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ABSTRACT — In mate crop, the commercial part consists of leaves and thin branches, while the large branches
(LB) are considered unused residues and left in the field, although they may have potential for use as energy.
The objective of this paper was to evaluate the influence of phosphorus fertilization and harvest interval
in productivity of mate large branches and in their physical and energetic properties, as well as in derived
briquettes. In a seven-year-old plantation, doses of 0, 20, 40, 80, 160 and 320 kg.ha™' of P,O, were applied
considering harvest intervals of 12, 18 and 24 months. Dry mass, average diameter, P content, and physical
and energetic properties of LB were determined. With LB, after its transformation into particles and briquetting,
physical and energetic properties were determined, as well as P availability in soil. The phosphorus fertilization
increased LB productivity in larger harvest intervals, increasing the amount of energy produced per unit of
area, but did not change basic density and gross calorific value of wood. Mate harvest intervals did not affect
the apparent density and calorific value of briquettes produced by LB. LB harvested at intervals of 18 and
24 months produced wood with higher basic density and gross calorific value. LB or briquettes have adequate
energetic and physical properties, being technically a plant residue with great potential for use as energy.

Keywords: Plant residues; Renewable energy; llex paraguariensis.

ADUBACAO FOSFATADA E INTERVALOS DE COLHEITA INFLUENCIAM AS
PROPRIEDADES ENERGETICAS E FISICAS DE BRIQUETES E DE GALHOS
GROSSOS DE ERVA-MATE

RESUMO — Na colheita da erva-mate, a parte comercial é composta por folhas e galhos finos, enquanto
os galhos grossos (GG) sdo considerados residuos e deixados no campo, mas que podem apresentar potencial
para uso como energia. O objetivo do trabalho foi avaliar a influéncia da adubagdo fosfatada e do intervalo
de colheita na produtividade de galhos grossos de erva-mate e em suas propriedades fisicas e energéticas
e, de briquetes deles derivados. Em um erval com sete anos aplicaram-se doses de 0, 20, 40, 80, 160 e 320
kg ha' de P,O;e utilizandos os intervalos de colheitas de 12, 18 e 24 meses. Determinou-se a massa seca,
diametro médio, teor de P e propriedades fisicas e energéticas dos GG. Com os GG, apds sua transformagdo
em particulas e briqguetagem, foram determinadas propriedades fisicas e energéticas. Determinou-se, ainda,
a disponibilidade de P no solo. A adubag¢ao fosfatada aumentou a produtividade do GG em intervalos maiores
de colheita, aumentando a quantidade de energia produzida por unidade de area, mas ndo alterou a densidade
basica e poder calorifico superior da madeira. Os intervalos de colheita da erva-mate ndo interferiram na
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densidade aparente e no poder calorifico de briquetes produzidos pelo GG. Os GG colhidos com intervalos
de 18 e 24 meses produziram madeira com maior densidade bdsica e poder calorifico superior. Os GG ou
os briquetes apresentam propriedades energéticas e fisicas adequadas, sendo tecnicamente, um residuo vegetal

com grande potencial para uso como energia.

Palavras-chave: Residuo vegetal; Energia renovavel; Ilex paraguariensis.

1. INTRODUCTION

Wood in its natural form or made into briquettes,
pellets or other type of particulate material can be used
to generate energy for various uses, but it is still little
used in Brazil, although it has great significance in
world exports of forest products (Coelho Jr. etal., 2013).
In Brazil, the energy from forest biomass derives mainly
from planted forests, especially those from the
Eucalyptus, but by-products from other crops have
potential to produce energy. This is the case of mate
(Ulex paraguariensis St. Hill.), which generates significant
amounts of large branches in its harvest. Little is known
about the energetic potential of this residues and what
the influence of cultivation practices is, such as fertilization
and crop management, in its calorific value. Santin (2013)
found that fertilization significantly increases the
production of various mate components, so that their
proportions are influenced by intervals between harvests.
In general, longer harvest intervals allow greater
production of more woody components than the shorter
ones (Santin et al., 2015). Commonly, when harvest
is carried out at an interval of 18 or 24 months, the
significant volume of large branch produced becomes
an obstacle to site cleanup, requiring, in many cases,
its removal from the site. Many producers end up using
part of this residue as a source of energy on their own
farms (Santin, 2008), although little is known about
its energetic properties.

Wood for energy, in general, should have a high
density, high lignin content, high calorific value, low
moisture, and low mineral content (Barcellos et al.,
2005). These qualities vary according to the species
(Quirino et al., 2004) and forestry practices (Barcellos
etal., 2005). The age of trees also interferes considerably
in the properties of wood, since several transformations,
such as chemical composition, and physical and
anatomical characteristics, occur as trees age (Carneiro
etal., 2014). However, the age of wood can interfere
with its gross calorific value (Brand et al., 2014; Carneiro
etal., 2014) or not (Protasio et al., 2014). Typically,
the older the plant is, the higher the wood basic density
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is and, consequently, the greater the amount of energy
stored per m?® (Carneiro et al., 2014).

Fertilizers can affect, directly or indirectly, the energy
potential of wood as observed for E. saligna by Berger
(2000). The author reports that fertilization increased
wood density and, consequently, calorific value thereof.
As for other species of Eucalyptus, this effect was
not observed, with an increasing occurring only in
the amount of wood produced per area (Vale et al.,
2000).

Wood residues can be used processed or not as
source of energy. The production of briquettes from
wood residues has proven viable in various forest
industries as a way to add value to these products.
According to Quirino et al. (2012), briquetting is a
mechanical process that converts a vegetable residue
of low density into a fuel of higher energy density,
low moisture, and regular and uniform grain size,
facilitating transport, storage and automatic feeding
processes of industrial boilers.

Given the above, the objective of this study was
to evaluate the influence of phosphorus fertilization
and harvest interval in productivity of mate large branches
and in their physical and energetic properties, as well
as in derived briquettes.

2. MATERIALS AND METHODS

The experiment was carried out in January 2009
in a seven-year-old mate plantation in a spacing of
2 x 2 m, located in Sdo Mateus do Sul, Parana, Brazil,
at the longitude 50° 22' 58" O and latitude 25° 52' 27"
S. The soil is an alic dark-red Latosol of low fertility
(Table 1), that had never received liming or fertilizing.

Treatments were arranged in a factorial 3 x 6, in
a split plot design, consisting of three harvest intervals
(in plot) and six levels of P,O, (in subplot). Each
experimental unit consisted of 10 useful plants, with
two border strips. Treatments were arranged in a
randomized block design, with five replications. Crops
with intervals of 12, 18 and 24 months, and phosphorus
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Table 1 — Clay content and soil chemical properties of the experimental site in S3o Mateus do Sul, PR, in a soil from 0

to 20 cm of depth.

Tabela 1 — Teor de argila e propriedades quimicas do solo de 0 a 20 cm de profundidade no local do experimento, Sdo

Mateus do Sul-PR.

CO Clay pH P K* Ca? Mg AP H+Al CTC 1 \'% m
---gkg!--- H,0 --mg.dm3-- - oo cmol .dm> - - - - - - - - - - ---% - - -
31.2 770 3.92 1.31 56.80 0.95 0.39 4.47 15.78 17.27 8,6 71.2

Extractors: Mehlich-1 (HCI 0.05 mol.L"' + H,SO, 0.0125 mol.L"): P and K and KCI (1 mol.L'"): Ca, Mg and Al.

doses of 0, 20, 40, 80, 160 and 320 kg.ha™' of P,O,, supplied
with triple superphosphate, were evaluated. At the
time of experiment installation, 1 t.ha™! of dolomitic
limestone was applied superficially in total area, according
to MANUAL (2004). As a N-and-K-based fertilization,
80 kg.ha' of N-and KO, respectively, were applied
in the form of urea and potassium chloride.

The dose tested and basic fertilization were applied
in plots, being held in the crown projection area without
incorporation, always in January and September. For
crops with a 12-month-interval, doses of P,O, and basic
fertilization were split twice. For crops with intervals
of 18 and 24 months, the P,O, doses were divided in
three times, while the basic fertilization was divided
twice (first two applications) (Table 2).

The harvest at intervals of 12, 18 and 24 months
was reaped respectively in January 2010, July 2010,
and January 2011 (Table 2). It consisted of removing
about 95 % of green mass that grew from the previous
harvest, from which commercial mate (leaf + thin branch)
was separated from large branch (LB), and the mass
of LB green determined. Cutting for harvest was
performed between 10 and 15 cm above the position
oflast pruning. It was considered as LB the branches
with a diameter greater than 7 mm, approximately. During
the harvest, it was taken a representative sample of
LB per plot, composed of 15 pieces of approximately
10 cm in length, in equal portions of representative
LB base, middle and apex, where average diameter
was determined (using a caliper, in mm), as well as

green and dry mass (65 °C). The samples, after being
dried, were manually transformed into sticks with the
aid of stainless steel knife, passed in a Wiley mill with
asieve of 0.5 mm opening and, subsequently, chemically
analyzed for P. For total P content, it was used
nitropercloric digestion and determination by colorimetry,
through phosphomolybdate reduction by vitamin C
(Braga and De Filippo, 1974).

It was also collected a soil sample at 0-20 cm, in
each plot, consisting of 15 simple samples taken in
crown projection area of the plants. After being air-
dried and passed through a 2-mm mesh sieve, the soil
was subjected to Mehlich-1 extractor (De Filippo; Ribeiro,
1997), and P content was determined by colorimetry,
through phosphomolybdate reduction by vitamin C
(Braga; De Filippo, 1974).

LB samples were dried at 65 °C until a constant
weight in the farmhouse, next to the experiment, and
processed in laboratories of the Federal University
of Vigosa, Minas Gerais, Brazil, where physical and
chemical properties of the material were determined.

LB basic density was determined by immersion
in water, by using a hydrostatic balance and noting
the volume displaced, according to ABNTNBR 11941
(ABNT, 2003). Gross calorific value (GCV) was determined
according to standard NBR 8633 (1984), by using an
adiabatic bomb calorimeter. The ash content was obtained
from LB samples, ground and sieved to a grain size
of approximately 0.2 mm, following the procedures
recommended by ABNT NBR 8112 (1983). For the

Table 2 — Fertilizer splitting and time of application, and harvest time according to mate harvest intervals.
Tabela 2 — Parcelamento e época de aplicac¢do da adubagdo e época de colheita da erva-mate conforme intervalo de colheita.

Harvest Fertilizing splitting and time of application of doses of P,O, Harvest

Interval 1t parcel 2nd parcel 3 parcel

Months % dose PO Period % dose PO Period % dose PO, Period Period
12 50.0 Jan/2009 50.0 Sept/2009 e — Jan/2010
18 33.3 Jan/2009 33.3 Sept/2009 33.3 Jan/2010 Jul/2010
24 33.3 Jan/2009 33.3 Sept/2009 33.3 Set/2010 Jan/2011
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production of briquettes, LB wood was converted
into smaller fragments and, subsequently, into
particles by using hammer mill.

For determinations relating to energetic
properties of LB, it was initially quantified the GCV
of LB samples corresponding to doses 0 e 320 kg.ha! of
P,O,, so that the data were subjected to analysis
of variance. As fertilization did not interfere
statistically with GCV, samples from other doses
of P,O, were not analyzed.

Briquettes were produced with particles at the
average size of 7.94 mm of length and 1.12 mm of
thickness in a laboratory briquetter, Lippel LB-32
model. The following briquetting conditions were
used: temperature of 120 °C, 5-minute pressing time
and 5-minute cooling time, with a pressure of 1500
PSI. The mass used for each briquette production
was 17 grams, while the average hygroscopic
equilibrium humidity of particle was approximately
9 %, determined according to the standard ABNT
NBR 9484 (1986).

The determination of apparent density of the
briquettes was performed by weighing and
subsequent immersion of briquettes in mercury,
obtaining the displaced volume, according to the
hydrostatic balance method, described by Vital (1984).
For energy density and amount of energy per unit
of volume of briquettes, the value was obtained
by multiplying gross calorific value by apparent
density of the briquettes, presented in Geal.ha!.

For determination of maximum tensile strength
of the briquettes, a Losenhausen universal testing
machine was used. The briquettes were subjected
to continuous and progressive pressure until the
breaking load. The machine applies a force on the
side of the briquette with a piston with predetermined
test speed of 6.0 mm.min'. The methodology adapted
from the standard ISO 11093-9 (2009) was used, since
there is no specific standard for briquettes.

Prior to the production and analysis of briquettes,
the calorific value of samples corresponding to the
doses 0 and 320 kg.ha™' of P,O,was analyzed, as
well as analysis of variance was applied. As there
was significance only for the harvest interval factor,
the briquettes were produced by combining samples
of the two doses evaluated for each harvest interval.
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Data were subjected to analysis of variance
(ANOVA) at probability 5 % (P <0.05). When productivity
values, average diameter, basic density, and energy
of'large branch were significantly influenced by dose
factor (six doses), they were subjected to regression
analysis. When the values of any variables were
influenced only by the harvest interval factor or dose
(the two extreme doses, 0 € 320 kg.ha™' of P,O,), the
averages were compared by Tukey test (p <0.05). P
contents in soil and in LB were subjected to simple
linear correlation (r) with growth and energy variables
of LB.

3. RESULTS
3.1 Productivity and diameter of mate large branch

Productivity and average diameter of large branches
(LB), arising from mate crop, were influenced by the
interaction between dose P and harvest interval (Figures
1A and B). Productivity of LB was positively influenced
by fertilization when harvests were held at intervals
of 24 months, without being affected in crops at intervals
of 12 months and with little significant growth in the
18-month interval (Figure 1A). At the harvest interval
of 18 months, maximum production of 1.3 t.ha! of dry
LB occurred at a dose of 258 kg.ha™ of P,O.. In harvests
with intervals of 24 months, the maximum productivity
of 4.1 tha! of LB occurred at the highest dose tested
of P.

Average diameter of LB was also greater in the
highest harvest interval, with maximum of 12.9, 15.4
and 17.2 mm at doses of 181, 207 and 203 kg.ha! of
P,0O,, respectively, for harvest intervals of 12, 18 and
24 months (Figure 1B).

3.2 Physical and energetic properties of mate large
branch

Basic density (Figure 1C) and gross calorific value
(Figure 1D) of LB were influenced only by harvest
interval, while energy density of LB was affected by
the interaction between dose of P and harvest interval
(Figure 1E). The ash content was not affected by dose
of P, nor by harvest interval, and had an overall average
0f3.9 %.

Basic density was higher at 1 8-and-24-month harvest
intervals (0.41 and 0.40 g.cm™, respectively) compared
to those of 12 months (0.39 g.cm™) (Figure 1C). LB
from crops at intervals of 18 and 24 months showed
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Figure 1 — Yield (A), average diameter (B), wood density (C), calorific power (D) and energy productivity (E) of large

branches (LB) of mate plants affected by phosphorus fertilization and harvest intervals. * and ***, respectively,

correspond to 5 and 0.1 % significance. The averages followed by the same letter do not vary statistically (p<0.05),
according to the Tukey test.

Figura 1 — Produgdo (A), diagmetro médio (B), densidade basica (C), poder calorifico superior (D) e energética (E) do

SeiF

galho grosso (GG), residuo da colheita da erva-mate submetida a adubagdo fosfatada e colhida em diferentes

intervalos de tempo. * e ¥**, respectivamente, significativo a 5 e 0,1 %. Médias seguidas por uma mesma letra
ndo diferem estatisticamente (p< 0,05) pelo teste de Tukey.
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calorific value 0f 4,550 and 4,558 kcal .kg™!, respectively,
which are higher values than those of 12-month intervals
(4,468 kcal.kg™") (Figure 1D).

The amount of power generated per hectare (Figure 1E)
varied according to LB productivity, since the doses
of P did not affect calorific value of wood (Figure 1D).
The smallest amount of energy generated, with overall
average of 1.93 Gceal.ha'!, occurred in the lower harvest
interval evaluated. At 18-month interval, the maximum
energy of6.09 Geal.ha' occurred when 258 kg ha™' PO,
were applied. For the 24-month harvest interval, the
maximum energy of 18.82 Gceal.ha! occurred at the highest
dose of P evaluated.

3.3 Physical and energetic properties of briquettes

Maximum tensile strength and energy density were
significantly influenced by harvest interval (Table 3),
while apparent density and gross calorific value, with
anaverage 0f0.99 g.cm™ and 11,058 kcal. kg™, respectively,
were not affected by harvest intervals.

Maximum tensile strength of briquettes made with
mate LB harvested at 12-month interval was higher than
for intervals of 18 and 24 months. Briquettes produced
with 24-month-old LB can withstand 105.3 kgf.cm™,
statistically exceeding 71.5 and 71.8 kgf.cm?, respectively,
from 12-and-18-month harvest intervals (Table 3). LB
harvested at 18-month interval produced briquettes with
energy density statistically higher (4.64 Gcal.m™) than
the ones derived from LB which harvest intervals were
12 (4.37 Gecal.m™®) and 24 months (4.43 Gcal.m™).

3.4 Correlation between P contents of soil and mate
large branch

The correlation of P availability in soil and P content
in LB and production indicates high positive correlation
only for harvest at intervals of 18 and 24 months (Table 4),
while average diameter of LB was positively correlated
with P availability in soil and P content in LB at the
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three evaluated harvest intervals. In contrast, basic
density and gross calorific value did not show significant
correlation with P availability in soil and P content
in LB. Ash content was not correlated with any variable
evaluated. Energy density was positively correlated
with P availability in soil and P content in LB only
at 18-and-24-month harvest intervals.

4. DISCUSSION

Phosphorus fertilization and harvest intervals
showed to be determining factors in production of mate
large branches (Figure 1A). The lack of response to
fertilization at shorter intervals, such as 12 months,
can be attributed to the need for more time for plant
recovery after harvest impact (Santin, 2013). The main
mate product is composed of approximately 70 % of
leaves and 30 % of thin branches (diameter < 7.0 mm,
approximately), remaining LB in the area. In this kind
of crop, it is removed from around 85 to 95 % of the
volume of leaves from the crown, which creates an
imbalance between leaves and roots, causing the death
of some of the latter, which requires a compensatory
response from the plant (Milano; Dalcin, 2000). Therefore,
at harvest short intervals, the plant also presents small
leafarea and low root density, which leads to a reduced
photosynthetic rate, with lower demand of P and lower
nutrient absorption capacity (Epstein; Bloom, 2004).
At intervals of 18 and 24 months, there is enough time
for restoration of the crown and root system, favoring
the response to fertilization.

The average diameter of LB showed positive
quadratic response with doses of P at the three harvest
intervals assessed (Figure 1B), although, in mass
productivity, the response was quadratic only at 18-
month interval (Figure 1A). This finding is also reinforced
by the fact that the highest correlation coefficient between

Table 3 — Properties of briquettes produced with large branches of mate plants harvested at different harvest intervals.
The averages followed by the same letter do not vary statistically (p<0.05), among harvest intervals, according

to the Tukey test and " not significant.

Tabela 3 — Propriedades de Briquete produzidos de GG da erva-mate colhida em diferentes intervalos de tempo. Médias
seguidas por uma mesma letra ndo diferem estatisticamente (p< 0,05) entre intervalos de colheita pelo teste

de Tukey e ns ndo significativo.

Harvest Moisture Bulk density Tensile Gross calorific Energy
Interval Content Strength value density
Month % g.cm kgf.cm? kcal . kg'! Gceal.m?
12 10.4a 71.5b 4.37b
18 10.0b 0.99m 71.8b 11.058" 4.64a
24 9.9b 105.3a 4.43b

Revista Arvore. 2017;41(1):e410110
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Table 4 — Correlation coefficients (r) between soil P content and large branch characteristics of mate plants harvested
at different harvest intervals affected by phosphorus doses.

Tabela 4 — Coeficientes de correlagdo linear simples (r) entre variaveis do solo e do residuo da colheita (galho grosso)
da erva-mate, colhido em diferentes intervalos e submetido a doses de fosforo.

Variable”! Large branch of mate plant variables’! harvested at different intervals
Productivity Diameter Basic Density Gross calorific Energy density Ash content
value
t.ha"! mm g.cm? kcal.kg! Gecal.ha! %
Harvest interval of 12 months
P soil”? 0.587m 0.743%* -0.105" -0.096" 0.587m -0.290"
P GG”* 0.490m 0.753* -0.248 -0.158m 0.490 -0.025m
Ash content -0.054r 0.111m -0.135m™ -0.054" -0.014m
Harvest interval of 18 months
P soil”? 0.960%** 0.839%* 0.010™ -0.311m 0.960%** -0.055m
P GG” 0.858** 0.725% 0.106™ -0.340" 0.858** 0.118m
Ash content -0.130™ -0.339m 0.213m -0.130m -0.527m
Harvest interval of 24 months
P solo” 0.975%** 0.778** 0.413m -0.382m 0.975%** -0.272m
P GG”* 0.893%** 0.702* 0.322n -0.300" 0.893%** -0.250"
Ash content -0.363™ -0.383" 0.282m -0.363" -0.066™

/'Variable in the doses of 0 and 320 kg.ha™! of P,O,; *availability of P in the 0-20 cm layer of the soil; *total content of P in the plant
tissue of the large branch (LB) of mate plant harvesting. *, **, *** correspond to 5, 1, 0.1 % and "™ not significant.

P availability in soil and average diameter of LB occurred
at 18-month interval (Table 3). As there are no reports
of LB diameter from mate harvest residue, values of
12.9,15.4 and 17.2 mm, respectively, for harvest intervals
at 12, 18 and 24 months, can be taken as reference.

The phosphorus fertilization did not alter basic density
or GCV of mate LB. However, the age of the LB harvested
influenced these variables significantly (Figure 1C). Vale
etal. (2000) also found no change in the basic density
and GCV of wood in response to NPK fertilization in
E. grandis and Acacia mangium. As plant age advances,
the cell wall thickness increases (Vital et al., 1984) and,
consequently, the increase of density occurs. Although
the evaluated harvest intervals are different in only six
months, it was possible to verify the influence of age
on wood density of mate LB, with higher density at
larger harvest intervals. In other forest species, it has
been frequent the finding that wood density increases
with the plant age (Soares et al., 2014), which corroborates
the results of this work.

Gross calorific value of LB, as well as basic density,
was also higher for larger harvest intervals (Figure
1D). According to Carneiro et al. (2014), wood density
is one of the major indexes to evaluate the potential
of biomass for energy, since the higher the density
is, the greater the amount of energy stored per volume
unit.

SIIF

Wood density generally increases with the plant
age, as found by Soares et al. (2014) for wood of E.
grandis x E. urophylla hybrid, with ages ranging from
3 to 7 years, from 0.37 to 0.54 g.cm™, and respective
GCV between 4,454 and 4,547 kcal.kg™'. LB basic density
from mate crop, which ranged from 0.40 to 0.41 g.cm™
and PCS between 4,468-4,558 kcal.kg'!, is similar to
the one of eucalypts, which accredits this biomass
as a renewable source of energy with great potential.

The basic density of 0.40 g.cm™ of mate LB at the
age of 12 months is higher than the 0.37 g.cm™ of E.
grandis x E. urophylla wood at the age of 33 months,
which was reported by Soares et al. (2014). This may
be related to the growth regime between species.
Commonly, slow-growing species tend to present high
carbon allocation in the cell walls (Fan et al., 2012), high
content of cellulose and lignin (Paula, 1993), high fiber
percentage, and low percentage of vessels, which has
also a reduced diameter (Guilley; Nepveu, 2003). These
characteristics favor the increase of wood density. Mate
is a slow-growing species (Carvalho, 2003), which
contributes for it to have higher density in relation to
some eucalypt species assessed under the age of 36
months, for example. However, it should be noted that
dry matter per hectare should be taken into account,
i.e., the relation between productivity and basic density
in the evaluation of potential species for energy, not
only considering an index as a factor in selection.

Revista Arvore. 2017;41(1):e410110



The increase of energy per area in the largest harvest
intervals (Figure 1E) is directly related to the increase
of LB dry mass production, caused by phosphorus
fertilization (Figure 1B) and confirmed by high correlation
between P in soil and LB productivity (Table 4). This
behavior also occurs in E. grandis plantations when
these are subjected to NPK fertilization, while the increase
of energy productivity per area is related to the increase
of wood productivity (Vale et al., 2000), since the increase
of nutrient availability in soil did not change GCV.
Maintaining the GCV of mate LB, even at high doses
of P, is an important and desirable feature in the production
of biomass energy. This is because it allows the energy
standardization of mate LB, within the same harvest
interval, regardless of whether this waste comes from
plantations nourished with P or not.

Minerals (ash) do not participate in the combustion
process of wood, while high levels of these components
reduce GCV (Brand, 2010), being undesirable when
wood is intended for bioenergy purposes (Protasio
etal.,2011). This is because minerals, besides decreasing
calorific value, cause corrosion problems, as well as
an increase in ash disposal costs due to the increase
in volume generated, and an increase in generation
of emission of particulate matter. For LB from mate
crop, ash content was not correlated with GCV (Table 4),
while P content in LB only correlated positively with
growth-related variables. Thus, ash and P contents
did not affect the GCV of mate LB.

The age of mate LB influenced some properties
of briquettes, such as moisture content, maximum tensile
strength, and energy density (Table 3). Moisture
apparently showed an inverse relation with age, in
such a way that, the lower the harvest interval is, the
higher the moisture content of the briquette. This
behavior also occurs in P, taeda wood, with decrease
in moisture content caused by increase in age (Furtado
etal., 2012). Commonly, wood with lower density tends
to have a higher moisture content (Gadelha et al., 2012),
which was reflected in briquettes with higher moisture
content (Table 3), when they originate from LB crops
with smaller harvest interval and lower GCV (Figure
1D). Despite the inverse relation between wood moisture
and GCV (Furtado et al., 2012), it was not observed
for the briquettes of this work. Considering that residues
moisture in production of briquettes must be between
8 and 15 % (Gongalves et al., 2009), moisture content
between 9.9 to 10.4 %, found in this study, is another
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indicative of technical feasibility of using mate LB in
production of briquettes.

Briquetting aims to increase the amount of energy
per volume unit (Kaliyan; Morey, 2009). In this work,
with production of briquettes, it was possible to increase,
on average, 143 % in apparent density and 144 % in
calorific value, respectively, per unit of area and weight
of residues from mate crop.

The maximum load of the briquette produced with
LB from 24-month crop was approximately 47 % greater
than those from 12-and-18 month intervals (Table 3).
Briquettes made of mate LB with 12-and-18-month harvest
interval showed resistance to maximum load (71.5 and
71.8 kgf.cm™), on average, greater than briquettes
produced with charcoal chaff and bamboo residue (42.0
to 80.4 kgf.cm?), as verified by Dias Jr. et al. (2014).
According to Quirino et al. (1989), briquettes with a
load capacity of around 70 kgf.cm™can be considered
as having good compressive strength. Briquettes
produced with 24-month-old LB, with a tensile strength
of 105 kgf.cm?(Table 3), can be considered as having
high compressive strength.

With briquetting, the aim is to facilitate the
transport of vegetable residues increasingly smaller,
standardized and with large stock of energy (Quirino
etal.,2012). Even if briquettes made of mate LB,
with 18-month harvest interval, were higher than
the others in energy density (Table 3), the variation
between the three harvest intervals was small. This
shows that the residue briquetting of mate crop at
different ages is possible, since it produces briquettes
with small energy variation.

5. CONCLUSION

Phosphorus fertilization favor the increase in
productivity of mate large branches when they are
harvested at higher crop intervals, increasing energy
produced per area, without changing basic density
and gross calorific value of wood.

The increase in harvest intervals of mate raises
basic density and gross calorific value of mate large
branches.

Mate large branches and briquettes produced from
them show energetic and physical adequate properties

and great potential for use as energy.
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