Growth, biomass, and energy quality of Acacia mangium
timber grown at different spacings
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Abstract — The objective of this work was to assess the effect of spacing on the growth, biomass allocation,
and wood quality for energy purposes of Acacia magium. A randomized complete block design was carried
out with three replicates and five treatments consisting of trees planted at different spacings: 2.0x2.0, 2.5x2.5,
3.0x2.0, 3.0x2.5, and 3.0x3.0 m. At 67 months after planting, the following species parameters were evaluated:
performance (mortality, diameter growth, height, bark factor, and bark and biomass volume yield) and wood
energy quality (basic density, higher-calorific value, ash, fixed carbon, and volatile materials) through the
analysis of variance. Plant spacing did not affect volume and biomass production per hectare nor wood quality
for energy purposes. The widest spacing (3.0x3.0 m) provides better individual growth, and the narrowest one
(2.0x2.0 m) produces smaller trees, but with the highest percentage of dry biomass in the trunk, and can show
the best energy potential at a rotation age from 40 to 50 months.

Index terms: Amazon, biomass accumulation, energy productivity, forest plantation, Roraima.

Crescimento, biomassa e qualidade energética da madeira
de Acacia mangium em diferentes espagcamentos

Resumo — O objetivo deste trabalho foi avaliar o efeito do espagamento de plantio sobre o crescimento, a
alocagdo de biomassa e a qualidade da madeira para geragdo de energia de Acacia magium. O experimento
foi instalado em delineamento experimental de blocos ao acaso, com trés repetigdes e cinco tratamentos que
consistiram de arvores plantadas nos espagamentos de: 2,0x2,0, 2,5x2,5, 3,0x2,0, 3,0x2,5 ¢ 3,0x3,0 m. Aos 67
meses de plantio, avaliaram-se os seguintes parametros da espécie: desempenho (mortalidade, crescimento
em didmetro, altura, fator de casca, e produgdo volumétrica de casca ¢ de biomassa) e qualidade energética da
madeira (densidade basica, poder calorifico superior, cinzas, carbono fixo ¢ materiais volateis), por meio de
analise de varidncia. O espagamento de plantio ndo teve influéncia sobre a produgdo em volume e de biomassa
por hectare, nem sobre a qualidade da madeira para a producdo de energia. O maior espagamento de plantio
(3,0x3,0 m) fornece maior crescimento individual, ¢ 0 menor espagamento (2,0x2,0 m) produz arvores de
menores dimensdes, porém com maior percentagem de biomassa concentrada no tronco, e pode apresentar
maior eficiéncia energética com a adogdo de uma idade de rotagdo entre 40 a 50 meses.

Termos para indexacdo: Amazonia, acimulo de biomassa, produgdo de energia, reflorestamento, Roraima.

Introduction

The main application traditionally given to wood
around the world is combustion for energy production
due to its high-productive and renewable potential.
Wood combustion accounts for more than half of
the forest biomass consumed worldwide, mainly in
developing countries, such as Brazil (Moreira, 2011),
which is the largest charcoal producer in the world
(Protasio et al., 2014). In Brazil, the increase of areas
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planted with “energy forestry” makes its energy matrix
environmentally healthier due to the replacement of
fossil fuels by renewable energy sources; moreover,
this matrix is socially fair because of the large number
of job positions generated by investments in the sector
(Moreira, 2011). However, it is necessary to intensify
the research on the topic, and to develop technologies
to help selecting the most suitable species and strains
for different planting regions, in order to increase
the wood combustion (forest biomass) potential for
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power generation in the country. Besides, it is worth
developing deployment, management, and harvesting
systems, as well as more efficient end-use processes
(Soares et al., 2006).

Tree spacing in silviculture is of great relevance
to set the amount of natural resources available, as it
influences the plant growth rates, rotation age, wood
quality, and production costs (Eloy et al., 2014).
Despite their importance, studies addressing tree
spacing effects on the production and wood quality,
for power generation purposes, remain scarce and
focused on the genus Eucalyptus (Dinardi, 2014; Eloy
et al., 2014; Sereghetti et al., 2015). Only Vale et al.
(2000) assessed the effect of silvicultural practices
(fertilization), without spacing variation, on the wood
of Acacia mangium trees grown for power generation
purposes.

Acacia mangium Willd is acknowledged for its
timber production potential, atmospheric carbon
removal, and soil storage, since it grows fast even in
degraded soils (Vélez & Del Valle, 2007), at pure or
mixed stands (Nouvellon et al., 2012; Santos et al.,
2016). The species is capable of adapting to Brazilian
edaphic and climatic conditions (Souza et al., 2004;
Laclau et al., 2008); besides, it shows low-nutrient
requirements, high-nutrient efficiency, acidity, and
tolerance to soil compaction (Pegoraro et al., 2014).
However, little advancement on silviculture knowledge
has been recorded, mainly when it comes to the
interaction among spacing, fertilization, productivity,
and wood quality.

Commercial 4. mangium (which is the main planted
forest species) plantations in Roraima were launched
in 1999, and the planted area covered approximately
27 thousand hectares. The species shows a great
potential for plantation, mainly in sandy soils, which
are not suitable for agricultural production. However,
it is worth having more investments in the genetic
enhancement and in the development of silvicultural
practices adapted to local conditions, as well as in
wood processing technology. The species is a future
alternative for reforestation conducted for lumber,
cellulose, and power generation. However, in order to
reach such a goal, it is necessary to develop researches
focused on improving the production system, so that
the species can reach its true potential.

The objective of this work was to assess the effect
of spacing on the growth, biomass allocation, and
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wood quality of Acacia magium for energy generation
purposes.

Materials and Methods

The study was carried out in Sdo Joaquim farm
(2°56'50"N, 60°2029"W, at 111 m altitude), which
belongs to the company FIT Manejo Florestal Ltda.,
Serra-da-Lua region, in the municipality of Canta, in
the state of Roraima, Brazil.

The region is covered by a forest-savanna transition
vegetation, and its climate is classified as Ami,
according to the classification of Koppen-Geiger.
The region has monsoon characteristics, with six
months of heavy rainfall, with 1,453 mm, from
April to September, and six months of light rainfall,
with 298 mm mean rainfall, from October to March
(Projeto Radambrasil, 1975). The mean temperature
ranges from 26 to 29°C. Xanthic Hapludult (Argissolo
Amarelo distrofico), which is deep and well drained,
prevails in the region; this soil class has approximately
11% clay content in the A horizon, and 28% in the B
horizon, and shows an abrupt, textural change (Vale
Janior & Schaefer, 2010). Soil chemical characteristics
were determined according to Donagema et al. (2011)
(Table 1).

The experiment was implemented in June, 2010,
in a randomized complete block design, with three
replicates, and five treatments which consisted of trees
planted at different spacing: T1, 2.0x2.0 m; T2, 2.5x2.5
m; T3, 3.0x2.0 m; T4, 3.0x2.5 m; and T5, 3.0x3.0 m, in
experimental units of 40x50 m, in 3.0 ha experimental
area (Figure 1).

The entire experimental area was treated with 1.0
Mg ha! dolomitic limestone, in December, 2009.
Limestone was incorporated to the soil surface with
the aid of a harrowing grid. Scarification was carried
out at 80.0 cm soil depth, in order to prepare the soil.
Fertilization was applied at 60-90-60 kg ha' N-P,O;s-
K0, in addition to 24.0 kg ha! S, 2.0 kg ha'! B, and
2.5 kg ha'! Zn. The amount of fertilizer was set per unit
area, and the doses per plant changed depending on the
population density, in order to keep uniformity. The
following substances were used as fertilization source:
ammonium sulfate (18% N, 24% S), urea (45% N),
triple superphosphate (37% P,0Os), potassium chloride
(60% K,0) and FTE-BR 12 (fritted trace elements, 9%
Zn, and 1.8% B). Ammonium sulfate (18% N, 24% S)


http://dx.doi.org/10.1590/S0100-204X2018000700002

Growth, biomass, and energy quality of Acacia mangium timber grown 793

was applied 30 days after planting. One Half of the
used urea (45% N) was applied at the end of the rainy
season, and the other half, at the beginning of the
following rainy season. Triple superphosphate (37%
P,0s) mixed with filling soil was applied to the pit,
immediately after liming. Potassium chloride (60%
K,0) was applied in three equal parts. FTE-BR 12,
which was used as Zn and B source, was applied to
the pit in two equal parts: together with phosphorus
potassium and boric acid (17% B), at the end of the
rainy season (in the first half of August), and together
with the urea-KCl mixture, at the beginning of the
following rainy season (in May). The first potassium
chloride (60% K,O) part, mixed with P, was applied
to the planting pit; its second part, mixed with N, was

Table 1. Chemical soil analysis in the experimental area.

Attribute Soil layer
0-20 cm 60—80 cm

pH H,0 5.5 47
P (mg dm?) 2.1 1.0
K (mg dm?) 11.0 8.0
Ca (cmol, dm?) 0.32 0.17
Mg (cmol, dm?) 0.10 0.05
Al (cmol, dm™) 0.17 0.19
H+Al (cmol, dm™) 1.41 1.37
Base saturation (%) 24.0 15.0
Al saturation (m, %) 28.0 45.0

applied at the end of the rainy season (in the first half of
August); and the third part, mixed with N, was applied
at the beginning of the following rainy season.

Multiple trunks were removed six months after
planting, and it enabled stem formation and helped
controlling tree number (stems) variations per hectare.

A diameter tape was used to measure the diameter
at breast height (DBH) in plants located in the central
rows of each experimental unit; the two lateral tree
lines were disregarded. The height of the first 50
plants was measured by an electronic hypsometer; the
measurements were performed at 14, 29, 43, and 67
months after planting.

Tree samples showing medium DBH, at the age 67
months, were selected and cut for biomass and wood
quality analysis, according to Sereghetti et al. (2015);
and one tree was selected per treatment and block, thus
totaling 15 sample trees.

The fresh and dry masses of all tree-biomass
components such as leaves, dead and living branches
—thin or thick (2.5 cm diameter) —, trunk bark,
fruit, and flowers were determined. Dry weight was
measured by collecting a sample from each biomass
component per tree, and by storing it in greenhouse at
60°C to dry until reaching constant weight.

Wood discs (approximately 2.5 cm thick) were cut
from the trunk base, and from 25, 50, 75, and 90% of
the total trunk height, in order to find the basic density.
The mean basic density per tree was determined
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Figure 1. Location and experiment sketch with blocks, randomized treatments, border trees (unfilled circles), trees showing
the diameter at breast height (DBH) and height measurements (dark circles), and trees showing DAP measurements only
(clear circles). T1, 2.0x2.0 m; T2, 2.5x2.5 m; T3, 3.0x2.0 m; T4, 3.0x2.5 m; and T5, 3.0x3.0 m spacing.
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according to recommendations by Associacdo
Brasileira de Normas Técnicas (2003), and trunk
biomass was determined by the following equation:

Trunk biomass (kg) = YV, xd,

in which: V;is the trunk volume in section i (m?); and
d;is the wood density in section i (kg m™).

The bark factor was found through the trunk
diameter ratio - with, or without bark -, resulting
from the sum of trunk diameters measured in
the wood discs (Husch et al., 1982), as follows:

k=ZDsc/ZDcc

in which: Dsc is the diameter without bark; Dcc is the
diameter with bark.

Theindividual trunk volume was found by accurately
measuring the wood volume in the trees at 0.10, 0.7,
and 1.30 m above the ground, and at every meter
from the last position up to the total height (Pedrosa
et al.,, 2013), according to the Smalian method. The
volume per hectare, in trees at 67 months of age, was
estimated by multiplying the mean individual volume
by the estimated number of trees per hectare, and by
subtracting the result of such multiplication from the
mortality accumulated over the assessed period.

The higher calorific value (HCV) and immediate
analyses were conducted in wood discs collected at
BH, according to recommendations by Associagdo
Brasileira de Normas Técnicas (1984, 1986). Data
concerning the higher calorific value, trunk biomass,
and planting density were used to calculate the energy
potential, in tonne of oil equivalent per hectare, by
EP = [((HCV/10000)%(Br))/1]X(TD), in which: EP is the
energy potential (toe ha'); HCV is the higher-calorific
wood value, or trunk biomass value (kcal kg'); 10,000
is the fuel higher calorific value (kcal kg'); Bris the
individual trunk biomass on a dry basis (kg per tree);
1 is the ratio between wood weight (t) and energy (toe);
TD is the tree density (trees ha™).

Data were compared by the analysis of variance,
and the Tukey’s test, at 5% probability.

Results and Discussion

There was no significant mortality difference
between spacing (F=1.56, p=0.273) in trees at the
age of 67 months. Mortality varied between 12.6
and 20.7% (Table 2), and it was within the range (4 to
53%) recorded for 4. mangium plantations in different
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regions of the globe (Kamo et al., 2009; Tonini et al.,
2010; Nirsatmanto, 2016). The species mortality rate
in Brazil, both in trials and in commercial plantations
(age group from 2.0 to 5.3 years, and vital space
between 2.25 and 16 m?) varied from 0 and 30% (Souza
et al., 2004; Tonini, 2010). These variations are likely
to occur because the species is cultivated in a wide
variety of sites, such as in areas showing good fertility
and high-rainfall rates, as well as in soils degraded
by mining activities; consequently, its performance
changes from region to region.

Species mortality rates tended to increase mainly
in trees aged 43 months, or in older ones, and they
were higher in T1 (Figure 2). This result partially

Table 2. Treatments, vital space, initial density, and
accumulated mortality in Acacia mangium trees at 67
months after planting.

Treatment Spacing Vital space Initial density ~Mortality
(m) (m?) (tree ha) (%)
1 2.0x2.0 4.0 2,500 20.7
2 2.5x2.5 6.25 1,600 14.5
3 3.0x2.0 6.0 1,667 11.5
4 30x2.5 7.5 1,333 12.6
5 3.0x3.0 9.0 1111 16.8
251
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Figure 2. Accumulated mortality in different Acacia

mangium spacings, in the municipality of Cant4, in the state
of Roraima, Brazil.
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corroborates the study by Kurinobu et al. (2006), who
state that the 4. mangium mortality rate, in nonthinned
plantations, rapidly increases after five years.

The parameter “growth” just showed statistical
difference for trunk diameter (F=13.022, p=0.001) in
trees belonging to T1 (the lowest spacing). The lowest
DBH was found in TI1, and the highest one, in T5
(Table 3).

A strong influence of increased spacing on diameter
growth was expected to be recorded in studies
conducted in Brazil, involving introduced and native
species such as Pinus taeda (Lima, 2014), Fucalyptus
grandis x Eucalyptus urophylla clones (Dinardi,
2014), Acacia mearnsii, Mimosa scabrella, and Ateleia
glazioveana (Eloy et al., 2014). However, different
intermediate spacing does not often statistically
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differ from each other, as they show the same growth
trend, similarly to results found in the current study
(Figure 3 A).

The effect of spacing on height is controversial, and
changes depend on species, genetic material, age, and
density. Nirsatmanto (2016) applied different spacing
(3.0x3.0 m and 2.0x2.0 m) to 4. mangium strains, in
Java, and found that trees got taller in narrower spacing,
as well as that the result can change depending on the
genetic material. Trees in the current study showed
a close mean height at all assessed ages and spacing
(Figure 3 B).

The mean annual volume increment (MAI) ranged
from 23.15 to 25.88 m? ha’l, at the age of 67 months.
This range is low, if one compares it to the species
performance reported for the best sites, where MAI

Table 3. Means of the dendrometric variables of Acacia mangium trees, at different spacing, at 67 months after planting in

the municipality of Canta, in the state of Roraima, Brazil.

Treatment Spacing (m) DBH (cm) MAI;(cm)  Total height (m) MALI, (m) V (m? ha') MAIy (m?) K

1 2.0x2.0 9.6¢ 1.71 11.5 2.05 144.5 25.88 0.91
2 2.5x2.5 11.6b 2.07 11.8 2.11 136.7 24.48 0.91
3 30x2.0 11.4b 2.04 12.0 2.14 153.5 27.49 0.90
4 3.0x2.5 11.9ab 2.13 11.9 2.13 134.1 24.01 0.91
5 3.0x3.0 13.3a 2.38 11.5 2.06 129.3 23.15 0.90

DBH, diameter at breast height; MAI,;, mean annual diameter increase; MAI,, mean annual height increase; V, total volume per hectare; MAI,, mean
annual volume increase; K, bark factor. Means followed by equal letters do not differ from each other, by Tukey’s test, at 5% probability.
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Figure 3. Diameter at breast height (A) and height (B), in Acacia mangium trees at different spacings in the municipality of

Canta, in the state of Roraima, Brazil.
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ranged from 35 to 45 m?® ha'! per year (Vélez & Del
Valle, 2007).

The rainfall regime, mainly during dry season,
which influences water availability in the soil
(toughness), has a strong impact on the productivity,
biomass accumulation, and partitioning of A. mangium
(Bastien-Henri et al., 2010; Hung et al., 2016). Dry
periods longer than two months, as well as prolonged
dry seasons equal to or longer than six months, lead to
a growth-rate reduction, and may limit the commercial
cultivation of this species (Mead & Miller, 1991). Such
fact seems to be the main limiting one to the species
productivity in Roraima state.

A higher-volume production per unit area would
be expected in the narrowest spacing; however, it did
not happen in the current study due to the diameter
growth decline after 20 months, as well as to the rapid
mortality increase after the age of 43 months in 2.0x2.0
m spacing (Figure 3 A). According to Nirsatmanto
(2016), the diameter growth rapidly declined in
unthinned A. mangium plantations because of the
competition between individuals, which may lead to a
significant reduction of volume yield .

The bark factor, which has been referred to as a
mineral translocator for charcoal, was not influenced
by spacing (f=0.847; p=0.533). Despite accounting for
10 to 15% of the tree total volume, the bark factor is
treated as an undesirable portion (Vital et al., 1989).

Spacing had a significant effect on total individual
biomass production (f=9.26, p=0.04), as well as
on trunk (f=4.51, p=0.04) and crown (f=4.16,
p= 0.04) biomass production. Only biomass of dead
thin branches, among the biomass components in
the crown, varied significantly (f=4.74, p=0.029)

H. Tonini et al.

between treatments (Table 4). Although the estimated
biomass production per unit area was not significant,
it ranged from 45.6 to 60.4 Mg ha!, that is, there was
a difference of 14.8 Mg ha' between the shortest and
the longest spacing assessed in the current study. Such
production was higher than that found by Costa et al.
(2015), in Iranduba, AM, Brazil, who recorded 33.4
Mg ha! biomass production for trees aged 108 months,
at 3.0x2.0 m spacing. Santos et al. (2016) found 44.5
Mg ha'! for trees at the age of 60 months in Seropédica,
RJ, Brazil, at 3.0x3.0 m spacing.

Trees grown at wider spacings (3.0x2.5 and
3.0x3.0 m) produced the highest-total individual
biomass, which varied between 29.9 (2.0x2.0 m)
and 584 (3.0x3.0 m) kg per tree. The increased
spacing adopted in the extreme treatments promoted
biomass accumulation differences of trunk and
crown in 2.0x2.0 m and 3.0x3.0 m spacing, only.
However, the best crown development reduced the
biomass proportion from 59.0% (3.0x2.5 m) to 71.2%
(2.0x2.0 m) allocated to the stem in longer spacing
(Figure 4 A). The narrowest spacing resulted in greater
biomass allocation to dead and thin branches, whereas
wider spacings resulted in the best biomass allocation
to living thick branches (Figure 4 B).

Individual biomass accumulation gains in the
trunk due to spacing reduction are expected and
commercially desirable; however, the magnitude of
such gains depends on species, site, available area, and
planting age. The mean individual biomass production
in the trunk (26.4 kg per tree), recorded in the current
study, was higher than that found by Vale et al. (2000),
in Botucatu, SP, Brazil, who recorded 19.8 kg per tree
at the age of 84 months, at 3.0x2.0 m spacing.

Table 4. Mean of biomass components in Acacia mangium trees, according to spacing, at the age of 67 months, after
planting, in the municipality of Cant4, in the state of Roraima, Brazil.

Treatment Spacing Biotal Bing Br Be L LTB DTB LThB DThB DF UF
(m) (Mg ha) (kg per tree)

1 2.0x2.0 60.4 29.9b 21.3b 8.6b 1.2 2.6 3.2b 2.5 1.5 0.02 0.04

2 2.5x2.5 52.8 39.7ab 27.2ab 12.5ab 1.2 33 4.4ab 6.2 33 0.00 0.02

3 3.0x2.0 51.1 38.0b 26.4ab 11.6ab 1.4 2.7 4.5ab 37 2.2 0.00 0.01

4 3.0x2.5 45.6 41.1ab 24.2ab 16.8ab 1.5 39 5.6a 7.1 4.1 0.07 0.04

5 3.0x 3.0 54.4 58.4a 39.4a 18.9a 2.3 4.7 5.4a 10.4 5.8 0.10 0.14

Bhowl, total biomass per hectare; Bi,q,, total individual biomass; Br, individual biomass of the trunk; B, individual biomass of the crown; L, individual
biomass of the leaves; LTB, individual biomass of living thin branches; DTB, individual biomass of dead thin branches; LThB, individual biomass of
live thick branches; DThB, individual biomass of dead thick branches; DF, individual biomass of dry fruit; UF, individual biomass of unripe fruit. Means

followed by equal letters did not differ, by Tukey’s test, at 5% probability.
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The amount of total biomass proportion allocated
to the trunk showed low variation between treatments
(4.3%) in the current study, in comparison to that
recorded in studies of similar nature. Eloy et al. (2014)
compared vital spaces from 2.0 to 4.5 m?, in 5-year-
old trees, and found 9.2% biomass accumulation gain
in the trunk of Acacia mearnsii; 15.6%, in Mimosa
scabrella; 11.35%, in Ateleia glazioveana, and 3.9% in
Eucalyptus grandis. However, Lima (2014) found 58%
biomass accumulation gain in the trunk of 108-month-
old Pinus taeda trees, in vital spaces from 12—16 m? to
1-4 m?. There was no significant difference between
spacing variations and wood energy characteristics
(Table 5). Basic density ranged from 0.56 to 0.61 g
cm and was not significantly influenced by planting
spacing (f=0.847, p=0.533). These basic density
values were within the range recorded for the species
(0.45 to 0.69 g cm?) in Asian commercial plantations
(Krisnawati et al., 2011), and higher than those so far
recorded (0.52 to 0.54 g cm?) for 84 and 108-month-
old plantations in Brazil (Vale et al., 1999; Costa et al.,
2015).

According to Vale et al. (2000) and Costa et al.
(2015), HCV ranged from 4,619 kcal kg' to 4,377
kcal kg in 84 and 108-month-old trees, respectively,
when they were subjected to the same planting spacing
(3.0x2.0 m). These values are close to those found for
this spacing in the current study (4,419.79 kcal kg™), as
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well as close to the results reported by Quirino (2005),
for genera such as Fucalyptus (4,696 kcal kg'), Acacia
decurrens (4,550 kcal kg') and Acacia polyphyla
(4,760 kcal kg™).

The energy potential was not significantly influenced
(F=4.10, p=0.112) by spacing for trees at 67 months
of age (Figure 5). However, mortality data suggested
that the 2.0x2.0 m spacing could improve the energy
potential through the adoption of rotation age from 40
to 50 months.

Information on biomass productivity and allocation
in plants should help making the decision about the
best initial spacing to be adopted, since the quality
of the wood for power generation purposes was not
influenced by spacing. The smallest spacing led to
shorter trees, although these trees showed the highest
percentage for dry biomass in the trunk. The estimated
biomass production gain in the trunks was 14.8 Mg
ha', based on a comparison between the narrowest
and widest spacings. A higher-biomass production in
the trunks is a desirable quality characteristic linked
to lower-water and lower-ash contents, as well as to
higher-basic density and sustainability resulting
from decreased nutrient recruitment. The removal
of branches and leaves in short-rotation plantations,
in Sumatra, reduced the volume yield by 21% in
A. mangium plantations (Hardiyanto & Nambiar,
2014).
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Figure 4. Biomass distribution in the trees (A) and in the crown (B), according to planting spacing, in the municipality of

Canta, in the state of Roraima, Brazil.
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Table 5. Energy characteristics of Acacia mangium wood at
different spacing, in the municipality of Cantd, in the state
of Roraima, Brazil.

Treatment D, VM Ashes FC HCV
(gem?) (o) (%) (%) (keal kg™)
1 0.59 82.02 0.38 17.58 4,419.73
2 0.56 82.54 0.50 16.95 4,934.90
3 0.57 82.29 0.4 17.25 4,419.79
4 0.61 82.18 0.45 17.36 4,445.90
5 0.56 80.86 0.63 18.50 4,502.98

Dy, basic density; VM, volatile materials; FC, fixed carbon; HCV, higher
calorific value.
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Figure 5. Energy performance of Acacia mangium wood at
different spacings, in the municipality of Cantd, in the state
of Roraima, Brazil.

Conclusions

1. Planting spacing has no effect on trunk volume,
on total biomass, and on the quality of the wood of
Acacia mangium for energy purposes.

2. Planting spacing significantly influences the
trunk diameter increment and biomass allocation in
the plant; and a wider spacing of 3.0x3.0 m provides
a higher-diameter growth, individual volume, and
individual biomass production.

3. The narrowest spacing is considered advantageous
for energy purposes due to the lower-individual
biomass accumulation in the crown; a better power
generation potential can be attained at a reduced
spacing of 2.0x2.0 m, by adopting a rotation age from
40 to 50 months.
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