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INTRODUCAO

O campo das Ciéncias Agrarias e Ambientais é vasto e dinamico, abrangendo
uma diversidade de abordagens, técnicas e inovacdes essenciais para o avanco da
agricultura, da pecuaria e do manejo dos recursos naturais. Em um mundo em constante
mudanca, em que a sustentabilidade e a busca por solugdes eficientes para os desafios
ambientais sdo cada vez mais urgentes, a contribuicdo dos profissionais das agrarias se
torna fundamental para a construgao de um futuro mais equilibrado e saudavel.

O Volume lll de Estudos em Ciéncias Agrarias e Ambientais reline pesquisas
de autores de diversas partes do mundo, contribuindo com uma série de investigacdes
que exploram desde os fundamentos da agroecologia até as complexas interacdes
entre os seres humanos e o meio ambiente. A primeira parte aborda questdes cruciais
relacionadas a sustentabilidade, desde a utilizacdo de biopreparados como solucdes
ecologicas até a medicao de emissdes poluentes em processos produtivos, refletindo o
compromisso com praticas agricolas que buscam respeitar os ciclos naturais e minimizar
impactos negativos no planeta.

Em seguida, somos conduzidos a uma viagem pelo campo da genética e do
melhoramento de plantas, uma area essencial para garantir a seguranca alimentar global
e 0 uso mais eficiente dos recursos naturais. Através de uma analise detalhada, os estudos
nos apresentam a diversidade genética e os avancos que permitem o desenvolvimento de
culturas mais resilientes e produtivas.

O livro também nos convida a refletir sobre os diferentes aspectos do manejo de
cultivos, abordando desde as propriedades fisicas das madeiras tropicais até as técnicas
agricolas adaptadas a regides semiaridas, sempre com o olhar atento para as melhores
praticas agricolas, que promovem uma integracao harmoniosa entre o ser humano e a terra.

Por fim, encontramos uma sec¢do dedicada a producéo animal, que explora o
papel fundamental da pecuaria na alimentacdo e economia global, além das questbes
relacionadas a saude animal. A conexao entre a producéo e a saude dos animais € uma
chave para garantir a qualidade e a sustentabilidade dos sistemas produtivos, abrangendo
desde praticas de manejo até o desenvolvimento de estratégias veterinarias inovadoras.

Através destes trabalhos, buscamos oferecer uma visédo abrangente e integrada
de diversos aspectos das ciéncias agrarias, com o objetivo de contribuir para o avango do
conhecimento, da pesquisa e da pratica no campo. Este € um convite a reflexdo sobre o
papel fundamental que a ciéncia e a inovacao desempenham na construgcao de um futuro
agricola mais sustentavel, saudavel e préspero para todos.

Desejo a todos uma proveitosa leitura!

Eduardo Eugénio Spers
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ABSTRACT: Several factors, including
density and moisture content, influence
wood shrinkage. In general, higher density is
associated with more significant shrinkage.
In addition to being a physical characteristic
of economic and ecological interest, density
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TROPICAL WOOD SPECIES

determines the value and utility of wood. It is
highly correlated with mechanical strength,
stiffness, thermal conductivity and specific
heat properties. This study determined
basic density, anisotropy ratio, and linear
and volumetric shrinkage in wood from five
tropical species. The average basic density
values obtained were: Dendropanax arboreus
(0.50 g/cm3), Lonchocarpus castilloi (0.68
g/cm3), Manilkara zapota (0.84 g/cm3),
Swartzia cubensis (0.72 g/cm3) and Swietenia
macrophylla (0.50 g/cm3). Regarding the total
volumetric shrinkage, S. macrophylla presented
the lowest value (12.46 %), while S. cubensis
showed the highest shrinkage (16.74 %). In
general, the values obtained for the physical
properties of the wood were consistent with
those reported in the literature.
KEYWORDS: Anisotropy ratio.
Shrinkage.

Density.

1INTRODUCTION

Wood is a hygroscopic material that
absorbs and releases moisture depending
on environmental conditions. The moisture
exchange between wood and air depends
on relative humidity, temperature, and water
content in the wood, which significantly
influences its physical properties and
performance. Many of the challenges in its

use as an engineering material stem from
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changes in its moisture content or excessive water accumulation in its structure (Glass
and Zelinka, 2021).

The dimensional movement of wood varies in each of its principal axes. With a
change in moisture content, the variation in the radial direction is approximately 10 times
greater than in the longitudinal direction, and in the tangential direction, up to 20 times
greater (Suchsland, 2004). The shrinkage of wood is influenced by various factors, such
as density, moisture content, and the size and shape of the piece. In general, the higher
the density, the greater the shrinkage.

Density is a key trait of wood, as it determines its value and utility and is highly
correlated with properties such as mechanical strength, stiffness, thermal conductivity
and specific heat (Gutiérrez et al., 2010; Ordonez-Diaz et al., 2015; Pompa-Garcia et al.,
2021). Its study is essential due to its variability and dependence on multiple factors.
In addition, it is an indicator of carbon storage in forest ecosystems and a relevant
parameter in both economic and ecological terms, as it influences the strength, durability
and aesthetics of the manufactured products (Aryal et al., 2022; Pompa-Garcia and
Venegas-Gonzélez, 2016).

Knowledge of wood density is essential for efficient use in forest production and
management (Silva et al., 2010; Goche et al., 2011). In this context, the present study
aimed to determine the basic density, anisotropy ratio and linear and volumetric shrinkage
of the wood of Dendropanax arboreus (L.) Decne. et. Planch., Lonchocarpus castilloi
Standl., Manilkara zapota (L.) Van Royen, Swartzia cubensis (Britton & Wilson) Standl. and

Swietenia macrophylla King.

2 MATERIALS AND METHODS

Wood samples of Dendropanax arboreus were collected in Las Margaritas,
municipality of Hueytamalco, Puebla, and samples of Lonchocarpus castilloi, Manilkara
zapota, Swietenia macrophylla and Swartzia cubensis came from the ejidos Tres Garantias
and Caoba, in Othon P. Blanco, Quintana Roo, as well as from the ejido Nuevo Becal, in
Calakmul, Campeche (Figure 1).
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Figure 1. Location of the sites of origin of the samples.
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Test samples of approximately 2 x 2 x 2 cm were prepared for each species
and origin. These were placed in a desiccator with distilled water and subjected to a
vacuum until saturation. The saturated volume of each cube was determined by water
displacement on an analytical balance (ASTM, 2015), while its dimensions were measured
in the longitudinal, tangential and radial directions with a digital vernier calliper with a
precision of + 0.01 mm. The specimens were then left to dry at room temperature in the
laboratory. They were repeatedly weighed until a constant weight was reached, thus
allowing the evaluation of the equilibrium moisture content (Figure 2).

Figure 2. a) Determination of the weight of the test pieces on an analytical balance, b) Measurement of dimensions
with a digital vernier, c) Conditioning of the test pieces in the laboratory at room temperature.

Finally, the test pieces were dried in an oven at 103 + 2 °C for 48 hours and then

placed in a desiccator with silica gel for 15 minutes. The weight and dimensions in an
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anhydrous state were recorded to calculate the moisture content in a saturated and
equilibrium state using the following equation:
MC (%) = ux 100
W,

Where:

MC = Moisture content (%)

w, = Initial weight of the sample (g)

W_= Weight in the anhydrous state of the test piece (g)

The wood'’s basic density (Bd) was calculated as the ratio between the anhydrous
weight and the saturated volume of each cube.

Where:

B, = Basic density (g/cm?)

W = Anhydrous weight (g)

S = Saturated volume (cmq)

Total shrinkage and anisotropy ratio were determined with the following
expressions according to Suchsland (2004):

Dimension change (T,R,L)
x

TLs (%) = 100

Initial dimension

Vs (%) = 100[1 — (1 — 0.01 Ts)(1 — 0.01Rs)(1 — 0.01Ls)]

ANR = 1
" Rs

Where:

TLs = Total linear shrinkage (%)

Vs = Total volumetric shrinkage (%)

ANR = Anisotropy ratio

TR L = Tangential, radial and longitudinal direction

Ts,Rs,Ls = Total tangential, radial and longitudinal shrinkage
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The data obtained were subjected to an analysis of variance (ANOVA) and a Tukey
test for comparing means with a significance level of a = 0.05, using the SAS statistical
program (SAS, 2000).

3 RESULTS AND DISCUSSION

The average initial moisture content for the five species studied ranged from a
minimum of 55.7% in Manilkara zapota to a maximum of 127.9% in Dendropanax arboreus,
while the average equilibrium moisture content varied from 7.0% in D. arboreus to 81% in
M. zapota.

The ANOVA results showed significant differences between species (p < 0.05) in
all the physical properties analysed: basic density, linear and volumetric shrinkage, and
the anisotropy ratio.

Basic density is a key property in economically interesting wood species, since it
influences their dimensional stability, which is directly related to shrinkage. The wood with
the highest density was M. zapota (0.84) and the lowest density was D. arboreus (0.50)
and Swietenia macrophylla (0.50). Intermediate density values were obtained in Swartzia
cubensis (0.72) and Lonchocarpus castilloi (0.68). Figure 3 shows the variation in basic

densities obtained for each species, and the average values are summarised in Table 1.

Figure 3. Basic density of the wood of the species studied.
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Table 1. Average values of basic density, linear, radial, tangential and longitudinal shrinkage.

Linear shrinkage (%)

Basic density
Species
(g/cm?d) Radial Tangential Longitudinal

Dendropanax arboreus 0.50+0.023¢cf 7.43+2.959%d 918+4.978%cd 0.79+0.879%d

Lonchocarpus castilloi 0.68+0.038°%b 4.70+1.597b 743+2.763°b 0.86+0.504s5c
Manilkara zapota 0.84+0.097%ae 6.47+2.974%ad 912+2.894°cd 0.66+0.524%ac
Swietenia macrophylla 0.50+0.0495¢c 4.86+1.812%b 7.05+£0.949%e 1.300.811%ef

Swartzia cubensis 0.72+0.098°b 8.22+1.652%ab 1015+2.408%bc 0.80+0.487¢ac

sStandard deviation. Values with the same letter are not significantly different (p < 0.05).

Table 2. Average values of total volumetric shrinkage and anisotropy ratio.

Volumetric shrinkage

Species %) Anisotropy ratio
Dendropanax arboreus 1519+1.287°b 1.89+0.281%a
Lonchocarpus castilloi 13.98+1.805%ac 1.58+0.7765c
Manilkara zapota 16.08+2.251°hd 1.40+0.7465dc
Swietenia macrophylla 12.44+1.693%ac 1.45+0.338%dc
Swartzia cubensis 16.65+1.739°b 1.23+0.328°c

sStandard deviation. Values with the same letter are not significantly different (p < 0.05).

The average basic density values obtained for Dendropanax arboreus were higher
than those reported by Torelli and GoriSek (1995), and by Martinez et al. (2001), who found
a respective average basic density of 0.42 and 0.44 g/cm3. Regarding the contractions,
the average values reported by these authors are lower than those of this study, both in
radial contraction (4.74%, 414%) and volumetric contraction (13.47%, 11.17%). In tangential
contraction, the values obtained by Torelli and Gorisek (1995) were higher (9.16%), while
Martinez et al. (2001) found lower contractions (7.0%). The anisotropy ratio was lower than
that indicated by Torelli and Gorisek (1995) (1.93), but higher than the value determined by
Martinez et al. (2001). The current study’s higher density and volumetric shrinkage suggest
that wood is more prone to dimensional changes, which may influence its industrial use.

For Lonchocarpus castilloi, the average basic density obtained (0.68 g/cm3) is
similar to that determined by Barcenas (1995) (0.69 g/cm3) but lower than the values
of Torelli and Gorisek (1995) (0.822 g/cm3) and Huerta & Becerra (1982) (0.72 g/cms3).
Regarding the radial shrinkage, the average value obtained is closer to that of Torelli and
Gorisek (1995) (4.97%) but is higher than the values determined by Huerta & Becerra
(1982) (3.22%) and Barcenas (1995) (3.62%). The tangential shrinkage is in an intermediate
range, lower than that reported by Barcenas (1995) (7.89%) and Torelli and Gorisek (1995)
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(7.63%), but higher than that found by Huerta & Becerra (1982) (6.00%). The volumetric
shrinkage obtained was higher compared to the values determined by Huerta & Becerra
(1982) (10.66%), Barcenas (1995) (12.73%) and Torelli and Gorisek (1995) (12.22%). The
RAN in this study is similar to that determined by Torelli and GoriSek (1995) (1.53), but
lower than those of Barcenas (1995) (2.18) and Huerta & Becerra (1982) (1.86). The wood
of this species has a moderate density with relatively high shrinkage, which must be
considered in its drying and processing to avoid deformations and dimensional defects.

The basic density of Manilkara zapota determined is similar to that reported by
Huerta & Becerra (1982) (0.86 g/cm3), Barcenas (1995) (0.86 g/cm3) and Chan-Coba et
al. (2022) (0.83 g/cm3), but lower than that indicated by Torelli and Gorisek (1995) (0.98
g/cm3). The radial shrinkage of this study is intermediate between the value of Huerta &
Becerra (1982) (6.98%) and Torelli and GoriSek (1995) (5.80%) but higher than that of
Barcenas (1995) (4.65%). The determined tangential shrinkage is lower than that obtained
by Huerta & Becerra (1982) (9.87%) and Torelli and Gorisek (1995) (917%) but higher
than that of Barcenas (1995) (5.46%). The volumetric shrinkage is similar to that indicated
by Barcenas (1995) (15.40%) and higher than that found by Huerta & Becerra (1982)
(12.19%) and Torelli and GoriSek (1995) (14.43%). The RAN obtained is higher than that
reported by Barcenas (1995) (1.17) but lower than the values of Huerta & Becerra (1982)
(1.41) and Torelli and Gorisek (1995) (1.58). This high density of the wood species and high
volumetric shrinkage mean it is more susceptible to dimensional changes. It also suggests
that controlled drying strategies should be applied to minimise wood deformations and
improve its stability in industrial applications.

In the study, the average basic density determined for Swartzia cubensis was
lower than that obtained by Huerta & Becerra (1982) (0.77 g/cm?3) and by Torelli and
Gorisek (1995) (0.99 g/cm3). The radial shrinkage was higher than that reported by Huerta
& Becerra (1982) (5.68%) and by Torelli and GoriSek (1995) (7.60%). In the tangential
shrinkage, Torelli and Gorisek (1995) determined a higher value (10.45 %) than that
obtained in this study, which is lower than that found by Huerta & Becerra (1982) (8.49%).
Volumetric shrinkage was higher than the value of Huerta & Becerra (1982) (15.28%), but
lower than that of Torelli and Gorisek (1995) (17.25%). The RAN value is lower than the
values presented by Huerta & Becerra (1982) (1.49) and by Torelli and GoriSek (1995)
(1.38). The low RAN value of this species indicates that the wood has a lower risk of
deformations during drying.

The average basic density of Swietenia macrophylla is higher compared to the
values reported by Barcenas (1995) (0.42 g/cm?3) and Torelli and GoriSek (1995) (0.43
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g/cm3). The radial and volumetric shrinkage values are higher than those obtained by
Barcenas (1995) (4.27%, 910%) and Torelli and Gorisek (1995) (4.08%, 11.535); while in the
tangential shrinkage and the RAN, the values obtained are lower than those found by Torelli
and Gorisek (1995) (7.77%, 1.90) but higher than those of Barcenas (1995) (6.11%, 1.43).
High volumetric shrinkage suggests controlled wood drying to minimise deformations and
improve industrial applications’ performance.

The anisotropy ratio indicates the risk of distortions and warping in wood. The
higher the anisotropy ratio, the more likely a piece will warp due to humidity changes during
drying or in service. For the species analysed, tangential shrinkage was approximately 1.5
times radial shrinkage.

Glass and Zelinka (2021) mention that wood shrinkage depends on multiple
factors, although in general terms, volumetric shrinkage is associated with high-density
values. This study identified a linear relationship between basic density and total volumetric
shrinkage, with a coefficient of determination R2 = 0.27 (Figure 4).

Figure 4. The linear relationship between total volumetric shrinkage and basic density of the species studied.
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4 CONCLUSIONS

The physical properties of the wood of the species studied were similar to those
reported in the literature. Swartzia cubensis showed the highest volumetric shrinkage,

although not the highest density. Dendropanax arboreus, on the other hand, showed the
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highest anisotropy ratio, indicating a greater susceptibility to deformations during drying

or in service due to changes in humidity.
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