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Abstract. Provenance testing can provide information on silvicultural behavior and wood quality of species for selection 

of genetic material for different locations and conservation of the genetic base. The aim of this work was to study the 
longitudinal variation of basic density, volumetric shrinkage and microfibril angle of wood from two provenances (Assis 
and Bauru) of Handroantus impetiginosus planted in Luiz Antonio SP. After 26 years of planting, twelve trees were felled, 

six from each provenance. According to the results obtained, it could be concluded that the analysis of variance 
(ANOVA) showed that for the provenance there was a significant variation for the volumetric shrinkage of the wood and 
for basic wood density and microfibril angle the significance of variation did not occur. The basic wood density varied 
significantly between the different positions, at the height of the tree and for volumetric shrinkage, and for the microfibri l 
angle it did not occur. There is a positive relationship between tree height and basic wood density of wood, for Assis and 
Bauru provenances. 
Keywords: microfibril angle, basic density, volumetric shrinkage, longitudinal variation. 
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Introduction 
Forestry is currently faced with major 

challenges related to aspects such as climate 
change, combating desertification, biodiversity 
conservation, soil and water. At the same time, 
issues of profitability and economic efficiency are 
also important. Some challenges posed in forestry 
involve choosing an adequate treatment method and 
combining forestry production with other benefits 
and ecosystem services. 

In this sense, reconciling the economy with 
ecology, the combination of environmental, social 
and economic aspects presents great relevance to 
forestry, in order to contribute to sustainable 

development, i.e. where the forestry of native 
species is mainly oriented towards different uses 
and functions of forest settlement is also a generator 
of new activities, jobs and income, contributing to 
the development of local communities and the 
country in general. (Piña-Rodrigues and Silva, 
2021). 

To remedy the lack of or obstacles in the 
use of native species, the Brazilian industry in the 
timber sector has been using, on a large scale, logs 
of trees of the genus Pinus and Eucalyptus coming 
from reforestation as raw material for certain 
purposes. However, the use of native species from 
reforestation can also be another viable alternative, 
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to be used by the Brazilian market. One of the native 
species with potential for use in reforestation is the 
Handroantus impetiginosus, which has been 
highlighted for its survival and productivity in pure 
plantations, being seen as a great potential for 
consumption and wood production. (Carvalho, 
2003). 

Handroantus impetiginosus can be planted 
in full sun, in pure planting, with satisfactory 
development when planted in fertile soils, but with 
inadequate form. The growth of this species in pure 
planting is considered slow to moderate, in mixed 
planting associated with pioneer and secondary 
species, it aims to improve the shape of the shaft. 
(Carvalho, 2003). Handroantus impetiginosus is a 
species that presents an excellent wood quality, 
malleable, resistant, with apparent density of 0.90 to 
1.07 g.cm

-
3 at 15% moisture, basic density of 0.79 

g.cm
-
3, core color brown and brownish-brown 

sapwood, the heartwood is little different from the 
sapwood, being considered as legal or quality and 
used for various noble purposes, furniture and civil 
and naval construction (Carvalho, 2003; Paula and 
Alves, 2007). 

Among the parameters for evaluating the 
quality of wood for commercial use, we have the 
basic density, the volumetric shrinkage and the 
microfibril angle, and it is very important to know the 
variations and relationships between these wood 
properties. 

The higher basic density wood and lower 
microfibril angle make the trees more resistant to 
breakage caused by the action of winds, therefore, 
they are more suitable for areas with a high 
incidence of wind (Zanuncio et al., 2017). It is 
possible to estimate the microfibril angle using the 
basic density and fiber length, making it more 
practical to determine the variation of this important 
characteristic of the cell wall and thus make the 
wood more suitable for its rational and sustainable 
use (Melo et al., 2018) 

Many of the variations that occur in paper 
quality can be explained mainly by the basic density 
and angle of the wood's microfibril (Downes et al., 
2003). The trunk diameter of trees has an influence 
on the microfibril angle, and trees with larger 
diameters have a tendency to present higher values 
of the microfibril angle (Tienne et al., 2009). 

The microfibril angle partially controls the 
increase and/or decrease of the tensile growth 
stress, whereas cellulose content does not 
participate. (Shirai et al., 2015). 

In this context, the present work aims to 
evaluate the longitudinal variation of basic density, 
volumetric shrinkage and microfibril angle in 
populations of Handroantus impetiginosus from two 
provenances. 

 
Materials and Methods 
Location and collection of samples 

The study was carried out in an 
experimental plantation of Handroantus 
impetiginosus, located in the municipality of Luiz 

Antônio, SP. The area is located at coordinates 21º 
40’ S, 47º 49’ W with an altitude of 550 m above sea 
level. The relief has an inclination around 5%, and 
the soil is of the Latosol Roxo type (Santos et al., 
2018). It has a Köppen Aw climate classification, 
with an average annual temperature of 21.7ºC, 
maximum of 28.2ºC and minimum of 15.2ºC. The 
average annual precipitation is 1516 mm, with a 
minimum of 26.6 mm and a maximum of 273.6 mm 
(Flores et al., 2016). 

The planting of Handroantus impetiginosus 
consisted of two populations from different 
provenances, one from Bauru SP and the other from 
Assis SP, and at 26 years of planting, the diameter 
at breast height (DBH) was measured and 12 trees 
were selected. according to the DBH class, with 6 
from each provenance (Table 1). 

From the 12 selected trees, discs 5 cm thick 
at the base, 1.0 m, 2.0 m and 3 m from the height of 
each tree are removed. The sampled discs were 
used to study the physical properties and determine 
the microfibril angle of the wood. It was sampled, up 
to a height of 3 m, in the tree. This sampling, only 
from this part of the tree, is justified because the 
DBHs of the selected trees have an average value 
of around 8-15 cm, which makes it difficult to sample 
above 3 m in height, as the diameters would be 
even smaller (Table 1)  

 
Table 1. Average values of DBHs and total heights of the 
trees of 26-year-old Handroantus impetiginosus trees 
according to the provenance. 

Assis 

Tree DBH (cm) Height (m) 

1 10.50 12.40 

2 9.50 8.10 

3 8.00 7.90 

4 9.50 13.74 

5 10.50 12.60 

6 12.00 12.65 

Mean 10.00 11.23 

Bauru 

Tree DBH (cm) Height (m) 

1 13.50 15.18 

2 15.00 14.35 

3 14.00 14.75 

4 15.00 15.30 

5 13.50 14.47 

6 11.00 9.55 

Mean 13.67 13.93 

 
Basic density (BD) 

To obtain the basic density, a wedge of the 
sampled discs was used and the hydrostatic balance 
method according to NBR 11941 (ABNT, 2003) was 
used. 



Santos et al. Variation in wood properties of 26-year-old Handroantus impetiginosus cultivated in Luiz Antônio, SP 
 

3 

 

 
Volumetric shrinkage (εv) 

The volumetric shrinkage was obtained with 
the specimens of 2cm x 2cm x 3cm, (radial, 
tangential and longitudinal) removed from the discs, 
and determined according to the standard NBR 
7190 (ABNT, 1979). 

 
Determination of the Microfibril Angle (MFA) 

From the discs obtained at different heights 
of the trees, blocks of 1 x 1 cm were removed, in the 
intermediate position (between the pith and the 
bark), along the rays. These blocks were saturated 
in water and cut tangentially into thin sections 
(<10μm thick) in a sliding microtome and according 
to the methodology of Leney (1981), the sections 
were placed in a maceration solution of 44 parts of 
acetic acid and 56 parts of 30% hydrogen peroxide, 
baked for 12 hours at 60°C. 

They were then washed in distilled water 
and provisional slides were prepared for measuring 
the angle of microfibrils (MFA). The angles were 
determined using the technique of polarized light 
microscopy under a microscope equipped with a 
rotating table graduated from 0° to 360°. The blade 
is placed on the table, causing the fibers to stand 
upright. 

Then, the table is turned clockwise until the 
sample reaches the maximum extinction position, 
that is, the color of the fiber background becomes 
darker. The difference in the angles of these two 
positions describes the microfibrillar angle. 

 
Statistical analysis 

The homogeneity of variance test was 
initially carried out using the Hartley test and, 
subsequently, the F test of analysis of variance 
according to a randomized block experimental 
design. Tukey's test for significant differences 
between means was used whenever the F test 
detected at least one difference between treatments 
at the 5% level of significance. 

The analysis of the relationship between the 
variables was performed using Pearson's correlation 
and, subsequently, the regression equations that 
best represented the significant correlations were 
obtained. In the data analysis, procedures from the 
SAS statistical program were used (SAS, 1999). 

 
Results and Discussion 

The analysis of variance (ANOVA) showed 
that for the provenance there was a significant 
variation for the volumetric shrinkage of wood (εv), 
however it did not occur for the basic density (BD) 
and microfibril angle (MFA) (Table 2) The basic 
wood density varied significantly between the 
different positions, in the height of the tree, the same 
did not occur for the volumetric shrinkage and the 
microfibril angle (Table 2). It can also be seen that 
there were no significant interactions between the 
provenance and height of the tree variables, that is, 
there were no dependencies between these two 
factors (Table 2). 

 
Table 2. Analysis of variance for basic density (BD), volumetric shrinkage (εv) and microfibril angle (MFA), in according to 
the provenance and tree height of 26-year-old Handroantus impetiginosus. 

Sources of variation Degrees of freedom 

Mean square 

BD 
(g.cm

-3
) 

εv 
(%) 

MFA 
(º) 

Provenance (P) 1 0.0035
n.s.

 69.91
*
 1.78

n.s.
 

Axial position (AP) 3 0.0157
**
 4.83

 n.s.
 0.39

n.s.
 

P x AP 3 0.005
n.s.

 21.71
n.s.

 0.82
n.s.

 
Residual 40 0.0013 14.98 0.96 

Mean  0.69 14.35 9.99 
CVe (%)  5.22 26.98 9.81 

n.s. = not significant, * = significant at 5% probability of error, ** = significant at 1% probability of error e CVe = coefficient 
of experimental variation. 

 
The mean values obtained for basic density 

(BD), volumetric shrinkage (εv) and microfibril angle 
(MFA) were 0.69 g/cm

3
; 14.35 % and 9.99°, 

respectively (Table 2). Values of 0.89 g.cm
-3

 for 
basic density and 0.94 g.cm

-3
 and specific density 

were observed for H. impetiginosus by Paula and 
Costa (2011) and Paes et al. (2002). Volumetric 
shrinkage of (10.9%) was found by (Mainieri and 
Chimelo, 1989), for H. impetiginosus, a value that is 
lower than that observed in this work. For the MFA 
in populations of Eucalyptus urophilla, Eucalyptus 
grandis and Eucalytus pellita, the mean value was 
9.2º, 10º and 11º, respectively (Prasetyo et al., 
2017). These values are very close to the value 
obtained for H. impetiginosus, it is also close to the 
value of 12.6º obtained for Acacia mangium by 
(Lokmal and Mohd, 2017). The MFA generally found 

in angiosperms is below 20° and does not show 
clear decreasing trends in mature and juvenile wood 
(Liu et al., 2020). 

The Assis provenance presented a higher 
volumetric shrinkage value (15.55 %) than Bauru 
(13.14%), and this difference was significant at the 
5% level (Figure 1b). The fact that the basic density 
and the microfibril angle do not differ significantly 
between the sources may be an indication that these 
properties may be less controlled by genetic and 
environmental factors than the volumetric shrinkage. 
However, heritability estimates for wood density and 
MFA are considered more moderate (Hung et al. 
2016). 

In a clonal population of Eucalyptus grandis 
× Eucalyptus urophylla, it was found that the higher 
basic density and smaller microfibril angle make 
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these trees more resistant to breakage caused by 
wind (Zanuncio et al., 2017). According to the values 
obtained from the basic density and MFA, this 
seems to be the case for H. impetiginosus, 
therefore, this species may be suitable for planting in 
areas with a high incidence of wind. In addition, 
species that have greater potential for wood 
production usually have a low MFA value and high 
wood density, which leads to high microfibril 
stiffness (Lundqvist et al., 2017). 

The angle of microfibrils and wood density 
are related to tree growth and wood quality and this 
makes it possible to explore genetic improvement in 
wood growth and properties, and this result 
suggests that radial tree growth does not only 

integrate the effects of genetics and environment, 
but also reflects a large effect of growth ring age, 
and this may better describe the relationship 
between tree growth and wood properties (Fang et 
al., 2020). 

In planting populations of clones of 
Eucalyptus urophilla x Eucalyptus grandis, the 
microfibrillar angle varied as a function of spacing, 
with the highest values being found in plantations 
with a density of 1000 trees per hectare, thus, the 
spacing can be used to avoid undesirable effects 
caused by high MFA, which can be a silvicultural 
strategy to produce wood with low MFA (Tienne et 
al., 2009). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Basic density (BD), volumetric shrinkage (εv) and microfibril angle (MFA) as a function of the provenance and 
height of 26-year-old Handroantus impetiginosus trees. Means followed by different letters (a or b) indicate statistical 
significance by t-test (between provenances) and Tukey's test (among axial position) (p <0.05). 
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The base of the tree presented a value (0.75 
g.cm

-3
) of basic density, significantly higher than the 

other heights of the trees (Figure 1a). This result 
demonstrates that the basic density of H. 
impetiginosus may be more sensitive to the effects 
of tree height position than volumetric shrinkage and 
MFA, even for small heights. For a clonal population 

of Eucalyptus grandis x Eucalyptus camaldulensis it 
was found that the basic density and volumetric 
shrinkage decrease in the base-top direction of the 
tree and for MFA there is a marked decrease in the 
base up to 25% of the total height, and from that 
point onwards a more moderate decrease, up to the 
total height of the tree (Wessels et al., 2016). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Relationship between the Basic density (BD), volumetric shrinkage (εv) and microfibril angle (MFA) with heigth 

of 26-year-old Handroantus impetiginosus trees by provenance. 
 

The MFA was influenced by radial and 
longitudinal variation in Eucalyptus botryoides and 
Eucalyptus maculata (Knapic et al., 2018). Cell walls 
with very low MFA tend to have greater tangential 
retraction, whereas cell walls with very high MFA 
tend to have greater longitudinal retraction. 

The microfibrils themselves may shrink 
slightly in the longitudinal direction, due to loss of 
water from the non-crystalline regions, causing 
some non-linearity in the volumetric shrinkage 
process (Donaldson et al., 2008). 

However, in populations of Toona ciliata 
from three different locations, it was found, in 
relation to the results of the analyzes carried out in 

the base-top positions of the trees, for the microfibril 
angle that these differ from those found in the 
literature, as MFA from the three locations increased 
in the axial direction, in the bottom-top direction, and 
this can be explained by the silvicultural and 
environmental influences that may have occurred 
(Ribeiro et al., 2011). 

To better understand the variations that 
occurred along the height of the tree, a study of the 
relationships between properties and longitudinal 
position separated by provenance was carried out. 

In Figure 2 we have the regression models 
that best fit these variations. According to the 
polynomial regression model that was obtained, it 
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was found that there was a trend of a significant 
decrease, in the base-top direction only for the basic 
density. The same result for the basic density was 
obtained by (Wessels et al., 2016). 

For a clonal population of Populus deltoides, 
however, the best model obtained was the quadratic 
one, and there was still a tendency for basic density 
to increase with tree height, but the heights of the 
trees evaluated were greater than those in this 
article (Fang et al., 2020). For MFA and volumetric 
shrinkage, the regression coefficients were not 
significant (Figure 2). In Populus euramericana 
trees, the basic density and volumetric shrinkage of 
the wood at each height level decreased along the 
stem, from the base to the top, where the highest 
values of these properties were in the position of 5% 
of the total height of the tree. (Kord et al., 2010). 

However, even if the regression coefficients 
between the characteristics are not significant, a 
possible simultaneous improvement can be 
achieved by selecting one or another characteristic, 
depending on the characteristic sought for 
improvement and its final use of the wood (Fang et 
al., 2020). 

 
Conclusions 

For the conditions of this research, it can be 
concluded for Handroantus impetiginosus wood that: 

The basic density and microfibril angle of the 
wood were not influenced by the origin; 

The volumetric shrinkage of the wood was 
influenced by its origin; 

Basic wood density varied with tree height; 
Volumetric shrinkage and microfibril angle 

did not vary significantly with tree height. 
There is a positive relationship between tree 

height and basic wood density of Handroantus 
impetiginosus, for Assis and Bauru provenances. 
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