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 Forest biomass has a key role in terms of strategies linked to the production and use of energy, being 
evident for this purpose, activity which has been steadily growing over the last decade in 
material is highly ranked within the national scenario of energy for being a renewable natural resource with 
sustainable production, and does not present a polluter character when compared to other fossil fuels.
 Currently, with the growing demand for renewable energy sources, studies regarding the generation 
capacity from forest biomass have been conducted in Brazil and in the world, reporting the potential of biomass 
to generate clean energy. However, 
to adopt more appropriate technologies to assess 
promising the expectations regarding the use of forest biomass as a feedstock for power generation.
 The bracatinga (Mimosa scabrella
characterized by being a species evergreen native to cold climates of Brazil, being tolerant frost (
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A B S T R A C T  
Background: This study aims to determine the effect of age and plant spacing in the 
energy properties of the different compartments of biomass: wood, bar
leaf of the species Mimosa scabrellaBenth, distributed at different spacings: 2.0x1.0 m, 
2.0x1.5 m, 3.0x1.0 m and 3.0x1.5 m on the 1st, 3rd and 5th year after planting. The study 
was conducted in an experiment carried out in the city of Fred
RS,Brasil, installed on experimental delineation of randomized complete blocks in three 
replications. The following variables were determined: biomass (BIO), gross calorific 
value (PCS), specific gravity (ME), energy productivity (PE), ene
fixed carbon content (CF), content of volatile material (MV), and ash content (CZ). The 
four plant spacings induce different productions of BIO and PE, with a tendency of 
values reduction with the raise in plant spacing in all evaluated
different ages significantly influence all variables analyzed, allowing an increasing 
distribution of BIO, PE, DE, ME and CZ, with no tendency for stabilization throughout 
time. The four tree compartments induce a significative effect 
MV, and CZ variables. 

INTRODUCTION 

Forest biomass has a key role in terms of strategies linked to the production and use of energy, being 
evident for this purpose, activity which has been steadily growing over the last decade in 
material is highly ranked within the national scenario of energy for being a renewable natural resource with 
sustainable production, and does not present a polluter character when compared to other fossil fuels.

g demand for renewable energy sources, studies regarding the generation 
capacity from forest biomass have been conducted in Brazil and in the world, reporting the potential of biomass 
to generate clean energy. However, for increasing the conversion efficiency of wood into energy

adopt more appropriate technologies to assess its true potential (Silva et al., 2012); making
the expectations regarding the use of forest biomass as a feedstock for power generation.

Mimosa scabrellaBenth) belonging to Fabaceae also known as the family legumes, is 
characterized by being a species evergreen native to cold climates of Brazil, being tolerant frost (
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evident for this purpose, activity which has been steadily growing over the last decade in Brazil. This raw 
material is highly ranked within the national scenario of energy for being a renewable natural resource with 
sustainable production, and does not present a polluter character when compared to other fossil fuels. 

g demand for renewable energy sources, studies regarding the generation 
capacity from forest biomass have been conducted in Brazil and in the world, reporting the potential of biomass 

ncy of wood into energy it is necessary 
making,therefore, more 

the expectations regarding the use of forest biomass as a feedstock for power generation. 
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2011). The largest continuous area occurrence is the south of the country, with altitudes above 700 m, annual 
average temperatures from 13 to 18.5 ° C and without deficit water, exclusive to secondary forest vegetation 
Mixed tropical rain, especially where there are areas disturbed (Carvalho, 1994). 
 The knowledge of the characteristics of different species, both native and exotic is extremely important for 
its use as energy source(Eloy et al., 2015a). However, for this to be viable, it is necessary its study on 
ecological, and silvicultural factors, as well as those related to the energy potential of wood, supporting thus the 
decision making for forest plantations (Moreira, 2011). 
 Thereby, it becomes essential the existence of established forest experiments in which the original 
conditions of land, planting and ages of trees are known, allowing new information regarding the qualification 
of species for energy generation and, by extension, tending to forest stands for the production of dendro energy 
material. 
 These dendro energy resources, in a system of forest production, aim for a higher production and biomass 
per unit area, in a short amount of time. Thus, together with the purpose of exploitation density system, and with 
the goal of producing biomass, arises the concept of short rotation plantations (Müller el al., 2005). Therefore, 
for increase the share in biomass and wood products in its energy matrix, improvements in the access to forest 
technology for small and medium producers, both from forestry and management, as the conversion of wood 
into energy are necessary, increasing generation potential of future forest plantations.  
 The study of the production of timber and energy resources is fundamental in generating information 
regarding the combustible material (wood / coal) for use in various residential segments, commercial and 
industrial.Within this context, this study aims to determine the effect of age and plant spacing in the energy 
properties of the different compartments of biomass of the species Mimosa scabrellaBenth, distributed at 
different spacings: 2.0x1.0 m, 2.0x1.5 m, 3.0x1.0 m and 3.0x1.5 m on the 1st, 3rd and 5th year after planting. 

 
MATERIALS AND METHODS 

 
Characterization of the study area: 
 The work was performed in the experiment which is located in the area belonging the Federal University of 
Santa Maria (UFSM), Campus of the FredericoWestphalen, RS, under geographic coordinates 27°22"S; 
53°25'W, 480 m altitude. 
 According to Köppen’s climate classification, the climate of the region is Cfa. The experiment is far from 
Iraí city at approximately 30 km, being the city taken as a reference to the data of climatic classification. As 
proposed by Maluf (2000), Iraí presents sub temperate sub-humid climate type, and the average annual 
temperature of 18.8 °C and average temperature of the coldest month 13.3 °C. 
 The experiment was conducted using the experimental randomized complete blocks. The blocks were 
characterized by a 3x4x4 factorial, that is, three periods (1st, 3rd and 5th year after planting), four plant spacings 
(2.0x1.0 m, 2.0x1.5 m, 3.0x1.0 m and 3.0x1.5 m) and four tree compartments (wood, bark, twig, and leaf), in 
three replications. The block presents 16 experimental units, each of which has 45 plants distributed into five 
lines.  
 The predominant soil in the experimental area is the typic dystrophic Red Latosol and, in its preparation for 
the planting of seedlings, plowing and harrowing operations were performed. The planting was done manually, 
in September 2008. 
 
Sampling: 
 Destructive evaluations in Mimosa scabrellatrees were performed in three different periods, in the 1st year 
(2009), 3rd year (2011) and 5th year (2013) after planting the experiment, where 36 trees were evaluated per year 
of assessment. From these, approximately six discs were removed with about two inches thick, in the following 
positions along the stem: 0% (base), 1.30 m (diameter at breast height - DBH), 25%, 50%, 75% and 100% of the 
total height of the tree. The discs were numbered according to their relative position in the trunk and 
experimental location. Then they were placed in plastic bags and transported to the Laboratory of UFSM, where 
were marked, separate the bark of wood, and later sectioned two symmetrically opposed wedges each disc. 
 The samples of twigs and leaves were collected in a stratified manner in the plant, that is, in the lower, 
middle and upper stratum of the trees canopy, in order to obtain a more homogeneous material that would 
represent the full extent of the canopy. These were identified and taken to drying in a circulation greenhouse to 
obtain the dry matter. Samples of wood, bark, leaf and twig were dried at 103 ± 2 °C until constant weight. 
  
Biomass: 
 To determine the biomass of wood, bark, branch and leaf, it was used the direct method which consisted in 
cutting and weighing the various compartments of trees (Sanquetta, 2002). The total fresh weight of sampled 
trees was determined in the field, being that, from each compartment, samples were taken to compare their fresh 
and dry matter in the laboratory. 
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 The dry weight of the aerial biomass, in ton ha-1, was calculated considering the population density of each 
spacing, assuming a subsistence level of 100% in the 1st and 3rd year, and 94% for the 5th year after planting as 
verified under field conditions of the experiment. 
 
Gross Calorific Value (PCS): 
 For the determination of PCS of different tree compartments, the materials obtained in the sample were 
used, these being ground in a cutting mill, with 40 mesh sieve, in order to obtain a finer and uniform material. 
 Evaluations were performed at the Laboratory of Forest Biomass Energy, Department of Forest Engineering 
and Technology of the Federal University of Paraná (UFPR) using a digital calorimeter bomb Model C5000 
Cooling System, IKA Werke, with principle of adiabatic operation, according to the norm technical NBR 8633 
(ABNT, 1984). 
 The PCS of wood and bark at every position on the stem was determined by averaging the values of the two 
wedges. Then the pondered PCS (PCS Pond) was calculated according to the total weight of each stem. This 
calculation is based on the weighting of the PCS values obtained at each relative position, with the weights of 
biomass from wood and bark between two successive positions, with the total weight of the tree. Thus, the 
pondered PCS was defined by the following expression: 

 
 In which: PCSpond = superior calorific value pondered in relation to the weight of the shaft, kcal kg-1; PCS”i” 

= superior calorific value in the position “i”, kcal kg-1; P1, P2, Pi = weight of the biomass corresponding to two 
successive positions, kg; Pt = total weight of the tree, kg. 
 
Specific gravity  (ρb): 
 For the determination of ρb of wood materials obtained were used in the sampling. The procedures 
performed for this evaluation were conducted according to the technical standard NBR 11941 (ABNT, 2003). 
The wooden wedges were submerged in water, where they remained until saturation. For obtaining the ρb of 
each wedge, the green volume was determined by the hydrostatic method and dry mass, resulted from samples 
that were kept in oven at 103±2 °C until constant weight, using the following expression: 

Vu

Mo
=ρb

 
 In which: ρb = specific gravity of wood, in g cm-3; Mo = dry mass, in g; Vu = green volume, in cm3. 
 The ρb of wood in each relative position of the stem was determined by averaging the values of the two 
wedges. Next, the pondered specific gravity (ρbpond) was calculated as a function of the total volume of each tree 
with no bark, in g cm-3. This calculation is based on the ponderation of ρb values obtained in each relative 
position and the corresponding volumes without bark between two successive positions with the total volume 
without bark, in m3, defined by the Smalian method (Finger, 2002). Therefore, the ρbpond of wood is defined by 
the following expression:  

 
 In which: ρb pond = pondered specific gravity in relation to the tree volume, in g cm-3; ρb”i”  = pondered 
specific gravity in the position “i”, in g cm-3; v1, v2, vi = total volume without bark corresponding to two 
successive positions, in m3; vs= total volume without bark, in m3. 
 
ImmediateChemical Analysis (AQI): 
 For the determination of AQI of different tree compartments, the materials obtained in the sample were 
used, these being ground in a cutting mill, with 40 mesh sieve, in order to obtain a finer and uniform material. 
 Evaluations were performed at the Laboratory of Forest Biomass Energy, Department of Forest Engineering 
and Technology of the Federal University of Paraná (UFPR), according to the technical standard NBR 8112 
(ABNT, 1986), in which they obtained the contents of volatile material, ash and fixed carbon. 
 
Energy productivity (PE): 
 The PE was obtained by the multiplication of the total dry weight of biomass resulted from the sum of each 
compartment with its respective gross calorific value, as the following expression: 

PCS * BIO  PE =  
 In which: PE = Energy productivity, in Gcalha-1; BIO = Total dry biomass, in ton ha-1; PCS = Gross 
calorific value, in kcal kg-1. 
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Energy density (DE): 
 The energy density was obtained as a function of multiplying the values of basic density of the wood and 
the gross calorific value of the wood, as the following expression: 

   b PCS *  DE ρ=  

 In which: DE = Energy density (kcal m-³); ρb = Specific gravity in relation to the tree volume, in kg m-3; 
PCS= Gross calorific value of the wood, in kcal kg-1. 
 
Data analysis: 
 Data were statistically analyzed through the Software "Statistical Analysis System" (SAS, 2003), which 
undertook the analysis of variance, regression analysis, F-test, and the Tukey's test with error probability of 5%. 
 

RESULTS AND DISCUSSION 
 
 The analysis of variance revealed that the effects of age and compartments were significant in all variables. 
This feature was also observed for the effect of planting space in relation to BIO and PE variables. When 
analyzing the effect of interactions between the three factors tested, a difference for BIO, PE and CZ was 
observed. And, similarly, for the interaction year x compartment, for MV. Thus, it is reported that there is 
dependence between the effects evaluated and, therefore, the effect of one within the other was evaluated. 
 In the 1st year of assessment, BIO and PE showed no significant difference in the major planting spacings 
among different tree compartments. Being that for the leaf it is reported the highest values of PE, mainly due to 
higher PCS showed by this compartment, which varied from 4821 to 4947 kcal kg-1. The leaf compartment 
along with the wood showed the highest mean values of MV, ranging from 78.54 to 83.10% and from 78.72 to 
79.13%, respectively. Similarly, this same characteristic was observed for peeling CF and CZ in the variable, 
ranging from 23.22 to 24.12% and 4.59 to 5.20%, respectively (Table 1). 
 
Table 1: Mean test for biomass (BIO), in ton ha-1, energy productivity (PE), in Gcal ha-1, gross calorific value (PCS), in kcal kg-1, fixed 

carbon content (CF), in %, content of volatile material (MV), in %, ash content (CZ), in %, specific gravity (ME), in g cm-3 and 
energy density (DE), in Gcal m-3, for the different compartments (Comp.) of Mimosa scabrella, distributed in different plant 
spacings, in the 1st year after planting. 

Variable Comp. 
Spacing (m) 

2.0 x 1.0 2.0 x 1.5 3.0 x 1.0 3.0 x 1.5 

BIO 

Wood 1.618 aA 1.055 abA 0.899 aA 0.542 aA 
Bark 0.268 bA 0.248 bA 0.237 aA 0.155 aA 
Twig 1.353 aA 1.061 abA 0.731 aA 0.762 aA 
Leaf 1.558 aA 1.489 aA 0.792 aA 0.718 aA 
Total 4.797 A 3.853 B 2.659 C 2.177 C 

PE 

Wood 7.414 aA 4.777 abA 4.099 aA 2.444 aA 
Bark 1.180 bA 1.117 bA 1.065 aA 0.689 aA 
Twig 6.144 aA 4.849 abA 3.350 aA 3.503 aA 
Leaf 7.552 aA 7.226 aAB 3.818 aBC 3.552 aC 

PCS 

Wood 4582 b 4528 b 4559 b 4510 b 
Bark 4400 c 4500 b 4492 b 4446 b 
Twig 4541 bc 4570 b 4582 b 4597 b 
Leaf 4847 a 4853 a 4821 a 4947 a 

CF 

Wood 19.96 a 19.66 ab 19.69 b 19.65 b 
Bark 23.36 a 23.22 a 24.64 a 24.12 a 
Twig 22.54 a 21.36 ab 21.67 ab 22.88 ab 
Leaf 15.61 b 18.60 b 17.44 b 13.74 c 

MV 

Wood 78.72 ab 79.09 a 79.13 a 78.96 a 
Bark 71.97 c 72.18 b 70.65 b 70.67 b 
Twig 74.43 bc 75.96 ab 75.69 a 74.35 b 
Leaf 80.88 a 78.54 a 79.25 a 83.10 a 

CZ 

Wood 1.32c 1.24 c 1.19 c 1.38 c 
Bark 4.67 a 4.59 a 4.72 a 5.20 a 
Twig 3.03 b 2.68 b 2.64 b 2.77 b 
Leaf 3.50 b 2.85 b 3.31 b 3.16 b 

ME Wood 0.388 0.409 0.405 0.406 
DE Wood 1.778 1.852 1.846 1.831 

 In which: Means followed by the same letter in the column do not differ at 5% of error probability according to the distribution of 
Tukey. 
 
 In the 3rd year of assessment, the highest values of BIO were observed in the wood compartment, in smaller 
plant spacings, ranging from 14.324 to 24.896 ton ha-1. Likewise, this feature was observed for PE and MV for 
the same compartment. The highest mean values of PCS were reported for the leaf compartment, ranging from 
4591 to 4856 kcal kg-1. As for CZ, this compartment along with the bark showed this characteristic, ranging 
from 3.49 to 5.30%, and 4.46 to 5.94%, respectively, being that for wood it was reported less mean values. 
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Likewise, the ME and DE varied from spacings between 0.396 to 0.412 g cm-3 and 1.698 to 1.810 Gcal m-3, 
respectively (Table 2). 
 
Table 2: Mean test for biomass (BIO), in ton ha-1, energy productivity (PE), in Gcal ha-1, gross calorific value (PCS), in kcal kg-1, fixed 

carbon content (CF), in %, content of volatile material (MV), in %, ash content (CZ), in %, specific gravity (ME), in g cm-3 and 
energy density (DE), in Gcal m-3, for the different compartments (Comp.) of Mimosa scabrella, distributed in different plant 
spacings, in the 3rd year after planting. 

Variable Comp. 
Spacing (m) 

2.0 x 1.0 2.0 x 1.5 3.0 x 1.0 3.0 x 1.5 

BIO 

Wood 24.896 aA 14.324 aB 6.559 aC 4.846 aD 
Bark 3.820 cA 3.049 cB 1.359 cC 0.910 cC 
Twig 6.592 bA 4.606 bB 3.339 bC 3.492 bD 
Leaf 2.884 cA 1.559 dB 1.585 cB 1.095 cB 
Total 38.192 A 23.538 B 12.842 B 10.343 C 

PE 

Wood 107.576 aA 61.436 aB 28.453 aC 21.288 aC 
Bark 16.338 cA 13.257 cB 5.803 cC 3.796 cC 
Twig 29.058 bA 20.441 bB 14.985 bC 15.592 bBC 
Leaf 14.005 cA 7.157 dB 7.331 cB 5.195 cB 

PCS 

Wood 4321 b 4289 b 4338 bc 4393 b 
Bark 4277 b 4348 b 4270 c 4171 c 
Twig 4408 b 4438 ab 4488 ab 4465 b 
Leaf 4856 a 4591 a 4625 a 4744 a 

CF 

Wood 16.05 b 17.42 a 15.64 b 17.21 b 
Bark 19.81 ab 18.33 a 20.75 a 19.74 ab 
Twig 19.82 a 20.66 a 16.75 ab 17.35 b 
Leaf 21.52 a 18.06 a 19.70 a 23.12 a 

MV 

Wood 82.35 a 81.31 a 82.72 a 80.86 a 
Bark 74.54 b 77.21 a 74.18 b 74.32 b 
Twig 77.45 ab 76.63 a 81.15 a 79.99 a 
Leaf 74.99 b 77.15 a 75.80 b 71.57 b 

CZ 

Wood 1.60 c 1.27 c 1.64 b 1.93 b 
Bark 5.65 a 4.46 a 5.07 a 5.94 a 
Twig 2.73 b 2.71 b 2.10 b 2.66 b 
Leaf 3.49 b 5.01 a 4.97 a 5.30 a 

ME Wood 0.406 0.396 0.407 0.412 
DE Wood 1.754 1.698 1.766 1.810 

 In which: Means followed by the same letter in the column do not differ at 5% of error probability according to the distribution of 
Tukey. 
 
 As observed in the 3rd year of assessment, in the 5th year the production of timber BIO and PE were 
statistically superior to the other tree compartments. These ranged from 17.071 to 38.965 ton ha-1 and 75.607 to 
172.927 Gcal h-1, respectively, in relation to the plant spacings. Likewise, in this compartment there were 
produced the highest mean values of MV, ranging from 76.59 to 77.17% and the lowest mean values of CZ, 
which alternated from 1.74 to 1.91%. Just as in both two previous periods, in 5th year, the highest mean PCS 
were observed in the leaf compartment, ranging from 4694 to 4895 kcal kg-1. As for ME and DE, it was reported 
that they varied in different spacings, from 0.418 to 0.437 g cm-3 and from 1.870 to 1.935 Gcal m-3, respectively 
(Table 3). 
 From the analysis of the significant regression equations, it was observed that the four plant spacings and 
the three ages tested have led to different productions of BIO and PE of the four different compartments of the 
aerial tree portions. Being reported a direct relationship between planting density and the distribution of each 
compartment, that is, in treatments with higher densities, the highest mean values of BIO were observed when 
compared with less dense spacings. For Oliveira Netoet al. (2003), there is a higher biomass production per unit 
area in smallspacings, mainly due to the larger number of individuals. 
 With the influence of spacing, decreasing tendencies of biomass production in different plant compartments 
are observed due to the increase of plant spacing. For Müller et al. (2005), this variation that occurs between 
spacing tends to stabilize within time, that is, the quantity of wood stored at a particular site tends to equalize in 
different spacings, being that in denser plantings there is growth stagnation at younger ages, and in plantations 
with wider spacings, the growth stagnation occurs at older ages. 
 Regarding the regression equations significant to the effect of the three ages within the different 
compartments, one can observe a growing tendency of BIO, PE, CZ, ME and DE in relation to the different 
years evaluated, with no tendency to stabilize, since different ages tested significantly influenced the different 
compartments (Figure 1). These results are supported by a number of authors who have developed studies 
related to the influence of spacing and age of planting in the production of forest stands, as well as the 
distribution of BIO between different species and for the same species, according to these factors. Among these, 
one can mention those developed by Ladeiraet al. (2001);Leleset al. (2001); Müller et al.(2005); Caron et al. 
(2015). 
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Table 3: Mean test for biomass (BIO), in ton ha-1, energy productivity (PE), in Gcal ha-1, gross calorific value (PCS), in kcal kg-1, fixed 
carbon content (CF), in %, content of volatile material (MV), in %, ash content (CZ), in %, specific gravity (ME), in g cm-3 and 
energy density (DE), in Gcal m-3, for the different compartments (Comp.) of Mimosa scabrella, distributed in different plant 
spacings, in the 5th year after planting. 

Variable Comp. 
Spacing (m) 

2.0 x 1.0 2.0 x 1.5 3.0 x 1.0 3.0 x 1.5 

BIO 

Wood 38.965 aA 37.178 aA 19.914 aB 17.071 aB 
Bark 3.373 cA 3.314 cA 2.124 cB 1.689 cB 
Twig 8.052 bA 7.404 bA 5.594 bB 9.258 bA 
Leaf 2.991 cA 2.060 cA 1.564 cA 1.748 cA 
Total 53.381 A 49.956 A 29.196 B 29.766 B 

PE 

Wood 172.927 aA 166.334 aA 89.832 aB 75.607 aB 
Bark 14.639 cA 14.482 cA 9.426 cB 7.474 cB 
Twig 35.589 bAB 32.163 bB 24.798 bC 41.689 bA 
Leaf 14.040 cA 9.999 cAB 7.656 cB 8.366 cB 

PCS 

Wood 4438 b 4474 b 4511 b 4429 b 
Bark 4340 b 4370 b 4438 b 4425 b 
Twig 4420 b 4344 b 4433 b 4503 b 
Leaf 4694 a 4854 a 4895 a 4786 a 

CF 

Wood 21.37 a 21.50 a 20.94 a 21.46 a 
Bark 25.18 a 25.24 a 23.44 a 25.03 a 
Twig 22.48 a 23.06 a 23.02 a 22.97 a 
Leaf 23.49 a 23.80 a 24.44 a 24.57 a 

MV 

Wood 76.90 a 76.59 a 77.17 a 76.95 a 
Bark 68.33 c 67.89 c 69.78 b 69.91 b 
Twig 74.98 ab 73.93 ab 73.84 ab 74.13 ab 
Leaf 70.61 bc 70.68 bc 69.79 b 69.42 b 

CZ 

Wood 1.74 b 1.91 b 1.88 b 1.59 c 
Bark 6.49 a 6.87 a 6.78 a 5.06 a 
Twig 2.54 b 3.00 b 3.14 b 2.90 b 
Leaf 5.90 a 5.52 a 5.10 a 6.00 a 

ME Wood 0.433 0.418 0.429 0.437 
DE Wood 1.921 1.870 1.935 1.935 

 In which: Means followed by the same letter in the column do not differ at 5% of error probability according to the distribution of 
Tukey. 
 
 The mean values of PCS found for M. scabrella do not differ from those pointed by Sturion and Tomazelli 
(1990); Silva et al. (2012), who observed that 4414 and 4511 kcal kg-1, respectively, and below those reported 
by Quirinoet al. (2005), who observed values ranging from 4589 to 4890 kcal kg-1. These same authors, by 
conducting a bibliographic survey related to timber PCS of 258 exotic and native tropical forest species, 
reported that the values of PCS were, in average, 4710 kcal kg-1, ranging from 3831 to 5324 kcal kg-1. 
 Despite PCS presenting a significant effect, it was found that it was little influenced by age, which agrees 
with Santana (2009);Eloyet al., (2015b), who found that this variable does not show a definite tendency over 
time. In contrast, Lemenih and Bekele (2004);Vidaurreet al. (2012), mention a negative relationship with tree 
age, noting that younger ages had the highest value of PCS. 
 The different plant spacings caused no significant effect on wood ME spacing. This result corroborates to 
those observed by Eloyet al. (2013). However, they are different from those reported by Pauleski (2010), which 
reported increasing ME with the growth of plant spacing. As Garcia et al. (1991), who observed a decrease in 
this technological characteristic of wood with the growth of spacing.Given these differences, Eloyet al. (2013) 
state that these results could be found because of several factors, such as genetic variability of forest stands, 
different environmental conditions, due to different ages. 
 It is observed in Figure 1G, that ME increases with age, being that the highest mean values for M. scabrella 
were observed in the 5th year after planting. These are higher than those cited by Eloyet al. (2013), who found a 
mean value of 0.414 g cm-3. On the other hand, are lower than those reported by Sturion and Tomaselli (1990), 
who observed values for this technological feature of 0.521 g cm-3. As Costa et al. (2001), who cited values 
ranging from 0.590 to 0.630 g cm-3, confirming the existence of variability among the species. 
 The contents of CF and MV in wood observed in this study are consistent with Brito and Barrichello 
(1982), which reported, in general, that MV levels would range from 75% to 85% and CF from 15% to 25%. 
For these authors, fuels with high CF levels present slower burning, implying a longer residence time within the 
burning appliances. For Vale et al. (2005), wood with larger amounts of CF presented higher specific gravity, 
being able to be used as wood indicators for direct combustion. 
 In general, the concentrations of CF and CZ of bark were superior to the wood, contrary to what happened 
with the content of MV (Table 2, 3 and 4). Similar results were found by Brito and Barrichello (1978) in a study 
with five species of Eucalyptus.  
When related to the PCS, the CZ show the same inverse relationship, as they include substances composed of 
inorganic material that does not combust. However the MV, during the burning of biomass, despite positively 
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interfering in the ignition, rapidly volatilize decreasing the residence time of the fuel within the combustion 
apparatus, contributing to a low energy efficiency. In contrast, the CF demonstrates a direct relationship with 
PCS, regardless of the material used (Vieira et al., 2013). 
 

 
 
Fig. 1: Regression equations for biomass (A), energy productivity (B), gross calorific value (C), fixed carbon 

content (D), content of volatile material (E), ash content (F), specific gravity (G) and energy density (H), 
in Mimosa scabrella within the 1st, 3rd, and 5th year after planting, distributed through different plant 
spacings. 

 

Conclusion: 
 Different ages present significant effect on all variables analyzed, providing an increasing distribution of 
biomass, energy productivity, specific gravity, energy,and ash content, with no tendency to stabilize within time. 
Being found that the highest values are present in the 5thyear after planting. 
 The four plant spacings provided different productions of biomass and energy productivity, with a tendency 
towards lower values by increasing plant spacing, in all evaluated periods.  
 The four compartments of trees significantly influenced in variables biomass, gross calorific value, energy 
productivity, fixed carbon content, volatile materials and ash content. 
 

REFERENCES 
 

Associação Brasileira de Normas Técnicas, 2003. NBR, 11941. Madeira: Determinação da densidade 
básica. Rio de Janeiro, 6. 

Associação Brasileira de Normas Técnicas, 1986. NBR, 8112.Carvão vegetal: análise imediata. Rio de 
Janeiro, 6. 

Associação Brasileira de Normas Técnicas, 1984. NBR, 8633.Carvão vegetal: Determinação do poder 
calorífico superior. Rio de Janeiro, 7. 

Brito, J.O., L.E.G. Barrichelo, 1978. Características do eucalipto como combustível: análise química 
imediata da madeira e da casca. IPEF, Piracicaba, 16: 63-70. 

0

50

100

150

200

250

1 3 5

P
E

 (
G

ca
l h

a-1 )

Year after planting
Wood Bark Twig Leaf

Wood=-12.255+14.252x+2.6689x² R²=0.69 CV=59.7
Bark=-5.976+7.856x-0.865x² R²=0.61 CV=54.9
Twig=-2.605+7.353x R²=0.83 CV=30.0
Leaf=4.548+1.168x R²=0.50 CV=37.1

B

0

10

20

30

40

1 3 5

B
io

 (
to

n
 h

a-1
)

Year after planting
Wood Bark Twig Leaf

Wood=-3.271+3.795x+0.505x² R²=0.68 CV=60.1
Bark=-1.43+1.867x-0.209x² R²=0.61 CV=55.0
Twig=-0.626+1.668x R²=0.83 CV=30.0
Leaf=0.938+0.249x R²=0.61 CV=36.8

A

0,30

0,40

0,50

0,60

1 3 5

M
E

 (
g

 c
m

-3
)

Year after planting

Wood=0.406-0.008x+0.002x² R²=0.66 CV=6.7G

0.30

0.40

0.50

0.60

0

1

2

3

1 3 5

D
E

 (
G

ca
l m

-3
)

Year after planting

Wood=1.9323-0.1382x+0.0271x² R²=0.66 CV=4.8H

4000

4250

4500

4750

5000

5250

1 3 5

P
C

S
 (

kc
a

l h
a-1 )

Year after planting
Wood Bark Twig Leaf

Wood=4776.198-273.333x+42.135x² R²=0.64 CV=1.5
Bark=4675.437-256.125x+39.937x² R²=0.45 CV=2.9
Twig=4670.719-110.375x+12.239x² R²=0.50 CV=1.6
Leaf=5169.417-286.875x+41.958x² R²=0.53 CV=1.7

C

0

5

10

15

20

25

30

1 3 5

C
F

 (
%

)

Year after planting
Wood Bark Twig Leaf

Wood=24.471-5.757x+1.025x² R²=0.84 CV=4.5
Bark=29.209-6.495x+1.119x² R²=0.40 CV=11.6
Twig=26.857-5.731x+0.987x² R²=0.47 CV=9.6
Leaf=14.669+1.931x R²=0.50 CV=16.5

D

50

60

70

80

90

1 3 5

M
V

 (
%

)

Year after planting
Wood Bark Twig Leaf

Wood=74.385+5.613x-1.022x² R²=0.83 CV=1.2
Bark=65.907+6.673x-1.212x² R²=0.41 CV=4.3
Twig=69.852+6.236x-1.072x² R²=0.46 CV=3.02
Leaf=82.840-2.579x R²=0.57 CV=5.0

E

0

2

4

6

8

10

1 3 5

C
Z

 (
%

)

Year after planting
Wood Bark Leaf

Wood=1.183+0.124x R²=0.31 CV=20.5
Bark=4.342+0.376x R²=0.32 CV=17.4
Leaf=2.674+0.606x R²=0.68 CV=15.8

F



41                                                                              ElderEloy et al, 2016 
Australian Journal of Basic and Applied Sciences, 10(4) February 2016, Pages: 34-42 

 

Brito, J.O., L.E.G. Barrichelo, 1982. Aspectos técnicos da utilização da madeira e carvão vegetal como 
combustíveis. In: Seminário de abastecimento energético industrial com recursos florestais. São Paulo, 2: 101-
137. 

Caron, B.O., V.Q. Souza, E. Eloy, A. Behling, D. Schmidt, R. Trevisan, 2011. Resistencia inicial de quatro 
espécies arbóreas em diferentes espaçamentos após ocorrência de geadas. Ciência Rural, Santa Maria, 41(5): 
817-822. 

Caron, B.O., E. Eloy, V.Q. Souza, D. Schmidt, R. Balbinot, A. Behling, G.C. Monteiro, 2015. 
Quantificação da biomassa florestal em plantios de curta rotação com diferentes espaçamentos. 
ComunicataScientiae, Bom Jesus, 6(1): 106-112. 

Carvalho, P.E.R., 1994. Espécies florestais brasileiras: recomendações silviculturais, potencialidades e uso 
da madeira.Colombo: Embrapa-CNPF. Brasília, 639. 

Costa, A.F., A.T. Vale, J.C. Gonçalez, 2001. Eficiência de um resíduo de origem petrolífera sobre a 
estabilidade dimensional da madeira de Pinus sp. (pinus) e Mimosa scabrellaBentham (bracatinga). Ciência 
Florestal, Santa Maria, 11(2): 59-70. 

Eloy, E., B.O. Caron, R. Trevisan, D. Schmidt, M.L.B. Zanon, A. Behling, G.C. Monteiro, 2013. Variação 
longitudinal e efeito do espaçamento na massa específica básica da madeira de Mimosa scabrellae 
Ateleiaglazioveana. Floresta, Curitiba, 43(2): 327-334. 

Eloy, E., D.A. Silva, B.O. Caron, V.Q. Souza, A. Behling, E.F. Elli, G.C. Monteiro, 2015b. Caracterização 
da biomassa da madeira e da casca de Mimosa scabrellaBenth cultivada em dois diferentes espaçamentos. 
Ciência da Madeira, Pelotas, 6(1): 38-46. 

Eloy, E., B.O. Caron, D.A. Silva, V.Q. Souza, R. Trevisan, A. Behling, E.F. Elli, 2015a. Produtividade 
energética de espécies florestais em plantios de curta rotação. Ciência Rural, Santa Maria, 45(8): 1424-1431. 

Finger, C.A.G., 2002. Fundamentos de biometria florestal. UFSM/CEPEF/FATEC, Santa Maria, 269.  
Garcia, C.H., L. Corradine, S.F. Alvarenga, 1991. Comportamento florestal do Eucalyptusgrandise 

Eucalyptussalignaem diferentes espaçamentos. IPEF, Piracicaba, Circular Técnica, 179: 1-8. 
Ladeira, B.C., G.G. Reis, M.G.F. Reis, N.F. Barros, 2001. Produção de biomassa de eucalipto sob três 

espaçamentos em uma sequência de idade. Revista Árvore, Viçosa, 25(1): 69-78. 
Leles, P.P.S., G.G. Reis, M.G.F. Reis, E.J. Moraes, 2001. Crescimento, produção e alocação de matéria 

seca E. camaldulensise E. pellitasob diferentes espaçamentos na região do cerrado, MG. ScientiaForestalis, 
Piracicaba, 59: 77-87. 

Lemenih, M., Bekele, T. 2004. Effect of age on calorific value and some mechanical properties of three 
Eucalyptusspecies grown in Ethiopia. Biomass e Bioenergy, 27: 223-232. 

Maluf, J.R.T., 2000.Nova classificação climática do Estado do Rio Grande do Sul. Revista Brasileira de 
Agrometeorologia, Santa Maria, 8(1): 141-150. 

Moreira, J.M.M.A.P., 2011. Potencial de participação das florestas na matriz energética. Pesquisa Florestal 
Brasileira,Colombo, 31(68): 363-372.  

Müller, M.D., L. Couto, H.G. Leite, J.O. Brito, 2005. Avaliação de um clone de eucalipto estabelecido em 
diferentes densidades de plantio para produção de biomassa e energia. Biomassa & Energia, Viçosa, 2(3): 177-
186. 

Oliveira Neto, S.N., G.G. Reis, M.G.F. Reis, J.C.L. Neves, 2003. Produção e distribuição de biomassa em 
EucalyptuscamaldulensisDehn. em resposta à adubação e ao espaçamento. Revista Árvore, Viçosa, 27(1): 15- 
23. 

Pauleski, D.T., 2010. Influência do espaçamento sobre o crescimento e a qualidade da madeira de Pinus 
taedaL.. 198. Tese (Doutorado em Engenharia Florestal) Universidade Federal de Santa Maria, Santa Maria. 

Quirino, W.F., A.T. Vale, A.P.A. Andrade, V.L.S. Abreu, A.C.S. Azevedo, 2005. Poder calorífico da 
madeira e de materiais ligno-celulósicos. Revista da Madeira, Curitiba, 15(89): 100-106. 

Sanquetta, C.R., 2002. Métodos de determinação de biomassa florestal. In: Sanquetta, C.R. (Ed.). As 
florestas e o carbono. Curitiba, Brasil, 119-140. 

Santana, W.M.S., 2009. Crescimento, produção e propriedades da madeira de um clone de 
Eucalyptusgrandis e E. urophylla com enfoque energético. 91. Dissertação (Mestrado em Ciência e Tecnologia 
da Madeira) Universidade Federal de Lavras, Lavras. 

Sas Learning Edition, 2003. Getting started with the SAS Learning Edition.Cary, 200. 
Silva, D.A., B.O. Caron, A. Behling, V.Q. Souza, E. Eloy, 2012.Ponto de amostragem ao longo do fuste 

para estimativa do poder calorífico da madeira.Ciência Rural, Santa Maria, 42(9): 1588-1595. 
Sturion, J.A., I. Tomaselli, 1990. Influência do tempo de estocagem de lenha de bracatinga na produção de 

energia. Boletim de Pesquisa Florestal, Colombo, 21: 37-47. 
Vale, A.T., T.R. Sarmento, A.N. Almeida, 2005.Caracterização e uso de madeiras de galhos de árvores 

provenientes da arborização de Brasília, DF. Ciência Florestal, Santa Maria, 15(4): 411-420. 
Vidaurre, G.B., A.C.O. Carneiro, B.R. Vital, R.C. Santos, M.L.A. Valle, 2012. Propriedades energéticas da 

madeira e do carvão de paricá (Schizolobiumamazonicum).Revista Árvore, Viçosa, 36(20): 365-371. 



42                                                                              ElderEloy et al, 2016 
Australian Journal of Basic and Applied Sciences, 10(4) February 2016, Pages: 34-42 

 

Vieira, A.C., S.N.M. Souza, R.A. Bariccatti, J.A.C. Siqueira, C.E.C. Nogueira, 2013. Caracterização da 
casca de arroz para geração de energia. Revista Varia Scientia Agrárias, Cascavel, 3(1): 51-57. 


