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Influence of spacing on some physical properties of 
Schizolobium parahyba var. amazonicum (Huber ex Ducke)

Influência do espaçamento sobre algumas propriedades físicas da 
madeira de Schizolobium parahyba var. amazonicum (Huber ex Ducke)

Luiz Eduardo de Lima Melo¹, Cláudia de Jesus Silva², Thiago de Paula Protásio³, 
Paulo Fernando Trugilho4, Iedo Souza Santos¹ e Cláudia Viana Urbinati¹

Resumo

Em virtude principalmente de seu rápido crescimento a espécie Schizolobium parahyba var. amazoni-
cum (paricá) têm se destacado em plantios comerciais na região Norte do Brasil. Entretanto, a escolha 
do espaçamento ideal, no qual se obtenha uma maior proporção de madeira e melhor qualidade é uma 
questão a ser considerada nas pesquisas de manejo florestal do paricá. O objetivo do trabalho foi verificar 
a influência do espaçamento na densidade básica, contrações lineares – radiais e tangenciais, contração 
volumétrica e fator anisotrópico da madeira de paricá, aos 9 anos de idade, bem como a variação no sen-
tido medula-casca destas propriedades. Utilizou-se delineamento experimental inteiramente casualizado 
disposto em esquema fatorial 2 x 4 (2 espaçamentos e 4 posições radiais) e 5 repetições nos espaçamen-
tos de 4 x 4m e 8 x 4m, totalizando 10 árvores amostradas, obtidas no município de Garrafão do Norte/
PA. De cada árvore foram retirados discos de 8 cm de espessura a 1,30 do nível do solo. De cada disco 
foram obtidas amostras em quatro posições no sentido medula-casca: a 0% (próximo à medula), a 33 e 
66% do raio, e a 100% (na periferia do fuste). Os resultados indicaram que o espaçamento entre árvores 
não influenciou significativamente as propriedades físicas. Observou-se também aumento da densidade 
básica e contração tangencial no sentido medula-casca, sendo o contrário observado para a contração 
radial. Não foram observadas diferenças significativas para a contração volumétrica e o fator anisotrópico 
em função da posição radial.

Palavras-chave: Paricá, densidade básica, retratibilidade, espaçamento inicial. 

Abstract

Schizolobium parahyba var. amazonicum, which is known in Brazil as paricá, has been highlighted in 
commercial plantations in Northern Brazil, mainly due to its fast growth. However, the choice of the ideal 
spacing, in which a higher proportion of good quality wood is obtained, constitutes an issue to be considered 
in research on paricá forest management.  The objective of this study was to verify the influence of spacing 
on basic density, tangential and radial shrinkage, volumetric shrinkage and anisotropic factor of 9-year-old 
paricá wood, as well as variation of such properties from pith to bark. An entirely randomized design was 
used, arranged in a 2 x 4 factorial scheme (2 spacings and 4 radial positions) and 5 replications in 4 x 4m 
and 8 x 4m spacings, with a total of 10 sample trees obtained in the municipality of Garrafão do Norte/PA. 
In each tree were obtained 8-cm thick disks were obtained at 1.3m from ground level. The radial position 
from pith to bark was divided into four parts: at 0% (near the pith), at 33 and 66% along the radius, and at 
100% (near the bark). The results indicated that spacing among trees had no significant effects on physical 
properties. Basic density and tangential shrinkage showed an increasing trend from pith to bark, while the 
reverse trend was observed for radial shrinkage. Significant differences were not observed for volumetric 
shrinkage and anisotropic factor as a function of radial positions. 
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INTRODUCTION

The source of raw material for the forest-based 
industry in Southern and Southeastern Brazil is 
established with the reforestation of Eucalyptus 
and Pinus species, mainly for the production of 
charcoal, cellulose and board (ABRAF, 2011). 
However, in the Northern region, where some 
of these activities are still under development 
or do not exist, plywood industries are predo-
minant, and they use Schizolobium parahyba var. 
amazonicum wood. Schizolobium parahyba var. 
amazonicum (Huber ex Ducke), or Barneby tree, 
is known as paricá in Brazil. 

Paricá is indicated for commercial planta-
tions and reforestation of degraded areas becau-
se of its good performance and fast growth, in 
homogeneous plantations, as well as agrofores-
try systems. It can reach from 15 to 40 meters 
in height and 50 to 100 centimeters in diameter 
at breast height; in commercial plantations at 6 
years of age trees have an approximate height 
of 18 m at a diameter of approximately 12 cm 
(SOUZA et al., 2003). Paricá wood may be used 
in the production of lining, matchsticks and ca-
noe manufacture, and is considered promising 
for obtaining cellulose and paper, mainly be-
cause of the easy whitening and excellent resis-
tance obtained with the white paper (LE COIN-
TE, 1947; PEREIRA et al., 1982; RIZZINI, 1971).

However, despite the wide range of use, plan-
ted paricá forests have been basically destined to 
industries which produce laminates, and more re-
cently mixed with other species for the production 
of MDF (Medium Density Fiberboard), which 
shows the scarcity of information about the qua-
lity of the wood produced in forest plantations.

It is important to know the influence of sil-
vicultural practices on wood properties of this 
species, because paricá plantation programs are 
still in their initial stages. It is also necessary to 
understand internal variations as preliminary 
and indispensable parameters for technological 
evaluation of wood, and, consequently, provide 
a better quality for the raw material.

In this context, research has shown that any 
change in plantation spacing may significantly 
influence the properties of the produced wood 
and, when this practice is linked to the growth 
rate characteristics of trees, they may be useful 
for deciding when and how much wood must 
be cut in order to obtain the necessary quanti-
ty and ideal quality (FUJIMOTO; KOGA, 2009; 
LIMA et al., 2009).  

Therefore, the objective of this study was 
to evaluate the effect of plantation spacing on 
some physical properties of Schizolobium pa-
rahyba var. amazonicum (Huber ex Ducke): basic 
density, radial and tangential shrinkage, volu-
metric shrinkage and anisotropic factor, as well 
as variations of the mentioned attributes from 
pith to bark. 

MATERIAL AND METHODS

The material was obtained from a 9 year-old 
plantation, located in the municipality of Garra-
fão do Norte, in the state of Pará (01° 55’45” S 
and 47° 03’24” W). The soil of the area is me-
dium texture yellow latosol. The average annu-
al rainfall and temperature are 2,800 mm and 
26°C, respectively. The driest period is Septem-
ber to December, and the rainy period from Ja-
nuary to May (PACHECO et al., 2011).

In order to obtain an approximate average 
diameter of trees within the 4 x 4 m and 8 x 4 
m spacing, 25 randomly selected individuals 
were measured at 1.30 m from ground level 
of in each spacing.  Then, five trees were col-
lected within the spacing of 4 x 4 m and 8 x 4 
m, for a total of ten individuals sampled. The 
mean diameter values were 23.49 cm for the 
4 x 4 m spacing and of 25.40 cm for the 8 x 
4 m spacing.

In each tree were obtained 8-cm thick disks 
at 1.3 m from ground level were obtained from 
each tree. Four positions were taken from pith to 
bark in the discs: near the pith, at 0%, at 33 and 
66% along the radius, at 100% near the bark. 
Four replications were obtained at each posi-
tion, with a total of 160 specimens analyzed. 

Samples were then water-saturated by a va-
cuum pump for about 6 hours. They were then 
weighed in a semi-analytical scale, with a sen-
sitivity of 0.01 g; the linear dimensions (radial 
and tangential) were measured with a 0.01mm 
digital caliper. The volume was determined by 
the hydrostatic balance method. Afterwards, the 
specimens were oven dried at 103±2 °C for me-
asurements of anhydrous weight, dimensions 
and volume.

The basic density, shrinkage in radial and 
tangential directions and volumetric shrinkage 
were determined according to the assay pro-
ceedings specified by NBR 7190/97 of ABNT 
(ABNT, 1997). The nominal dimensions of the 
specimens were 2 cm x 2 cm x 3 cm, flawless and 
perfectly oriented.
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From the data obtained, calculations were 
made for the physical properties of basic density 
(ρbas), linear shrinkage – radial direction (εr) and 
tangential direction (εt) and volumetric shrinka-
ge (εv), according to Equations 1, 2 and 3, res-
pectively. The anisotropic factor was obtained 
by dividing the tangential contraction by the 
radial contraction of each specimen evaluated, 
that is, the value obtained is dimensionless. 

(1)

(2)

(3)

In which:
ρbas is the basic density (g cm-3); ms is the anhydrous 
mass (g); vgreen is the green volume (cm3); vdry is 
the anhydrous volume (cm3); Lsat is the saturated 
dimension (cm); Ldry is the anhydrous dimension 
(cm); ε(r,t) are the linear shrinkage (%); ε(v) is the 
volumetric shrinkage (%).

Two-way ANOVA was used for the detection 
of statistically significant differences by a dou-
ble 2 x 4 factorial scheme, in other words, two 
plantation spacings and four radial positions of 
samplings and 5 repetitions. A test of variance 
homogeneity (Bartlett test, at 5% significance) 
was performed preliminarily for all the wood 
characteristics. Deviations were not observed in 
relation to this presupposition of ANOVA. In the 
subsequent step, if main effects were significant, 
physical attributes would be plotted against ra-
dial position. Simple linear regressions were run 
to test the relationship between physical proper-
ties as dependent variables and radial position 
as an independent variable. 

RESULTS AND DISCUSSION

The results showed the effect of spacing, and 
the interaction between spacing and radial sam-
pling position were not significant at 5% by the 
F test for all physical attributes (Table 1). A non-
-significant interaction means that the investi-
gated effects (spacing + radial position) in this 
study are not interdependent, which shows that 
the variation pattern of certain properties along 
the radius is the same for all treatments. 

The effect of variation from pith to bark was 
significant for basic density and shrinkage in 
tangential and radial directions (Table 1). Signi-
ficant effects of initial spacing were not observed 
on the evaluated physical attributes of S. parahy-
ba wood at 9 years of age.

The average basic density value in this stu-
dy (Table 2) is comparable with Paula (1980), 
Rojas and Martina (1996) and Vidaurre et al. 
(2012). They reported that the basic density of 
paricá wood ranges from light to moderately 
heavy, that is, from 0.26 g cm-3 to 0.62 g cm-3. 
Radial, tangential and volumetric shrinkage (Ta-
ble 2) were lower than what has been already 
reported by others (IBDF, 1983).

Table 1. 	 Summary of the variance analysis on physical properties of paricá wood related to spacing and variation 
from pith to bark.

Tabela 1.	 Resumo das análises de variância efetuadas para as propriedades físicas do paricá em relação ao espaça-
mento e a variação da medula para casca. 

Cause of variation DF
Mean square

Contractions (%) T/R ρbas (g cm-3)εv εt εr
Spacing (S) 1 0.479ns 1.346ns 0.204ns 0.229ns 0.002ns

Radial position (R) 3 2.688ns 4.424 ** 1.540 ** 0.344ns 0.055 **
S x R 3 0.642ns 0.552ns 0.235ns 0.344ns 0.001ns

Error 32 2.523 0.866 0.479 0.501 0.001
CEV (%) - 19.45 17.58 22.67 36.96 8.72

** Significant at 5% by the F Test; n.s: not significant at 5% by the F Test; DF: degrees of freedom; εv: volumetric shrinkage (%); εt: tangential 
shrinkage (%); εr: radial shrinkage (%); T/R: anisotropic coefficient; ρbas basic density (g/cm³); CEV (%): coefficient of experimental variation. 

Table 2. 	 Mean values of physical properties in diffe-
rent spacings.

Tabela 2. 	Valores médios das propriedades físicas nos 
diferentes espaçamentos. 

Spacing Contractions (%) T/R ρbas 
(g cm-3)εv εt εr

4 m x 4 m 8.01  
(1.71)

5.11  
(0.95)

2.98  
(0.58)

1.84  
(0.67)

0,33  
(0.07)

8 m x 4 m 8.32  
(1.37)

5.48  
(1.16)

3.13  
(0.86)

1.99  
(0.72)

0,34  
(0.07)

General mean 8.17  
(1.53)

5.29  
(1.06)

3.05  
(0.73)

1.92  
(0.69)

0.33  
(0.07)

Values in parenthesis represent the standard deviation. εv: volumetric 
shrinkage (%); εt: tangential shrinkage (%); εr: radial shrinkage (%); 
T/R: anisotropic coefficient; ρbas basic density (g cm-³); CEV (%): coeffi-
cient of experimental variation. 
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Zobel and Buijtenen (1989) state that spa-
cing has a little influence on the properties of 
hardwoods.

Brasil and Ferreira (1971) reported that there 
was no significant variation of wood basic den-
sity in Eucalyptus species planted in 3 m x 1.5 m 
and 3 m x 2 m spacings. 

In the present study, trees were cut from se-
edling plantations; therefore, important gene-
tic variations may exist between individuals. 
Malan (1988), in a similar study, reported that 
the effects of genetic factors on wood proper-
ties were more pronounced than environmental 
ones. Lima et al. (2009) did not observe signifi-
cant influence of spacing on basic density and 
volumetric shrinkage of Tectona grandis wood at 
31 years of age but apparent density increased in 
wide spacing. 

Roque and Ledezma (2003) also expressed a 
significant increase of basic density, followed by 
reduction in radial, tangential and volumetric 
shrinkage in wide spacing.

Dense plantations may produce a higher vo-
lume of wood per hectare (Fishwick, 1976; Sch-
neider, 1993). This means that, according to the 
result of the present study, initial spacing can be 
reduced from 4 m x 8 m to 4 m x 4 m without 
negative effects on the basic density and shrinka-
ge behavior of paricá wood at 9 years of age for 
the production of a higher volume of wood. 

Lopes et al. (2011) evaluated the wood of Eu-
calyptus dunnii, at 18 years of age intended for 
use in the furniture industry, and observed va-
lues of physical properties considerably higher 
than those found for Schizolobium parahyba var. 
amazonicum wood.

The authors observed an average shrinkage 
of 21.28%, average tangential contraction of 
14.08% and average radial contraction of 5.91%. 
Thus, the higher dimensional stability of paricá 
wood becomes evident, allowing, therefore, its 
use in the furniture industry.

However, it is important to consider that the 
wood from Eucalyptus dunnii has a higher basic 
density (0.61 g cm-3), when ??compared to the 
wood from Schizolobium parahyba var. amazoni-
cum (0.33 g cm-3), and this factor certainly in-
fluenced the results of the physical properties 
evaluated.

Radial trends of physical properties are sho-
wn in figures 1, 2 and 3. A strong adjustment to 
the simple linear model for basic density (R2 = 
0.99) and tangential contraction (R2 = 0.96) was 
observed. For volumetric contraction and aniso-

tropic factor, no significant statistical variation 
was observed for the radial sampling position. 

However, for radial contraction, the quadra-
tic linear model presented a better adjustment 
(R2 = 0.94). Obtaining the first derivative of this 
quadratic function and equating the result to 
zero, it is possible to obtain the inflexion point 
of 69.78% which, in this case, is a minimum 
point, because the second derivative informs 
that the function is positive.

Analyzing angular coefficients of the obtai-
ned regressions (Figures 1 and 2), it was obser-
ved that for each 1% increase in the radial sam-
pling position (from pith to bark), there was an 
increase of about 0.0017 g.cm-3 and 0.015% in 
basic density and in tangential contraction of 
the wood, respectively.

Figure 1. 	Functional relationship between basic density 
and variation from pith to bark in the log of 
S. parahyba var. amazonicum at 9 years of 
age. 0% is near the pith and 100% is near 
the bark.

Figura 1. 	Relação funcional entre a densidade básica e 
a posição radial na tora de S. parahyba var. 
amazonicum aos nove anos de idade. 

It is necessary to highlight that linear and 
volumetric contractions presented higher varia-
tions than basic density within the radial sam-
pling positions.

The results found for the radial variation of 
basic density and tangential contraction are in 
accordance with Oliveira and Silva (2003), who 
verified increases in this property from pith to 
bark of Eucalyptus saligna wood. Lopes et al. 
(2011) verified a tendency towards an increase 
in tangential contraction values of Eucalytpus 
grandis, Eucalyptus dunnii and Eucalyptus uro-
phylla wood in the same direction. 

Oliveira et al. (2010) statistically observed 
an increasing pattern of shrinkage variations 
(linear and volumetric), from pith to bark for 
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the wood species: Corymbia citriodora, Eucalyptus 
cloeziana and Eucalyptus urophylla. This result is 
in part similar to that observed for Schizolobium 
parahyba var. amazonicum (paricá) wood.

The increase in wood density value from pith 
to bark is the result of the formation of juvenile 
wood during the first years of plant growth and 
a tendency towards wood homogenization as 
it reaches maturity (BALLARIN; PALMA, 2003; 
SERPA et al., 2003). In relation to the increase in 
tangential contraction from pith to bark, Olivei-
ra and Silva (2003) explain that this behavior is 
due to the reduction in the microfibrillar angle, 
increase in cellulose content and increase in fi-
ber length in the same direction.

The increase in basic density from pith to bark 
was recently described by Settle et al. (2012) for 

Endospermum medullosum, Longui et al. (2011) 
for Pittosporum undulatum, Ishiguri et al. (2011) 
for Pericopsis mooniana, Lima et al. (2011) for 
Balfourodendron riedelianum, Santos et al. (2011) 
for Astronium graveolens, Hein and Brancheriau 
(2011) and Evangelista et al. (2010) for Eucalyptus 
urophylla and Gonçalves et al. (2009) for Eucalyp-
tus urophylla x Eucalyptus grandis clonal hybrid.

Parolin (2002) also observed increases in the 
density from pith to bark for several species from 
Central Amazonia, many of them pioneer spe-
cies, such as S. parahyba var. amazonicum (CAR-
VALHO, 2007). For Wiemann and Williamson 
(1988) the increase in density from pith to bark 
may be related to the successional groups, espe-
cially pronounced in tree pioneer species, becau-
se the colonizing habit of the species requires 

Figure 2. 	Functional relationship between the evaluated physical properties and variation from pith to bark in a log 
of S. parahyba var. amazonicum at 9 years of age. (a) Tangential contraction. (b) Radial contraction. 0% 
is near the pith and 100% is near the bark.

Figura 2. 	Relação funcional entre as propriedades físicas avaliadas com a posição radial na tora de S. parahyba var. 
amazonicum aos nove anos de idade. (a) contração tangencial. (b) contração radial. 

Figure 3. 	Relationship between physical properties and variation from pith to bark in the log of S. parahyba var. 
amazonicum at 9 years of age. (a) Volumetric contraction. (b) Anisotropic factor. 0% is near the pith and 
100% is near the bark.

Figura 3. 	Relação entre as propriedades físicas e a posição radial na tora de S. parahyba var. amazonicum aos nove 
anos de idade. (a) contração volumétrica. (b) fator anisotrópico.
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a fast growth in height. This results in the for-
mation of a weak shaft and lighter wood in the 
beginning of the tree development, and when it 
reaches the necessary height to absorb light well, 
mechanical reinforcement of the wood occurs 
with the increase in apparent density.

Wiemann and Williamson (1989) mention 
extreme variations in density, from 100 to 300% 
from pith to bark, in the tropical pioneer species 
Hampea appendiculata, Heliocarpus appendiculatus 
and Ochroma pyramidale. They explain that this 
behavior is possibly due to the intense competi-
tion for light among the most demanding species.  

CONCLUSIONS

It was observed that the plantation spacing 
and radial sampling position factors in pari-
cá wood are independent from the physical 
properties evaluated, because the interaction 
among them was not significant.

The physical properties studied in paricá 
wood were not significantly influenced by the 
analyzed spacing.

Basic density and tangential contraction in-
creased significantly from pith to bark. Radial 
contraction decreased from pith to bark.

In relation to volumetric contraction and 
anisotropic factor, significant differences were 
not observed with the radial sampling position.
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