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Amazon false cedar: a substitute for medium-density timbers from
vulnerable species

Some Amazon timber species, such as Cedrela odorata and Swietenia macrophylla, are considered vulnerable due to overexploitation. Cedrelinga cateniformis,
known as false cedar, has a medium-density wood that may replace species under great commercial pressure. We have assessed some physical (basic and apparent
density; tangential, radial, and volumetric shrinkage) and mechanical properties (resistance to parallel compression, shear, static bending, and static bending
stiffness), as well as the shear strength in the bonding surface. With an average apparent density of 0.721 g/cm?, the C. cateniformis wood presented density and
shrinkage classified as medium and anisotropy coefficient of 1,654. The mechanical properties were similar or superior to higher density woods. C. cateniformis
fits the C20 resistance class, with the potential to substitute species such as Couratari oblongifolia, Vochysia maxima, Cedrela odorata, and Swietenia macrophylla.
The shear strength in the bonding surface was lower than that of solid wood and the wood failure percentage was below the recommended. However, the results
indicate that it is possible to find an efficient bond when evaluating different bond pressures. C. cateniformis have also a high potential for timber plantations, due
to its ecological characteristics, for instance, resistance against the Meliacea shoot borer and association with mycorrhiza.
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Cedro falso da Amazénia: um substituto para madeiras de densidade
média de espécies vulneraveis

Algumas espécies madeireiras da Amazénia, como Cedrela odorata e Swietenia macrophylla, sdo consideradas vulneréveis devido a superexploragdo. Cedrelinga
cateniformis, conhecido como falso cedro, possui uma madeira de densidade média que pode substituir espécies sob grande pressdo comercial. Avaliamos algumas
propriedades fisicas (densidade basica e aparente; retragdo tangencial, radial e volumétrica) e mecanicas (resisténcia a compressdo paralela, cisalhamento, flexdo
estética e rigidez de flexdo estética), bem como a resisténcia ao cisalhamento na superficie de ligagdo. Com densidade aparente média de 0,721 g/cm?, a madeira
de C. cateniformis apresentou densidade e retragdo classificadas como médias e coeficiente de anisotropia de 1.654. As propriedades mecanicas foram
semelhantes ou superiores as madeiras de maior densidade. C. cateniformis se enquadra na classe de resisténcia C20, com potencial para substituir espécies como
Couratari oblongifolia, Vochysia maxima, Cedrela odorata e Swietenia macrophylla. A resisténcia ao cisalhamento na superficie de colagem foi inferior a da madeira
maciga e o percentual de ruptura da madeira abaixo do recomendado. No entanto, os resultados indicam que é possivel encontrar uma colagem eficiente ao avaliar
diferentes pressdes de colagem. C. cateniformis também apresenta alto potencial para plantagdes madeireiras, devido as suas caracteristicas ecoldgicas, por
exemplo, resisténcia a broca Meliacea e associagdo com micorriza.

Palavras-chave: Propriedades tecnoldgicas; Unido; Meliaceae; Cedrorana.
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INTRODUCTION

Despite the wide variety of tree species in the Amazon Forest, only a small number of these are
traded as timber (MOUTINHO et al., 2011), which results in considerable ecological pressure on them
(BARBOSA et al., 2010; REIS et al., 2019). The recommendation of lesser-known woods to replace those of
greater exploitation is possible through the evaluation of their physical and mechanical properties (Reis et
al., 2019; NASCIMENTO et al., 1997; LOBAO et al., 2011).

In general, studies aim mainly to replace species with higher density wood (ARAUJO et al., 2020;
COSTA et al., 2012; MOREIRA et al., 2019; BALBONI et al., 2018), due to their expressive commercial value.
However, there are lower wood density species with high added value, such as Brazilian cedars Cedrela
odorata and Cedrela fissilis (MOTTA et al., 2014; FERNANDES et al., 2018), which are considered vulnerable
due to their excessive logging (BARSTOW, 2018). From the same family (Meliaceae), the Brazilian mahogany
(Swietenia macrophylla) also has medium density wood (LANGBOUR et al.,, 2011) and is considered a
vulnerable species due to its logging.

There is, however, within the great Amazonian biodiversity, a species which similarity to cedars has
earned it the name 'Cedrorana' (false cedar, in local indigenous language). This species, Cedrelinga
cateniformis, occurs throughout the Amazon forest (HAAG et al., 2020), including experimental planting fields
(HIGUC, 1981; MAGALHAES et al., 2000).

When compared to Cedrela sp., Cedrelinga cateniformis has several silvicultural advantages. As it
belongs to the Fabaceae family, it is not susceptible to the mahogany shoot borer Hypsipyla grandella (PENA-
RAMIREZ et al., 2011), and it is associated with nitrifying bacteria (MVAGALHAES et al., 1984). Although its
wood presents interesting characteristics, good mechanical resistance (GONCALVES et al., 2001; DIAS et al.,
2004), dimensional stability (FERNANDES et al., 2018) and durability (HAAG et al., 2020), C. cateniformis has
little market recognition.

Higher density wood tends to present bonding problems, due to its low porosity, high extractive
contents and low dimensional stability (VICK, 1999). Unlike high-density wood species, Cedrorana has the
potential to compose engineered products, such as glued laminated wood and cross-laminated wood. Glued
products are a trend in the timber industry, as they allow the construction of large structures with smaller
pieces and the removal of wood defects (MIOTTO et al., 2010), which can be a great additional stimulus for
the use of Cedrorana wood.

In this study we evaluated the potential of C. cateniformis wood to replace commercial Amazonian

species of medium density and compose engineered wood products.

MATERIALS AND METHODS

Cedrorana wood (C. cateniformis) was acquired through institutional partners of the Federal
University of Western Pard - UFOPA. The species was identified in the laboratory through wood anatomy

analysis, comparing it with samples from the wood collection of former SUDAM (Superintendence of Amazon
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Development), now in the custody of the UFOPA Wood Technology Laboratory.

The ASTM D143 standard (ASTM INTERNATIONAL, 2008) was used to determine the physical
properties (shrinkage, density and anisotropy coefficient) and the mechanical properties (compression
parallel to the fibers, shear and static bending). The mechanical tests were conducted in a universal testing
machine with a capacity of 300kN. Fifteen samples represented C. cateniformis wood in each evaluated
property: shear, parallel compression and static bending strength, as well as stiffness on static bending.

The characteristic value in the compression parallel to the fibers test (fc0,k) was calculated according
to the NBR7190 standard (ABNT, 1997) and classified into one of the resistance classes proposed by it. The
relationship between properties obtained, was compared to the

The bond strength was assessed according to the ASTM D905 standard (ASTM INTERNATIONAL,
2008). The bonding was carried out with a commercial one-component polyurethane adhesive, following the
manufacturer's guidelines (grammage of 200 g.m-2 and bonding pressure of 0.7 MPa). In addition to the shear
strength in the bonding surface, the proportional area in which the shear rupture occurred in the wood was
calculated.

Descriptive statistics was used to analyze the evaluated variables for C. cateniformis wood. The
comparison of shear strength in solid and glued wood was carried out by the T test as data presented normal
distribution, assessed by graphical comparison between the observed and theoretical quantiles. All statistical

analysis and graphs plotting were performed with software R (R DEVELOPMENT CORE TEAM).

RESULTS E DISCUSSION
Physical properties

Cedrelinga cateniformis showed a mean value of 0.567 for basic density (table 1), 20.6% higher than
that found by Gongalvez et al. (2001) and 28.9% higher than that described by IBAMA (1997). The apparent
density at 12% moisture content also followed the same trend and was higher than that reported in the
literature (IBAMA, 1997; GONCALEZ et al., 2001; DIAS et al., 2004). Despite the higher density, the radial,
tangential and volumetric shrinkage were 4.8%, 7.9% and 11.8%, respectively, similar to the values found by
IBAMA (1997). However, the radial and tangential shrinkage were higher to those described by Dias et al.
(2004).

Table 1: Cedrelinga cateniformis physical properties

Peas (g.cm™3) P12% (g.cm3) £r(%) £r(%) £v (%) AC
mean 0.567 0.712 5.013 8.114 10.864 1.654
median 0.604 0.728 4.8 8.414 10.978 1.713
maximum 0.64 0.799 6.275 9.962 11.7 2.35
minimum 0.462 0.552 3.629 5.534 9.644 1.085
CV (%) 6.883 6.931 13.922 11.882 5.035 19.683
SD 0.039 0.049 0.698 0.964 0.547 0.325

€r: Radial Shrinkage; e1: Tangential Shrinkage; ev: Volumetric Shrinkage; AC: Anisotropy Coefficient; pras: Basic density;
p12%: Apparent density at 12% moisture content; CV: coefficient of variation; SD: standard deviation

The anisotropy coefficient is directly related to the timber quality. The value found in this study was
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similar to that described in IBAMA (1997), but differed from Fernandes et al. (2018), who reported an
anisotropy coefficient of 1.31, and Dias et al. (2004), who reported an anisotropy coefficient of 1.83. The
ideal value for the anisotropy coefficient is 1, indicating that there is no difference in shrinkage in the
tangential and radial directions (MORESCHI, 2012). This only occurs in theory and the cited author reports
that woods with anisotropy coefficients between 1.6 and 1.9 are classified as normal woods, which includes

Cedrelinga cateniformis.

Mechanical properties

The values found in the mechanical tests (Table 2) were similar to those described by Dias et al.
(2004), but they are different from those described by Gongalez et al. (2001), who found higher values for
Emo (11.73 GPa) and fm (96.53 MPa).

Table 2: Cedrelinga cateniformis mechanical properties

fco (MPa) fm(MPa) EMo(GPa) fvo(MPa)
mean 45.23 75.84 9.841 11.91
median 44.18 71.33 10.120 11.95
maximum 55.37 105.4 12.430 13.20
minimum 34.41 56.85 7.100 10.16
CV (%) 13.74 22.7 18.24 7.29
SD 6.21 17.21 1.795 0.869

feo: resistance to compression parallel to the fiber, fm: resistance to static bending, Emo: static bending stiffness, fvo:
resistance to shear

C. cateniformis wood density was higher than that reported in the literature. As the density of the
wood has a positive influence on its mechanical properties (ZHANG, 1997; MISSANJO et al., 2016) it was
expected that this wood would also show greater strength and stiffness. However, lower density Cedrorana
wood (DIAS et al., 2004; GONCALVES et al., 2001) showed similar or superior mechanical properties. This
result may be associated with the extractive content, which positively influences the density, but may affect
differently the wood mechanical properties (ARGANBRIGHT, 1971; PANSHIN et al., 1980; GARCIA et al.,
1993). Another possible influence is the characteristics of juvenile wood, which make woods of the same
density less resistant (KNAPIC et al., 2018; BALBONI et al., 2020). Mechanical properties can also be
influenced by genetic factors, since the wood used in this study is from a native forest, with high variability
of competitiveness, soil, water availability, among others.

The discrepancy in the relationship between mechanical properties and density may also be
associated with grain orientation, since C. cateniformis may present intercrossed grain (GONCALEZ et al.,
2001), as confirmed by this study, what can influence positively or negatively the wood shear strenght

(HERNANDEZ et al., 2003).

Simplified characterization

The fvo/fco ratio observed was 0.31, 158% higher than the value indicated (0.12) by the NBR 7190
standard (ABNT, 1997). The same occurred for the Emo/Eco ratio, with a value of 1.68, 86% higher than the
proposed by the cited standard (0.90).
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Tests of compression perpendicular to the wood grain were not performed. Thus, through the feo/fco
ratio, the estimated value for f.o0 was 11.30 MPa, considerably higher (3.2 times) than that found in the
literature, 3.6 MPa (IBAMA, 1997).

The relations analyzed in the Brazilian standard were not representative for C. cateniformis, a
behavior similar to those described by Sales et al. (2018) for 49 Amazonian species. According to the authors,
the divergence is expected due to the wide variety of woods and their different characteristics. Therefore,
caution must be adopted when using these relationships between properties, since, while overestimated
projections of a given property result in excessive use of material, underestimated ones may generate risks

for the structural use of wood.

Characteristic Value and Resistance Class

The characteristic value in parallel compression (fcok) Was 24.75 MPa, what fits C. cateniformis in the
resistance class C20 (ABNT 1997), the same found by Dias et al. (2004). Knowing the resistance class facilitates
the use of combined species, since they are grouped by properties similarity. Species such as Simarouba
amara (JESUS et al., 2015), Erisma uncinatum, Cedrela sp, Cedrela odorata (SALES, 2004) and Schizolobium
amazonicum (ALMEIDA et al., 2013) are also classified in the C20 resistance class and could all be replaced

by or combined with C. cateniformis.

Bonding

The shear strength of glued samples (9.50 MPa) was 79.8% of the value observed for solid wood
(11.91 MPa). The bonding not only affected the average, but also led to an increase in the data variation
(Figure 1). Obviously, high variation values are not desirable since they decrease the predictability of the
wood's behavior and hinder its adoption.

The average percentage of wood failure was low (31.49%), below the 60% recommended for non-
structural products (ASTM INTERNATIONAL, 2005). When observing the shear strength in the bonding surface
in view of the percentage of wood failure, it is noticed that they are not related (Figure 2). However, with the
increase in wood failure, there is a clear reduction in the shear strength variation.

The five samples that showed wood failure above 80% did not belong to the same group of samples,
therefore these high values are not associated with the wood characteristic. Tracking the samples, it was
found that they were at the same position in the press during bonding. Although it was not possible to
determine what caused this major failure in the wood, these data provide a direction for C. cateniformis
bonding. It is possible to reach an adequate percentage of wood failure when evaluating different bonding
pressures. High values in wood failure will certainly lead to less variation in bond strength and an average
closer to that observed in solid wood. This will bring greater possibilities for C. cateniformis wood use, both
in non-structural products and in engineered wood products, a worldwide trend in the wood industry

(MIOTTO et al., 2010).
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Uses for false cedar wood

C. cateniformis wood has properties closer to mahogany species than to cedar species, especially
density, with cedars having the lowest densities (Table 3). Despite having slightly higher shrinkage, the
anisotropy coefficients are in the same order of magnitude as the S. macrophylla and the two species of
Khaya spp.. The timbers with from native forests, C. odorata and S. macrophylla, showed a higher mechanical
efficiency (resistance/density or stiffness/density) than those from planted forests. They are superior to C.
cateniformis mechanical properties, even though they have lower wood density. Despite this, the values are
not disparate and indicate the possibility of using Cedrorana wood to replace C. odorata and S. macrophylla,

species that are considered vulnerable precisely because of their intense logging.

Table 3: Wood properties from cedar and mahogany species from different origins

. Pbas £r £r A.C feo fm Emo
Species (g cm?) (%) (%) (MPa) (MPa) (GPa)
Cedrela odorata® 0.39 9.06 12.1 1.34 54.59 78.37 10.10
Swietenia macrophylla? 0.61* 2.50 3.50 1.40 55.10 88.30 10.96
Khaya ivorensis3 0.49 3.39 5.58 1.65 43.10 78.40 9.58
Khaya senegalensis? 0.59 3.11 5.57 1.79 46.10 83.20 10.17
Toona ciliata® 0.33 3.29 7.13 2.22 26.33 50.81 6.75

* density at 12% moisture content
1 SFB (2020); %2 Langbour et al. (2011); 3 Franca et al. (2015); * Trianoski et al. (2011).

Efforts to replace the mentioned native species have been made towards the introduction of exotic
species, such as the Australian cedar, Toona sp. (PAULINO et al., 2015) and the African mahogany, Khaya sp.
(REIS et al., 2019). While the former presented less dense wood and lower mechanical properties, Khaya sp.
is quite like Cedrorana.

These exotic species of the genera Toona and Khaya were selected to replace Brazilian cedar and
mahogany because they are from the same botanical family (Meliaceae) and consequently have similar
wood. One of the problems reported for the cultivation of Cedrela sp. and Swietenia sp. is the mahogany

shoot borer Hypsipyla grandella, a moth which larvae damages the apical bud of these species (PAUL et al.,
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2013), causing the main trunk to bifurcate, which devalues the wood. There are also reports of H. grandela
attacks on Khaya sp. (ZANETTI et al., 2017) and the preference for oviposition in Toona ciliata rather than in
the Brazilian mahogany (COSTA et al.,, 2000). Because Cedrorana belongs to another botanical family
(Fabaceae), it is not, and hardly will be in the future, a host to the mahogany shoot borer, a great silvicultural
advantage of C. cateniformis in relation to exotic cedars and mahogany.

Another important advantage of species from the Fabaceae family is their association with nitrifying
bacteria, what allows them to develop in poor soils (MAGALHAES et al., 1984). The authors also reported that
the association of Cedrorana with mycorrhizae promotes a high rooting rate, even in unfavorable soil
conditions. These characteristics are strong evidence that, in addition to providing wood through sustainable
logging of native forests as a replacement for vulnerable species, C. cateniformes also has the potential to be
used in commercial plantations.

Besides Cedrela sp. and Swietenia sp., Cedrorana can replace other woods as well, such as tauari,
Couratari oblongifolia, quaruba, Vochysia maximum (IBAMA, 1997) since it has similar mechanical properties.
These species are used in light external and internal, structural and decorative civil construction, and utilities
in general. Regardless of the substitution of other established wood species, C. cateniformis is always pointed
out in the literature as a high-quality wood that could be used externally due to its high durability (HAAG et
al., 2020).

Due to its properties, especially the physical ones, the studied species has potential to be used in the
industry of engineered wood products. Although it was not possible to identify the best procedure for an
appropriate bonding in this study, it generated subsidies for specific studies in the future.

In addition to wood bonding, we suggest that the properties of Cedrorana wood from plantations to

be evaluated, mainly from short cutting cycles, since this is a trend in tropical forestry.

CONCLUSIONS

Cedrelinga cateniformis wood was considered as medium density, medium shrinkage and classified
as normal wood by its anisotropy coefficient. The mechanical properties were slightly lower than those
reported in the literature for the same species. The relationships between mechanical properties proposed
by the NBR7190 standard were not representative for C. cateniformis. The shear strength in bonding surface
and the proportion of wood failure did not present satisfactory results. However, the data indicated that it is
possible to find an appropriate adhesion when evaluating different pressures during bonding. Cedrelinga
cateniformis was fit in class C20, with potential to be used for the same purposes as species such as Couratari

oblongifolia, Vochysia maximum, Cedrela odorata and Swietenia macrophylla.
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