíîâëåíî, ÷òî äðåâåñèíà ñîñíû èìååò
ñàìûå íàèëó÷øèå ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà ïðè ïîëíîòå â ñîñíîâûõ äðåâîñòîåâ 0,8  0,9.
Êëþ÷åâûå ñëîâà: Ñîñíà îáûêíîâåííàÿ, ìàêñèìóì ñðåäíåãî ïðèðîñòà ïî äèàìåòðó, ôèçèêî-ìåõàíè÷åñêèå
ñâîéñòâà äðåâåñèíû
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