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ABSTRACT 
 

The Amazon rainforest displays wide ecological diversity, reflected in its wood variation. 
The study evaluated the influence of different locations on the properties of wood from native 
tropical species extracted from the Brazilian Amazon. The most frequent species in 
the locations were selected, and a total of 104 trees were extracted. The logs were sawed 
breakdown to make beams (50 × 110 × 2,000 mm). The wood density and mechanical 
resistance of these samples were determined. The wood density ranged of 0.25-1.00 g/cm3, 
modulus of elasticity and rupture in static bending ranged of 5,982-19,025 MPa and 
35-204 MPa, respectively. For compressive strength parallel to the grain, the range was 
24-111 MPa; the strength of wood compressed parallel was 20-245 MPa, and the shear strength 
was 50-245 MPa. The study detected differences in the physical and mechanical properties of 
the woods regarding the origin of the sites (Amazonas-Pará/Brazil), with the modulus 
of elasticity and the wood density showing the greatest variations. 
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INTRODUCTION 
 

The Amazon tropical forest, with rich ecological diversity, exhibits considerable variation 
in wood characteristics, encompassing density, natural durability, mechanical resistance, types, 
presence of extractives, and aesthetic qualities. Comprehensive knowledge of these wood 
attributes is essential for diverse industrial applications and engineering product development 
(Santos et al. 2022, Nascimento et al. 2023). While studies on physical and mechanical 
properties within species and between trees are more prevalent in temperate zone woods (Lenz 
et al. 2014, Fernandes et al. 2017, Nowak et al. 2021), information about such variables in 
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Amazonian woods is limited due to operational challenges in forest research and restricted 
dissemination of obtained information (Lima et al. 2018, Araújo et al. 2019). 

In technological studies, the primary objective of assessing physical and mechanical 
properties is to comprehend wood behavior for specific end-use classification (Panshin and de 
Zeeuw, Nascimento 2000). Various factors, including growth location, soil and climate 
characteristics, types of cuts, grain direction, xylem tissue type (heartwood and sapwood), 
anatomical features, specific density, moisture content, and chemical composition, can 
influence wood properties (Zieminska et al. 2013, Senalik and Farber 2021). The growth rate of 
tree species, associated with wood density, cell wall thickness, lignin and cellulose content, 
andmechanical strength, may vary (Latorraca and Albuquerque 2000, Araujo et al. 2015). 
Environmental factors, such as rainfall, can impact wood density, influencing properties such 
as the modulus of elasticity and rupture (Xiao et al. 2021). 

Research on Amazonian woods suggests a correlation between basic density distribution 
and mechanical properties. Few studies have explored variations in wood properties across 
different environments, investigating whether habitat influences wood quality. Silva et al. 
(2018) found no significant differences in the physical and mechanical properties of cupiúba 
wood from different locations. In contrast, Benedetti (2018) observed variations in basic 
density, compressive strength, and shear strength for teak wood from distinct regions. 

Understanding the interplay of wood characteristics is relevant for the identification of 
optimal raw material properties for specific applications. The study evaluated the influence of 
different locations on the basic density and mechanical properties of wood from ten tropical 
species native to the Brazilian Amazon. 
 
 

MATERIAL AND METHODS 
 

Sample collection areas and sample preparation 
Three areas were chosen from different parts of the Amazon's characteristic tropical forest 

biome (Fig. 1). The objective of site selection was to sample a spectrum of habitats to compare 
possible site influences. All areas contained intact natural vegetation growing on latosol-type 
soil and a humid tropical climate (Cosme et al. 2017). 

 
Fig. 1: Locations of the three sample collection sites. 
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A summary of the geographic and edaphoclimatic aspects of the sites from which 
the samples were obtained is presented in Tab. 1. A survey of the most frequent species was 
conducted at each of the three collection sites. Subsequently, three to eight individuals of each 
species/site were selected, following the requirement that the species should be common at two 
of the sites, to verify if there is a difference in the properties of the wood, totaling 104 trees 
divided into ten species (Tab. 2). 

 
Tab. 1: Geographical and edaphoclimatic characteristics of the sample extraction areas. 

Location Geographical and edaphoclimatic characteristics of the region 

Site I 
Balbina 
 

The located in the municipality of President Figueiredo (Amazonas, Brazil – altitude of 120 
m) on the perimeter of the Uatumã river watershed (1o 00' and 2o 00' S, 59o 20' and 60o 30' 
W). The site is classified as Ami according to the Köppen system (rainy tropical climate). 
The average annual temperature oscillates approximately 26°C with a small thermal 
amplitude and relative humidity above 80%, with a predominance of dense tropical forest. 
The soil of the areas is sandy latosol, with lithology of kaolinitic sediments, undulating 
relief, and good drainage. The geological formation belongs to the Javari group (Alter do 
Chão or Barreiras Formation) and the Trombetas group (Pitinga and Nhamundá 
Formation). 

Site II 
Curuá-Una 
 

The area is located in the municipality of Prainha (Pará, Brazil – altitude of 46 m) within 
the grounds of the Curuá-Uma Experimental Station, close to the right bank of the 
Curuá-Una River, a tributary of the Amazon River (2o 23' S, 54o 24' W). The climate is 
humid equatorial, featuring a dry season with less than 50 mm of the monthly rainfall. 
The maximum temperature ranges from 30 to 34°C, and the minimum temperature ranges 
from 21.5 to 28.1°C, with an average annual temperature of 27°C. Soils are sandy on 
the flanks and clayey on the plateau. 

Site III 
Tapajós 
 

The region is located in Flona Tapajós, at km 67 (2o 45' S, 55o 00' W) of Highway BR 163, 
Cuiabá-Santarém (Pará, Brazil – altitude of 140 m). It belongs to the Amazon biome, and 
the forest typology is the Dense Ombrophilous Forest of Terra-Firme. The climate is humid 
tropical with an average annual temperature of 25°C, classified as Ami by the Köppen 
system. The average relative humidity is 86%, with an average annual rainfall of 2,111 mm. 
It has flat to undulating topography, with the occurrence of Dystrophic yellow Latosol-type 
soil. 

(INPA/CPPF 1991, Cosme et al. 2017). 
 
Tab. 2: Sample summary of the study to compare the physical and mechanical properties 
of wood from different areas. 

Code Popular name, species, family 
ρbas* 

(g/cm3) 
No. 
trees 

No. 
beams 

No. 
specimens

SP1 Andiroba, Carapa guianensis Aubl., Meliaceae 0.43 10 11 660 
SP2 Caroba, Jacaranda copaia Aubl. D. Don, Bignoniaceae 0.35 13 13 780 
SP3 Cumaru, Dipteryx odorata Willd., Fabaceae 0.97 11 19  1,140 
SP4 Guariúba, Clarisia racemosa Ruiz & Pav., Moraceae 0.59 11 19  1,140 
SP5 Itaúba, Mezilaurus itauba Meissn., Lauraceae 0.79  9 11 660 
SP6 Louro-gamela, Sextonia rubra Mez C. Allen, Lauraceae 0.52  9 10 600 
SP7 Marupá, Simarouba amara Aubl., Simaroubaceae 0.35 10 11 680 
SP8 Melancieira, Alexa grandiflora Ducke, Fabaceae 0.53  6  8 480 
SP9 Quarubarana, Erisma uncinatum Warm., Vochysiaceae 0.50 15 19  1,140 
SP10 Tauari, Couratari stellata A. C. Smith, Lecythidaceae 0.60 10 11 660 

 Total  104  132  7,920 
 *ρbas = basic density (IPT 2020). 

 
Trees were felled, and the trunks were unfolded to make beams (50 × 110 × 2,000 mm) 

randomly extracted from the trunk. It was possible to extract a great number of beams from 
species with larger diameters (> 60 cm). The beams were stacked outdoors, protected from 
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the sun and rain, until they reached 18% moisture content (equilibrium moisture content in the 
region where the samples were tested). After reaching this moisture content, they were placed 
in an acclimation chamber so that their moisture reached a new equilibrium at 12% 
(Nascimento 2000). Sixty specimens were cut from the cross-section of each beam with 
dimensions of 20 × 20 × 30 mm (basic density ρbas n = 10), 25 × 25 × 410 mm (modulus of 
elasticity and rupture - static bending, EM0, fM0 n = 20), 50 × 50 × 200 mm (compressive 
strength parallel to grain fc0, compressive strength perpendicular to the grain fcn, n = 20), and 50 
× 50 × 64 mm (shear strength fs, n = 10), totaling 7,920 samples for use in physical and 
mechanical testing. 

 
Physical and mechanical properties 

The tests were carried out at the Forest Products Research Coordination 
(CPPF/INPA/MCTI/Brazil). The basic density ρbas (g/cm3) was determined as described in 
ABNT NBR 7190 (2022). This method is based on water displacement. The specimens were 
saturated to obtain the green volume, and then, they were dried in an oven (100 ± 3°C) until 
constant weight, as shown in Eq. 1: 

 
ρbas = Ps/Vv                                                                                                                 (1) 

 

where: Ps - the dry weight (g), and Vv - the volume of the specimen in the saturated state (cm3). 
 

For end-use, the normal bulk density should have been determined. Dimensional changes 
should also be analyzed/included. The mechanical tests followed the COPANT No. 555 (1975) 
in dry/normal conditions (12% MC). Static bending tests (modulus of rupture fM0, modulus of 
elasticity EM0) were performed with ten repetitions for each beam. The specimen was 
horizontally coupled (parallel to the grain) in the universal machine (20 t and speed of 
1.0 mm/min.) and subjected to centralized loading, the support distance was fixed at 680 mm. 

 

The fM0 (MPa) was calculated from the maximum load at which each wood specimen failed 
(Eq. 2). EM0 was calculated using the load for the deflection curve (Eq. 3): 
 

fM0 = 3.P.L/2.b.h2                                                                                                        (2) 
EM0 = ΔP.L3/4. Δy.b.h3                                                                                                (3) 

 
where: P - applied load/force (N), L - support distance (680 mm), b - test specimen width (mm), 
and h - test specimen thickness (mm), ΔP - change in needed load occurs below the proportional 
limit, and Δy - change in deflection due to load‒deformation (mm). 
 

fc0 (MPa) is the strength of wood compression parallel to the grain given by the quotient 
between the maximum compressive force that can act in the direction parallel to the grain of 
a specimen and its cross-sectional area, Eq. 4: 

 
fc0 = Cmax/A                                                                                                               (4) 
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where: Cmax - maximum compressive force (N), and A - cross-sectional area of the specimen 
(mm2). 
 

Another aspect of strength that was also tested is fcn (MPa), which consists of 
the compressive strength perpendicular to the grain given by the quotient between the force at 
the proportional limit that can act in the direction perpendicular to the wood grain of a specimen 
and the area of the load application section. This resistance was calculated by Eq. 5. The final 
mechanical test of the study is for shear strength fs (MPa), given by the maximum shear force 
that can act in the critical cross-sectional area of a specimen (Eq. 6): 
 

fcn = C/A                                                                                                                     (5) 
fs = Fmax/A                                                                                                                 (6) 

 
where: C - compression force (N), A - area of the section of specimen where the load is applied 
(mm2), Fmax - maximum shear force (N), A - critical cross-sectional area (mm2). 

 
Data analysis 

To verify the influence of the extraction sites of the species on all properties (ρbas, EM0, fM0, 
fc0, fcn, and fs), analysis of variance (ANOVA one way) was used after carrying out 
the assumptions normality and homogeneity of variance were verified. In the case of 
differences, the Tukey test was used to identify which species were different from each other. 
In all analyses, the default levels of 5% (p < 0.05) and 1% (p < 0.01) were used. In the end, 
a Pearson correlation matrix was estimated between the properties, and multivariate statistics 
were used for cluster analysis (dendrogram) through the Euclidean distance, considering 
the results of the physical-mechanical properties of the woods as the sampled population. 
In this type of analysis, it is possible to determine a rational structure (groups) for a set of 
information (properties), classifying them and allowing the analysis of similarities between 
each group (Silveira et al. 2013, Nascimento et al. 2022). The PAST (v. 4.108), and Minitab® 
(21.1) were used for analysis and graphing. 
 
 

RESULTS AND DISCUSSION 
 

Physical and mechanical properties of Amazonian woods 
The results for the physical and mechanical properties of the species Alexa grandiflora 

(melancieira), Carapa guianensis (andiroba), Clarisia racemosa (guariúba), Couratari stellata 
(tauari), Dipteryx odorata (cumaru), Erisma uncinatum (quarubarana), Jacaranda copaia 
(caroba), Mezilaurus itauba (itaúba), Sextonia rubra (louro-gamela) and Simarouba amara 
(marupá) are shown in Fig. 2. The basic density (ρbas) ranged from 0.25 to 1.00 g/cm3. 
The modulus of elasticity (EM0) and rupture (fM0) for static bending ranged from 5982.10 to 
19025.90 MPa and 35.50 to 204.20 MPa, respectively. The tensile strength of wood 
compression parallel to the grain (fc0) ranged from 24.22 to 111.40 MPa, while the compressive 
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strength perpendicular to the grain (fcn) ranged from 2.16 to 26.97 MPa. For shear strength (fs), 
there was a variation from 3.92 to 27.16 MPa. 

 
Fig. 2: Results for the physical and mechanical properties of Amazonian woods. 
 

Considering the dataset for all physical and mechanical properties of the studied woods, 
Pearson's correlation test was used to evaluate the linear relationship between each of 
the variables (ρbas, EM0, fM0, fc0, fcn, and fs). The results of the correlations are shown in Fig. 3. 
There was a significant correlation between all physical and mechanical parameters, especially 
fM0 vs. EM0 and fcn vs. ρbas, which presented values r > 0.88. 
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Fig. 3: Pearson's correlation for the physical and mechanical properties of Amazonian woods. 

 
Site influence analysis 

The significance of the physical and mechanical variables of the species with the site of 
extraction (Brazilian Amazon), Site I (Balbina/Amazonas) x Site II (Curuá-Una/Pará), and Site 
I (Balbina/Amazonas) x Site III (Tapajós/Pará) were analyzed. Tab. 3 shows that there are 
significant differences between locations x species x properties. 

 
Tab. 3: Joint analysis of common species in Brazilian Amazon regions: Balbina/Amazonas 
(Site I), Curuá-Una (II), and Tapajós/Pará (III). 

Area df 
F 

ρbas EM0 fM0 fc0 fcn fs 
Site I x Site II 1 1.70ns 41.50* 6.40** 2.86ns 1.90ns 7.90*
Species 10 161.90* 57.50* 45.10* 64.30* 105.50* 69.00*
Sites vs. Species 5 4.40* 0.10ns 0.80ns 1.30ns 2.60ns 6.70*
Site I x Site III 1 58.60* 35.80* 18.70* 58.90* 29.20* 1.60ns
Species 10 126.10** 42.00* 45.10* 72.80* 36.10* 34.60*
Sites vs. Species  7 4.60** 3.10* 1.60ns 0.70ns 1.70ns 1.40ns

 *Significance at the 1% level; ** significance at the 5% level; ns= not significant. 
 
Tab. 4 shows the results for properties against each species at different sites. At the species 

level, EM0 showed a significant difference in 50% of the species (A. grandiflora, C. guianensis, 
C. racemosa, C. stellata, and D. odorata), followed by ρbas (A. grandiflora and C. guianensis) 
in 20%, with the species A. grandiflora displaying the greatest variability in physical and 
mechanical properties (ρbas, EM0 and fM0). However, E. uncinatum, J. copaia, M. itauba, 
S. rubra, and S. amara showed similar behavior, i.e., there was no significant difference in 
the values of properties between different sites. 
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Tab. 4: Results of the physical and mechanical properties of ten wood species from different 
locations in the Brazilian Amazon. 

1Code/species check Tab. 2; I - Balbina/Amazonas; II - Curuá-Una/Pará: III - Tapajós/Pará; 2ABNT NBR 7190 
(2022); Different letters in the same column indicate significant differences (p < 0.05) between locations. 
 

The values for the physical and mechanical properties (ρbas, EM0, fM0, fc0, fcn, and fs) of 
the studied woods were used in multivariate statistical analyses that permitted the creation of 
a dendrogram. The Phenon line was applied to the results, which consists of a line parallel to 
the horizontal axis of the dendrogram at the midpoint of the Euclidean distance, indicating 
the formation of four groups: Group I, ρbas and fcn, Group II, fc0, Group III, fs, and Group IV, 
EM0, and fM0 (Fig. 4). Clusters I and IV can be explained by the high correlation of property 
values, ρbas vs. fcn, and EM0 vs. fM0. 

 
Fig. 4: Dendrogram of the grouping of physical and mechanical properties of Amazonian 
woods with the Phenon line shown. 

Species1/Site 
ρbas 

(g/m3) 
EM0

 

(MPa) 
fM0

(MPa) 
fc0 

(MPa) 
fcn 

(MPa) 
fs 

(MPa) 
Resistance class2

Sp1 I 
Sp1 III 

0.44b 
0.58a 

 10000b 
 11900a 

100.38a 
94.14a 

51.00a 
61.00a 

6.82a 
8.29a 

10.90a 
10.05a 

D50 
D60 

Sp2 I 
Sp2 III 

0.34a 
0.31a 

   8200a 
 8900a 

48.97a 
53.87a 

29.00a 
31.00a 

3.00a 
3.00a 

 5.00a 
 6.00a 

D20 
D20 

Sp3 I 
Sp3 II 

0.97a 
0.92a 

15400b 
17900a 

170.00a 
176.00a 

102.05a 
 98.70a 

25.23a 
21.66a 

 15.62b 
 22.57a 

D60 
D60 

Sp4 I 
Sp4 II 

0.56a 
0.59a 

12360a 
 9780b 

104.00a 
110.00a 

 60.78a 
 64.11a 

11.70a 
 9.40b 

 12.77a 
 11.70a 

D60 
D60 

Sp5 I 
Sp5 III 

0.71a 
0.68a 

12940a 
12450a 

 95.60a 
 63.94a 

 47.92a 
 60.23a 

12.00a 
11.00a 

 11.77a 
 11.49a 

D40 
D60 

Sp6 I 
Sp6 III 

0.52a 
0.54a 

 9800a 
10900a 

 75.00a 
 79.00a 

 44.00a 
 51.00a 

 5.00a 
 5.00a 

 8.07a 
 6.82a 

D40 
D50 

Sp7 I 
Sp7 III 

0.35a 
0.37a 

7130a 
7760a 

 56.00a 
 61.00a 

 30.00a 
 34.00a 

 5.00a 
 5.00a 

 7.98a 
 6.75a 

D20 
D20 

Sp8 I 
Sp8 III 

0.52b 
0.61a 

10600b 
13800a 

 90.00b 
 113.00a 

 56.13a 
 58.97a 

 10.62a 
 10.07a 

 11.11a 
 11.01a 

D50 
D50 

Sp9 I 
Sp9 II 

  0,56a 
  0.50a 

8880a 
9770a 

 63.45a 
 78.45a 

 42,78a 
 48.60a 

 6.43a 
 5.62a 

 7.49a 
 8.24a 

D40 
D40 

Sp10 I 
Sp10 III 

  0.63a 
  0.61a 

13000b 
14400a 

131.02a 
139.00a 

 63.22a 
 70.61a 

9.58a 
11.81a 

 13.04a 
 14.16a 

D60 
D60 
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To verify the existence of differences in the properties of the studied woods with their 
origin site, the species were paired with each variable tested for analysis at the population level. 
Fig. 5 shows the results of this comparison, where it was found that all tests of woods from 
Curuá-Una/Pará showed higher values concerning Balbina/Amazonas and Tapajós/Pará. 

The results for the physical and mechanical properties of Amazonian woods (Fig. 2) are 
within the range for tropical woods (Reis et al. 2019, LPF/IBAMA 2020, Wolenski et al. 2020), 
with the physical variable (ρbas) encompassing all density classes (IPT 2020), ranging from very 
low (J. copaia) to very high (D. odorata). 

 

 
Fig. 5: Physical and mechanical properties of the woods of different sites in the Amazon:           
A – basic density; B – modulus of elasticity; C – modulus of rupture; D – compressive strength 
parallel to the grain; E – compressive strength perpendicular to the grain; F – shear strength. 
 

Pearson's analysis (Fig. 3) showed a high correlation and a positive trend (0.742 > r < 
0.886) for all variables, demonstrating the homogeneity of the investigated data. According to 
Lahr et al. (2016) and Senalik and Farber (2021), these results may indicate the creation of 
mathematical models for nondestructive estimates of wood characteristics, such as density 
and mechanical strength. Reis et al. (2019) and Nascimento et al. (2021), researching Brazilian 
and Amazonian tropical woods, found Pearson values for fM0 vs. EM0 close to those in 
the present study (> 0.90). Likewise, studies with the species Tectona grandi (Benedetti 2018) 
and Bauhinia variegata (Xiao et al. 2021) showed a correlation between the physical and 
mechanical properties for most properties of these species, although slightly lower concerning 
the tests studied. 

ABNT NBR 7190 (2022) defines parameters for hardwood resistance. In the present study, 
the values found for the studied species were in the range of low (D20) and high resistance 
(D60), demonstrating that there is much variation in the properties investigated. Lima et al. 
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(2018) state that the high variability in wood properties may be related to the inherent 
characteristics of different species, anatomical factors, grain direction, density, and moisture 
content. Studies have affirmed that wood density is one of the main determinants of wood 
stiffness and strength (Santini et al. 2013, Fernandes et al. 2017). Therefore, the Amazonian 
species known as “madeira de lei” (hardwood) are extensively studied with a focus on their 
physical and mechanical properties (Jesus et al. 2015, Christoforo et al. 2017, Wolenski et al. 
2020). 

Allometric equations are used to estimate volume, biomass, and carbon in tropical forests. 
The direct relationship between basic density and biomass is used in the nondestructive 
modeling method to estimate biomass from the volume of the tree and the average basic density 
of the wood. Another variable that has a high correlation with density is lignin; that is, species 
with high density and lignin have a high concentration of carbon in their constitution (Ribeiro et 
al. 2010, Ziemiska et al. 2013). In general, the tree invests more in conductive tissues and thus 
increases hydraulic conductivity but decreases mechanical support. This suggests an 
evolutionary trade-off between mechanical strength and hydraulic efficiency in certain species 
of Bauhinia sp. that have a ρbas of 0.55 g/cm3 and EM0 of 5000 MPa (Xiao et al. 2021) and Ficus 
sp. with ρbas = 0.40 g/cm3 and EM0 = 3000 MPa (Fan et al. 2017). In the present study, Dipteryx 
odorata (SP3), a slow-growing species, showed high physical-mechanical strength (ρbas =0.92 
g/cm3; EM0 = 17900 MPa), which may be related to its composition, such as lignin content 
(Nascimento et al. 2021). Another aspect is wood density, which has also been widely 
discussed with life history strategies. For example, species with denser wood tend to experience 
lower mortality rates (Ziemiska et al. 2013, Esquivel-Muelbert et al. 2020). A final important 
approach in research on physical and mechanical properties is that denser woods have greater 
natural durability, a fact that is of paramount importance for wood use (Nahuz 2013, Novak et 
al. 2021). 

The pairing of the results for the characterization of physical and mechanical properties 
with the different sites (Balbina/Amazonas, Curuá-Una, and Tapajós/Pará) showed how 
the character of the wood is influenced by the environment from which it is extracted. It is 
believed that certain differences displayed are related to the topographical, environmental, and 
ecological conditions of each region. In general, species from forests in the Pará/Brazil region, 
such as Curuá-Una and Tapajós, contain higher-density trees, with more frequent occurrence of 
species with greater diameter and height when compared to individuals from forests in 
the regions of the state of Amazonas/Brazil. 

Fernandes et al. (2017) associated the differences in wood properties at different sites with 
topography since in their studies, species that developed in low-altitude locations exhibited 
denser wood and higher values for mechanical properties. Such behavior may be associated 
with the Curuá-Una/Pará site, which is at an altitude of 46 m and contains woods that display 
high values for density and mechanical properties. Meanwhile, the sites at Balbina/Amazonas 
and Tapajós/Pará are at altitudes of 120 and 146 m (Nascimento 2000), respectively, with an 
apparent difference in the behavior of these properties. 

Lenz et al. (2014) investigated the characteristics of wood from different ecological 
regions to estimate wood traits that can be applied in new approaches to forest inventories. 
This combination of wood quality with forest management techniques could provide a means 
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for sustainable, high-quality wood production in Brazilian Amazon forests. Studies of 
the strength of wood from different tropical forest regions are few and far between. 
Understanding the relationship between different wood characteristics is important to recognize 
which combination of these raw material properties is best suited for specific uses. 

The central focus of this study was to evaluate whether the physical and mechanical 
properties of the woods remained constant or varied when they were obtained from different 
regions, i.e., is the quality of wood influenced by the "site" variable? Tab. 4 shows that 
the modulus of elasticity (EM0) and the basic density (ρbas) can vary for some species when 
the samples come from different origins. Although the woods display differences in these 
properties, these species can still be used for the same purposes regardless of the collection area 
since they still belong to the same strength classification (ABNT NBR 7190, 2022). This was 
observed for the species C. guianensis, M. itauba, and S. rubra, which displayed slight 
variations in classification according to the origin of extraction. 

Lahr et al. (2016) investigated the influence of different extraction regions (Roraima and 
Mato Grosso/Brazil) on the wood of the jatobá tree (Hymenaea stilbocarpa). They concluded 
that there was no significant difference in the physical and mechanical properties evaluated 
since equivalent values were obtained, regardless of the origin. This aspect is very interesting 
because it is not always possible to identify the region where tropical woods originate. 
This importance is even greater in the case of using wood as a structural element. Another study 
of tatajuba wood (Bagassa guianensis), extracted from the same sites as the study described 
above, concluded that the average values for strength in parallel compression (fc0) and for 
apparent density (ρap) were not significantly different between the two regions (Lima et al. 
2018). 

The significance of the area vs. species interaction in this study indicates that there is 
variation between zones for most properties, but not necessarily for all species studied. 
The significance of this interaction may be influenced by a species that was developed outside 
its microhabitat. According to Cosme et al. (2017), the area influences the formation of 
the crown and trunk with consequent influences on the cellular structure of the xylem. 
Therefore, it can be observed that species in the present study that do not display significant 
differences in physical and mechanical properties vs. different sites may be associated with 
a group of species known as “intermediate” or “plastic” species that grow in any conditions and 
that easily adapt to different locations. 

Panshin and De Zeeuw (1980) state that there are variations in properties between different 
trees, between species in different regions or the same region, between pieces of wood from 
the same trunk, and between positions and orientations within the same piece. The modulus of 
elasticity (EM0) displayed the greatest variability. This may perhaps be associated with 
the internal structure of the samples and not with the place where they were collected. Some 
structural elements influence the bending strength of wood, including the slope of the grain, 
which describes the deviation of the grain concerning the longitudinal axis of the piece. 
A sample with grain at a certain angle to the longitudinal axis will be subjected to direct tensile 
or compressive stresses, causing stress components to be induced through the grain, resulting in 
weaker wood. Most species investigated in the present study have high strength (D50 and D60) 
according to Brazilian standards (ABNT NBR 7190, 2022) for wood products and may be used 
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for structural purposes. However, low-density species with consequently low mechanical 
properties are indicated for the production of value-added industrial products, such as 
laminated sheets and EGP panels (Araújo et al. 2019, IPT 2020). 

There is growing interest in knowledge of the technological characteristics of tropical 
woods, particularly species from the Amazon rainforest, since soon the world timber market 
dominated by Asian groups will collapse due to the reduction in wood supply (FSC 2017, 
Nascimento et al. 2021). The number of studies of physical and mechanical properties with 
a focus on wood quality has been growing since the greatest knowledge of forest resources 
enables the production of sustainable wood products. Intense research has been carried out on 
wood properties in developed countries to estimate wood traits that can be used in new 
approaches in the forest inventory and management stages, creating a bridge with the wood 
industry, such as fast-growing species that present lower-quality physical-mechanical 
properties (Lenz et al. 2014, Nowak et al. 2021). 

Jesus et al. (2015), Almeida et al. (2017), and LPF/IBAMA (2020) report results from 
analysis of the strength of tropical woods (Tab. 5). Similar values and possible strength classes 
were observed when comparing results for mechanical properties (fc0 and fs) for the studied 
species with data from the literature, regardless of the site. For fc0, it was observed that the sites 
in other areas (literature cited above) displayed a tendency for slightly higher strength, and the 
species C. racemosa, C. stellata, D. odorata, and M. itauba were classified as having high 
mechanical strength, D60 (ABNT NBR 7190, 2022). In the future, a study of mechanical traits 
vs. strength could represent a step toward a possible reporting of mechanical properties as 
a signature of wood characteristics from different environments. 
 
Tab. 5: Comparison of the mechanical strength of the studied species based on data from 
the literature for different locations in the Brazilian Amazon. 

Wood species 
fc0 (MPa) fs (MPa) 

Site X Site Y Site X Site Y 
Alexa grandiflora (Melancieira) 56.13* 58.251 11.11* 11.962 
Carapa guianensis (Andiroba) 51.00* 53.452 10.90* 9.612 
Clarisia racemosa (Guariúba) 60.78* 59.143 12.77* 10.986 
Couratari stellata (Tauari) 63.22* 69.141 13.04* 12.851 
Dipteryx odorata (Cumaru) 102.05* 106.504 15.62* 18.534 
Erisma uncinatum (Quarubarana) 48.60** 51.481 7.49* 7.301 
Jacaranda copaia (Caroba) 29.00* 30.691 5.00* 5.981 
Mezilaurus itauba (Itaúba) 60.23*** 61.713 11.77* 10.101 
Sextonia rubra(Louro-gamela) 44.00* 49.921 8.07* 10.313 
Simarouba amara (Marupá) 30.00* 33.055 7.98* 6.753 

Compressive strength perpendicular to the grain (fc0) and shear strength (fs); X-*Balbina/Amazonas, 
**Curuá-Una/Pará, ***Tapajós/Pará; Y- 1Santarém/Pará, 2Belém/Pará, 3Sorriso/Mato Grosso, 4Jamari/Rondonia, 
5Tucumã/Pará, 6Juruá/Amazonas (Jesus et al. 2015, LPF/IBAMA 2020). 

 
 

CONCLUSIONS 
 

The investigation unveiled variations in the physical and mechanical properties of native 
tropical woods originating from different sites in the Brazilian Amazon, with the modulus of 



WOOD RESEARCH 
___________________________________________________________________________________________________ 
 

99 
 

elasticity and basic density revealed as the most distinctive properties. Regarding specific 
species, significant differences were identified in the woods of Alexa grandiflora, Carapa 
guianensis, and Couratari stellata between the Balbina/Amazonas and Tapajós/Pará sites, as 
well as in Clarisia racemosa and Dipteryx odorata between the Balbina/Amazonas and 
Curuá-Una/Pará sites. Conversely, no differences were observed in the woods of Erisma 
uncinatum, Jacaranda copaia, Mezilaurus itauba, Sextonia rubra, and Simarouba amara 
concerning the evaluated traits, implying plasticity in these species where the basic density 
ranged from very light to medium density. The study detected slightly higher values for wood 
from the state of Pará/Brazil. Due to the greater diversity of forest species in the Amazon, this 
study recommends further research with other species from different locations to better 
understand this raw material. 
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