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ABSTRACT
In the present study, we aimed to characterize Eucalyptus resinifera wood through physical and 
mechanical assays and wood anatomy studies, as well as determine the relationships between the 
properties and anatomy of wood. We used samples collected from the area close to the bark of 
ten 26-year-old E. resinifera trees. We concluded that the specific gravity (Gb), compression (fc0), 
and shear parallel to grain (fv0) were ranked in strength classes C30, C40 and C60, respectively, 
and that volumetric shrinkage (VS) was ranked as high. A positive relationship between Gb and 
fv0 results from the higher specific gravity associated with higher tissue proportion, in turn, 
causing higher shear strength. Higher ray frequency increases shear strength, because rays 
act as reinforcing elements. A negative relationship between VS and vessel diameter occurs 
because vessel walls are highly resistant to collapse, and since larger lumens represent a higher 
proportion of empty spaces, less tissue is available for shrinkage.

Keywords: Eucalyptus wood quality, physical-mechanical properties, red mahogany, 
structure/properties relationships.

Caracterização Físico-Mecânica e Anatômica da Madeira de  
Eucalyptus resinifera com 26 Anos de Idade

RESUMO
Objetivamos caracterizar a madeira Eucalyptus resinifera por meio de ensaios físicos e 
mecânicos, e estudos de anatomia da madeira, bem como determinar as relações entre as 
propriedades da madeira e a anatomia. Usamos amostras próximas da casca de dez árvores de E. 
resinifera com 26 anos de idade. Concluímos que a densidade aparente (Gb), a compressão (fc0) 
e o cisalhamento paralelo à grã (fv0) foram classificados em três classes de resistência – C30, 
C40 e C60, respectivamente  –  e que a retração volumétrica (VS) foi classificada como alta. 
A relação positiva entre Gb e fv0 é decorrente do alto valor de densidade aparente associado 
à maior proporção de raios, proporcionando maior resistência ao cisalhamento. Raios mais 
frequentes aumentaram a resistência ao cisalhamento, pois os raios atuam como elementos de 
reforço. A relação negativa entre VS e diâmetro do vaso ocorre porque as paredes dos vasos 
são altamente resistentes ao colapso e maiores lumens representam uma maior proporção de 
espaços vazios, sendo que menos tecido está disponível para o encolhimento.

Palavras-chave: qualidade da madeira de Eucalyptus, propriedades físico-mecânicas, 
red mahogany, relação anatomia-propriedades.
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1. INTRODUCTION

Eucalyptus resinifera Sm. (Myrtaceae) is a 
medium-sized tree attaining 40 to 45 m in height 
and 1.0 to 1.5 m in stem diameter. It occurs along 
the coastal regions of eastern Australia, from Jervis 
Bay in New South Wales to Coen in Queensland 
(Kynaston  et  al., 2013). In Australia, E. resinifera 
is known as red mahogany, a name also used for 
E. pellita, as a standard trade name (Standards 
Australia, 2001), because these species have 
overlapping distributions and a high degree of 
genetic and morphological variation, leading to the 
recognition of subspecies or geographic races in each 
taxon (Le et al., 2009). E. resinifera wood is used for 
many applications in house construction, pulpwood, 
and fine furniture (Kynaston et al., 2013). The species 
does not tolerate heavy frost and severe water stress, 
but it does tolerate fire and has good regeneration by 
sprouting (Turnbull & Pryor, 1984).

In Brazil, E. resinifera was introduced in extensive 
reforestation programs in the southeast, where it is 
able to adapt to the subtropical humidity. The species 
has great potential for industrial applications, but 
the technological properties its wood require more 
study because its growth rate is lower than most 
Eucalyptus species cultivated for reforestation in 
Brazil (Lorenzi et al., 2003). Nonetheless, according 
to Hornburg  et  al. (2012), E. resinifera is used to a 
lesser extent in Brazil even though the quality of its 
lumber is the same as that of Eucalyptus grandis.

To evaluate the woods of different Eucalyptus 
species for use as lumber and fuel, the Instituto 
Florestal conducted the planting of 23 species, 
including E. resinifera (Gurgel-Garrido et al., 1997). 
Sato et al. (2007) evaluated the silvicultural potential 
of E. resinifera in the same population of our study 
and concluded that i) variation among progenies for 
volume is enough to be explored from selection, ii) 
the species has growth potential for DBH to be used 
in commercial reforestation and iii) the expected 
genetic gain in selection among plants within 
progenies indicates a favorable improvement of the 
species.

Based on the positive indication for species 
improvement, as proposed by Sato  et  al. (2007), 
our objectives were to i) characterize Eucalyptus 

resinifera wood through physical and mechanical 
assays and wood anatomy studies and ii) determine 
relationships between wood properties, such as 
specific gravity, volumetric shrinkage, compression 
test parallel to grain, shear test parallel to grain, and 
anatomy.

2. MATERIAL AND METHODS

2.1. Study site and sampling

The study was carried out in 1985 at the Luiz 
Antônio Experimental Station (Figure  1) in the 
municipality of Luiz Antônio, São Paulo state, Brazil, 
with 16 progenies from the municipality of Mareeba, 
Australia, in a randomized block design with 10 
repetitions, five plants per plot, and spacing of 3 × 
2 m (Gurgel-Garrido et al., 1997). The planting was 
located at latitude 21° 40’ S, longitude 47° 49’ W, 
550 m above sea level. The average annual rainfall 
is 1365 mm over Oxisol or sandy textured soils. 
Climate is Cwa according to Köppen classification 
(Ventura et al., 1965-1966).

At 26 years of age, 10 trees were collected from an 
exploratory forest inventory (Table 1). An 8 cm-thick 
disc was removed from the DBH region of each tree. 
In each disc, samples were collected from the area 
close to the bark for physical and mechanical assays 
and wood anatomy studies (Figure 1).

2.2. Physical-mechanical properties

Specific gravity (Gb) was determined according 
to Glass & Zelinka (2010). Samples (2 × 2 × 3 cm) 
were saturated by treatment with vacuum system 
for 72 h to obtain the green volume of wood. 
Subsequently, the samples were dried in a laboratory 
kiln to determine the oven-dried mass at 102 ± 3 °C.

Volumetric shrinkage (VS) was determined 
according to ABNT (1997) and was obtained from 
the same samples used to measure basic density. The 
samples were saturated in water (green moisture 
content), measured with a caliper, and oven-dried at 
102 ± 3 °C. The dry volume of each sample was then 
determined. Volumetric shrinkage is the difference 
in percentage between the green moisture contents.
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A compression test parallel to grain (fc0) was 
performed with samples (2 × 2 × 3 cm) in a universal 
assay machine (ABNT, 1997). The samples had 
previously been measured using a caliper with 
accuracy of 0.01-0.05 mm to determine their areas, 
with a moisture content of 12%. We applied the same 
rate of strain, i.e., loading rate of the NBR 7190 norm 
(ABNT, 1997), which is a load application velocity of 
10 MPa/min.

A shear test parallel to grain (fv0) was performed 
with the samples (2 × 2 × 3 cm), assaying a shear 
area of 5 cm2 (ABNT, 1997). One side of the area 
was sheared 2cm, imposed by the size of the sample 
section. The second part was the largest amount 
possible between the first side and the critical value 
at which compression occurs in the area of the 
shear plate instead of the shearing of the sample, 
the amount used was 2.5 cm. The load application 
velocity was 2.5 MPa/min, therefore, the difference 
from standard was the rate of load application, but 
the application rate of the tension was specified in 
the standard.

2.3. Wood anatomy

We cut small pieces from the side of samples and 
prepared macerations according to the modified 
Franklin method (Berlyn & Miksche, 1976). Then 
samples were boiled for about 60 min in water, 
glycerin and alcohol (4:1:1). For the anatomical 
studies, 16-20  µm transverse and tangential 
longitudinal sections were cut with a sledge 
microtome; the sections were stained with safranin 

Table 1. Dendrometric data of 26-year-old Eucalyptus 
resinifera trees. DBH = diameter at breast height.

Tree Height (m) DBH (cm)
1 19 19
2 23 24
3 17 16
4 22.5 19
5 21.5 22
6 22 23
7 21.5 17
8 25 22
9 20.5 22.5

10 18 20
Mean 21 20.45

Figure  1. Study area location, overview of the planting and wood samples of 26-year-old Eucalyptus resinifera 
for wood anatomy. Gb = specific gravity, VS = volumetric shrinkage, fc0 = compression test parallel to grain, and 
fv0 = shear test parallel to grain.
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solution 1%, washed with distilled water, and 
mounted on slides in a solution of water and glycerin 
(1:1). The terminology and characterization of wood 
followed the IAWA list (IAWA Committee, 1989). All 
anatomical measures were obtained in a microscope 
(Olympus CX 31) equipped with a camera (Olympus 
Evolt E330) and a computer with image analyzer 
software (Image-Pro 6.3).

2.4. Statistical analyses

Descriptive statistical analysis was conducted to 
obtain the means, standard deviations, minimum 
and maximum values. Linear regression analyses 
were performed between physical-mechanical 
properties and anatomical features, and results 
with p<0.05 were considered significant. Statistical 
analyses were performed following the PROC REG 
procedure of SAS (SAS, 1999).

3. RESULTS AND DISCUSSION

The mean, minimum, and maximum values 
and standard deviation of 26-year-old Eucalyptus 
resinifera wood properties are presented in Table 2. 
Specific gravity, compression, and shear parallel to 
grain are ranked according to the strength classes of 
hardwoods from C20 to C60, the latter being more 
resistant (ABNT, 1997). These classes were created 
and standardized to guide professionals in the choice 
of suitable timber depending on the application.

The mean value for specific gravity of E. resinifera 
was 0.74 g.cm–3, ranked at the limit of class C30. For 
compression parallel to grain and shear parallel to 
grain, E. resinifera wood was ranked in classes C40 
and C60, respectively.

Volumetric shrinkage average was 16.67%, 
ranked as high according to Santos et al. (2008), i.e., 
low resistance to swelling and shrinkage.

Mori  et  al. (2003) found basic density of 0.89 
g.cm–3 and volumetric shrinkage of 20.63% in E. 
resinifera tested in barrels for storage of sugar cane 
spirits, but Mori’s study did not mention the age 
of the trees. Ferreira & Kageyama (1978) reported 
density of 0.50 g.cm–3 in 6 to 8-year-old E. resinifera, 
a value similar to that reported by Trugilho (2009) 
with 4-year-old trees. This variation probably results 
from the increase in density that occurs toward the 
bark, and it has already been reported in E. resinifera 
by Fonseca (1971). Density increases with age in 
relation to the increase in the incorporation of dry 
mass (Santana et al., 2012).

When comparing the wood density of E. 
resinifera with other Eucalyptus species, the results 
vary: Lima et al. (2011) found the same value as ours 
(0.74 g.cm–3) in 25-year-old E. umbra, while lower 
densities were reported in 15-year-old E. saligna 
(0.55 g.cm–3) by Oliveira & Silva (2003), and E. 
grandis (0.49 g.cm–3) by Lima & Garcia (2005).

Van Vuuren  et  al. (1978) reported 21.7% of 
volumetric shrinkage for E. resinifera in South Africa. 
Wood shrinkage is affected by many variables, but 
greater shrinkage is generally associated with greater 
density (Glass & Zelinka 2010). However, our value 
(16.67%) is lower than that reported by Poubel et al. 
(2011) for 15-year-old E. pellita (17.34%), by Oliveira 
and Silva (2003) for 16-year-old E. saligna (28.69%), 
and by Lima & Garcia (2005) for 18-year-old E. 
grandis (21%). E. resinifera and E. pellita showed 
very similar values, a likely result of the similarity 
between these two types of wood, which are both 
known by the standard trade name of red mahogany 
(Standards Australia, 2001; Le et al., 2009).

Numerous wood cracks or, anatomically 
speaking, checks were observed, i.e., cell separation 
along the grain. This could be related to the high 
value of volumetric shrinkage. According to Hillis 
& Brown (1978), fast-growing Eucalyptus species 

Table 2. Mean values for specific gravity (Gb), volumetric shrinkage (VS), compression parallel to grain (fc0), and 
shear parallel to grain (fv0) of 26-year-old Eucalyptus resinifera wood.

Property Mean Standard deviation Minimum value Maximum value
Gb (g.cm–3) 0.74 0.04 0.67 0.83

VS (%) 16.67 2.73 13.32 21.33
fc0 (MPa) 55.87 6.15 48.10 67.20
fv0 (MPa) 16.16 2.91 10.05 19.57
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present excessive wood shrinkage, and this causes 
drying defects, such as warping and cracks.

We did not find other studies describing the values 
of compression parallel to grain (fc0) or shear parallel 
to grain in E. resinifera, but our fc0 result (55.87 Mpa) 
was different when compared with other wood 
species in the genus: higher than that mentioned 
by Lima & Garcia (2005) for 18-year-old E. grandis 
(49.95 MPa) and lower than that mentioned by Lima 
& Garcia (2011) for 21-year-old E. grandis (59 MPa). 
We reported a shear parallel to grain result of 16.16 
MPa, which was higher than that mentioned by Lima 
& Garcia (2011), who reported 13.8 MPa.

The mean, minimum, and maximum values 
and standard deviation of 26-year-old Eucalyptus 
resinifera anatomical features are presented in 
Table 3.

With the exception of Mori  et  al. (2003) and 
Ammon (2011), we did not find other studies 
describing the anatomical characteristics of 
Eucalyptus resinifera wood. Mori et al. (2003) found 
higher vessel frequency (14.7 mm–2) than that found 
in the present study (9 mm–2, Table 3). Ammon (2011) 
reported lower values for fiber length (941 µm), vessel 
diameter (95 µm), height and frequency of rays (192 
µm and 4 mm–1, respectively), but a higher value for 
vessel length (527 µm), while the values for fiber wall 
thickness (5 µm) and vessel frequency (9 mm–2) were 
equal to those of this study (Table 3). In the studies 
of Mori  et  al. (2003) and Ammon (2011), age and 
radial position of samples were not mentioned; thus, 
we speculate that the differences observed between 
these two studies and our data, in addition to the 
expected variations between trees, could have been 

influenced by age and sampling because, according 
to Gartner (1995), many species show typical radial 
pattern in many wood characteristics, e.g., increase 
in fiber length and an inverse relationship between 
frequency and diameter of vessel toward the bark. 
It is worth mentioning that our values derive from 
samples near the bark of 26-year-old trees.

Linear regression analyses showed a positive 
relationship between shear parallel to grain, specific 
gravity and ray frequency (Figure  2a, b), but a 
negative relationship between volumetric shrinkage 
and vessel diameter (Figure 2c).

A positive relationship was observed between 
specific gravity and shear parallel to grain. Since 
specific gravity depends on cell wall thickness and 
the diameter of lumen cells, higher shear strength 
is indirectly related to the greater proportion of cell 
walls and smaller proportion of cell lumens. Dias 
& Lahr (2004), who studied 40 hardwood species, 
found a weak relationship between wood density and 
shear parallel to grain, whereas Kretschmann (2008) 
observed a positive relationship (r2 = 0.62) between 
these two properties in 340 specimens from 28-year-
old Pinus taeda, showing that this relationship 
also occurs in softwoods. Usually, mechanical 
properties tend to be related to wood density, but 
these relationships are more difficult to explain in 
hardwoods because their anatomical nature is more 
complex than that of softwoods (Zhang, 1994).

The positive relationship between shear parallel 
to grain and ray frequency can be explained by the 
rays themselves, which help to prevent the slippage 
of growth layers by shear stress, locking them like a 
bolt (Mattheck & Kubler, 1995). The role of ray cells 

Table 3. Mean values for fiber length (FL), fiber wall thickness (FWT), vessel element length (VEL), vessel diameter 
(VD), vessel frequency (VF), ray height (RH), ray width (RW), and ray frequency (RF) of 26-year-old Eucalyptus 
resinifera wood.

Feature Mean Standard deviation Minimum value Maximum value
FL (µm) 1016 116 846 1181

FWT (µm) 5 0.81 3 6
VEL (µm) 483 87 308 590
VD (µm) 147 15 127 173

VF (nºmm–2) 9 1.18 8 12
RH (µm) 225 25.9 183 278
RW (µm) 23 3 16 26

RF (nºmm–1) 6 0.8 5 7
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as reinforcing elements of wood tissue has also been 
discussed by Burgert et al. (1999).

A significant negative relationship was observed 
between volumetric shrinkage and vessel diameter. 
Almeida (2006), who studied two temperate 
hardwoods, Betula alleghaniensis and Fagus 
grandifolia, and five tropical hardwoods, including 
Cedrelinga cateniformis, Brosimum alicastrum, 
Cariniana domesticate, Aspidosperma macrocarpon 
and Robinia coccinea, found a negative relationship 
(r2  =  0.74) between shrinkage factor and vessel 

diameter. Lobão  et  al. (2011), studying nine 
Brazilian native species, including Balfourodendron 
riedelianum, Hymenolobium petraeum, Ocotea 
porosa, Aspidosperma polyneuron, Cedrela odorata, 
Schizolobium parahyba, Apeiba tibourbou, Ochroma 
pyramidale and Tabebuia serratifolia, and two 
Eucalyptus species, E. grandis and E. saligna, also 
found a negative relationship between volumetric 
shrinkage and vessel diameter. We understand 
that a negative relationship between volumetric 
shrinkage and vessel diameter occurs because larger 
vessel lumens represent a higher proportion of 
empty spaces, leaving little or no tissue to shrink. 
In addition, the vessel wall is highly resistant to 
implosion during drying because, according to 
Baas  et  al. (2004), vessels withstand high pressures 
caused by transpiration. This statement helps to 
explain the lower shrinkage for vessels of larger 
diameters.

4. CONCLUSIONS

Specific gravity, compression and shear parallel 
to grain were ranked in strength classes C30, C40 
and C60, respectively (ABNT, 1997), and volumetric 
shrinkage was ranked as high (Santos  et  al., 2008). 
Anatomical features were partially different from 
other studies, possibly owing to the expected 
variations between trees, age and sampling. A positive 
relationship between specific gravity and shear 
parallel to grain can be explained by higher specific 
gravity, which is caused by a higher proportion 
of tissue. This, in turn, results in higher shear 
strength. Higher frequency of rays increases shear 
strength because rays act as reinforcing elements. A 
negative relationship between volumetric shrinkage 
and vessel diameter occurs because vessel walls 
are highly resistant to collapse, and larger lumens 
represent a higher proportion of empty spaces, with 
correspondingly less tissue available for shrinkage.
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Figure  2. Relationships between the properties and 
anatomy of 26-year-old Eucalyptus resinifera wood. 
a) Shear parallel to grain (fv0) as a function of specific 
gravity (Gb); b) Shear parallel to grain as a function of 
ray frequency (RF); c) Volumetric shrinkage (VS) as a 
function of vessel diameter (VD).
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