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ABSTRACT — Drying is an important step to using wood and anatomical characteristics influence this process.
Thus, the objective of this work was to evaluate the relationship between anatomy and wood drying. Samples
with 2 x 2 x 4 cm were obtained from eight Eucalyptus urophylla x Eucalyptus grandis clones at 1.3 m height
to evaluate the anatomy and drying in climate chamber during 15 days. Cell wall fraction was established
as the parameter that best correlated with drying, the Pearson correlation coefficient between this parameter
and moisture was -0.8986, -0.6580, 0.9216, 0.8743, 0.7131 and 0.8727 for saturated wood, and after 1, 2.5,
5,10 and 15 days of drying, respectively. The frequency and vessel size, as well as the height and width of
the rays showed low relation with wood drying. Wood anatomy, mainly the cell wall fraction, influences moisture
losses and should be considered in wood drying programs.

Keywords: Cell wall fraction; Eucalyptus; Moisture.

RELACAO ENTRE A ANATOMIA E A SECAGEM DA MADEIRA DE Eucalyptus
grandis X Eucalyptus urophylla

RESUMO — A secagem é uma importante etapa para utilizagdo da madeira e as caracteristicas anatémicas
influenciam neste processo. Desse modo, o objetivo foi avaliar a relagdo entre a anatomia e a secagem da
madeira. Amostras de 2 x 2 x 4 cm de madeira foram retiradas de oito materiais de Eucalyptus grandis
x Eucalyptus urophylla, a 1,3 metros acima do solo para avalia¢do da anatomia e secagem em camara
climatica durante 15 dias. A perda de umidade foi maior nos primeiros dias de secagem e todos os materiais
alcangaram a umidade de equilibrio com 15 dias de secagem. A frag¢do parede foi o parametro que melhor
se relacionou com a secagem, sendo que o coeficiente de correlagdo de Pearson entre este pardmetro e a
umidade foi de -0,8986; -0,6580; 0,9216; 0,8743; 0,7131 e 0,8727 para a madeira saturada e apos 1,
2,5;5; 10 e 15 dias de secagem, respectivamente. O didmetro e a frequéncia de vaso e a altura e a largura
dos raios mostraram baixa relagdo com a secagem. A anatomia, principalmente a fra¢do parede, influenciou
a perda de umidade e por isto, deve ser considerada na elaborag¢do de programas de secagem da madeira.

Palavras-chave: Eucalipto; Fra¢do parede; Umidade.
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1. INTRODUCTION

The wood moisture content reduces the calorific
value and carbonization yield (SWITHENBANK et al.,
2011; ZANUNCIO etal., 2013a), worsens the mechanical
properties (ENGELUND etal., 2013; BELTRAME et
al., 2013), increases the transport costs (ZHU et al.,
2011) and can cause defects such as cracks and warping
(REBOLLEDO etal., 2013), making wood drying an
essential process.

Drying is more intense in wood having high
humidity, with free water loss, which is held by weak
intermolecular bonds (SKAAR, 1972). The wood reaches
the fiber saturation point (FSP) between 20 and 35%
(KOLLMANN; COTE, 1968; BAL; BEKTAS, 2012;
ZANUNCIO etal., 2014). This moisture range indicates
that all free water has been removed, remaining the
water of adsorption. This water is held in the wood
by hydrogen bonds which require higher energy
expenditure for its removal, reducing the drying process
until the wood reaches the equilibrium moisture content
(REZENDE etal.,2010; ENGELUND et al.,2013). The
water of constitution, which is an essential part of
the wood structure, can only be removed by wood
degradation (SIAU, 1971).

Moisture in living trees varies with the annual
seasons, genetic material, between parts of the same
individual (BEDANE etal., 2011; BRAND etal., 2011;
ANANIAS et al., 2013a) and factors inherent to the
wood, including density, anatomical structure and piece
size in concern (REZENDE et al., 2010; ZANUNCIO
etal.,2013b).

The drying process depends upon the raw material
and, therefore, further study is warranted. The aim of
this study was to evaluate the relationship between
anatomy and wood drying in Fucalyptus grandis x
Eucalyptus urophylla wood.

2. MATERIALAND METHODS

Six materials with two-year-old (clones A, B, C,
D, E and F) and two materials with seven-year-old
(clones G and H) of Eucalyptus grandis x Eucalyptus
urophylla clones were studied, utilizing three trees
per sample material. These trees were harvested and
a 0.5 meters log was removed from 1.3 meters above
ground level. Then, The logs were cut to get samples
with 2 x 2 x 4 cm. In each tree, was removed 10 samples
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Figure 1- Removal of the specimens of each of the eight
Eucalyptus grandis x Eucalyptus urophylla clones
for drying experiments.

Figura 1—- Remocdo das amostras de cada um dos oito clones
de Eucalyptus grandis x Eucalyptus urophylla
para experimentos de secagem.

for evaluation of drying and one for anatomical
evaluation (Figure 1).

The microscopic description of the wood was done
according to the International Association of Wood
Anatomists - [AWA (1989), microscopic slides were
prepared according to Johansen (1940) and macerated
according to the recommendations of Franklin (1945).

A total of 75 measurements were recorded for
anatomical parameter. In the histological sections, the
diameter of the vessels and their frequency, as well
as height and width of the rays were evaluated. In
the macerated material, the length, width and lumen
diameter of the fibers were measured. The cell wall
thickness of the fibers was calculated employing the
equation: Cwt = (Fw x Lw)/2, and the cell wall fraction
according to the equation: Cwf= (2 x Cwt)/ Fw) x 100,
where, Wt=wall thickness (um); Fw = fiber width (um);
Lw =lumen width; Cwf = Cell wall fraction (%).

The averages of the anatomical parameters were
subjected to the Scott-Knott test at 5% probability.

The wood samples were saturated to constant weight
and exposed to the drying process in a climatic chamber
at 23°C with 50% relative humidity. The specimens were
weighed twice a day in the first week and once a day
over the following eight days. The moisture on a dry
basis was determined according to NBR 11941: 2003.

The relationship between the anatomy and wood
drying was analyzed by the Pearson correlation
coefficient.

3. RESULTS
3.1. Anatomical analysis

The anatomical parameters evaluated differed
between the genetic materials analyzed (Table 1). This

SIIF



Relationship between the anatomy and... 725

Table 1 — Anatomical analysis of eight Eucalyptus grandis x Eucalyptus urophylla clones.
Tabela 1 — Andlise anatomica das amostras dos oito clones de Eucalyptus grandis x Eucalyptus urophylla.

ClL F.L. (mm) F.D. (um) L.D. (um) C.W.T. (um) C.W.F. (%)
A 0.93 125 ¢ 20.1 3¢ d 12.1%2 ¢ 4.0%2 ¢ 39.7134a
B 0.89'22 b 20.1'51d 12.314 ¢ 3.9100 ¢ 39.2138a
C 0.87'b 18.11%3 ¢ 10.272b 39174 ¢ 43.637b
D 0.79 2 a 15.7 124 a 8.9 174 a 3.4168 4 43.312¢p
E 0.9010.3b 16.6 11.2 b 92 15.6 a 3.7]5.2b 45.113'2C
F 0.82145a 17.652 ¢ 10.5'%% b 3.6'%°b 41,03 a
G 1.00'%2d 18.1114 ¢ 9.8143 b 4.2136d 46.2113d
H 1_0012.1d 17.516'3C 9.115'48. 4.212.7d 48.112'46
Vessel diameter (um) Freq. (pores/mm?) Ray height (um) Ray width (pm)

A 100.1'2 ¢ 11.5%'d 217.8'73 a 8.5183d

B 119.2123 ¢ 7.7°° a 228.91¢ ¢ 6.992b

C 113.21t6d 8.8105p 226.3%01 ¢ 6.31¢5b

D 82.1'%5b 13.9108¢ 207.387 a 5.81%3 a

E 77.5'°%a 14.3102 ¢ 199.3178 a 7.4158 ¢

F 109.6''>d 11.1°%d 306.4'¢3d 7.6'%4 ¢

G 113.2'25d 9.5102p 247.278d 6.5'72b

H 129.410¢ f 10.0°3 ¢ 247.7"74 ¢ 6.5'%%b

CL.= Eucalyptus grandis x Eucalyptus urophylla clone; F.L. = Fiber length; F.D.= Fiber diameter; L.D.= Lumen diameter; C.W.T.
= Cell wall thickness; C.W.F.= Cell Wall Fraction; Freq.= Vessel Frequency. Means followed by the same letter vertically by parameter
does not differ by the Scott-Knott test at 5%. Values in superscript represent the coefficient of variation.

CL.= clone de Eucalyptus grandis x Eucalyptus urophylla; F.L. = Comprimento da fibra; F.D= Didametro da fibra; L.D. = Didmetro
do lume; C.W.T. = Espessura da parede celular; C.W.F.= Frag¢do de parede celular; Freq. = Freqiiéncia de vasos. Médias seguidas
pela mesma letra na vertical por pardmetro ndo diferem pelo teste de Scott-Knott, a 5%. Valores em sobrescrito representam o coeficiente
de variagdo.

is important, because heterogeneous materials are the equilibrium moisture content between 10.68 and
mandatory to more accurately assess the impact of 11.27% after this period (Table 2).

the anatomical parameters on the drying process.
3.3. Relationship between anatomy and drying

3.2. Wood Drying . . .
The relationship between wood anatomy and drying
The initial moisture content of the clones ranged showed the highest Pearson correlation coefficients
from 138.5 to 195.2%, with different drying rates during for lumen diameter, cell wall width and cell wall fraction
the period evaluated; however, all of them achieved (Table 3).

Table 2 — Moisture in eight Eucalyptus grandis x Eucalyptus urophylla clones in the most representative periods for 15
days of drying.

Tabela 2 — Umidade em oito clones de Eucalyptus grandis x Eucalyptus urophylla, nos periodos mais representativos dos
15 dias de secagem.

CL. Wood moisture content during drying (%)
Saturated wood 0.5 days 1 day 1.5 days 2.5 days 5 days 10 days 15 days

A 189.0 145.8 102.9 67.6 30.2 12.8 11.4 10.8
B 195.2 148.1 102.7 66.6 28.2 12.5 11.5 10.6
C 180.0 139.9 107.4 70.1 39.7 13.7 11.5 10.9
D 179.1 132.3 96.0 62.3 34.3 13.4 11.4 11.2
E 159.2 127.6 98.5 76.3 48.9 15.8 11.6 11.2
F 191.8 147.4 105.1 64.5 28.4 12.8 11.6 10.8
G 138.4 108.9 87.1 71.0 46.2 15.8 11.9 11.1
H 153.6 120.5 94.9 78.8 47.2 15.0 11.7 11.2

CL.= Eucalyptus grandis x Eucalyptus urophylla clone.
CL.= clone de Eucalyptus grandis x Eucalyptus urophylla.
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Table 3 — Pearson correlation coefficient between the anatomy and moisture in saturated wood and after 1, 2.5, 5, 10 and
15 days drying in eight Eucalyptus grandis x Eucalyptus urophylla clones.

Tabela 3 — Coeficiente de correlagdo de Pearson entre a anatomia e umidade na madeira saturada e depois de 1; 2,5;
5;10e 15 dias de secagem em oito clones de Eucalyptus grandis x Eucalyptus urophylla.

Anatomical parameter Saturated wood 1 day 2.5 days 5 days 10 days 15 days
F.L. (mm) -0.6882 -0.5475 0.5852 0.5932 0.7218 0.1900
F.D. (um) 0.3843 0.3180 -0.4648 -0.4499 -0.1149 -0.8294
L.D. (um) 0.6537 0.5053 -0.7156 -0.6814 -0.3803 -0.9459
C.W.T. (um) -0.5018 -0.3212 0.4265 0.3983 0.6149 -0.0552
C.W.F. (%) -0.8986 -0.6580 0.9216 0.8743 0.7131 0.8727
Vessel diameter (um) -0.3044 -0.0183 0.4063 0.3596 0.6398 -0.0752
Freq. (poros/mm?) -0.1032 -0.148 0.1884 0.2226 -0.2525 0.5635
Ray height (um) 0.1108 0.1078 -0.2821 -0.2059 0.3768 -0.2463
Ray width (upm) 0.3403 0.3749 -0.3316 -0.2617 -0.1496 -0.4834

F.L. =Fiber length; F.D. = Fiber diameter; L.D.= Lumen diameter; C.W.T. = Cell wall thickness; C.W.F.= Cell Wall Fraction; Freq.=

Vessel Frequency.

F.L. = Comprimento da fibra; F.D= Didmetro da fibra; L.D. = Diametro do lume; C.W.T. = Espessura da parede celular; C.W.F.=

Fracdo de parede celular; Freq. = Freqiiéncia de vasos.

4. DISCUSSION
4.1. Anatomical analysis

Seven-year-old clones, G and H, revealed longer
fibers with thicker walls and higher cell wall fractions.
This difference could be due to the genetic material and
environmental conditions (PILLAI etal.,2013) or plant
age (SILVA et al., 2007). The growing size of the fiber
with advancing age concurs with that reported for
Eucalyptus grandis and Eucalyptus globulus (RAMIREZ
etal.,2009; RAMOS etal., 2011). A greater cell wall fraction
increases the basic density (SETTE JR etal.,2012), which
in turn improves the mechanical properties rendering the
wood more resistant (ABRUZZI et al., 2012).

In fiber classification, the lumen diameter and cell
wall thickness showed higher coefficients of variation.
In the evaluation of the histological sections, the highest
values for the coefficient of variation were found for
the height and width of the rays, showing the wood
anatomical constituents with higher variation.

4.2. Wood Drying

The water losses in the eucalyptus clones were higher
during the first days of drying, similar to that reported
for Eucalyptus urophylla logs (REZENDE etal., 2010;
ZANUNCIO etal.,2013b) and Pinus radiata and Eucalyptus
dunnii lumber (ANANIAS etal.,2013b; SEVERO et al.,
2013). During this period, the loss of free water occurs
because the weak capillary bonding between the wood
and the water molecules gets easily broken, favoring water
loss from the wood (KOLLMANN; COTE, 1968).
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The clones B and G showed the highest and lowest
moisture content after saturation, respectively. However,
the first material lost47.1, 45.3 and 36.1% of'its moisture
after 0.5, 1.0 and 1.5 days drying, respectively, while
the second lost 29.6. 21.8 and 16.1% over the same
time period. Thus, after 1.5 days drying, clone B showed
lower moisture content than clone G and this trend
was repeated until the culmination of the drying process
(Table 2). Maximum moisture content is associated with
the empty spaces within the timber, including the vessels
and cell lumens (SKAAR, 1972). These spaces facilitate
water flow and promote drying (ZANUNCIO etal.,2015).
The fact that materials with higher initial moisture show
a higher drying rate was also reported for the Eucalyptus
urophylla and Corymbia citriodora logs (REZENDE
etal.,2010; ZANUNCIO et al, 2013b).

The highest drying rate of the materials A, B, C,
D and F enabled them to achieve moisture equilibrium
within approximately six days, while the others reached
this plateau at around eight days.

4.3. Relationship between anatomy and drying

The relationship between lumen diameter and cell
wall thickness with drying was higher than that of fiber
length and drying, because the water passed through
the fibers in the cross direction during the drying process
(SKAAR, 1972; ENGELUND etal., 2013). Lumen diameter
and cell wall thickness influenced the wood drying in
different way (KOLLMANN; COTE, 1968; TARMIAN;
PERRE, 2009). These parameters can be related to only
one variable, the cell wall fraction, which showed a greater

relationship with drying.
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The Pearson correlation coefficient between cell
wall fraction and moisture was positive from 2.5 days
of drying, in which materials with lower cell wall fraction
values began to experience lesser moisture due to their
higher drying rate. Therefore, materials with higher cell
wall fraction values have a lower void volume, resulting
in lower moisture when saturated. A greater volume of
fibers evades the passage of water and reduces the drying
speed (KOLLMANN; COTE, 1968; DEROME etal., 2012).

The diameter and frequency of the vessels had a
Pearson correlation coefficient value with drying always
less than 0.65, indicating that it does not influence wood
drying. The vessel elements could have a greater influence
on drying, because it facilitates the water transport within
the wood (SIAU, 1971; AHMED, A.S.; CHUN, 2009).
However, the water output during wood moisture losses
occurs mostly by fiber diffusion (SKAAR, 1972), which
explains the low ratio between the diameter and vessel
frequency with drying.

5. CONCLUSION

Older materials (clones G and H) showed fibers
of greater length and cell wall fraction than younger
materials. Moisture losses were higher during the initial
drying stages and all the materials achieved equilibrium
moisture content after 15 days of drying. The wood
anatomy was related to moisture during all the periods.
The cell wall fraction was the anatomical parameter that
related the best, while diameter and vessel frequency
and the height and width of the rays showed a low
relationship with drying. Thus, wood anatomy should
definitely be considered in the development of wood
drying programs.
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