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ABSTRACT

The acai berry processing activity generates a large amount of waste that is a problem in several
cities, mainly in the Amazon region of Brazil, due to the large production of acgai juice. This study
aimed to reuse the waste from acai berry’s processing as a substrate in the production of aroeira
native seedlings, studying the effects of its application and evaluating the morphological
parameters results. The experiment was carried out in the greenhouse in the city of Imperatriz -
MA, with waste collection carried out in 2015. After collection, part of the waste was charred and
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transformed into the substrate through grinding and sieving. Subsequently, the substrates were
mixed with the local soil in different proportions. Thus, the 9 treatments were obtained. To test the
substrate the native aroeira species was used. The effects of different treatments were evaluated
15, 30, 45 and 60 days after germination, by plant height (H), neck diameter (ND) and leaf number
(NL). The results showed that the use of this residue is not promising as a substrate because they
do not have good performances for the parameters evaluated in the seedlings.

Keywords: Acai waste; reuse; substrate.
1. INTRODUCTION

The agai palm (Euterpe oleracea Mart.) is a
native species from the Amazon region, with its
predominance registered in the northern and
northeastern regions of Brazil, mainly in
floodplain soils. The fruit of the palm is called
acai berry and it is highly nutrient-rich [1].

One of the most profitable commercial
possibilities offered by the acai berry is the
production and marketing of agai juice. Juice
processing for the local market is a low-cost
activity with an excellent economic return.
However, during the processing of the fruit, a
large number of residues (seeds-type byproduct)
are generated and, in most cases, improperly
disposed of in the environment. Its residues are
becoming a potential pollutant for the population,
resulting in pathogen proliferation and generating
an unpleasant odour [2,3].

In an attempt to minimize the environmental
impacts caused by solid waste, the Brazilian
government instituted the national solid waste
policy, Law No. 12305, of August 2, 2010, whose
objectives correspond to environmental quality
and environmental health protection, with
emphasis on the end of solid waste generation
linked to its reduction, reuse, recycling and
treatment, as well as environmentally appropriate
final disposal [4].

Studies conducted on the nutritional potential of
acai berry indicated that it is rich in protein and
minerals, among them include potassium (K),
calcium (Ca), magnesium (Mg), iron (Fe), copper
(Cu), zinc (Zn) and phosphorus (P). After juice
extraction, these minerals are still present in the
discarded waste [5,6].

Among these minerals, some may supply
nutritional deficiencies suffered by the soil. The
largest soil micronutrient deficiencies are most
frequently observed in the field in the following
order: phosphorus (P)> nitrogen (N)> potassium
(K)> calcium (Ca)> magnesium (Mg) and for
micronutrients: iron (Fe)> boron (B)> zinc (Zn)>
copper (Cu) [7].

The use of organic waste available in rural
properties for seedling production is an source of
nutrients economically important, as it reduces
the costs of acquiring chemical fertilizers for this
purpose [8]. Large amounts of agroforestry waste
are produced in the Amazon, which can become
components of substrates of great importance in
forest development [9].

In this context, it is proposed to reuse solid waste
from agai berry processing as a substrate in the
production of native seedlings, studying the
effects of its application and evaluating the
morphological parameters results.

The species chosen to test the substrate was the
aroeira (Myracrodruon urundeuva Allemao),
belonging to the Anacardiaceae family. This is a
native species from the Brazilian Amazon and is
threatened with extinction and is widely used for
the recovery of degraded areas [10].

2. MATERIALS AND METHODS
2.1 Experimental Location

The experiment was carried out in a greenhouse
at Maranhao State University (UEMA), Empress
Higher Studies Center (CESI), located under
coordinates 05° 31 '35 "S and 47° 29' 30" W, at
an altitude of 116 meters. The climate is
classified as Aw, tropical climate with the dry
season in winter [11].

2.2 Substrate Management

Acai berry waste was collected in the first half of
2015, in the city of Imperatriz in the state of
Maranhao, northeastern Brazil. The waste was
picked up at street fairs in the city where acai
juice is sold. After processing the juice, the waste
had been improperly disposed of.

After collecting the waste, it was dried in the sun,
to extract moisture to facilitate grinding. After
drying, part of the waste was charred and the
other remained natural.



Fig. 1. Agai berry waste disposed of
incorrectly

Afterwards, the charred and natural waste were
shredding, separating the resulting substrate into
charred and non-charred. The local soil used for
substrate mixing and as control was the
Moderate Dystrophic Red-Yellow Argissol [12]
collected in the 0-20 cm deep layer in the UEMA
/CESI  experimental field with  chemical
characteristics described in Table 1.

The first step for the implementation of the
experiment was soil and substrate sieving in No.
10 ABNT sieve, eliminating coarse particles. The
treatments were based on the volume of the
plastic bag (450 cm®), consisting of different
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proportions of soil with two types of substrate
(carbonized and non-carbonized).

The quantification of the treatments consisted as
follows:

TO = 100% soil control;
T1 =25% soil + 75% non-carbonized

substrate;

T2 = 50% soil + 50% non-carbonized
substrate;

T3 =75% soil + 25% non-carbonized
substrate;

T4 = 100% non-carbonized substrate;
T5 = 25% soil + 75% charred substrate;
T6 = 50% soil + 50% charred substrate;
T7 = 75% soil + 25% charred substrate;
T8 = 100% charred substrate.

Irrigation during the experiment was done
daily in the early morning and late afternoon
by sprinklers installed on the upper part of
the greenhouse for a minimum of 20 minutes
daily.

2.3 Plant Species

The choice of aroeira (M. urundeuva) as a test

species in the experiment was because it
is native to Brazil and is threatened with
extinction. Also, it has a short average

germination time, ranging from one to seven
days, which facilitates rapid analysis of results
[10,13].

Table 1. Chemical analysis of moderate dystrophic red-yellow argissol

pH Cca”+Mg” Al H+AI SB CTC v K P
cmol..kg”’ % mg.kg"
5.61 4.69 1.2 6.5 6.16 11.6 43.9 50 8

Sousa et al. (2014) [14]

Fig. 2. A - Carbonization of agai berry waste; B - Agai berry waste shredding in a forage;
C - Agai berry waste substrate sieving



2.4 Morphological Parameters

At 15, 30, 45 and 60 days after germination, the
seedling response variables were evaluated,
which consist morphological parameters of total
plant height (H), neck diameter (ND) and the
number of leaves (NL).

The total height was obtained using a measuring
tape and measurements were taken from ground
level to the last leaf height. The neck diameter
was obtained using a digital calliper with ground-
level measurements and the number of leaves
was determined by direct counting, taking care to

use the same standard for each individual
evaluated.
2.5 Substrate Physical & Chemical

Parameters

The physical analysis consisted of calculations
for determination of wet mass, solids mass,
solids volume, density and total porosity per
treatment, before and after drying performed at
the UEMA / CESI Soil Laboratory. In the
chemical analysis, iron oxide (Fe,O3) and pH for
carbonized substrates and for non-carbonized
substrates were determined.
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2.6 Experimental Design

For the experiment, we considered the
Completely Randomized  Design  (CRD)
composed of 8 treatments plus control, with 10
replications each. The treatments were
implemented in 60 cell trays, where each
experimental unit consisted of a line with 6
plants, totalling 60 plants per treatment.

Data were submitted to analysis of variance
(ANOVA) and means test by Tukey with 5%
probability.

3. RESULTS AND DISCUSSION
3.1 Morphological Parameters

The seedlings produced by the substrates are
presented in Fig. 3. At 15 days after germination
(Table 2), treatments containing smaller
proportions of carbonized and non-carbonized
substrate negatively influenced seedling growth
for plant height response variable (H). The
highest height (3.71 cm) was observed in
treatment TO, which consisted only of the local
soil.

Fig. 3. Aroeira seedlings produced by charred and non-carbonized substrates

Table 2. Results obtained after 15 days of germination

Plant height Neck diameter Number of leaves
TO 3,71 a 0,50 a 3,62 a
T 3,09 ab 0,54 a 2,96 b
T2 3,00 b 0,54 a 3,18 b
T3 2,92 b 0,52 a 3,08 b
T4 3,24 ab 0,55 a 3,14 b
T5 2,94 b 0,54 a 2,94 b
T6 2,72 b 0,47 a 3,07 b
T7 2,89 b 0,55 a 3,1 b
T8 3,18 ab 0,54 a 2,92 b

Note: Means in the same column followed by different letters differ significantly (p<0.05) using Tukey test

4



The highest average observed among the
morphological parameters of plant height (H) and
the number of leaves (NL) at 15 days after
sowing was in TO treatment with a significant
difference by Tukey test at 5% probability when
compared to the other treatments. This was
because the soil chosen had good proven
chemical characteristics, such as high
base saturation value (V%), pH in adequate
range for crop development, high cation
exchange capacity (CTC), phosphorus levels
classified as medium and clayey texture [14],
which favoured good water and nutrient retention
capacity.

Regarding the neck diameter (ND), the means
did not differ statistically between treatments,
including the control (T0). The largest diameters
were in treatments T2, T4, T5 and T7 (both 0.54
mm). Regarding the variable number of leaves
(NL), the substrate means (carbonized and non-
carbonized) did not differ statistically among
themselves, only about TO. The fact that these
parameters do not differ statistically may be due
to the age of the plant, which at 15 days may not
have developed properly to represent soil or
substrate influence.

The analysis of the results presented in Table 3
showed that at 30 days of germination
the TO treatment presented the highest averages

for all morphological parameters evaluated.
The H and NL showed a significant
difference  when compared with the other
treatments.

It was also possible to verify that with ND,
the TO treatment showed significant differences
with T1, T2 and T4 treatments and did not differ
statistically from the other treatments.
The best wvalue of TO confirms the
importance of choosing a good soil for seedling
cultivation.
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The ND parameter can be used to evaluate the
seedlings survival capacity when transplanted in
the field [15], based on this, the seedlings
produced by treatments TO (0.74 mm) and T3
(0.64 mm) are the ones that present greater field
survivability.

This result is due to the soil effect on the
substrate, since in these treatments the
proportion of soil in the mixture is high,
being 100% and 75% respectively for TO and T3.
It was also observed that there was no
significant difference between non-carbonized
(T3) and carbonized (T7) substrate
considering the same proportion of soil and acai
substrate.

Regarding NL, the treatment with the highest
average was T0 (14.19). This parameter is of
great importance because it is considered an
indicator of productivity, where the leaf area is
responsible for the photosynthetic process of the
plant [16].

Table 4 presents the result of measurements
made 45 days after germination.

The analysis of the results showed that the TO
treatment was highlighted with the highest
averages for all parameters evaluated.
Regarding H, treatment TO also obtained higher
values and was statistically different from other
treatments. The ND parameter showed a
significant difference when TO was compared to
the other treatments. The lowest values for this
parameter were for T6 (0.48 mm),
T1 (0.51 mm) and T4 (0.54 mm) treatments, as
they presented little or no proportion of soil. NL
was also highlighted in the value of the means
for TO, where it differed statistically
from the other treatments, but did not present
statistical differences between them.

Table 3. Results obtained after 30 days of germination

Plant height Neck diameter Number of leaves
T0 5,63 a 0,74 a 14,19 a
T 3,13 b 0,58 b 8,32 b
T2 3,07 b 0,58 b 8,93 b
T3 3,09 b 0,64 ab 8,47 b
T4 3,20 b 0,59 b 8,68 b
5 3,10 b 0,61 ab 8,76 b
T6 2,74 b 0,60 ab 8,41 b
T7 2,66 b 0,62 ab 8,28 b
T8 2,83 b 0,61 ab 8,41 b

Note: Means in the same column followed by different letters differ significantly (p<0.05) using Tukey test
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Table 4. Results obtained after 45 days of germination

Plant height Neck diameter Number of leaves

TO 7,31 a 0,90 a 16,17 a

T 3,00 b 0,51 c 8,72 b

T2 2,78 b 0,57 b 8,34 b

T3 3,06 b 0,58 b 8,67 b

T4 3,14 b 0,54 c 8,82 b

T5 3,14 b 0,58 b 9,16 b

T6 2,74 b 0,48 c 8,57 b

T7 2,73 b 0,55 c 7,91 b

T8 2,73 b 0,49 C 7,77 b

Note: Means in the same column followed by different letters differ significantly (p<0.05) using Tukey test

In Table 5, it can be observed that at 60 days of 3.2 Substrate Physical & Chemical
germination the TO treatment continues with the Parameters

highest averages in all parameters, due to the
favourable soil characteristics, making the
substrate contribution in the other treatments
insignificant.

In general, the measures of the response
variables verified that there were no significant
differences in the comparison of the studied
morphological parameters between the
carbonized and non-carbonized substrate,
considering the same proportion of soil and
substrate.

It can be seen from Table 6 that physical
characteristics such as substrate density and
porosity are promising.

According to the physical characteristics
analyzed, it was found that the treatments with
the presence of substrate presented lower
densities when compared to the local soil (TO).
The low density is an important parameter
because it interferes with the root development of
plants, besides the availability of nutrients and

Table 5. Results obtained after 60 days of germination

Plant height Neck diameter Number of leaves
TO 12,89 a 0,98 a 21,32 a
T1 3,05 b 0,33 b 9,45 b
T2 2,82 b 0,33 b 8,69 b
T3 2,94 b 0,42 b 8,30 b
T4 3,07 b 0,37 b 8,78 b
T5 3,24 b 0,45 b 9,23 b
T6 2,85 b 0,37 b 8,10 b
T7 3,04 b 0,44 b 8,28 b
T8 2,78 b 0,36 b 7,77 b

Note: Means in the same column followed by different letters differ significantly (p<0.05) using Tukey test

Table 6. Physical analysis of treatments

Treatments Wet mass Solids mass  Solids Density Total
(9) (9) volume (cm?®) (g.cm®) porosity (%)

TO 2059 a 204,50 a 96,78 a 2,08 a 1,43 c
T1 166,1 bc 142,60 c 74,68 b 1,45 ¢ 23,94 a
T2 179,3 b 173,90 b 92,78 a 1,77 b 5,50 c
T3 2079 a 195,50 a 85,78 ab 1,99 a 1263 b
T4 130,6 ¢ 123,10 c 90,68 a 1,25 c 7,64 c
T5 1789 b 174,60 b 93,88 a 1,78 b 4,38 c
T6 1845 b 164,20 bc 77,88 b 1,67 bc 20,68 a
T7 146,6 c 129,20 c 80,78 b 1,32 c 17,72 b
T8 1349 ¢ 127,10 c 90,38 a 1,29 c 7,94 c




water. Only the treatment 75% of soil + 25% of
non- carbonized substrate (T3) showed a
statistically similar density to the control, possibly
due to a large amount of soil and the fact that the
substrate was not carbonized.

The porosity results obtained the best values for
the treatments 25% non-carbonized substrate +
75% soil (T1) and 50% carbonized substrate +
50% soil (T6). These values stood out compared
to the other treatments, even control. Higher
porosity values reflect a good infiltration and

exchange of gases with the external
environment. Usually lighter  low-density
substrates, such as carbonized materials,

increase the macroporosity of the mixtures and
reduce the substrate's water retention capacity
[171.

Regarding chemical analysis, the values of
variance for the determination of Iron Oxide
(Fex03) are classified as low variability (<12%),

medium variability (12% <62%) and high
variability (> 62%) [18]. Following this
classification, both carbonized and non-

carbonized substrates were characterized as
having low variability. However, when comparing
both results, it is observed that the non-
carbonized substrate has low variance with the
carbonized substrate. Soils with high variability
and iron oxide are characterized by their higher
water permeability, higher erosion resistance and
higher phosphorus fixation [19].

In pH determination, the result for both
substrates was characterized as acid. These
results are considered normal as they are similar
to the mean values on a dry basis at 65°C in acai
stone samples [20].

The low performance provided by the acai
substrate when compared to the control was
mainly due to the high C:N ratio, which in this
type of substrate is about 48.27 [20], which
was confirmed during the experiment by means
of yellowing symptoms of the leaves of the
aroeira (M. urundeuva) seedlings after the
consumption of the reserves present in the
cotyledons.

4. CONCLUSION

The carbonized and non-carbonized agai berry
residues used as plant substrate did not perform
well for the morphological parameters evaluated
in aroeira seedlings and were negative when
compared to the control (composed only of local
soil).
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The best performances were identified in the
treatments composed by substrates that
contained non-carbonized agai berry residue +
local soil when compared to the other treatments.

Acai berry waste has the physical aptitude to be
used as a substrate for seedling production.
They are already chemically acidic soils with high
C: N ratio. In contrast, this substrate can be used
in less fertile soils for testing purposes, as well as
helping species that need better soil aeration and
less compaction.
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