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Abstract - The aim of this work was to evaluate the radial and longitudinal variations of
wood specific gravity in an overstocked stand of Araucaria angustifolia, with 65 years.
The stand was located in the National Forest of Agungui, Campo Largo, Parana State,
Brazil, with thinning recorded between 1970 and 1980, without subsequent thinnings.
We selected three trees for each diameter class: 10-30 cm, 30-50 cm and 50-70 cm. To
the longitudinal analysis, we collected discs from seven heights (0, 20, 40, 60, 80 and
100% of commercial stem and at 1.3 m). The barks were removed and it was obtained
opposite wedges until pith and five samples were taken in radial direction from each
disk. In general, there was an increase of wood specific gravity in radial direction. The
average differed significantly along the stem, with decreasing trend of wood specific
gravity in the longitudinal direction. However, average specific gravity at 60% of
commercial height was higher than at 40%, than reducing to the top, indicating effect
of competition that occurred in the area. The no uniform wood along stem indicates
negative effects of the lack of management in the stand.

Massa especifica basica da madeira de Araucaria angustifolia em

povoamento superestocado

Resumo - O objetivo do presente trabalho foi avaliar as variagdes radiais e longitudinais
de massa especifica basica da madeira em um plantio superestocado com 65 anos de
Araucaria angustifolia. O plantio, localizado na Floresta Nacional de Agungui, Campo
Largo, PR, foi desbastado entre 1970 e 1980, ndo havendo registros de desbastes
posteriores a essa data. Foram selecionadas trés arvores para cada classe de diametro:
10-30 cm, 30-50 cm e 50-70 cm. Para a analise longitudinal, foram seccionados discos
em sete alturas (0, 20, 40, 60, 80 e 100% da altura comercial ¢ a 1,3 m do solo), sendo
removidas as cascas e retiradas duas cunhas opostas até a medula e cinco corpos de
prova no sentido radial de cada disco. Em geral, na direcdo radial houve aumento da
massa especifica. As médias da massa especifica diferiram estatisticamente ao longo
do fuste, com diminui¢do da massa especifica na direcdo longitudinal. No entanto, a
massa especifica média a 60% da altura comercial foi maior do que a 40%, com redugao
a partir dessa altura em dire¢do ao topo, indicando efeito da competi¢do que ocorreu
na area. A desuniformidade da madeira ao longo do fuste ¢ um indicativo dos efeitos
negativos da falta de manejo na area.
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Introduction

There are many factors influencing the suitability
of wood to the most various uses. However, many
researchers consider the wood density as the most
important wood quality attribute, since it is related
to many features, including strength, stiffness and
dimensional stability (Panshin & De Zeeuw, 1970;
Burger & Richter 1991; Latorraca & Albuquerque, 2000;
Silva et al., 2004; Jyske et al, 2008). Furthermore, the
determination of wood density is a simple and practical
way of expressing the quality of the wood.

Hereditary tendencies, physiological and mechanical
influences as well as environmental factors and
silvicultural treatments affect the structure of the wood
and thus its density (Kollmann & Cot¢ Junior, 1968;
Panshin & De Zeeuw, 1970). As the stand close and
natural competition starts, the lower branches begin
to die and a progressively stem more free of branches
is produced. As a result, the living crown moves away
from the base, which results in the decrease of wood
production as well as changes in the distribution of
growth along the stem and late wood contents in the
growth rings, being a determining factor in the type of
wood formed in the stem (Larson, 1963).

Thus the impact that thinning exerts on the development
of the crown and on growth rate may have a significant
effect on the wood formation (Malan, 1995). Therefore,
the reduction in the initial growth rate by means of
controlling the initial density of the population and
thinning programming may result in a lower proportion
of juvenile wood in favor of a further increase in the
wood density (Hans et al., 1972).

The wood density variations may be radial (from
pith to bark) and / or axial (from the base to the top),
and are affected by the width of the annual rings or the
percentage of juvenile wood (Kollmann & Co6té Junior,
1968) and intra-ring variation (Panshin & De Zeeuw,
1970). With respect to changes of wood density for
conifers, there is, in general, an increase from pith to bark
and a decrease with the increase in height of the stem
(Elliott, 1970). The degree of wood density variation
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may serve as a parameter for separating the timber into
quality classes according to the part of the tree in which
it was removed.

There is good knowledge of how the leaf organs
control the formation of wood in the stem. When you
know the planting development history, it is possible to
explain how the quality of wood was affected by past
growth conditions (Larson et al., 2001).

The objective of this research was to evaluate,
among trees of different diameter classes, the radial and
longitudinal variations of wood density in an overstocked
plantation of Araucaria angustifolia (Bert.) O. Ktze., in
order to verify probable influences of competition that
occurred in the past.

Material and methods

Study area and data collection

The study was conducted in a plantation of 4.
angustifolia, established in 1946 in the National Forest
(FLONA) of Acungui, located in Campo Largo, Parana
State, occupying an area of approximately 131 ha, with
a record of thinning conducted between 1970-1980.
During this study the stand presented 65 years old and
it was under intense competition.

The trees selected and felled (SISBIO 35355-1)
represent the current diameter classes of 10-30 cm (Class
1), 30-50 cm (Class 2) and 50-70 cm (Class 3). The
samples were collected from three trees per diameter
class.

Samples preparation

For the determination of the radial variation of the
wood density at different heights, each tree had discs
sectioned into seven different heights: 0.10 m, 20%,
40%, 60%, 80% and 100% of the commercial height, and
1.30 m from the ground (dbh). From each disk the barks
were removed and it were taken samples from opposite
wedges (A and B) and five in the radial direction, from
pith to bark, in accordance with the distance from the
pith to the last ring before reaching the bark, as shown
in Figure 1.
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Figure 1.Schematic view of discs and samples collected to determine wood density
in axial and radial directions. Hc = commercial height.

Determination of wood density

The samples for wood density determination were
previously identified and kept submerged in water. A
vacuum pump was used until complete saturation.

The wood density was obtained by the ratio between
the dry mass and the saturated volume. The dried mass
was determined by keeping the wood samples in an oven
at 103 °C £ 2 °C until constant weight. The saturated
volume was determined in wood samples submerged in
water until constant weight. The determination of wood
density was performed according to the NBR 7190 norm
(Associagdo Brasileira de Normas Técnicas, 1997).

Statistical analysis

For data analysis, each tree was considered as a
repetition in its diameter size class. Statistical analyzes
were based on a completely randomized design with
split plots. The effect of the classes in the longitudinal
direction in addition to the effect of this direction in
the radial direction were evaluated through analysis
of variance, by adopting the 95% level of probability;
when differences between the effects in question were
observed, it was applied Tukey test at 95% of probability.

To evaluate the variation in wood density in the
longitudinal direction, the average value of the wedges
on each disc was obtained and, for the variation in the
radial direction, bodies of the test piece 1 to 5 (pith-bark)
of each disk were used.

Results and discussion

The average wood density along the stem presented
no statistical differences among the three diameter
classes considered. So, the variation in wood density in
the longitudinal direction was processed for all classes
together, and it was observed statistically different
averages, as displayed in Table 1.

Table 1. Average values of wood density in the longitudinal
direction of stems of 4. angustifolia.

Averages Standard
Sample Height ( cm%) deviation
g (g.cm?)
0 0.10 m 0.5045 a 0.033326
1 130 m 0.4844 ab 0.022979
0,
5 20% of the 04594 bc  0.021855
commercial height
0,
; 40% of the 04344cd 0023200
commercial height
0,
. 60% of the 04501 be  0.033736
commercial height
0,
s 80% of the 0.4046 d 0.029217
commercial height
0,
p 100% .ofthe' 0.3619 e 0.062852
commercial height
Average 0.4427

In which: averages followed by the same letter do not differ statistically among
themselves according to the Tukey test at 95% of probability.
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A similar result was observed by other authors. While
planting 4. angustifolia in 1971, Wehr & Tomazello
Filho (2000) found no significant differences among
trees from dominated (dbh < 21.50 cm), co-dominant
(21.50 <dbh <31.51 cm) and dominant classes (dbh >
31.52 cm), and observed wood densities of 0.50, 0.53,
0.48 g.cm™, respectively. In 30 years stand of Pinus taeda
L. in southern Brazil, Dobner Junior (2014) concluded
that the wood densities of trees of different diameter
classes are relatively homogeneous regardless of the
thinning variation. Differences were found only in one
class, but these differences were small and presented no
evident relationship with the thinning variants.

In a forest assessment conducted in the study area, the
variables of the crown diameter (cd) and the diameter
at 1.30 m from the ground (dbh) were measured,
determining Pearson correlations at 95% of probability
among these variables. A significant correlation (0.87)
was therefore obtained. As dbh increases, the crown
diameter also increases, thereby resulting in a positive
correlation (Curto, 2015). Thus, it can be considered that
the dimensions of the crowns at the current moment have
been shaped by competition, as its sociological position
is strongly correlated with the dimensions achieved by
the stems.

In a comparison among dominant, co-dominant and
suppressed trees within plantations, Panshin & De Zeeuw
(1970) reported an increase in wood density with the
removal of trees of the same age, when considering the
same sample position within the stems. In this study, the
dominant trees presented tracheids with larger diameters,
shorter lengths and lesser density than suppressed trees.
Beltrame et al. (2010) in a A. angustifolia plantation
established in 1966, found differences in wood density
at 12% moisture among the lower strata (average dbh of
9.8 cm), medium (average dbh of 16.2 cm) and higher
(average dbh of 26.7 cm), which were respectively
0.4404, 0.4725 and 0.5122 g.cm™.

Many studies have examined the relationship
between the population density at a stand and the timber
properties, but few have quantified the relationship
between canopy characteristics and timber properties
(Amarasekara & Denne., 2002; Lachenbruch et al, 2011;
Kuprevicius et al, 2013.). Larson (1963) points out that
in a closed population, the percentage of latewood varies
according to the class and the development of the canopy.
Thus, a dominant tree, with vigorous canopy, produces
wide ranges of early wood and consequently lower wood
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density, since the trees from the lower classes usually
have higher percentage of latewood and therefore a
denser wood compared to those of the upper strata of
the same stand.

The average specific mass obtained (0.4427 g.cm) for
the evaluated trees is close to that found by other authors
that evaluated the same species, even under different
conditions and ages. Mattos et al. (2006) obtained wood
density 0f 0.425 g.cm™ when using samples of nine trees
with 33.5 cm of dbh in a plantation with 38 years old;
Melo et al. (2010), evaluating the wood density of three
trees with dbh greater than 40 cm, from a 50 years old
plantation in the FLONA of San Francisco de Paula,
found an average of 0.435 g.cm?; Mattos et al. (2011)
showed average values of 0.40 g.cm™ for trees with 19
years old, which suffered two interventions of thinning,
and found that the density decreased with height in the
tree; and Rose et al. (2013), using ten samples with
ages ranging between 24-29 years from FLONA Irati,
PR, found average wood density of approximately
0.435 g.cm?.

In general, a decrease in density in the longitudinal
direction is observed. However, at 60% of the commercial
height, the average density was greater than at 40% of
the commercial height (Table 1).

Considering the variation of wood density in
longitudinal direction, the results in the literature show
some disagreement. Nevertheless, according to Elliott
(1970), the decrease in the wood density by increasing
the height is the general trend shown for conifers, which
could be observed in the works of Palermo et al. (2003)
with species of the Pinus, in those of Jyske et al. (2008)
studying Picea abies (L.) Karst. and also in those of
Mattos et al. (2011), who studied 4. angustifolia and
two species of Pinus.

According to Tsoumis (1991), in conifers the trend
to reduce the wood density as tree height increases is
attributed to mechanical and biological factors. Under
the mechanical point of view, the stem is the support of
the tree which under the influence of factors acting in
the canopy, tend to support the various forces, resulting
in the formation of higher wood density and therefore
greater resistance. In additional to mechanical factors,
a greater density in the base of the tree is related to the
formation of the heartwood, and its contribution to the
density differences are more pronounced when the color
contrast between the heartwood and sapwood is intense.
The darker color of the core is caused by deposition of
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extractives, which are lighter than the material of the cell
wall, but their presence contribute to its higher density
because they permeate cell walls or are deposited in
cell cavities.

According to Kollmann & C6té Jr. (1968) when the
development of conifers is slow, the ring width and the
thickness of the transition zone are reduced, and with the
increasing competition the percentage of the initial wood
decreases, and the proportion of latewood increases,
increasing the wood density for slow-growing trees.

According to Larson et al. (2001), with the increase
of the trees age and its growth in height, the closest
portion to the ground becomes farther away from the
most active portions of the crown. Thus, the tracheids
of early and late wood become more differentiated and
the transition region becomes sharp. The maturation
process of the growth rings begins at the stem base and
progresses in height with each increment. The wood in
the portion next and in the crown continues its formation
with similar characteristics to juvenile wood. The
concomitant progression in height increase of mature
wood and decrease in juvenile wood formation results in
a central cylinder of juvenile wood that extends through
the stem. Although the juvenile wood formed in the
young tree is not identical to the wood formed in the
stem next to the crown of old trees, they are sufficiently
similar in their characteristics, so that in practice we
can consider them identical. Furthermore, according to
Tsoumis (1991), the amount of juvenile wood influences
the vertical variation, since a large amount in the upper
part of the stem causes the density values to be smaller
than the base.

In general, it can be noted reduction in wood density
along the stem. The more evident variation was observed
in the sample taken at 100% of the commercial height
(Table 1), where there is a more juvenile wood. Some
reports indicate that the wood density is higher at the
bottom, with a decrease along the stem and an increase
after half of the height towards the top of the tree
(Yanchuk et al., 1983; Vale et al. 1999, 2009) or even
from lower heights, as observed by Dibdiakova & Vadla

(2012). One explanation for the trend of increased wood
density is the response of trees to support the weight of
the branches (Vale et al., 1999). However, differently
than expected, this work noticed the greatest amount at
60% of the commercial height, compared to 40% height,
and observed, from 60%, a new trend of reduction of
wood density towards the top of the tree. Possibly,
reversing the upward trend of the density was a result
of increased competition, which causes enlargement of
the growth rings in the highest parts, resulting in the
formation of more cylindrical stems (Assmann, 1970;
Andrade et al., 2007, Curto, 2015).

The lack of uniformity in the wood density along the
stem could also be the result of a later thinning, since
after this the efficiency of the living crown increases,
resulting in an increased production of wood, being
susceptible to changes in quality, as stated by Larson
(1963). Thus, it is possible to affect the uniformity of
the features of the wood in a stand subjected to thinning
(Peltola et al., 2002). It is important to highlight that a
proper thinning procedure does not aim at enlarging the
diameter growth of dominant trees, but rather at avoiding
the suppression of its growth (Kramer & Kozlowski,
1960).

Brazier (1970), working with Picea sitchensis (Bong.)
Carr also noted that the wood density is influenced
by the growth rate, having as effect an increase in the
initial wood content without a corresponding increase
in the late wood. Thus, when a thinning is followed by
radial increment higher than in previous years, there is a
reduction in the wood density. However, in order to avoid
sudden changes in the growth rate of the diameter as
might occur when thinning is performed with a delay; it
would be better to release it from the competition before
it achieves high levels (Smith et al., 1997).

In order to evaluate the density variation in the
radial direction, all trees were considered regardless of
the current diameter class, since no differences were
found between them when evaluated in the longitudinal
direction. The wood densities in the radial direction at
different heights and in longitudinal direction at different
radial positions are displayed in Table 2.
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Table 2. Wood densities averages in radial and longitudinal directions for A. angustifolia

stems.
Pith Bark
Height  Position 1 Position 2 Position 3 Position 4 Position 5
0 04742 a A0.4923 a A0.4936 a A0.5151 a A0.5144 a A
1 0380 b C0.4394 ab B0.4760 a  AB0.5004 ab A0.5008 ab A
2 03503 b C0.3968 ab B0.4534  ab A0.4885 ab A0.4825 abc A
303389 b C0.3808 b BC0.4239 ab  AB0.4513 be A0.4547 bc A
4 03927 b B0.4216 ab AB0.4479 ab  AB0.4670 abc A0.4573 bc AB
5 0378 b A0.4108 ab A0.4187  ab A0.4309 cd A0.4297 c A
6 03450 b A0.3640 b A0.3743 b A0.3822 d A0.3748 d A

Where: vertical lower case letters indicate the difference in the longitudinal direction; and horizontal uppercase
letters indicate the difference in the radial direction. The averages followed by the same letter do not differ by

Tukey test at 95% of probability.

When assessing the effect of height on the variation
of wood density in the radial direction, it was observed
that the samples in the position 1 (closer to the tree pith)
the wood density was higher on the base, and thereafter
there was no statistical difference as height increased
along the stem, due to the predominant presence of
juvenile wood (Table 2).

Once assessing the wood density variation in the radial
direction in each considered height (Table 2), in general
it was observed an increase in wood density from pith to
bark at all heights, except for the heights 5 and 6, which
statistically showed the same average wood density in
the radial direction, with lower densities compared to
the other heights.

Rolim & Ferreira (1974) studied A. angustifolia trees
of commercial stands with 15 years old and found that
the wood density of each growth ring increased in pith-
bark direction, presenting a markedly linear increment.
The density in that study varied from 0.363 g.cm? in
the ring 2 to 0.522 g.cm™ in the ring 14, showing that
commercial planting trees suffer greater variation of
density in the early years of life in comparison with trees
of natural forests.

The increase in wood density from pith to bark,
obtained from slow growth, may result in better quality
wood. The reduction in initial growth rates by controlling
the initial density of the population in addition to late
thinning may result in a lower proportion of juvenile
wood in favor of a further increase in density. Thus, the
rapid growth achieved in older ages due to silvicultural
operations tends to reduce the wood density near the
periphery and to produce a timber with little or reduced
wood density gradient in the direction from pith to bark
(Hans et al., 1972). The trend of wood density increases
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in radial direction has been addressed by several authors
in different broadleaf species (Rezende & Ferraz, 1985;
Tomazello Filho, 1985; Cruz et al. 2003; Gongalves et
al., 2009; Teixeira et al., 2011), and conifers (Amaral et
al., 1971; Higa et al., 1973; Foelkel et al., 1975; Rao et
al., 1995; Nogueira & Vale, 1997; Pereira & Tomaselli,
2004).

While assessing the influence of thinning on the wood
quality of Pinus elliottii Engelm., Pereira & Tomaselli
(2004) observed increase trends in wood density due
to the rise in the thinning intensity, in the dbh height.
However, the authors explained that the results are due
to the radial variation of the wood density according to
the tree age, with a trend of increase from pith to bark.
In these conditions, we have two factors acting on the
wood density: the competition and the age, both directly
contributing to the increase of this variable.

The reaction of trees to thinning varies according
to the age of the stand, especially as the ratio between
the amount of the active part of the crown and the
height of the stem decreases with the age of no thinned
stands. Trees in stands that remain without thinning,
until the crowns get too small, do not often react to
thinning, possibly because the release increases more
the total respiration than the total photosynthesis. Thus,
it is possible that the trees in overstocked stands have
insufficient reserves to quickly develop a wider crown,
which could be able to carry on some greater production
of photosynthesis. Furthermore, it is possible that the
canopy of such stands contain large proportion of shade
leaves, which may be damaged by a sudden direct
sunlight (Kramer & Kozlowski, 1960).

Even though there are several studies concerning the
influence of thinning on the wood density of conifers,
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the results have been contradictory. Peltola et al. (2007)
and Guller et al. (2012) found that the thinning increased
the average wood density, Barbour et al. (1994) found
a reduction, while others found no thinning effect
on the wood density (Mdrling., 2002; Jaakkola et al,
2005; Jyske et al, 2008;. Vincent et al, 2011.). This
contradiction is reason for discussion, since woods of
different ages have been compared. The magnitude of
such thinning effect on the wood features depend on the
intensity and type of thinning, the species, the condition
of the tree on a stand and whether a juvenile or an adult
timber is formed (Tasissa & Burkhart, 1997).

Once we examine whether the development of the
canopy influences the formation of the timber, it becomes
clear how changes in the growth conditions can affect
this relation. Thus, it can be inferred that the planting
conditions and the silviculture practices can significantly
influence the quality of wood based on alterations in the
crown-stem ratio (Larson et al., 2001), thereby it would
be possible the achievement of a more homogeneous
wood controlling the competition between trees. So,
the management planning aimed at a balanced tree
competition with periodic thinning would enable the
production of wood with less wood density variation, in
order to reduce problems in the mechanical processing,
and also to increase the size of the remaining trees.

Conclusions

The competition does not seem to exert influence on
wood density among trees of different diametric classes
from the same stand.

In general, the density has increased in the radial
direction, from pith to bark, and has decreased in the
longitudinal direction, from base to crown. This trend
has been changed possibly due to a period of intense
competition that caused unevenness wood along the
stem.

References

AMARAL, A. C. B.; FERREIRA, M.; BANDEL, G. Variac¢ao da
densidade basica da madeira produzida pela Araucaria angustifolia
(Bert.) O. Ktze no sentido medula-casca em arvores do sexo
masculino e feminino, IPEF, Piracicaba, n. 2/3, p. 119-127, 1971.

AMARASEKARA, H.; DENNE, M. P. Effects of crown size on wood
characteristics of Corsican pine in relation to definitions of juvenile
wood, crown formed wood and core wood. Forestry, Oxford, v. 75,
n. 1, p. 51-61, 2002. DOI: 10.1093/forestry/75.1.51.

ANDRADE, C.M.; FINGER, C. A. G.; THOMAS, C.; SCHNEIDER,
P. R. Variagdo do incremento anual ao longo do fuste de Pinus
taeda L. em diferentes idades e densidades populacionais. Ciéncia
Florestal, Santa Maria, RS, v. 17, n. 3, p. 239-246, 2007.

ASSMANN, E. The principles of forest yield study. Oxford:
Pergamon Press, 1970. 506 p.

ASSOCIACAO BRASILEIRA DE NORMAS TECNICAS. NBR
7190: projeto de estruturas de madeira. Rio de Janeiro, 1997.

BARBOUR, R. J.; FAYLE, D. C. F.; CHAURET, G.; COOK, J,;
KARSH, M. B.; RAN, S. Breast-height relative density and radial
growth in mature jack pine (Pinus banksiana) for 38 years after
thinning. Canadian Journal of Forest Research, Ottawa, v. 24, n.
12, p. 2439-2447, 1994. DOI: 10.1139/x94-315.

BELTRAME, R.; SOUZA, J. T.; MACHADO, W. G.; VIVIAN,
M. A.; BULIGON, E. A.; PAULESKI, D. T.; GATTO, D. A.;
HASELEIN, C. R. Propriedades fisico-mecanicas da madeira de
Araucaria angustifolia (Bertol.) em trés estratos fitossociologicos.
Ciéncia da Madeira, Pelotas, v. 1, n. 2, p. 54-69, 2010.

BRAZIER, J. D. Timber improvement. II. The effect of vigour on
young-growth Sitka spruce. Forestry, Oxford, v. 43, p. 135-150,
1970. DOTI: 10.1093/forestry/43.2.135.

BURGER, L. M.; RICHTER, H. G. Anatomia da madeira. Sao
Paulo: Nobel, 1991. 154 p.

CURTO, R. A. Avaliacdo do crescimento e potencial de manejo
em plantio superestocado de Araucaria angustifolia (Bert.) O.
Ktze. 2015. 250 f. Tese (Doutorado em Engenharia Florestal) —
Universidade Federal do Parana, Curitiba.

CRUZ, C. R.; LIMA, J. T.; MUNIZ, G. 1. B. Variagdes dentro das
arvores e entre clones das propriedades fisicas e mecanicas da
madeira de hibridos de Eucalyptus. Scientia Forestalis, Piracicaba,
n. 64, p. 33-47, 2003.

DIBDIAKOVA, J.; VADLA, K. Basic density and moisture content
of coniferous branches and wood in Northern Norway. EPJ Web
of Conferences, v. 33, 2012. DOI: 10.1051/epjconf/20123302005.

DOBNER JUNIOR, M. Impacto do manejo de povoamentos na
produtividade e qualidade da madeira de Pinus taeda.2014. 276
f. Tese (Doutorado em Engenharia Florestal) — Universidade Federal
do Parana, Curitiba.

ELLIOTT, G. K. Wood density in conifers. Oxford: Commonwealth
Agricultural Bureaux, 1970. 44 p. (Commonwealth Forestry Bureau.
Technical communication, n. 8).

FOELKEL, C. E. B.; FERREIRA, M.; NEHRING, J. H.; ROLIM,
M. B. Variabilidade no sentido radial de madeira de Pinus elliottii.
IPEF, Piracicaba, n. 10, p. 1-11, 1975.

GONCALVES, F. G.; OLIVEIRA, J. T. S.; DELLA LUCIA, R. M,;
SARTORIO, R. C. Estudo de algumas propriedades mecéanicas da
madeira de um hibrido clonal de Eucalyptus urophylla x Eucalyptus
grandis. Revista Arvore, Vicosa, MG, v. 33, 1. 3, p- 501-509, 2009.
DOI: 10.1590/S0100-67622009000300012.

GULLER, B.; ISIK, K.; CETINAY, S. Variations in the radial growth
and wood density components in relation to cambial age in 30-year-
old Pinus brutia Ten. at two test sites. Trees, v. 26, n. 3, p. 975-986,
2012. DOI: 10.1007/s00468-011-0675-2.

Pesq. flor. bras., Colombo, v. 36, n. 85, p. 51-59, jan./mar. 2016



58 R. A. Curto et al.

HANS, A. S.; BURLEY, J.; WILLIAMSON, P. Wood quality in
Eucalyptus grandis (Hill) Maiden, Grown in Zambia. Holzforschung,
Berlin, v. 26, n. 4, p. 138-141, 1972.

HIGA, A. R.; KAGEYAMA, P. Y.; FERREIRA, M. Variagdo da
densidade basica da madeira de P. elliottii. var. elliottii e P. taeda.
IPEF, Piracicaba, n. 7, p. 79-91, 1973.

JAAKKOLA, T.; MAKINEN, H.; SARANPAA, P. Wood density
in Norway spruce: changes with thinning intensity and tree age.
Canadian Journal of Forest Research, Ottawa, v. 35, n. 7, p.
1767-1778, 2005.

JYSKE, T.; MAKINEN, H.; SARANPAA, P. Wood density within
Norway Spruce stems. Silva Fennica, Helsinki, v. 42, n. 3, p. 439-
455,2008.

KOLLMANN, F. F. P.; COTE JUNIOR, W. A. Principles of wood
science and technology. Berlin: Springer Verlag, 1968. v. 2.

KRAMER, P.J.; KOZLOWSKI T. T. Fisiologia das arvores. Lisboa:
Fundagao Calouste Gulbenkian, 1960. 745 p.

KUPREVICIUS, A.; AUTY, D.; ACHIM, A.; CASPERSEN, J. P.
Quantifying the influence of live crown ratio on the mechanical
properties of clear wood. Forestry, Oxford, v. 86, p. 361-369, 2013.
DOI: 10.1093/forestry/cpt006.

LACHENBRUCH, B.; MOORE, J. R.; EVANS, R. Radial variation
in wood structure and function in woody plants, and hypotheses for its
occurrence. In: MEINZER, F. C.; LACHENBRUCH, B.; DAWSON,
T. E. (Ed.). Size - and age -related changes in tree structure and
function. Dordrecht: Springer, 2011. v. 4. p. 121-164.

LARSON, P. R.; KRETSCHMANN, D. E.; CLARK, A. III; J.
G. ISEBRANDS. Formation and properties of juvenil wood
in Southern Pines: a synopsis. Madison: U.S. Department of
Agriculture, Forest Service, Forest Products Laboratory, 2001. 42
p- (General technical report FPL-GTR, 129).

LARSON, P.R. Stem form development of forest trees. Washington:
Society of American Foresters, 1963. 42 p. (Monograph, 5).

LATORRACA,J. V.F.; ALBUQUERQUE, C. E. C. Efeito do rapido
crescimento sobre as propriedades da madeira. Floresta e Ambiente,
Seropédica, v. 7, n. 1, p. 279-291, 2000.

MALAN, F. S. Eucalyptus improvement for lumber production.
In: SEMINARIO INTERNACIONAL DE UTILIZACAO DA
MADEIRA DE EUCALIPTO PARA SERRARIA, 1995, Sao Paulo.
Anais... Piracicaba: IPEF; IPT; IUFRO; LCF/ESALQ/USP, 1995.
p. 1-19.

MATTOS, B. D.; GATTO, D. A.; STANGERLIN, D. M.;
CALEGARI, L.; MELO, R. R.; SANTINI, E. J. Varia¢ao axial da
densidade basica da madeira de trés espécies de gimnospermas.
Revista Brasileira de Ciéncias Agrarias, Recife, v. 6,n. 1, p. 121-
126, 2011. DOI:10.5039/agraria.v6i1a1080.

MATTOS, P. P. de; BORTOLLI, C. de; MARCHESAN, R.; ROSOT,
N. C. Caracterizacio fisica, quimica e anatdmica da madeira
de Araucaria angustifolia (Bert.) O. Kuntze. Colombo: Embrapa
Florestas, 2006. 4 p. (Embrapa Florestas. Comunicado técnico, 160).

Pesq. flor. bras., Colombo, v. 36, n. 85, p. 51-59, jan./mar. 2016

MELO, R. R.; STANGERLIN, D. M.; DEL MENEZZI, C. H. S.;
GATTO, D. A.; CALEGARI, L.; Caracterizagdo fisica e mecanica
da madeira de Araucaria angustifolia (Bertol.) Kuntze. Revista
Brasileira de Ciéncias Agrarias, Recife, v. 5, n. 1, p. 67-73, 2010.
DOI:10.5039/agraria.v5ila515.

MORLING, T. Evaluation of annual ring width and ring density
development following fertilization and thinning of Scots pine.
Annals of Forest Science, Le Ulis, v. 59, p. 29-40, 2002. DOI:
10.1051/forest: 2001003.

NOGUEIRA, M. V. P; VALE, A. T. Massa especifica basica da
madeira de Pinus caribaea var. hondurensis proveniente de cerrado:
relacdo com a massa especifica basica média e variagao radial e axial.
Revista Arvore, Vigosa, MG, v. 21, n. 4, p. 547-554, 1997.

PALERMO, G. P. M.; LATORRACA, J. V. F.; REZENDE, M. A_;
NASCIMENTO, A. M.; SEVERO, E. T. D.; ABREU, H. S. Analise
da massa especifica da madeira de Pinus elliotti Engelm. por meio de
radiagdo gama de acordo com as dire¢des estruturais (longitudinal e
radial) ¢ a idade de crescimento. Floresta e Ambiente, Seropédica,
v. 10, n. 2, p. 47-57, 2003.

PANSHIN, A. J.; DE ZEEUW, C. Textbook of wood technology.
3 th. ed. New York: McGraw-Hill Book Company, 1970. 705 p.

PELTOLA, H.; KILPELAINEN, A.; SAUVALA, K.; RAISANEN,
T.; IKONEN, V. P. Effects of early thinning regime and tree status
on the radial growth and wood density of Scots pine. Silva Fennica,
Helsinki, v. 41, n. 3, p. 489-505. 2007.

PELTOLA, H.; MIINA, J.; ROUVINEN, I.; KELLOMAKI, S. Effect
of early thinning on the diameter growth distribution along the stem
of scots pine. Silva Fennica, Helsinki, v. 36, n. 4, p. 813-825, 2002.

PEREIRA, J. C. D.; TOMASELLI, I. A influéncia do desbaste na
qualidade da madeira de Pinus elliottii Engelm. var. elliottii. Boletim
Pesquisa Florestal, Colombo, n. 49, p. 61-81, 2004.

REZENDE, M. A.; FERRAZ, E. S. B. Densidade anual da madeira
de Eucalyptus grandis. IPEF, Piracicaba, n. 30, p. 37-41, 1985.

REZENDE, M. A.; SAGLIETTI, J. R. C.; GUERRINI, I. A. Estudo
das interrelagdes entre massa especifica, retratibilidade ¢ umidade
da madeira do Pinus caribaea var. hondurensis aos 8 anos de idade.
IPEF, Piracicaba, n. 48/49, p. 133-141, 1995.

ROLIM, M. D.; FERREIRA, M. Varia¢ao da densidade basica da
madeira produzida pela Araucaria angustifolia (Bert.) O. Kuntze
em funcdo dos anéis de crescimento. IPEF, Piracicaba, n. 9, p.
47-55, 1974.

ROSA, T. S.; HILLIG, E.; VIANA, L. C. Propriedades fisicas da
madeira de Araucaria angustifolia (Bert.) O. Kuntze e sua relagao
com os anéis de crescimento. Ciéncia da Madeira, Pelotas, v. 4,
n. 1, p. 1-14, 2013.

SILVA, J. C; OLIVEIRA, J. T. S.; TOMAZELLO FILHO, M.;
KEINERT JUNIOR, S.; MATOS, J. L. M. Influéncia da idade e da
posicao radial na massa especifica da madeira de Eucalyptus grandis
Hill ex. Maiden. Floresta, Curitiba, v. 34, n. 1, p. 13-22, 2004.

SMITH, D. M.; LARSON, B. C.; KELTY, M. J.; ASHTON, P. M.
S. The practice of silviculture: applied forest ecology. 9th ed. New
York: John Wiley & Sons, 1997. 537 p.



Wood density of Araucaria angustifolia wood from overstocked stand 59

TASISSA, G.; BURKHART, H. E. Modeling thinning effects on ring
width distribution in loblolly pine (Pinus taeda). Canadian Journal
of Forest Research, Ottawa, v. 27, n. 8, p. 1291-1301, 1997.

TEIXEIRA, B.M.R.; EVANGELISTA, W. V.; SILVA, J. C.; DELLA
LUCIA, R. M. Avaliagdo radial e longitudinal das propriedades
mecanicas e da massa especifica basica da madeira de angico-
vermelho (4nadenanthera peregrina (L.) Speg.). Scientia Forestalis,
Piracicaba, v. 39, n. 92, p. 463-468, 2011.

TOMAZELLO FILHO, M. Variagdo radial da densidade basica ¢ da
estrutura anatdmica da madeira do Eucalyptus saligna e E. grandis.
IPEF, Piracicaba, n. 29, p. 37-45, 1985.

TSOUMIS, G. Science and technology of wood: structure,
properties, utilization. New York: Chapman & Hall, 1991. 494 p.

VALE, A. T.; BRASIL, M. A. M.; MARTINS, I. S. Variagao axial
da densidade basica da madeira de Acacia mangium Willd aos sete
anos de idade. Ciéncia Florestal, Santa Maria, RS, v. 9, n. 2, p.
85-92, 1999.

VALE, A. T.; ROCHA, L. R.; DEL MENEZZI, C. H. S. Massa
especifica basica da madeira de Pinus caribaea var. hondurensis
cultivado em cerrado. Scientia Forestalis, Piracicaba, v. 37, n. 84,
p. 387-394, 2009.

VINCENT, M.; KRAUSE, C.; KOUBAA, A. Variation in black
spruce (Picea mariana (Mill.) BSP) wood quality after thinning.
Annals of Forest Science, Le Ulis, v. 68, n. 6, p. 1.115-1.125,2011.
DOI: 10.1007/s13595-011-0127-6.

WEHR, N. J.; TOMAZELLO FILHO, M. Caracterizacdo dos anéis
de crescimento de arvores de Araucaria angustifolia (Bert.) O.
Ktze, através da microdensitometria de raios X. Scientia Forestalis,
Piracicaba, n. 58, p. 161-170, 2000.

YANCHUK, A. D.; DANCIK, B. P.; MICKO, M. M. Intraclonal
variation in wood density of trembling aspen in Alberta. Wood ond
Fiber Science, v. 15, n. 4, p. 387-394, 1983.

Pesq. flor. bras., Colombo, v. 36, n. 85, p. 51-59, jan./mar. 2016








