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 Background: The present study aimed to evaluate the axial variation in Wood Basic 

Density (WBD) of Trichilia claussenii C. DC. and Calyptranthes tricona D. Legrand. 

Methodology: Samples from 5 trees were collected from a fragment of Alluvial 
Deciduous Forest and, after being cut, they were measured and scaled by the Smalian 

method. To determine the WBD discs were used at relative positions of the trunk. It 

started from the base of the tress (0% = 0.1 m) and then at positions25, 50, 75 and 
100% of the commercial height and another one 1.30 m above the ground. Results: 

Based on the results, both the wood of Trichilia claussenii and Calyptranthes tricona 

had a variation of WBD on the bottom-up direction, where the highest values to this 
characteristic were foundin the base of the trees with decreasing trend until the treetops. 
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INTRODUCTION 

 

The wood basic density (WBD) is one of the 

most important physical properties of wood because 

it provides many information of characteristics that 

influence in the technological properties of wood. 

Moreover, it can be used as a reference for the wood 

quality, for both fuel production and other many uses 

of wood. (Mattos, et al., 2011; Rodrigues et al., 

2008; Vale et al., 2009; Trevisan et al., 2012a). 

Apart from constituting a quality indicator, this 

variable is an excellent index for the feasibility 

analysis of its use in various purposes. The WBD has 

a special importance since it is a feature capable of 

genetic improvement and considered highly heritable 

(Lopes and Garcia, 2002; Trautenmüller et al., 2014). 

The WBD is the result of a complex 

combination of all its internal constituents (Eisfeld, 

2009; Peres et al., 2012). Therefore the relation 

between the amount of woody material per unit of 

volume can vary depending on the species, sample 

humidity, the relation between early and late wood, 

the width of the growth rings and its position in the 

tree height (Alzate et al., 2005; Washusen et al., 

2005; Trevisan et al., 2007, 2012b; Mattos et al., 

2011). The variations in WBD especially in 

proportions of vessels and changes in the thickness 

of the cell walls of fibers (Oliveira and Silva, 2003). 

It is well known that the correct use of a material 

is direct related to its features, becoming important to 

have knowledge of its properties in order to predict 

its behavior in different uses (Mattos et al., 2011). 

Concerning the wood of Trichilia claussenii and 

Calyptranthes tricona, a few studies can be found on 

the topic quality of the wood conducted on these 

species. Therefore, this study aimed to evaluate the 

axial variation of WBD for these two species. 

 

MATERIAL AND METHODS 

 

Study Area: 
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The study was carried out with trees from a 

fragment of alluvial deciduous forest locate in the 

city of Iraí – RS, property of the Federal University 

of Santa Maria (UFSM), coordinates 27º 13’ 35,31” 

South e 53º 18’ 59,06” West. 

The regional climate is subtropical and very 

humid, with balanced rainfall regime. However, there 

is  a reduction of rainfall in the winter season, with 

annual average between 1.700 and 1.900 mm, adding 

an average temperature between 20 and 23º C 

(Rossato, 2014). The soil can be classified as Entisol 

Eutrophic (Santos et al., 2013). 

 

Data Gathering: 

Were used five trees of Trichilia claussenii 

species with an average diameter at breast height 

(DBH) of 19.0 (± 9.0) cm and four trees of 

Calyptranthes tricona species that had DBH 17.0 (± 

9.0) cm. It is important to highlight that both species 

had unknown ages. 

The samples discs for WBD were taken with 

approximately two centimeters in the following 

positions of the trunk: 0.1 m (base), 25, 50, 75 and 

100% of the commercial height (defined by a 

minimum diameter of 5 cm) and in the DAP. The 

discs were conditioned in plastic bags and 

transported to the Forest Products Technology 

Laboratory (FPTL) of the UFSM. Later they were 

marked and sectioned in two symmetrically opposed 

wedges contained parts of heartwood and sapwood. 

 

Data Analysis: 

The Wood wedges were submerged into water, 

where they remained until reach a constant weight. 

To obtain the WBD of each wedge, the green volume 

was determined first, using the method of the 

hydrostatic balance described by Vital (1984). The 

dry weight was obtained by leaving the samples in an 

oven at ± 103 ° C until reach constant weight. The 

WBD for each wedge has been obtained by the 

equation (1): 

 

                                                           (1) 

 

Where: 

pb = wood basic density, g.cm
-3

; 

Mo= dry weight in an oven (103° C) g; 

Vu = volume saturated, cm
3
. 

The Wood Basic Density in each relative 

position of the trunk was determined by the average 

between the two wedges. After that, the weighted 

basic density was calculated through the volume of 

each tree using the equation (2): 

 

ρbpond = ((((ρb0% + ρbDBH)/2)*v1) + (((ρbDBH + 

ρb25%)/2)*v2) + (((ρbi + ρbi+1)/2)*vi)) / v5s                      (2) 

 

Where: 

ρb pond.= WBD based on the total volume without 

bark, g.cm
-3

; 

ρb”i” = basic density in the position "i", g.cm
-3

; 

v1, v2, vi = volume without bark corresponding 

to two successive positions, m
3
; 

v5s = commercial volume without bark, m
3
. 

The volume was calculated by Smalian method, 

taking each diameter without bark from each one of 

the relative positions from where the sample discs 

were taken. Then was measured the length of each 

section to calculate their volume (vi). Therefore, the 

commercial volume (V5S) of each tree is the sum of 

the five sections. 

To perform the basic density along the trunk, the 

data sampled by relative position were submitted to 

regression analysis. There by been processed by the 

package “Statistical Analysis System” (SAS, 1993), 

where the procedure Stepwise regression modeling 

was firstly applied. The model is defined by Equation 

(3): 

 

ρb = f (P; 1/P; P²; 1/P²; lnP; 1/lnP; √P)                    (3) 

 

Where: 

ρb = Wood basic density, g.cm
-3

;  

P = Relative position (bottom-up direction) %. 

The equation was selected based on the adjusted 

R-squared (R
2

adj), standard error of the estimate (Syx), 

F-value calculated and analysis for the distribution of 

residues concerning each variable of the model. 

 

RESULTS AND DISCUSSION 

 

The mean values of WBD for Trichilia 

claussenii and Calyptranthes tricona ranged from 

0.701 to 0.608 g.cm
-3

 and 0.741 to 0.722 g.cm
-3

 in 

the sense bottom-up, respectively (Table 1). The 

WBD for the commercial volume of the trunk 

(considering the minimum diameter of 5 cm) of 

wood, without bark, was 0.674 and 0.734 g.cm
-3

 for 

Trichilia claussenii and Calyptranthes tricona, 

respectively. 

 

 
Table 1: Wood basic density average per position in the axial direction and weighted basic density based on the commercial volume of the 

trunk without bark for trees of Trichilia claussenii e Calyptranthes tricona. 

Species 
Position in the bottom-up direction 

ρpond. (σ) 
0.1 m DBH 25% 50% 75% 100% 

Trichilia claussenii 0.701 0.690 0.674 0.659 0.629 0.608 0.674 (±0,025) 

Calyptranthes tricona 0.741 0.736 0.734 0.731 0.724 0.722 0.734 (±0,014) 

Where: ρpond. = weighted basic density based on the total volume without bark, g.cm-3; σ = standard deviation, g.cm-3 
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Analyzing the weighted basic density at each 

relative position, it can be observed that 25% of the 

height of the tree would be the best position and 

represents better the average of this characteristic for 

the species Trichilia claussenii and Calyptranthes 

tricona. 

When analyzing Eucalyptus saligna and 

Eucalyptus grandis (Souza et al., 1986), Acacia 

mangium (Vale et al., 1999) and Pinus caribaea var. 

hondurensis (Walnut and Vale, 1997) the height of 

25% has the best correlation with the average WBD. 

The obtained regression equation through the 

stepwise procedure, used to estimate the longitudinal 

variation of WBD of the Trichilia claussenii, can be 

seeing below (Equation 4). The coefficient of 

variation was 3.9%, adjusted R-squared 0.63 and 

standard error of the estimate 0.025 g.cm
-3

 (Table 2). 

 

ρb =0,70344–0,00097024*P
2
                         (4) 

 

Where: 

ρb = Wood basic density, g.cm
-3

;  

P = relative position (bottom-up direction) %. 

 
Table 2: Analysis of variance of the regression of wood basic density of Trichilia claussenii and Calyptranthes tricona depending on the 

relative position. 

Trichilia claussenii  Calyptranthes tricona 

SV MS F FV QM F 

Equation 0.03078 45.90* Equation 0.001 2.75* 

Error 0.00067061  Error 0.00036493  

Where: FV = source of variation; MS = mean square; F = F value; * = significance level at 5%  
 

The regression equation used to estimate the 

longitudinal change in WBD for Calyptranthes 

tricona species (Equation 5) had a coefficient of 

variation of 2.6% and standard error of estimate of 

0.019 g.cm
-3

 (Table 2). 

 

ρb =0,73823–0,00000179*P2                                 (5) 

 

Where: 

ρb = Wood basic density, g.cm
-3

;  

P = relative position (bottom-up direction) %. 

The WBD values as a function of the relative 

position in the bottom-up direction, estimated for 

both species, can be seen below (Figure 1A and 1B).

 

 

  
Fig. 1: Range of WBD for Trichilia claussenii tree (A) and Calyptranthes tricona (B) as a function of the 

relative position in the longitudinal direction. Where: ME = wood basic density base, g.cm
-3

. 

 

The species Trichilia claussenii demonstrate 

reduction of 15.3% of its starting WBD (0.701   

g.cm
-3

) following to the top (0.608 g.cm
-3

), for 

Calyptranthes tricona species the WBD also 

decreased 2.6% in the axial direction (0.741 g.cm
-3

 

bottom and 0.722 g.cm
-3

 top). Trautenmüller et al. 

(2014) found 19% reduction of the WBD in the axial 

direction for the Cordia americana species. Valério 

et al. (2008a) e Valério et al. (2008b) also verified 

reduction of WBD in the longitudinal direction, 

studying Aspidosperma polyneuron and Cedrela 

fissilis species. 

 

Conclusions: 

The characterization for the wood of Trichilia 

claussenii and Calyptranthes tricona species 

demonstrated that there was a variation of the WBD 

in bottom-up direction with a decreasing trend. 
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