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 This study aimed to verify the influence of plant spacing and cutting age to estimate the 
dry mass of wood without bark, carbon mass and energy per hectare, compared to the 
average annual increment of a hybrid of Eucalyptus grandis x Eucalyptus  
camaldulensis. The experiment was installed in December 2002 and were evaluated 
five different spacings, 3,0 x 0,.5; 3,0 x 1,0; 3,0 x 1,5; 3,0 x 2,0 and 3,0 x 3,0 meters. 
Measurements were carried out at 4, 5, 6 and 7 years old. For each tree were removed 
discs at the base, 25, 50, 75 and 100% of the commercial trunk height. The amount of 
energy per hectare was calculated on the basis of the values of the IMA, basic density, 
calorific value of wood and the carbon mass. The results show that for the production of 
charcoal and energy optimal crop age is 5 years spaced by 3,0 x 0,5 meters, which 
shows that the use of high planting density and short rotation, for this order, based on 
the properties of the produced timber, was satisfactory. 
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INTRODUCTION 

 
 Compared with fossil fuels, biomass for energy 
has proved to be a viable alternative, especially for 
being a renewable and low-polluting material, 
contributing to a reduction in greenhouse gases. 
 The eucalyptus wood for being a high versatility 
and productivity serves, in most cases, to suply the 
existing energy demand (BARCELLOS et al., 2005). 
 Some of the wood characteristics that affect 
charcoal production are the basic density, dry mass, 
carbon mass and energy per hectare, and others. The 
volumetric increase in tree can significantly 
influence such production, as it directly affects the 
amount of dry mass of the individual (TRUGILHO, 
2009). Since the amount of energy produced is 
closely related to dry matter wood (STAMM, 1964). 
The greater the mass of the timber, the greater the 
amount of energy supplied. 
 The cutting age and silvicultural treatments 
applied to the forest stand, such as the plant spacing 
can cause changes in the characteristics of the wood. 
Thus, the spacing used in a forest stand should be 
established based on the final use of wood, as it may 

cause direct influence on the volume, size canopy 
and branches, wood quality, among others. 
 The factors that are crucial in defining the 
spacing between plants are the ultimate goal of 
wood, the production of local capacity and the 
harvesting system adopted. This decision is complex 
because it involves the evaluation of ecological, 
physiological, silvicultural and economic (LEITE et 
al., 2006). 
 Therefore, a major challenge of the research in 
this area is set for a given genetic material, the ideal 
age of cut, the optimum number of plants per hectare 
and the best spatial distribution of trees. 
 The objective of this study was to investigate the 
influence of spacing and age in the estimation of the 
dry mass of wood without bark, the carbon mass and 
energy per acre / year of a hybrid of Eucalyptus 
grandis x Eucalyptus camaldulensis, relating these 
characteristics to the average increase annual. 
 

MATERIAL AND METHODS 
 
 The experiment was installed in December 2002 
and consisted of a completely randomized design in a 
factorial 5 x 4, where five spacings and four different 
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ages were used. Three replicates of each treatment 
were made. Samples were collected at 4, 5, 6 and 7 
years old, and the trees were selected according the 
average diameter portion. 
 The wood used for the analyzes were collected 

in a deployed experiment on plant spacing using 

hybrid of Eucalyptus grandis x Eucalyptus 

camaldulensis with density, gross calorific value 

(PCS), average tree height, volume per hectare with 

and without bark and average increment Annual 

known (Table 1). 

 

2.1. Dry mass and energy estimates per hectare: 

 The wood dry mass shelled per hectare / year 

was obtained by multiplying the average annual 

increment (m
3
 / ha. year) timber shelled by basic 

wood density (kg. m 
-3

), according to equation (1) : 

MSM = IMA X Dbm    

     (1) 

 wherein: MSM = dry mass of wood (t. ha
-1

.year
-

1
.); IMA = annual average increase (m³.ha

-1
.year

-1
); 

and Dbm = basic wood density (kg. m 
-3

). 

 The carbon mass (expressed in ton) was 

obtained by multiplying the dry mass of wood by the 

percentage of carbon in the wood, according to 

equation (2): 

MC = MSM x C     

                      (2) 

 where: MC = mass of carbon (t ha
-1

.year
-1

); 

MSM MSM = = dry weight of the wood (t. ha
-1

.year
-

1
); and C (%) = percentage of carbon / 100. 

 To calculate the amount of energy per hectare / 

year, expressed in kW.h, we multiplied the dry mass 

of wood (t) the gross calorific value calculated by 

equation (3): 

Energy / ha (kW.h) = Msm x PCS mad                                                              

(3) 

 where: energy (kW.h) = energy per hectare; 

Msm = wood dry matter (t. Ha-1.year-1) and PCS 

mad = high calorific power of the wood (kcal.kg-1). 

 

2.2. Statistical analysis of the experiment: 

 Statistical analysis was performed considering a 

completely randomized design in a factorial design, 

where five spacings and four different ages were 

used. For each treatment, three repetitions were 

performed. 

 The results were interpreted with the aid of 

analysis of variance (ANOVA), applying the F test at 

5% probability. Subsequently, the averages were 

compared by Tukey test at 5% significance level. 

 

RESULTS AND DISCUSSION 

 

 Table 2 presents the average values of the 

estimates of dry mass, carbon mass in wood and 

energy per hectare depending on the treatments. 

 It is observed that the dry matter yield, carbon 

mass and energy per hectare / year, in the largest 

gaps were significantly lower than the other. This is 

due to the smaller volume values obtained as the 

spacing is increased planting. 

 This trend found at work, where the greater the 

spacing between the smaller plants dry mass of wood 

harvested in the four ages in question, can be 

explained by Schneider (1993), where the author 

states that the determination of the dry mass is 

obtained by multiplying the volume of the solid 

density, and as the total volume per hectare increases 

with the number of trees, there is an increase in dry 

mass of smaller spacings. The results are similar to 

those found by Souza (1989) which reported 

increased production by weight and volume in the 

smaller spacing studied, but tend to match up of 114 

months. Different results were found by Mello et al. 

(1971) it was observed a greater wood dry matter 

yield with the increase of the living space, since 

Berger (2000) found that the wood dry mass was not 

affected in the living space. 

 When the objective is the use of wood for 

energy purposes, it is evident the importance of 

volumetric productivity and specific gravity, since 

those two parameters determine the dry mass of 

wood (ROCHA, 2011). 

  In general, the carbon mass was removed from 

the mixed higher in smaller plant spacings, the four 

ages in question. When objective charcoal production 

or direct burning of wood, higher carbon content are 

desirable. In charcoal production, carbon is 

converted to fixed carbon, and is mainly responsible 

for the energy stored. In the direct burning carbon is 

completely consumed, and it is expected that woods 

have higher carbon levels have also higher thermal 

capacity due to higher energy released (SANTOS et 

al., 2011). 

 Observing also the average values obtained for 

the energy stored per hectare / year it can be seen 

that, as for dry weight and mass of carbon, the values 

obtained also increased as the spacing between the 

trees is reduced. This can be explained by the higher 

values of dry matter in the smallest spacings. Vale et 

al. (2000) attributed the energy superiority the largest 

mass of dry matter production. 

 In general, the four ages analyzed, it can be seen 

that the extent is increased age there is a decrease in 

the values obtained for dry matter, mass of carbon 

and energy, which may be largely explained by the 

values found for the IMA. 

 In Figure 1 you can observe the average volume 

values per hectare energy produced per hectare in 

four ages. 

 In terms of volume, at the age of seven years the 

spacing 3,0 x 0,5; 3,0 x 1,0 and 3,0 x 1,5 meters have 

been like. The same analysis, in terms of energy 

supplies were also observed. However, these three 

spaces, presented at this age, growth stagnation. 

 From this analysis, it is concluded that, for this 

and planting this species used in the age the 3,0 x 0,5 

meters spacing was superior in terms of volume and 

energy thus being considered the best spacing. This 
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highlights the importance of volumetric productivity 

and specific gravity of the dry mass of wood, as this 

variable is a direct function of these two parameters. 

However, it noted that in smaller spacing, the 

number of trees is superior to the others, and even 

with the competition between trees the wood volume 

was higher, contributing to the increase in dry matter 

and consequently increasing the remaining 

parameters. However, economic analyzes of cost of 

implementation, maintenance, timber harvesting and 

transport must be made to verify the viability of 

dense planting projects, to assess whether the 

revenues dry matter biomass outweigh the costs of 

the aforementioned costs. 

Conclusion: 

 Considering the dry mass, mass of carbon and 

energy per hectare / year and volume of the wood, it 

is noted that, in general, at younger ages and smaller 

spacing showed the highest production values, 

volume and energy per hectare. Thus, the use of 

dense plantings for energy production is shown an 

alternative quite feasible, since, taking into 

consideration the values obtained for all variables, 

the 3,0 x 0,5 meters spacing at age cutting 5 years, he 

presented himself as the best alternative to the use of 

wood for energy production. 

 
Table 1: Mean values of density, gross calorific value (PCS), average tree height, volume with bark (V) and without bark (Vwb) and annual 

        increment available (IMA) regarding the different spacings within the four ages. 

Age 

(years) 
Spacing (m) Density (g.cm-3) 

PCS (kcal.kg-

1) 

Average 

height (m) 
V/ha (m3) 

Vwb/ha 

(m3) 

IMA 

(m3/ha.ano) 

4 
 

3,0 X 0,5 0,49 4374 16,75 223,50 194,02 55,87 

3,0 X 1,0 0,51 4489 18,50 179,75 154,47 46,17 

3,0 X 1,5 0,52 4554 19,99 173,57 148,89 38,9 

3,0 X 2,0 0,52 4650 20,99 156,82 134,38 36,03 

3,0 X 3,0 0,51 4634 21,80 138,12 118,04 44,94 

5 

3,0 X 0,5 0,52 4554 17,77 234,71 199,63 43,68 

3,0 X 1,0 0,51 4520 20,64 222,06 189,26 38,04 

3,0 X 1,5 0,54 4451 22,98 230,76 195,67 36,41 

3,0 X 2,0 0,51 4451 23,69 188,66 160,99 43,39 

3,0 X 3,0 0,54 4487 24,47 180,66 153,84 45,4 

6 

3,0 X 0,5 0,53 4666 18,01 249,6 249,60 36,26 

3,0 X 1,0 0,52 4487 21,64 244,08 244,08 36,36 

3,0 X 1,5 0,52 4666 23,86 234,64 232,64 39,2 

3,0 X 2,0 0,53 4636 25,47 227,07 227,07 37,11 

3,0 X 3,0 0,54 4630 26,88 204,33 204,33 35,39 

7 

3,0 X 0,5 0,51 4424 17,13 255,23 250,26 33,29 

3,0 X 1,0 0,53 4393 21,19 257,9 260,56 34,53 

3,0 X 1,5 0,55 4336 22,69 257,55 241,50 35,54 

3,0 X 2,0 0,56 4378 25,31 235,84 235,50 31,84 

3,0 X 3,0 0,56 4425 26,02 219,18 217,99 30,94 

 
Table 2: Average values of the dry mass, carbon mass and energy available regarding the different planting spacing within the four ages. 

Age (years) 

Plant spacing (m) 

3,0 x 0,5 3,0 x 1,0 3,0 x 1,5 3,0 x 2,0 3,0 x 3,0 

Dry mass (t/ha.year) 

4 

5 

6 
7 

27,76 Aa 22,89 Ab 22,33 Bb 20,37 Ac 17,66 Bd 

23,08 Bab 22,27 Ab 24,52 Aa 18,74 Ac 19,32 Ac 

20,61 Ca 19,93 Ba 18,67 Cab 18,65 Aab 17,31 Bb 

18,27 Dbc 19,44 Bab 20,02 Ca 18,64 Ab 17,23 Bc 

 
Carbon Mass (t/ha.year) 

4 13,88 Aa 11,45 Ab 11,17 Bb 10,19 Ac 8,83 Bd 

5 11,94 Bab 11,14 Ab 12,27 Aa 9,37 Ac 9,67 Ac 

6 10,31 Ca 9,97 Ba 9,34 Cab 9,32 Aab 8,66 Bb 

7 9,14 Dbc 9,73 Bab 10,01 Ca 9,32 Ab 8,61 Bc 

 
Energy available (kw.h) /ha.year 

4 121388,7 Aa 102758,8 Ab 101719,0 Bb 94719,8 Ab 81836,4 ABc 

5 108764,2 Ba 100672,9 Aa 109198,6 Aa 83374,3 Bb 86682,8 Ab 

6 96123,7 Ca 89374,7 Bab 87011,5 Cbc 86420,8 ABbc 80093,0 Bc 

7 80799,5 Dab 85406,1 Ba 86815,1 Ca 81592,5 Bab 76223,6 Bb 

Same uppercase and lowercase letters in each column in each row do not differ yes, the 5% significance by Tukey test. 
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Fig. 1: 1A-Average volume per hectare in relation to age. 1B-Energy per hectare in relation to age. 
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