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Abstract

{ e objective of this work was to determine and compare 
the variation of basic density of the wood throughout 
the stem of Cedrela fi ssilis Vell., specie belonging to the 
Meliaceae family and known popularly as Cedro. { e 
sample was performed in three selected trees at random 
in dense ombrophila forest, in the Municipal District of 
Apiuna and Presidente Nereu Ramos-SC. { e trees were 
knocked and they had its dendometric variables measured. 
{ e basic density was determined in samples 1,5 x 1,5 x 
5 cm, taken from inside of the disc (cerne) and from the outside (alburno), being these collected next to chest (DAP), 
0%, 10%, 50%, 75% and 95% from the point of morphologic inversion, above this, two samples with branches named 
G1 and G2  were collected. { e basic density was obtained through the relation between dry weight and fresh volume 
of samples and showing itself decreasing from the base to the top of the tree. In the analysis of variance (ANOVA) it 
was verifi ed statistically signifi cant diff erences between the averages in densities along the trunk and the branches, the 
average basic density was 431.06 kg m-3. { e found uniformity of the basic density along the stem is a characteristic that 
gives the specie stability and security for its use in structural projects... However, it is needed deeper studies to improve 
its scientifi c fundaments on its physical and technological properties.
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Introduction 

The specific mass reflects the amount of 
woody area per volume unit, or the amount of empty 
spaces existing in a wood. { us, it should be noted 
that the evaluation of the quality of wood-based 
density is very useful from the technological point 
of view, being an excellent indicator of the properties 
of wood (VALE et al., 1999).

Besides being an indication of the quality 
of wood, it is an excellent index to an analysis of 
the feasibility of their use in various purposes, the 
density of the wood is important because it is a liable 
characteristic to genetic improvement and considered 
highly inherited (LOPES and GARCIA, 2002).   

For Chimelo (1980) the basic density is 
considered the most important physical property 
of wood, since it is a signifi cant parameter for both 
geneticists and technologists of wood, because 
it keeps a  relationship between other properties 
and the use of  wood. But Busnardo et al. (1987) 
affirm to be a feature rather complex, resulting 
from the combination of anatomical characters, 
physicists and chemists. Regarding to the variability 
of specific mass base, one should consider the 

variations between genders, between species 
belonging to the same genus as well as between trees. 
It may be noted that the density of the wood is 
infl uenced by many factors and varies signifi cantly 
depending on the age, origin, place of origin, 
spacing, depending on the rate of growth, gender 
and species, and even between trees in the same 
species (FERREIRA and KAGEYAMA, 1978; 
TOMAZELLO FILHO, 1985; SOUZA et al., 1986). 

{ e relevant literature has shown over decades 
many studies that show the relationship between 
the dimensions of fi bers, the cell wall thickness, 
volume of vessels and parenchyma, wood proportion 
between spring and autumn, and arrangement of the 
anatomical elements. { e density is an important 
factor in determining the physical and mechanical 
properties which characterize different woody 
species, diff erent trees of a given species and even 
diff erent regions of the same tree, according to its 
variability (FOELKEL et al., 1971).  

According to Klock (2000), the intensive use 
of wood as raw material for industrial purposes or 
construction can occur only with the appropriate 
knowledge of their properties. As a heterogeneous 
organic element, composed primarily of cellulose, 
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polioses (hemicelluloses), lignin and extractives, wood 
presents an enormous versatility of uses for a variety 
of products. { e improvement in the employment 
of new technologies for processing and rational use 
of wood in the generation of new products requires 
appropriate knowledge for their characteristics and 
behavior as a raw material. 

{ e Cedrela fi ssilis Vell. species belongs to 
Meliaceae family, is a tree-size tree, with broad 
adaptation throughout Latin America (MATTOS, 
1980; PENNINGTON and STYLES, 1981). 
However, it is a rare species evenly (BAWA and 
ASHTON, 1991), regarded as alogama (STYLES, 
1972; CARVALHO, 1994). According to Lorenzi 
(1992) Cedrela fi ssilis presents light to moderately 
heavy wood, soft to cut and remarkably durable in 
dry, and the sapwood separate from the heart. Its 
wood with noble characteristics caused an intense and 
irrational exploitation in the past (PINAZZO, 1992), 
putting the species under severe genetic erosion due 
to loss of many populations and individuals (FAO, 
1996). 

As discussed, it can be noticed the importance 
of the density of wood to forest-based industry as 
well as conducting studies with native species, so the 
present study aims at determining the variation and 
comparison of the density of the wood core of the 
core (inner part of ), Sapwood (outside) and branches 
of Cedrela fi ssilis Vell.

Materials and methods

{ e forest area where the study was conducted 
is located between the parallels 27 º 08 ‘34 “and 27 15’ 
37’’south latitude, and between the meridians 49 of 
11 ‘57’’and 49 17’ 28” west longitude of Greenwhich, 
in the Municipal Districts of Apiúna and President 
Nereu Ramos, state of Santa Catarina, composed by 
the low, middle and upper valley of the Itajaí River 
and comprising a total area of 3799.2 hectares. 

As classification of Brazilian vegetation 
realized by the IBGE (1992) and Klein (1978), the 
original vegetation of the Itajaí basin is, for the most 
part, a dense pluvial tropical forest, called Dense 
Atlantic Forest (VELLOSO et al., 1990). 

Although it is located in subtropical climate 
zone, this forest shows all the characteristics of a 
pluvial tropical forest: high species richness, which 
was found 359 tree and shrub species, belonging to 
72 families (SEVEGNANI, 2003). 

{ e samples were selected in the fi eld and 
three trees were identifi ed at random, then their 
dendrométricas variables were measured. After 
this, the trunk was cut to diff erent heights, being 
withdrawn  a slice 0.0%, 10%, 50%, 75% and 95% 
based on the height of the point of morphological 
reversal, plus a slice of 1.30 m above the ground 
(DAP) and a branch, the thickness of the disks were 
approximately 5 cm.

The determination of basic density 
(relationship between drought mass in greenhouse 
and the volume in the completely saturated state), 
was held with bodies of evidence of wood with 1.5 x 
1.5 x 5.0 cm, taken in internal and external portions 
of shelled slices (Figure 1) collected on 6 positions 
along the stem and 1 of every tree branch. 

{ e samples were fi rst placed in water to 
saturation, after determining the volume, the evidence 
bodies were placed in the oven with a temperature 
of 103 ± 2 ° C for drying until constant weight, to 
obtain the completely dry weight.

Results and discussions 

{ e average density results obtained of the 
internal and external part of the tree for diff erent 
heights are shown in table 1. The basic inside 
density presented lower density compared to the 
outside. { ese results are opposed to the results of 
several studies commonly found in the literature 
and described in studies with other forest species 
by Oliveira and Silva (2003), and Rezende Ferraz 
(1985) and Tomazello Filho (1987). Despite 
densities show variations along the position in the 
tree; they follow a similar trend of increase towards 
the bottom to the top of the tree, which indicates 
that when parts are subjected to the process of 
drying, they will have uniformity in the loss of 
water, thus reducing signifi cantly the deformation 
of the material.
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Figure 1. System of sampling conducted in discs of 
Cedrela fi ssilis Vell. 

Where: C = Heartwood (the inside) 
{ e Alburno = (outside) 
{ e basic density was calculated using the 

relationship: 
Db = (Ms / Vs) * 100 
Where: 
Db = basic density (kg m-3) 
Ms = mass of the body of dry evidence (g) 
Vs = volume of the evidence body in a 

saturated stage (cm3) 
The basic density has increased towards 

the marrow (the inside) to the cambial region 
(outside). { is growth was also observed by Amaral 
et al. (1971), with studies in density with Araucaria 
angustifolia (Bert) O. Ktze. 

{ ere is a trend of density increasing towards 
the top to the bottom of the tree both inside and 
outside of the bole, a common feature in hardwood 

Table 1. Average density in kg m-3 for different heights tested to the inside and outside of the tree of Cedrela 
fi ssilis Vell.

Position in tree Relative height
0.00% 10% DAP 50% 75% 95% G1/G2

Outside (kg m-³) 480.59 461.28 433.84 440.41 428.20 412.65 527.78

Inside (kg m-³) 481.66 403.65 393.17 372.49 361.45 346.07 491.54

species, and similar to those seen by Sturion et 
al. (1987) for various species of Eucalyptus and 
Scolforo (2004) in Eremanthus erythropappus (DC) 
MacLeish. 

{ e average performance for certain basic 
density of the wood Cedrela fi ssilis along the trunk 
of the trees sampled, along with their standard 
deviations, disregarding the position in bole (internal 
and external) are presented in table 2. 

The trees analyzed had large individual 
variability of density, which suggests that there are 
great possibilities for a genetic improvement program 
aimed at selection of matrices. 

{ e analysis of variance (Table 3) showed 
diff erence in density between the inside and outside 
of the tree and on to the heights studied. It also 
showed that tree height factors and position of the 
trunk are not independent.

{ e fi gures 2, 3 and 4 illustrate the trends 
observed for the basic average density, internal and 
external along the stem. 

{ e greatest value for density was observed 
at the base of the tree (0%) in the sapwood with 
585.63 kg m-3 and the lowest at the top (95%) in the 
heart with 285 kg m-3. { e highest average density 
was observed for the branches, with 509.66 kg m-3, 
and the density of the bole of 431.06 kg m-3, lower 
than the values given for the same species by Lorenzi 
(1992) of 550 kg m-3. 

 Days and Lahr (2004) in studies involving 
the apparent density of species Cedrela odorata and 
Cedrela sp. found a density of 514 and 512 kg m-3, 
respectively. { ese values are close to those observed 
in this study. 

{ e basic density observed was within the 
limits recommended for sawn timber to be used in the 
furniture industry, which also ensures good workability. 

VALÉRIO, A.F. et al. 
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Table 2. Basic density average per position (height) along the trunk of the trees sampled from Cedrela fi ssilis 
Vell. 

Position Average density (kg m-³) Standard deviation Nº samples

0% of height 481.12 82.71 6

10% of height 432.47 73.86 6

1.30 m of height 413.50 90.87 6

50% of height 406.45 96.74 6

75% of height 394.82 83.17 6

95% of height 379.36 96.10 6

Branches 509.66 62.36 6

Furthermore, the found density indicates that the 
species possibly presents a high shrinkage, and it 
represents stability for products made with this wood. 

Comparing the species studied with wood 
traditionally used by furniture industries in the 
region, the average density found in this study is 
near the one used by them. { e species Araucaria 
(Araucaria angustifolia) one of the most requested 
for the production of mobile sets a basic average 
density of 555 kg m-3 (LORENZI, 1992). { e species 
Bracatinga (Mimosa scabrella Benth.) and Eucalyptus 
(Eucalyptus viminalis) commonly used for energy 
purposes shows densities of 521 and 0489 kg m-3, 
respectively (PEREIRA and LAVORANTI, 1986; 
STURION et al., 1988) and species Pinus (Pinus 
taeda) used in the furniture industry shows average 
density between 390 to 430 kg m-3 (GONZALEZ 
et al., 1993; SUIREZS, 2000). 

Conclusions 

Through analysis of the results we can 
conclude that the basic average density of the wood 
of Cedro (Cedrela fi ssilis) is 431.06 kg m-3, along the 
trunk, showing statistically signifi cant diff erences 
between them and regarding the position the internal 
and external, not showing independence regarding 
to height.

{ e basic density found along the stem is 
a characteristic that gives the species stability and 
safety for use in structural projects, but it is necessary, 
further investigation to improve the scientifi c basis of 
their physical properties and technology.

The individual variability of the density 
of trees examined indicates that there are great 
possibilities for an improvement program aimed at 
genetic selection of matrices. 

Table 3. Results of the analysis of variance and the test of Bartlett for position and height.   

Source of variation DF Sum of square Mean square Observed F
Block 2 0,0785 0,0392 7,3193*

Treatment 11 0,0521 0,0047 0,8842*
Position1 1 0,0078 0,0078 1,4508*
Height1 5 0,0314 0,0063 1,1701*

Position  x heitht1 5 0,0130 0,0026 0,4849*
Experimental Erro 22 0,1180 0,0054

TOTAL 35 0,2486
1 = test of Bartlett and homogeneity of variance 
* = Signifi cant at 95% probability 
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Figure 2. Basic density external wood of Cedrela fi ssilis along the trees trunk height. 

Y = basic average density X = Height

Figure 3. Basic density inside the wood of Cedrela fi ssilis along the trees trunk height.

Figure 4. Basic average density of the wood Cedrela fi ssilis along the trees trunk height.

VALÉRIO, A.F. et al. 



Pesquisa Aplicada & Agrotecnologia    V.1  N.1   Set.- Dez. 2008    ISSN 1983-632534

References

AMARAL, A.C.B.; FERREIRA, M.; BANDEL, G. Variação da densidade básica da madeira produzida pela 
Araucaria angustifólia (Bert.) O. Ktze no sentido medula-casca em árvores do sexo masculino e feminino.  
IPEF v.2, n.3, p.119-127, 1971. (Boletim Técnico).

BAWA, K. S.; ASHTON, P. S. Conservation of rare trees in tropical rain forests: a genetic perspective. In: 
HOISINGER, D.; FALK, A. (Ed. ) Genetics and conservation of rare plants. St Louis, MO. p. 62-74. 1991.

BERNACCI, F.C.; LEITÃO-FILHO, H.F. Flora fanerogâmica da fl oresta da fazenda São Vicente, Campinas, 
SP. Revista Brasileira de Botânica. n.19, p.149-164. 1996.

BUSNARDO, C.A. et al. Em busca da qualidade ideal da madeira do eucalipto para produção de celulose. 
IV. Altura ideal de amostragem para avaliação da densidade média para árvores de Eucalyptus grandis. In: 
CONGRESSO ANUAL da ABCP. São Paulo, 1987. Anais... 1987.

CARVALHO, P.E.R. Espécies fl orestais brasileiras: recomendações silviculturais, potencialidades e uso da 
madeira. Embrapa-CNPF/SPI, Colombo, PR. 1994. 1111p. 

CHIMELLO, J. Anotações sobre anatomia e identifi cação de madeiras. São Paulo, IPT, 1980, 109 p. 
(Apostila).

DIAS, F.M.; LAHR, F.A.R. Estimativa de propriedades de resistência e rigidez da madeira através da 
densidade aparente. Scientia Forestalis. n 65, p. 102-113, 2004.

FAO. Databook on endangered tree and schrub species and provenances. Roma: Food and Agriculture 
Organization. 1996. 524p.

FERREIRA, M.; KAGEYAMA, P.Y. Melhoramento genético da densidade de eucalipto. IPEF, v. 6, n. 20, 
p. A1 – A15, 1978. (Boletim Técnico).

FOELKEL, C. E. B.; BRASIL, M. A. M.; BARRICHELO, L. E. G. Métodos para a determinação da 
Densidade Básica de cavacos para coníferas e folhosas. IPEF v.2, n.3,  p.65-73, 1971. (Boletim Técnico).

GONZÁLEZ R.; PEREYRA O.; SUIREZS T. Propriedades Físicas y Mecánicas del Pino taeda reforestado 
en la provincia de Misiones Argentina. Yvyraretá, Eldorado, n.4, p 4-8, 1993.

IBGE. Manual técnico da vegetação brasileira. Rio de Janeiro, 1992. 92p.

KLEIN, R.M. Mapa fi togeográfi co do Estado de Santa Catarina. Itajaí, 1978. 24p.

KLOCK. U. Qualidade da madeira juvenil de Pinus maximinoi H.E. Moore. 291f. Tese. (Doutorado em 
Ciências Florestais) Curso de Engenharia Florestal. Universidade Federal do Paraná - UFPR.Curitiba: 
2000. 

LOPES, G. A.; GARCIA, J. N. Densidade Básica e Umidade Natural da madeira de Eucalyptus saligna 
Smith, de Itatinga, associadas aos padrões de casca apresentados pela população. IPEF n. 62, p.13-23, 2002. 
(Boletim Técnico).

LORENZI, H. Árvores brasileiras: manual de identifi cação e cultivo de plantas arbóreas nativas do Brasil. 
Editora Plantarum, São Paulo. 1992. 323p.



35

MATTOS, J. R. Contribuição ao estudo do cedro – Cedrela fi ssilis Vell. Porto Alegre, RS: Instituto de 
Pesquisas de Recursos Naturais Renováveis “AP”, 1980. 54p. (Publicação IPRNR”AP” n. 4.)

MELO, J.E.; CORADIN, V.T.R.; MENDES, J.C. Classes de densidade para madeiras da Amazônia brasileira. 
In: CONGRESSO FLORESTAL BRASILEIRO, 6., Campos do Jordão, 1990. Anais... v. 3, p. 695-699.

OLIVEIRA, J.T.S.; SILVA, J.C. Variação radial da retratibilidade e densidade básica da madeira de Eucalyptus 
saligna Sm. Revista Árvore. Viçosa, v.27, n.3, p.381-385, 2003.

PEREIRA, J.C.D.; LAVORANTI, O.J. Comparação da qualidade da madeira de três procedências de Mimosa 
scabrella Benth. para fi ns energéticos. Boletim de Pesquisas Florestais, v. 2. p.30-34, 1986.

PENNINGTON, T. D.; STYLES,B. T. Meliaceae. Flora Neotropica. New York: New York Botanical 
Garden, 1981. 470p. (Monograph, v. 28.)

PINAZZO, J. Especies forestales del Paraguay en peligro de extinción. Revista Florestal, Assunción, v.8, 
n.1, p.14-15, 1992.

REZENDE, M.A; FERRAZ, E.S.B. Densidade anual da madeira de Eucalyptus grandis. IPEF. n. 30, p. 
37-41, 1985. (Boletim)

SCOLFORO, J.R.S. et al. Estimativas de volume, peso seco, peso de óleo e quantidade de mirões para a 
candeia (Eremanthus erythropappus (DC) MacLeish). Revista Cerne.  v. 10, n. 1, p. 87-102, 2004.

IBGE. Manual técnico da vegetação brasileira. Rio de Janeiro, 1992. 92p.

SEVEGNANI, L. Dinâmica de população de Virola bicuhyba (Schott) Warb. (Myristicaceae) e estrutura 
fi tossociológica de fl oresta pluvial atlântica, sob clima temperado úmido de verão quente, Blumenau, 
SC. São Paulo: 2003. 161 f. Tese (Doutorado em Ecologia), Universidade de São Paulo.

SOUZA, V.R.; CARPIM, M.A.; BARRICHELO, L.E.G. Densidade básica entre procedências, classes 
de diâmetro e posição em árvores de Eucalyptus grandis e Eucalyptus saligna. Boletim IPEF. v. 3, p.63-72. 
1986.  

STYLES, B.T. { e fl ower biology of the Meliaceae and its bearing on tree breeding. Silvae Genetica, 
Frankfurt, v. 21, n. 5, p. 175-182, 1972.

STURION, J.A.; PEREIRA, J.C.D.; ALBINO, J.C.; MORITA, M. Variação da densidade básica da madeira 
de doze espécies de Eucalyptus plantadas em Uberaba, MG. Boletim de Pesquisa Florestal, Colombo, n.14, 
p. 28-38, 1987.

STURION, J.A.; PEREIRA, J.C.D.; CHEMIN, M.S. Qualidade da madeira de Eucalyptus viminalis para 
fi ns energéticos em função do espaçamento e díade de corte. Boletim de Pesquisa Florestal, Colombo, 
n.16, p. 55-59, 1988.

SUIREZS, T. Efecto de la impregnación con CCA (cromo-cobre-arsénico) sobre las propiedades físicas 
y mecánicas de la madera de Pinus taeda L. Eldorado. Misiones. Universidad Nacional de Misiones, 2000. 
110p.

TOMAZELLO FILHO, M. Variação radial da densidade básica e da estrutura anatômica da madeira do 
Eucalyptus saligna e Eucalyptus grandis. IPEF. N. 29, p.37-45, 1985. (Boletim).

VALÉRIO, A.F. et al. 



Pesquisa Aplicada & Agrotecnologia    V.1  N.1   Set.- Dez. 2008    ISSN 1983-632536

TOMAZELLO FILHO, M. Variação radial da densidade básica em estrutura anatômica da madeira do 
Eucalyptus globulus, E. pellita e E. aacmenioides. IPEF. n. 36, p. 35-42, 1987. (Boletim).

VALE, A.T.; BRASIL, M.A.M.; MARTINS, I.S. Variação axial da densidade básica da madeira de Acácia 
mangium Willd aos sete anos de idade. Ciência Florestal, v.9, n.2. p.85-92, 1999.

VELOSO, H.P.; RANGEL FILHO, A.L.R.; LIMA, J.C.A. Classifi cação da vegetação brasileira adaptada 
a um sistema universal. Rio de Janeiro, 1990. 123p.


