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ABSTRACT - In the Brazilian planted forest sector, most of the species used are from the genus Eucalyptus.
Even though Southern Brazil has a suitable climate for species of the genus Pinus, the planting of frost-resistant
Eucalyptus species has been increasing annually. The objective of this study was to evaluate the basic density,
fiber dimensions, and chemical composition of Eucalyptus benthamii, Eucalyptus dunnii, Eucalyptus saligna,
and Eucalyptus cloeziana woods. The trees used were from a six-year-old experimental plantation located in
Canoinhas, state of Santa Catarina. For each species, three trees were selected, and discs were removed from
each tree at 0%, 25%, 50%, 75%, and 100% of the commercial stem height. To evaluate the quality of the
wood, the basic wood density, fiber dimensions, and chemical composition of the wood were determined by
comparing the values between species and between the heights in the stem. The highest basic density was that
of the wood of E. cloeziana; this species also had the greatest length and width of fibers. E. dunnii had the
lowest levels of lignin and the highest levels of holocellulose. The highest lignin content was found in the wood
of E. benthamii, E. saligna, and E. cloeziana. The relationship between wood properties and stem height was
not relevant. The results highlight the tendency for higher extractives to be found at taller heights (100%), and
holocellulose and lignin content are similar at all heights.

Keywords: Basic density; Fibers; Wood chemistry.

DENSIDADE BASICA DA MADEIRA, DIMENSOES DAS FIBRAS E COMPOSICAO
QUIMICA DA MADEIRA DE QUATRO ESPECIES DE Eucalyptus PLANTADAS NO
SUL DO BRASIL

RESUMO — No setor de florestas plantadas brasileiro, a maioria das espécies utilizadas sdo do género
Eucalyptus. Embora o Sul do Brasil tenha clima propicio para espécies do género Pinus, o plantio de espécies
de Eucalyptus resistentes a geada vem aumentando anualmente. O objetivo deste estudo foi avaliar a densidade
basica, as dimensoes das fibras e a composi¢do quimica da madeira de Eucalyptus benthamii, Eucalyptus
dunnii, Eucalyptus saligna e Eucalyptus cloeziana. As darvores utilizadas foram provenientes de um plantio
experimental de seis anos localizado em Canoinhas, estado de Santa Catarina. Para cada espécie, trés darvores
Joram selecionadas e os discos foram removidos de cada darvore a 0%, 25%, 50%, 75% e 100% da altura
do caule comercial. Para avaliar a qualidade da madeira, a densidade bdsica, as dimensdes das fibras e a
composi¢do quimica foram determinadas comparando-se os valores entre as espécies e entre as alturas no

Revista Arvore 2023;47:e4704
SF [ http://dx.doi.org/10.1590/1806-908820230000004


https://orcid.org/0000-0002-2730-7681
https://orcid.org/0000-0002-7336-7626
https://orcid.org/0000-0002-8879-2537
https://orcid.org/0000-0002-9785-9537
https://orcid.org/0000-0002-0527-7987
https://orcid.org/0000-0002-9659-9331
https://orcid.org/0000-0003-1574-9623
https://orcid.org/0000-0003-3946-3320
https://orcid.org/0000-0002-5433-1927

Bonfatti Junior EA et al.

fuste. A maior densidade basica foi a da madeira de E. cloeziana; esta espécie também apresentou o maior
comprimento e largura das fibras. E. dunnii apresentou os menores teores de lignina e os maiores teores de
holocelulose. O maior teor de lignina foi encontrado na madeira de E. benthamii, E. saligna ¢ E. cloeziana.
A relagdo entre as propriedades da madeira e a altura do fuste ndo foi relevante. Os resultados destacam a
tendéncia de maiores extrativos serem encontrados nas partes mais altas (100%,), e os teores de holocelulose e

lignina sdo similares em todas as alturas.

Palavras-Chave: Densidade basica,; Fibras; Quimica da madeira.

1. INTRODUCTION

In southern Brazil, the edaphoclimatic conditions
are favorable for Pinus spp. plantations, with the Santa
Catarina state being the second largest holder of forests
of this genus. However, plantations of Eucalyptus spp.
in southern Brazil have been increasing, and between
2009 and 2020, the area of Eucalyptus spp. in Santa
Catarina more than doubled, from 100,140 hectares
to 273,116 hectares, representing more than a third of
all planted forests in that state (Industria Brasileira de
Arvores — IBA, 2021).

Eucalyptus spp. were introduced in Santa
Catarina through the exploration of frost-resistant
species, led mainly by companies in the pulp and
paper sector. However, the wood of these species is
also versatile and can be used to produce sawn wood
in long cycles of rotations, energy, and wood panels
(Oliveira and Pinto Janior, 2021). Furthermore,
wood from Eucalyptus spp. is harvested in short
cycles of rotations of 6 to 7 years, while a similar
volume of Pinus spp. takes 10 to 12 years to achieve
(Lengowski et al., 2020).

Eucalyptus plantations in Southern Brazil show
rapid growth and high productivity due to abundant
rainfall, but many Eucalyptus species have low frost
tolerance, a common climate stress in this region. The
most planted tree in Brazil is the hybrid Eucalyptus
grandis * Eucalyptus urophylla (Lengowski et al.,
2020). However, this hybrid is not frost-resistant
(Kleinpaul et al.,2010) and is not used in the expansion
of Eucalyptus plantations in southern Brazil, for
which other species are being tested.

Knowledge of wood properties, such as basic
density, chemical composition, and fiber dimensions,
is of great importance in determining its proper
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application (Vivian et al., 2015) and diversifying
the timber market and silvicultural expansion.
This information is also useful in targeting forest
genetic breeding, which not only seeks gain in
volumetric productivity, but also an improvement
of wood characteristics and phytosanitary resistance
(Grattapaglia, 2021).

The basic density of wood is one of the most
relevant properties because it is related to most other
wood properties (Gongalez et al.,, 2014), and its
importance is reinforced by its ease of determination
(Diasetal.,2018), whereas the dimensions of the fibers
are important because they are directly correlated with
the properties of the paper produced (Pirralho et al.,
2014). Finally, the chemical characteristics are useful
for predicting and understanding the performance of
wood in chemical processing, for energy production
and in papermaking (Fearon et al., 2020).

Considering the expansion of FEucalyptus
plantations in southern Brazil is recent and there
is a lack of informations about wood from these
plantations, the objective of this research was to
evaluate the basic density, fiber dimensions, and
chemical composition of the wood of Eucalyptus
benthamii Maiden & Cambage, Eucalyptus dunnii
Maiden, Eucalyptus saligna Sm., and Eucalyptus
cloeziana F. Muell., planted in Canoinhas in the
state of Santa Catarina.

2. MATERIAL AND METHODS

2.1. Wood origins and sampling

The wood specimens were obtained from the
rural district of Marcilio Dias in Canoinhas, state of
Santa Catarina, Brazil. The plantation is located at
latitude 26°07'37" S, longitude 050°23'41"” W, and
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at an altitude of 839 m above sea level (DATUM:
SIRGAS2000). According to K&ppen'’s classification,
the local climate is of the Cfb type, without a defined
dry season, with cool summers and frequent frosts in
winter (Alves et al., 2013).

The forest stand was a mixed experimental
plantation in which the trees were planted in a 3 % 3
m spacing level in 2011. The species E. benthamii,
E. dunnii, and E. saligna are suitable for the city of
Canoinhas because they are frost-tolerant (Flores et al.,
2016; Bonfatti Junior and Lengowski, 2017), whereas
E. cloeziana does not have satisfactory growth in the
municipality (Bonfatti Junior and Lengowski, 2017).

The sample collection was undertaken in 2017
when the plantation was six years old. From each
species, three trees were randomly selected, and discs
were removed at 0%, 25%, 50%, 75%, and 100%
of the commercial stem height (minimum usable
diameter: 6cm). Each wooden disc was divided into
six wedges; a pair of opposing wedges was used to

determine the basic wood density, another pair was
ground to determine the chemical composition of
wood, and the last pair was reduced to small fragments
for the measurement of fiber dimensions.

2.2. Wood properties

The basic wood density was determined by
mass weighing and indirect volume measurement
method according to NBR 11941:2003 (Associagdo
Brasileira de Normas Técnicas - ABNT, 2003)
standard in two samples per disc, totalling six
replicates per stem height per species.

For the fiber dimensions, small wood fragments
were macerated. From the macerated tissue, the length,
width, and wall fraction of 100 fibers per stem height
were measured using an optical microscope following
the guidelines of the International Association of
Wood Anatomists — TAWA (1989), totalling 300
replicates per stem height per species.

Table 1 — Results of the determination of basic wood density and fiber dimensions into stem positions.
Tabela 1 — Resultados da determinagdo da densidade basica da madeira e das dimensées das fibras nas posicoes do fuste.

E. saligna E. cloeziana

0.401 B (2.47)
0.440 A (9.19)
0.472 B (3.17)

0.465 AB (2.52)
0.497 A (3.03)

0.436 A (2.67)
0.499 A (6.32)
0.487 AB (5.71)
0.461 AB (1.10)
0.496 A (3.00)

0.922 B (6.38)
0.938 B (7.21)
0.950 B (5.91)
0.989 A (5.72)
0.886 B (7.07)

1.03 A (5.87)
1.03 A (8.01)
1.05 A (7.71)
1.02 A (8.61)
1.02 A (11.10)

17.85 A (12.24)
15.62 AB (13.61)
15.12 BC (16.51)
12.25 C (19.75)
14.62 AB (11.47)

17.35 A (15.81)
17.00 A (18.23)
17.87 A (16.53)
17.75 A (17.64)
16.25 A (16.17)

Total height
proportion E. benthamii E. dunnii
Basic wood density (g cm™)
0% 0.504 A (8.47) 0.538 A (9.25)
25% 0.475 A (1.68) 0.494 A (6.57)
50% 0.479 AB (7.79) 0.539 A (6.57)
75% 0.476 A (3.03) 0.437 B (1.87)
100% 0.461 B (1.28) 0.437 B (0.44)
Fiber length (mm)
0% 0.918 B (9.13) 0.983 A (6.73)
25% 0.989 AB (7.60) 0.964 B (4.29)
50% 0.925 B (8.85) 0.991 A (5.54)
75% 0.933 B (6.45) 0.984 AB (5.24)
100% 0.919 B (6.20) 0.880 B (6.21)
Fiber width (um)
0% 17.65 A(11.31) 1597 A (16.73)
25% 15.75 AB (9.07) 14.50 B (13.24)
50% 16.00 BC (11.60) 14.00 C (10.68)
75% 15.37 B (15.18) 15.12 B (12.55)
100% 16.00 A (15.28) 14.00 B (12.15)
‘Wall fraction (%)
0% 31.61 C (22.40) 62.01 A (25.78)
25% 45.14 C (25.25) 66.87 A (16.40)
50% 46.13 B (18.63) 60.40 A (21.58)
75% 41.61 B (16.07) 61.36 A (16.51)
100% 41.10 B (24.44) 59.69 A (25.29)

52.01 B (28.05)
55.67 B (27.15)
63.51 A (22.78)
65.75 A (18.76)
46.76 B (22.89)

59.72 A (14.71)
47.87 AB (20.00)
4596 B (21.71)
46.46 B (23.02)
50.14 AB (27.90)

Means followed by different letters, considering the line, are different according to the Tukey test (p<0.05). Values in parentheses represent the cocfficient of variation

in percentage.

Meédias seguidas de letras diferentes, considerando a linha, sdo diferentes de acordo com o teste de Tukey (p<0.05). Valores em parénteses representam o coeficiente
de variagdo em porcentagem.
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Wood samples for chemical analysis were
prepared according to TAPPI T 257 sp-14 (Technical
Association of Pulp and Paper Industry - TAPPI,
2014) in five samples per species. The total extractive
content according to TAPPI T 204 cm-17 (TAPPI,
2017), acid-insoluble lignin content according to
TAPPI T 222 om-15 (TAPPI, 2015), acid-soluble
lignin content according to Goldschimid (1971), and
ash content according to TAPPI T 211 om-16 (TAPPI,
2016) were determined. The total lignin content was
determined by the sum of the acid insoluble and acid
soluble lignin contents, and the holocellulose content
was calculated by subtracting the total content of
extractives and the total lignin content from 100%.
Three replicates were determined, totalling nine
replicates per stem height per species.

2.3. Statistical procedures

To check for residual normality and variance
homoscedasticity, the data were subjected to the

Table 2 — Results of the determination of wood chemical composition.

Bonfatti Junior EA et al.

Shapiro-Wilk test and Bartlett test, respectively.
How these assumptions were achieved, the data were
subjected to analysis of variance (ANOVA), and when
significant differences were detected between species,
the Tukey test was used at 5% of significance. To
assess the variation in wood properties in the axial
direction of the stem (bottom to top), the data were
plotted in histograms. All the statistical procedures
were performed using the R language, version 4.1.0
(R Core Team, 2021).

3. RESULTS

3.1. Comparison between species

The results of the basic wood density and fiber
dimensions of the four evaluated Eucalyptus species,
considering the differences between species, are
shown in Table 1.

E. cloeziana had a higher density at all heights,
whereas E. benthamii and E. dunnii had lower densities

Tabela 2 — Resultados da determinagdo da composi¢do quimica da madeira.

Total height

proportion E. benthamii E. dunnii E. saligna E. cloeziana
Total extractive content (%)
0% 4.33 A (5.34) 3.44 AB (9.68) 2.98 B (2.16) 427 A(11.28)
25% 2.84 AB (12.91) 1.95C (7.11) 2.41 CB (1.01) 3.60 A (5.27)
50% 3.36 AB (1.29) 3.76 A (2.03) 3.02 B (2.55) 2.87 B (10.31)
75% 3.40 AB (9.53) 3.28 AB (7.99) 2.28 B (11.82) 4.33 A (5.66)
100% 4.67 A (2.95) 3.72 A (6.43) 5.02 A (1.39) 4.31 AB (7.36)
Total lignin content (%)
0% 28.12 A (1.90) 24.49 B (2.83) 28.13 A (0.95) 27.68 A (3.87)

25% 2634 A (0.20) 21.86 B (0.21) 26.80 A (6.66) 27.27 A (2.53)
50% 26.75 A (8.30) 21.62 B (3.27) 26.70 AB (1.02) 22.11 AB (1.13)
75% 26.61 A (1.73) 22.78 B (0.87) 26.98 A (2.04) 25.76 A (2.67)
100% 26.45 AB (5.53) 23.33 B (2.87) 27.42 A (0.36) 26.38 AB (0.74)
Holocelullose content (%)
0% 67.55 B (0.48) 72.06 A (1.47) 68.88 B (0.30) 68.04 B (0.92)
25% 70.82 B (0.44) 76.95 A (0.12) 70.78 B (2.55) 69.13 B (0.76)
50% 69.88 A (3.21) 74.62 A (1.09) 70.27 A (0.51) 75.02 A (0.75)
75% 69.99 B (1.15) 73.94 A (0.08) 70.73 B (0.42) 69.90 B (0.68)
100% 68.88 B (2.44) 72.95 B (1.31) 67.55 B (0.05) 69.30 AB (0.17)
Ash content (%)
0% 0.61 B (3.81) 0.82 A (2.61) 0.49 C (5.91) 0.28 D (1.76)
25% 0.53 A (12.99) 0.57 A (6.17) 0.50 A (1.33) 0.31 B (6.53)
50% 0.69 A (6.05) 0.66 A (0.52) 0.62 A (0.84) 0.40 B (5.52)
75% 0.71 A (12.86) 0.67 A (0.52) 0.70 A (6.51) 0.32 B (3.41)
100% 0.77 A (5.43) 0.82 A (4.73) 0.74 A (2.20) 0.37 B (6.29)

Means followed by different letters, considering the line, are different according to the Tukey (p < 0.05). Values in parentheses represent the coefficient of variation in

percentage.

Médias seguidas de letras diferentes, considerando a linha, sdo diferentes de acordo com o teste de Tukey (p < 0.05). Valores em parénteses representam o coeficiente
de variagdo em porcentagem.
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at the tallest heights, and E. saligna had higher density
at the tallest height. E. cloeziana had the longest fiber
lengths, with the length being longer than 1 mm, whereas
the fiber lengths of the other species did not show a clear
trend. The fiber width exhibited the same trend as the
fiber length. E. dunnii had fibers with the largest fraction
of walls, while those of E. benthamii were the thinnest.

E. benthamii had the highest content of extractives,
E. dunnii had the lowest levels of lignin and the highest
levels of holocellulose and ash, and E. cloeziana had
the lowest ash content. The highest lignin content was
found in E. benthamii, E. saligna, and E. cloeziana,
and did not differ statistically at all heights (Table 2).

3.2. Variation of wood properties in the axial
direction of the stem

The four species showed different patterns in
the basic density profile of wood. E. benthammii had

the highest basic wood density at 0% and declined
followed by stabilization at other heights. The
highest basic wood density of E. dunnii was found at
heights 0 and 50%, and the lowest, with no statistical
differences between them, were found at heights,
25, 50, and 75%. Basic wood density of E. saligna
showed a tendency to increase with increasing height,
while E. cloeziana had a constant basic wood density
along the stem (Figure 1).

The effect of height on the fiber dimensions is
shown in Figure 2, in which Figure 2A shows the
fiber length results, Figure 2B shows the fiber width
results, and Figure 2C shows the wall fraction results.

The fiber length did not vary in the wood samples
of E. benthamii and E. cloeziana, whereas in E. dunnii
and E. saligna, the smallest lengths were found at
100% height. E. dunnii had longer fibers at heights
0.50 and 75 %, and E. saligna had longer fibers at 75%
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Figure 1 — Basic wood density of Eucalytpus studed species into stem positions. Means followed by different letters, considering the

height, are different according to the Tukey (p < 0.05).

Figura 1 — Densidade basica das madeiras dos Eucalyptus estudados nas posi¢oes do fuste. Médias seguidas por letras diferentes,
considerando a altura, sdo diferentes de acordo com o teste de Tukey (p < 0.05).
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Figure 2 — Fiber dimensions of Eucalytpus studed species into stem positions. Means followed by different letters, considering the height,
are different according to the Tukey test (p < 0.05).
Figura 2 — Dimensoes das fibras das madeiras dos Eucalyptus estudados nas posigoes do fuste. Médias seguidas por letras diferentes,
considerando a altura, sdo diferentes de acordo com o teste de Tukey (p < 0.05).
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Figure 3 — Wood chemical composition of Eucalytpus studed species into stem positions. Means followed by different letters, considering
the height, are different according to the Tukey test (p < 0.05).
Figura 3 — Composi¢ao quimica das madeiras dos Eucalyptus estudados nas posi¢ées do fuste. Médias seguidas por letras diferentes,
considerando a altura, sdo diferentes de acordo com o teste de Tukey (p < 0.05).
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height. Fiber width tended to decrease with increasing
height in E. benthamii, E. dunnii, and E. saligna,
whereas the fiber widths of E. cloeziana did not vary
in relation to the axial position of the stem. The wall
fraction of E. dunnii was maintained at all heights,
whereas in E. saligna, the wall fraction tended to
increase with increasing height. E. benthamii and E.
cloeziana exhibited contrasting results; in the former
species, the smallest wall fraction was found at the
base of the stem, while in the latter, the largest wall
fraction was found at the stem base.

Figure 3 shows the results of the chemical
composition of the wood, Figure 3A shows the total
extractive content, Figure 3B shows the total lignin
content, Figure 3C shows the holocellulose content,
and the ash content is shown in Figure 4D.

The highest total content of extractives was
found at 100% height; however, in E. saligna,
this value was statistically different from the
value found in the base, whereas in the other three
species they did not vary. The total lignin content
did not vary with height in the wood samples of
E. benthamii and E. saligna, whereas in E. dunnii
and E. cloeziana, the lowest levels of total lignin
were found at the tallest heights. The holocellulose
contentdid not vary in E. saligna,butin E. benthamii
and E. cloeziana, the highest values were found at
intermediate heights of 25 and 50%, respectively. In
E. dunnii, the highest content was found at 25 and
100% heights. E. saligna and E. cloeziana showed a
tendency to have higher ash content with increasing
stem height. E. dunnii had the highest levels at
heights 0 and 100%, and E. benthamii did not show
a clear trend of variation in the ash content, with
the lowest content found at the height of 25% and
the highest at the height of 100%. The ash contents
at heights 0.50 and 75% heights were statistically
equal to the highest values found for that species.

4. DISCUSSION

4.1. Comparison between species

The basic density values found were within the
typical values of wood of Eucalyptus species cultivated
in Brazil for pulp and paper production (0.43 and 0.55
g cm3) (Gomide et al., 2005). Fast-growing trees are
expected to have low basic density, as was the case
of the value found (0.38 g cm™) for five-year-old E.
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grandis wood from the state of Rio Grande do Sul,
Brazil, by Cremonez et al. (2019). The four species
in the present study presented satisfactory values
for wood applications in which higher basic wood
densities are favourable, such as to produce cellulosic
pulp and energy (Brand, 2010; Smook, 2016).

Considering the fiber dimensions, all wood
samples were suitable for producing paper. The
differences found in length are not relevant to the
paper properties, as the cellulosic pulp produced from
hardwoods is considered as short-fiber pulp (Smook,
2016). However, the wood of E. benthamii is more
suitable to produce printing and writing paper as it has
a lower wall fraction (Santos and Sansigolo, 2007),
while the wood of other species is more suitable for
producing tissue papers for absorbent purposes, as
fibers with a higher wall fraction absorb more liquid
(Santos and Sansigolo, 2007).

To produce pulp, the lignin is removed by
chemicals for fiber individualization; therefore, the
lignin content directly affects the process because
this compound makes pulping difficult (Lengowski
et al,, 2020). However, the presence of lignin and
total extractives is favorable for energy production,
whereas ash is undesirable for any use (Wastowski,
2018). Despite having the highest ash content, wood of
E. dunnii is the most suitable for producing cellulosic
pulp because it has a higher holocellulose content and a
lower lignin content. The highest levels of lignin were
found in E. benthamii, E. saligna, and E. cloeziana,
among which the most suitable for energy production
was E. cloeziana, which had the lowest ash content.

4.2. Variation of wood properties in the axial
direction of the stem

The idiosyncrasy of a decrease/stabilization
at 0—25% height, followed by an increase at 25—
75% height, and a decrease/stabilization in the
final portion of the commercial height constitutes
a common model. This pattern of longitudinal
variation of the basic wood density of trees of the
Eucalyptus genus has been frequently reported
in the literature (Alzate et al., 2005; Sette Junior
et al., 2012; Gongalez et al., 2014). In the present
study, only E. dunnii fit into this model, contrasting
the findings of Lopes et al. (2011) that there were
no significant differences in basic wood density at
different heights on the stems of E. dunnii trees.
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The basic density of E. benthamii was higher
at the base than at the other heights, which is in line
with the findings of Benin et al. (2017). E. saligna, on
the other hand, showed an increase in basic density
up to the apex, a pattern similar to that described by
Alzate et al. (2005), whereas E. cloeziana did not
show differences between heights. This homogeneity
of the basic density along the stem of E. cloeziana
was earlier reported by Sturion et al. (1987). It has
been suggested that higher density is associated with
the mechanical requirements to support the stem and
canopy of the trees (Sette Junior et al., 2012), and
that the four species studied have different responses
according to their mechanical requirements.

Earlier studies on the effect of stem height on
the length of wood fibers from species of the genus
FEucalyptus have found varied patterns; the length
increased at greater tree heights (Gongalez et al.,
2014), decreased with increasing height (Valente et
al., 1992; Rocha et al., 2004; Jorge et al., 2000), as
well as did not vary with tree height (Taylor, 1973).
Therefore, it is difficult to characterize the pattern of
fiber length along the stem in Eucalyptus spp. This
was the case for fiber width and wall fraction as well;
no standard pattern was found for these variables
because anatomical variations along the stem for
FEucalyptus species are not consistent (Wilkes, 1988).

The higher concentration of total extractives
at the tallest height is related to the accelerated
physiological activity of the tree in that portion due
to the proximity to the leaves that are responsible for
photosynthesis (Taiz et al., 2014). The higher content
of extractives found at the base of the stem may be
related to the conversion of sapwood into heartwood,
in which extractives are formed and deposited in the
wood (Silva and Trugilho, 2007).

It is expected that the lignin content will increase
with the age of the tree and the holocellulose content
will decrease until they stabilize (Valente et al., 1992;
Silva et al., 2005). It can be considered that E. saligna
trees had already reached this stabilization and trees
of the other species were close to this, as there were
few discs that differed significantly, both in terms of
the lignin content and the holocellulose content.

The variation in ash content is not commonly a
research topic of wood chemistry studies, which is
more commonly used to evaluate the general presence
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of ash and its effects on wood properties. In the present
study, the highest ash content was found at the tallest
height, being statistically equal to the 0% height
position in E. benthamii and E. dunnii. In general, the
variation in ash content was not similar to that of any
of the other wood chemical constituents studied.

5. CONCLUSIONS

The wood with the highest basic density was
found in E. cloeziana, and those with the lowest
density was found in E. benthamii and E. dunnii.

The length of the fibers of E. cloeziana was
the largest, being the only one that exceeded 1 mm,
and fibers of greater width were also found in E.
cloeziana; however only fibers at 50% and 70% tree
heights were in fact significantly superior. The fibers
with the highest wall fraction were those of E. dunnii.

Chemical composition analysis showed that E.
dunnii wood was more suitable for pulping with the
lowest lignin content and the highest holocellulose
content. E. benthamii, E. saligna, and E. cloeziana
had higher lignin contents.

The relationship between Eucalyptus wood
properties and stem height was considered weak. In
terms of basic wood density, each species exhibited
a different pattern.

Considering the fiber length, E. benthamii and E.
cloeziana showed no variation in this variable along
the stem; despite the different variations, E. dunnii
and E. saligna had the smallest lengths at the tallest
height. It was not possible to determine any consistent
behavior for the fiber width and wall fraction.

For extractives, it can be stated there is a tendency
for a higher concentration of them at the tallest height
of the tree (100%), and the content of total lignin and
holocellulose tend to be similar at any height of the tree.
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