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ABSTRACT – The objective of this study was to determine the effects of tree age and of pith-bark and base-
top positions on anatomical characteristics, and the effect of age on the chemical components of Schizolobium
amazonicum (Paricá wood). The material was obtained from commercial plantations in the states of Maranhão
and Pará with ages of 5, 7, 9 and 11 years. The first three logs (2.7 m length each) were obtained from the
trees of each age. Only the effect of age was analyzed for the chemical characterization of the wood. The
dimensions of the fibers increased along the pith-bark direction, while wall thickness decreased and the length
of the fibers increased with aging. The width of the fibers and the lume diameter increased in the base-top
direction. Paricá wood presented low extractive and hemicellulose content, and high cellulose content. The
anatomical characteristics were more affected by the factors under study than the chemical composition,
evidencing that the chemical elements of the wood are more stable with aging in relation to the anatomical
characteristics.

Keywords: Schizolobium amazonicum; Wood quality; Influence of age.

PROPRIEDADES ANATÔMICAS E QUÍMICAS DA MADEIRA JUVENIL DE
PARICÁ

RESUMO – O objetivo deste trabalho foi determinar os efeitos da idade das árvores e das posições medula-
casca e base-topo nas características anatômicas e o efeito da idade nos componentes químicos da madeira
de Schizolobium amazonicum (paricá). O material foi obtido de plantios comerciais nos estados do Maranhão
e Pará, com idades de 5, 7, 9 e 11 anos. Das árvores de cada idade foram obtidas as três primeiras toras
(de 2,7 m de comprimento cada). Para a caracterização química da madeira analisou-se apenas o efeito
da idade. As dimensões das fibras aumentaram no sentido medula-casca, enquanto a espessura da parede
reduziu e o comprimento das fibras aumentou juntamente com a idade. A largura das fibras e o diâmetro
do lume aumentaram no sentido base-topo. A madeira de paricá apresentou baixo teor de extrativos e de
hemiceluloses, e alto teor de celulose. As características anatômicas foram mais afetadas pelos fatores em
estudo do que a composição química, evidenciando que os elementos químicos da madeira são mais estáveis
com a idade em relação aos caracteres anatômicos.

Palavras-Chave: Schizolobium amazonicum, Qualidade da madeira, Influência da idade.
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1. INTRODUCTION

Brazilian flora is extremely rich in biodiversity and
only a small number of species have been studied in
terms of characterization and for defining rational uses.
The national and international timber market has a small
number of commercially accepted species, and this
restriction is due to the incipient knowledge of the
characteristics of other non-traditional wood-based
essences. Moreover, the absence of studies on quality
and the potential of wood promotes a lack of information,
even for genera that already have economic importance,
leading to a decline in usage possibilities and increasing
substitution by other materials (Baldin et al., 2016;
Klein et al., 2016).

The native species Schizolobium amazonicum
(Huber) ex. Ducke, Caesalpinaceae family, popularly
known (in Brazil) as Paricá or pinho-cuiabano, has
been cultivated in the northern region of Brazil for
producing laminated veneers for manufacturing plywood;
and also in forest replenishment as an option for land
use in order to recover areas altered by agriculture
and livestock (Modes, 2016). This species is notable
for its rapid growth (cutting cycles around 6-7 years
of age), a straight stem and a low incidence of nodes,
which increases the yield of good quality sheets. Due
to its low density, the wood does not require cooking
for lamination, which reduces the final production costs.
These advantages have motivated an increase in
commercial plantations of this species, reaching an
area of 90,047 ha in 2015 (IBÁ, 2016).

In tropical countries such as Brazil, the cutting
cycles are short due to favorable conditions for growth
and timber production, making forestry enterprise more
profitable. Much research has already been developed
with fast growing species of the genus Eucalyptus
and Pinus to determine the effects of age and trunk
positions on wood properties (Valente et al., 2013).
However, this research is still scarce for the native
species of the Amazon and other regions.

Anatomical information on the dimensions of Paricá
wood fibers and vessels will support studies for their
use in new products, such as cellulosic pulp and paper
(Silva et al., 2013); LVL - Laminated Veneer Lumber
(Iwakiri et al., 2010; Melo and Del Menezzi, 2015), MDF
- Medium Density Fiberboard (Ribeiro, 2015) and OSB
- Oriented Strand Board (Ferro et al., 2015); as well
as panels and glue laminated timber – GLULAM

(Terezo and Szücs, 2010; Almeida et al., 2011). In
addition, the sheet bonding process for producing
plywood, application of adhesives and preservatives,
and the wood drying and finishing can be improved
when the variability and proportion of vessel elements
in Paricá wood are known in relation to age and position
in the trunk.

In order to determine the potential of new products,
it is necessary to evaluate the different chemical
components of the wood, since its constituents are
related to its properties and also to its products. For
example, wood with high uronic acid content consumes
more amount of alkali during woodchip cooking for
the production of cellulosic pulp (Gomide et al., 2005).

The chemical and anatomical composition of wood
varies between species and within the tree itself; and
this occurs due to environmental, genetic and age factors
(Trugilho et al., 1996). According to the authors,
variations in the chemical and anatomical element values
occur throughout the course of years until transition
to adult wood, when they remain more or less constant.

Variability of these components within the tree
among pith-bark and base-top directions must be
considered when analyzing the chemical and anatomical
characterization of wood. With this sampling, it is possible
to understand the heterogeneity of these wood
components in the tree, and to identify its best
technological use (Valente et al., 2013).

The information contained in this study will help
support future selection, genetic improvement and
forestry management of this Amazonian species,
contributing to improving the quality and increased
use of this wood. Our objective was to determine the
effects of tree age as well as pith-bark and base-top
positions of the commercial trunk on the characteristics
of fibers and vessels, and the effects of age on the
chemical components of Paricá wood.

2. MATERIAL AND METHODS

The material used in this work was collected at
commercial plantations of companies located in Pará,
Brazil. Four different ages were evaluated: the five-
year plantation was located in the municipality of Itinga
do Maranhão - MA (Latitude: 04°40’ and longitude:
47°36’), while seven-year trees were collected in the
region of Dom Eliseu - PA (Latitude: 04°12’ and longitude:
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 47°27’), and nine and eleven-year plantations were
both located in the municipality of Paragominas - PA
(Latitude: 02°48’ and longitude: 47°25’). All four
plantations were spaced 4 x 4 m.

The climate of the localities is humid mesothermic,
with an average annual temperature around 25ºC and
mean daily minimums around 20ºC, with average rainfall
between 2,250 and 2,500 mm. The rain periods are not
distributed equally throughout the year, with the highest
concentration between January and June (about 80%).
The relative humidity of the air was around 85%.

Four trees were randomly selected (considered
repetitions) for each age studied. After being harvested,
the trees were sectioned into 2.7 m logs from the base,
and the first three logs were analyzed in this study.
Cross-sectional disks were removed from the base of
each log, totaling three disks per tree and 12 per age
to be used in the anatomical and chemical analyses
of the wood.

The anatomical characterization of the wood was
carried out from pith-to-bark and from base-to-top of
the commercial stem. Three 1.0 x 1.0 x 1.0 cm samples
were taken from each disc at equidistant points,
corresponding to 0, 50 and 100% of the pith-bark section,
thereby totaling 144 samples for maceration and cross-
sections for measuring the tangential diameter and
frequency of the vessels.

Macerates for characterizing the fibers were prepared
using glacial acetic acid solution and hydrogen peroxide
(1:1) (Dadswell, 1972). The mixture was oven-dried at
60°C for a period of 34 hours. The sheets were assembled
and the individual fiber dimensions were measured.
Cell wall thickness was determined by half the difference
between the fiber width and the lume diameter. The
indices used for the fiber and paper quality analyses
were then calculated from these parameters. The Runkel
index determination was obtained by the ratio between
the wall thickness and the fiber lume diameter, and
the felting index through the length and width ratio
of the fiber, with all dimensions being in the same
measurement units. The coefficient of flexibility was
determined by the lume diameter and the fiber width
ratio, and the wall fraction by the wall thickness and
total fiber width ratio.

With the aid of sliding microtome, anatomical
sections of the cross-section (18 m thickness) were
made to measure the tangential diameter and frequency

of the vessels. The anatomical sections were
clarified with 60% sodium hypochlorite solution and
then stained with 1% safranin; permanent sheets were
subsequently assembled.

An optical microscope with an imaging acquisition
system coupled with a camera was used, allowing
visualization of the fibers and vessels directly in the
monitor and for later image capture with the aid of
AxioVision software.

Only the effect of age was analyzed for the chemical
characterization of Schizolobium amazonicum wood,
without considering the pith-bark and base-top variability
regarding trunk positioning. Two opposing wedges
were removed from each wooden disk, each
corresponding approximately to 1/8 of the disc section,
and which were later reduced to sawdust using a Wiley
laboratory mill (TAPPI, 1996). The sawdust was then
retained in 40 and 60 mesh sieves for chemical analyzes
(SCAN, 1989).

Wood free of extractives was initially obtained,
and then the other chemical analyzes were carried out
from the remaining extract, except for the analysis of
the ash content and elemental wood composition.
Determination of the elemental chemical composition
was carried out with the sawdust retained in the 80
mesh sieve via dry combustion in a Perkin Elmer elemental
analyzer. Syringyl/guaiacyl lignin (S/G) was determined
by HPLC after sawdust oxidation with nitrobenzene,
and carbohydrates were determined by gas
chromatography after acid hydrolysis.

The norms and methodologies used for chemical
characterization were: ashes (TAPPI, 2012), extractives
in acetone (Solar et al., 1987), extractives in cyclohexane/
ethanol (TAPPI, 1998/1999), extractives in hot water
(TAPPI, 1994), Klason lignin (TAPPI, 2011), acid-soluble
lignin (TAPPI, 1991), total uronic acids (Scott, 1979),
syringyl/guaiacyl lignin (S/G) (Lin and Dence, 1992)
and carbohydrates (TAPPI, 2009).

For anatomical characterization, the experiment
was performed according to a complete factorial analysis
with three positions in the pith-bark direction (0, 50
and 100%), three base-top positions (logs 1, 2 and
3) and four ages (5, 7, 9 and 11 years), totaling 36
treatments with four replicates. For chemical
characterization, the experiment followed a completely
randomized design with four ages and four replicates.
The results were interpreted using analysis of variance,
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and the Tukey test was applied for averages at 5%
significance when there was a difference established
between them.

The Pearson correlation matrix at 5% significance
was applied to evaluate the possible correlations between
the anatomical and chemical properties of the wood
and the variables, age, and sampling positions.

3. RESULTS

3.1. Characterization of fibers and vessels

Overall, the fiber and vessel dimensions showed
variations in relation to age and pith-bark and base-
to-top direction of the trees. However, no significant
interaction between these factors were found.

Variations in the pith-bark direction were more
expressive than those observed at different ages and
along the trunk. All anatomical parameters of the fibers
and vessels were correlated with the pith-bark position.
In general, the trees’ age was the variable that least
influenced the anatomical elements of the wood.

Regarding the fiber dimensions, only the width
and lume diameter at the base-top positions of the
trunk were significant. Both the frequency and the
tangential diameter of the vessels were significantly
affected by the positions along the trunk.

The following trends for Paricá wood fibers were
observed (Figure 1):

a) The fiber length was proportional to the increase
in age, increasing in the pith-bark direction (in the
positions of 0 to 100% of the radius), however, without
any significant changes along the height of the trunk.

b) The width and lume diameter of the fibers were
greatest in nine-year-old wood.

c) Wall thickness decreased with increasing age.
The increase in wall thickness was observed in the
pith-bark direction, however no variations in the base-
top direction were noticed.

d) Length was the fiber variable that presented
the most variation both in terms of age and in the pith-
bark position.

e) Pith-bark variation was more pronounced than
what was seen in the base-top direction, while the age
variation was less relevant than that occurring inside
of the trees.

The age and base-to-top position significantly
affected the four anatomical indices used to evaluate
the fiber quality for cellulosic pulp production (Table
1). Regarding the pith-bark positions, only the felting
index varied significantly. However, no significant
interactions between the factors studied were
observed for fiber quality indices.

Despite the significant effect of age, no clear
variation regarding the decrease or increase in
coefficient values was found, similar to what was
observed for the pith-bark and base-top positions
of the trunk regarding the felting index.

We found that the age of the trees did not alter
the frequency of the vessels, however the tangential
diameter was significantly influenced by the passing
of years (Figure 2). The following results for vessel
characteristics can be observed:

a) A decrease in vessel frequency was observed
for the two forms of trunk sampling evaluated. In
general, the number of vessels per mm² presented
a 35% reduction in the pith-bark direction, and 16%
along the height of the trees.

b) Contrary to frequency, the tangential diameter
increased for all factors studied, meaning according
to the age and the sampling positions.

c) In general, vessel diameter increased 30 and
12% in the pith-bark and base-top directions of the
trees, respectively. The values of vessel tangential
diameter at 11 years were 15% greater compared to
at the age of 5 years.

3.2. Chemical composition

The effect of age on the chemical composition of
Paricá wood is shown in Table 2. The elemental composition
values among the ages were not compared since there
were no repetitions during the analyzes.

The extractives content soluble in acetone and hot
water were not affected by aging. Age only influenced
solubility in ethanol. The wood at younger ages was more
soluble in ethanol, unlike wood at a more advanced age
which presented greater solubility in hot water at nine
years.

The trees’ age also influenced uronic acid content
in the wood, as the youngest age presented the highest
average value.
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Figure 1 – Effect of age, pith-bark and base-top positions on length, wall thickness, lume width and diameter of the Paricá
wood fibers. Means followed by the same letter do not differ by Tukey test at 5% of significance

Figura 1 – Efeito da idade e posições medula-casca e base-topo no comprimento, espessura da parede, largura e diâmetro
do lume das fibras da madeira de paricá. Médias seguidas pela mesma letra não diferem entre si pelo teste de
Tukey a 5% de significância.
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Average raminana content decreased and average glycan
content increased with increasing age. Average xylan and
4-O-methyl-glucuronic acid contents did not show a definite
variation. Cellulose content increased with age, while
hemicellulose content decreased (Table 2).

Age (years) Base-top position (Log) Pith-bark position (%)
Index

5 7 9 11 1 2 3 0 50 100
CFlex 0.75 b* 0.76 b 0.78 a 0.76 b 0.75 b 0.77 a 0.77 a 0.76 a 0.76 a 0.77 a
WF 0.12 a 0.11 a 0.10 b 0.11 a 0.12 a 0.11 b 0.11 b 0.11 a 0.11 a 0.11 a
FI 20.00 c 31.00 b 30.00 c 33.00 a 33.00 a 31.00 b 31.00 b 35.00 a 28.00 c 31.00 b
RI 0.24 a 0.23 a 0.21 b 0.23 a 0.24 a 0.22 b 0.22 b 0.23 a 0.23 a 0.22 a

Table 1 – Indicative coefficients of Paricá fiber quality for the production of cellulosic pulp according to age, base-top
and pith-bark positions.

Tabela 1 – Coeficientes indicativos de qualidade das fibras de paricá para produção de polpa celulósica, em função da
idade e posições base-topo e medula-casca.

Cflex: coefficient of flexibility; WF: wall fraction; FI: felting index; and RI: Runkel index. *Means followed by the same letter in the
same line and for the same factor do not differ among themselves by the Tukey test at 5% significance.

Figure 2 – Effect of pith-bark and base-top position and of tree age in the frequency and tangential diameter of Paricá
wood vessels. Means followed by the same letter do not differ from each other by the Tukey test at 5% significance.

Figura 2 – Efeito da posição medula-casca e base-topo e da idade das árvores na frequência e diâmetro tangencial dos
vasos da madeira de paricá. Médias seguidas pela mesma letra não diferem entre si, pelo teste de Tukey a 5%
de significância.

The ash content of the wood was higher at five years,
however it did not definitively increase with advancing age.

Insoluble and soluble lignin contents did not differ
between ages, and age influenced the syringyl/guaiacyl ratio

(S/G), but without demonstrating a defined behavior.
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Variáveis
Pearson’s Correlation Coefficients

             Fibers                Vessels        Chemical components

FL* FW DL WT TD VF IL GLUCO GALA MANN

Age 0.31 ns ns -0.22 0.24 ns 0.78 0.96 -0.72 -0.96
Base-top ns 0.24 0.28 ns 0.24 -0.18 ns ns ns ns
position
Pith-bark 0.43 -0.23 ns -0.40 0.70 -0.56 ns ns ns ns
position

Table 3 – Pearson’s Correlations between ages and trunk positions with fibers, vessels and chemical components.
Tabela 3 – Correlações de Pearson entre a idade e posições no tronco com as fibras, vasos e componentes químicos.

FL: fiber length, FW: fiber width, DL: lume diameter, and WT: fiber wall thickness; TD: tangential diameter, and VF: vessel frequency;
IL: insoluble lignin; GLUCO: glucose; GALA: galactose; and MANN: mannose.

Chemical Component (%) Age (years)

5 7 9 11

Elemental Composition:
Carbon 45.39 45.33 45.32 45.65
Hydrogen 6.78 6.20 6.26 6.60
Nitrogen 0.12 0.35 0.14 0.24
Oxygen 47.71 48.12 48.28 47.51

Extractives in Acetone 1.59 1.78 1.60 1.72
Extractives in Ethanol 2.19 b 2.86 a 2.10 b 2.14 b
Solubility in hot water 2.15 2.11 2.49 1.93
Uronic Acids 1.10 ab 0.95 b 1.00 ab 0.95 b
4-O-methyl-glucuronic acid 0.91 ab 0.89 b 1.05 a 0.94 ab
Glycans 50.34 b 50.61 b 51.49 a 51.80 a
Xylan 11.17 a 10.59 b 11.20 a 10.61 b
Galactans 0.48 0.43 0.44 0.41
Arabinans 0.24 0.22 0.24 0.23
Mannans 1.05 c 1.18 a 0.87 d 1.07 b
Raminana 0.27 a 0.26 a 0.25 b 0.24 b
Cellulose(b) 49.32 b 49.45 b 50.65 a 50.76 a
Hemicellulose(c) 15.36 a 14.81 b 14.87 b 14.58 b
Ashes 0.82 a 0.57 c 0.67 b 0.60 c
Insoluble Klason lignin 27.63 27.80 27.85 27.25
Soluble lignin 2.08 1.73 1.83 1.98
Total Lignin 29.71 29.53 29.68 29.23
Syringyl/Guaiacyl Lignin ratio 1.03 a 1.06 ab 1.13 a 1.06 ab
(a) Means followed by the same letter along the same line do not differ by Tukey test at 5% significance. (b) Cellulose content = glucose
– mannose (due to the presence of hemicelluloses glucomannans, with 1:1 glucose:mannose ratio). (c) Hemicelluloses = uronic acids +
xylose + galactose + arabinose + mannose + raminose + glucose (equivalent to mannose due to the presence of glucomannans).

Table 2 – Chemical composition of Paricá wood at different ages.
Tabela 2 – Composição química da madeira de paricá em diferentes idades.

3.3. Pearson’s Correlation

Correlations that were significant for the age and
sampling position factors with the anatomical properties
and chemical components are listed in Table 3.

4. DISCUSSION

4.1. Characterization of fibers and vessels

The variation in size and shape of cellular elements
is less consistent in the base-top direction when

compared to the pith-bark direction of the trunk (Wilkes,
1988). In this context, little consistency in the variation
of anatomical elements in the base-top direction of
fast-growing tropical zone tree species was found by
Urbinati et al. (2003), Rocha et al. (2004), Quilhó et
al. (2006) and Gonçalez et al. (2014).

Fiber length and diameter of Paricá wood vessels
increased with the tree age. Wall thickness decreased
in older trees, contrary to what is reported in the literature
for other species (Silva et al., 2007; Sette Jr. et al., 2012).
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The other parameters did not show the same
consistency. The average fiber length values are in
line with those normally found in juvenile eucalyptus
wood, which is a widely used species for various
purposes in Brazil (Quilhó et al., 2006; Silva et al.,
2007), and those described by Sahrim et al. (1993)
for juvenile Acacia mangium wood planted in Malaysia,
and also slightly smaller when compared to Gmelina
arborea planted in Costa Rica (Roque and Tomazelo
Filho, 2009) and Tectona grandis in India (Bhat et
al., 2001).

Paricá wood has average fiber width and
intermediate lume diameter values when compared to
Eucalyptus and Pinus wood planted in Brazil, and similar
values to the species Schizolobium parayba and Ceiba
pentandra, which are commercially-used Brazilian species
having similar basic density values (Manieri and Chimelo,
1989).

For all ages, the coefficient of flexibility was higher
than that normally found for eucalyptus wood and the wall
fraction was lower (Ferreira et al., 2006; Florsheim et al.,
2009). Ferreira et al. (2006) reported that lower wall fraction
and higher coefficient of flexibility values may present greater
flattening during paper formation, which is desirable for
producing printing and writing paper, and undesirable for
producing tissue paper. The age of five years presented
the best relationship between the variables.

Values above 0.40 for the wall fraction do not produce
good quality cellulose as the fibers are extremely rigid and
poorly flexible (Foelkel and Barrichelo, 1975). For all situations
analyzed for Paricá wood, the wall fraction was lower than
the value suggested by the authors, and the Runkel index
for all factors is considered to be excellent for paper (lower
than 0.25). Based on these indices, this means Paricá wood

has suitable characteristics for paper production.

4.2. Chemical composition

The carbon content of Paricá wood was lower
than that found for eucalyptus planted in Brazil, and
did not present a reduction with increasing age of the
tree, as observed by Gomide and Colodette (2007) for
eucalyptus wood intended for cellulosic pulp production.
A factor of 0.5 is used in forestry projects for evaluating
the carbon stock estimation recommended by the IPCC
(2003), which considers that the carbon percentage
in wood is 50% on average. Thus, the use of this scale
in carbon credit projects with this species would be

overestimating the presence of this element in the wood.

Acetone and the toluene:ethanol mixture were the
most efficient solvents for determining total extractive
content. No variation with aging of the tree was found
regarding the quantities of substances such as (natural)
gums, tannins, sugars, dyes and starch (Oliveira et
al., 2005) for solubility in hot water extracts from the
Paricá wood studied.

The low presence of extractives can be explained
by the low age of the evaluated material, since even
the 11-year-old trees are considered young and still
have heartwood impregnated by these materials. The
heartwood formation process is characterized by an
increase of extractive content in the wood (Silva and
Trugilho, 2003).

In principle, the low extractive content compared
to other tropical species reduces the probability of
interference in the adhesive polymerization process
in the wood veneer/sheet bonding (Lima et al., 2007).
In this study, the extractives present in Paricá wood
were not identified, only their total percentage. However,
it is possible that some components present in extractives,
even at small concentrations, may interfere with the
bonding process of the veneers/sheets. For example,
the pH of some extractives inhibits the chemical hardening
reactions of the adhesive, interfering in the development
of adequate strength and cohesion during the bonding
process (Marra, 1992). Therefore, qualitative studies
of certain extractable components are important for
greater advance in the quality of the wood of this tropical
species.

Glycan content increased with age, and
consequently the cellulose content in wood also
increased with age. In general, hemicellulose content
decreased with age, which can be explained by the
higher deposition percentage of cellulose chains in
relation to the hemicellulose chains. Similar results
were observed by Morais et al. (2017) for wood clones
of Eucalyptus grandis and the hybrid of Eucalyptus
grandis x Eucalyptus urophylla planted in Ipatinga
- MG.

The hemicellulose content in the Paricá wood
was lower compared to the eucalyptus wood (Mokfienski
et al., 2008). This is a positive characteristic, as the
yield in the pulping process is positively correlated
with the glycan content in the wood (Ferreira et al.,
2006).
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Mainly with respect to cellulose content, the
carbohydrate fraction of Paricá wood is similar to some
eucalyptus clones used in the pulp and paper industry
(Mokfienski et al., 2008). In this theme, Morais et al.
(2017) concluded that a comprehensive analysis of
carbohydrates and groups that make up the fibrous
material of wood can be more useful when treated as
cellulose and hemicellulose only, since the final product
is basically composed of these elements, and they
provide reliability for describing the raw material that
arrives at the factory.

Hardwoods can present three different types of
uronic acids: 4-O-methyl-glucuronic acid, D-galacturonic
acid and D-glucuronic acid (Willför et al., 2009). However,
according to the values obtained for the studied wood,
practically all uronic acids found were of a single type,
namely 4-O-methyl-glucuronic acid.

According to the pattern found in the hemicellulose,
and as they are lateral branches of hemicellulosic chains,
the uronic acids content also decreased with the increase
of age. An interesting characteristic is the low content
of uronic acids in relation to eucalyptus wood, which
is an advantage for producing cellulosic pulp due to
the lower consumption of reagents during (wood) cooking
(Gomide et al., 2005).

Several studies have reported that lignin content
tends to decrease with age (Bendtsen, 1978; Sjöström,
1981; Zobel and van Buijtenen, 1989; Trugilho et al.,
1996; Yeh et al., 2006; Guler et al., 2007). This reduction
of lignin with age was not observed for Paricá wood
up to 11 years. A similar situation was observed by
Soares et al. (2015) in the wood of young trees (3, 5
and 7 years old) of the E. grandis x E. urophylla hybrid.
In contrast, Neves et al. (2013) found an increase of
12.1% in the lignin content of Eucalyptus spp. clones
in only one year of tree growth (4 years and 7 months,
and 5 years and 7 months). Thus, the variability of
lignin content with advancing age may be a reflection
of the effect of factors other than age, such as site,
management and genetic potential.

The total lignin content in Paricá wood is high
in relation to other temperate hardwoods such as Fagus
sylvatica (Antonovic et al., 2010), Betula pendula
(Borrega et al., 2011) and Populus sp. (Sannigrahi et
al., 2010), resembling the content present in coniferous
wood. However, hardwoods growing in tropical climates
tend to normally produce high concentrations of lignin,

as is in the case of eucalyptus planted in Brazil, which
has average lignin content between 25 and 30% (Gomide
and Colodette, 2007).

The average value for soluble lignin present in
Paricá wood for the four ages evaluated was 1.89%;
a value below the average (3.5-5.0%) found for
Eucalyptus sp. wood planted in Brazil for production
of cellulosic pulp (Mokfienski et al., 2008).

The S/G ratio showed that the frequency of the
syringil structures was slightly higher than guaiacyl
content in Paricá wood. Higher ratios are desirable
for pulping since syringyl structures can be more easily
degraded by cooking reagents, thus requiring fewer
reagents to achieve the same final Kappa number,
which results in lower yield losses (Colodette, 2006).
For Paricá wood use in the production of cellulosic
pulp, initial studies on the influence of the S/G ratio
on the pulping are recommended, as well as development
of breeding programs with the aim to reduce total
lignin and extractive content and increase the soluble
lignin content.

The ash content is relatively high, being negative
for most chemical wood conversion processes. The
great amount of minerals in Paricá wood is a reflection
of its rapid growth associated with the characteristics
of the growth site and logging at a young age.

4.3. Correlation

The vessel parameters showed a greater correlation
with pith-bark positions in relation to the other
evaluated anatomical characteristics. Despite few
chemical components being related to age, the highest
correlation coefficients of this study were observed.

5. CONCLUSION

Anatomical characteristics were more affected
by age than the chemical composition, demonstrating
that the chemical elements of the wood are more stable
with aging in comparison to the anatomical traits.

Variations in fiber dimensions occurred as a
function of aging, especially regarding the pith-bark
position. The chemical composition of wood also varied
with aging.

In principle, a factor of 0.45 for Paricá wood in
carbon credit projects is recommended, in which the
age of the trees is between five and 11 years.
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Among the analyzed lignin, only the S/G ratio was
influenced by tree age. Paricá wood presented low
extractive content and carbohydrate content similar
to that found for eucalyptus wood.
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