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ABSTRACT: Agroindustrial wastes in southeastern Amazon are abundant and there are
policies encouraging proper disposal for such wastes for sustainable agriculture. In this study
we compared the chemical parameters of composts resulting from composting and
vermicomposting sheep manure added to agroindustrial wastes as a bulking agent. Piles of
compost were created using sheep manure, fruit waste, and a bulking agent. The treatments
consisted of compost piles of: Tc - sheep manure and fruit pulp; Ta - sheep manure, fruit pulp
and triturated acai seeds; Ts - sheep manure, fruit pulp and sawdust, and Th - sheep manure,
fruit pulp and babassu coconut residue. After 50 days, a fraction of the compost from each pile
was transferred to vermireactors to compare processes. At the end of the experiment, samples
were taken in triplicate from all treatments in both composting and vermicomposting units for
chemical analysis. The assessed variables were daily temperature of compost piles and
vermireators, C/N ratio, Volatile solids (VS), total kjeldahl nitrogen (TKN), total phosphorus
(TP), total potassium (TK), calcium (Ca), magnesium (Mg), sulfur (S), iron (Fe), copper (Cu),
zinc (Zn), manganese (Mn), boron (B). Sawdust-based and babassu-based compost, from
composting process, has the lower time for stabilization (about 40 days), pH closer to neutral
and more efficient in reducing the C:N ratio than vermicomposts. Vermicomposting process
increased the concentration of almost all nutrients in treatments, except for babassu-based
compost.

Key words: Compost. C:N ratio. Babassu. Acai. Sustainable agriculture.

COMPOSTAGEM E VERMICOMPOSTAGEM DE RESIDUOS DE ACAI E BABACU
PARA AGRICULTURA SUSTENTAVEL NA AMAZONIA

RESUMO: Os residuos agroindustriais no sudeste da Amazonia sdo abundantes e existem
politicas que incentivam o descarte adequado desses residuos, para a agricultura sustentavel.
Neste estudo foram comparados parametros quimicos dos compostos resultantes da
compostagem e vermicompostagem de residuos agroindustriais, com esterco de ovinos
adicionados como agente de volume. Pilhas para compostagem foram montadas, utilizando-se
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esterco ovino, residuos de frutas e agentes de volume. Os tratamentos consistiram em pilhas de
composto de: Tc - esterco de ovelha e polpa de frutas; Ta - esterco de ovelha, polpa de frutas e
sementes de acai triturado; Ts - esterco de ovelha, polpa de frutas e serragem e Tb - esterco de
ovelha, polpa de frutas e residuo de coco babagu. Apos 50 dias, uma fracdo do composto de
cada pilha foi transferida para vermireatores para comparar os processos. No final do
experimento, as amostras foram coletadas em triplicata de todos os tratamentos, tanto nas
unidades de compostagem quanto nas de vermicompostagem, para analise quimica. As
variaveis avaliadas foram temperatura diéria das pilhas de compostagem e dos vermireatores,
razdo C / N, solidos volateis (VS), nitrogénio kjeldahl total (TKN), fésforo total (TP), fésforo
total (TP), potassio total (TK), célcio (Ca), magnésio (Mg) ), enxofre (S), ferro (Fe), cobre (Cu),
zinco (Zn), manganés (Mn), boro (B). O composto a base de serragem e babagu, proveniente
do processo de compostagem, apresenta menor tempo de estabilizacdo (cerca de 40 dias), pH
mais proximo do neutro e mais eficiente na reducéo da razdo C:N do que nos vermicompostos.
O processo de vermicompostagem aumentou a concentracdo de quase todos 0s nutrientes nos
tratamentos, exceto 0 composto a base de babagu.

Palavras-chave: Composto. Razdo C:N. Babacgu. Acai. Agricultura Sustentéavel.
INTRODUCTION

Organics waste, when improperly managed, can lead to negative impacts on
environmental and human health through the contamination of water, soil, and air (RAJPUT,;
PRASAD; CHOPRA, 2009; RAMAN; NARAYANAN, 2008). Cycling techniques such as
composting, vermicomposting, and anaerobic digestion (CAMPUZANO; GONZALEZ-
MARTINEZ, 2015) have been developed to provide adequate disposal systems for organic
wastes, and also contribute to energy production and the creation of viable agricultural compost
(BATSTONE; VIRDIS, 2014; BLOUIN et al., 2019; NIGUSSIE et al., 2016).

Composting involves the degradation of organic matter through the action of
microorganisms in an aerobic environment (EPSTEIN, 2011), some process includes different
organisms (PEREIRA et al., 2019). Vermicomposting is the biological process of transforming
organic waste into humic substances through the action of earthworms (BLOUIN et al., 2019;
LV; XING; YANG, 2016). In both processes, the final product is an organic compost, which is
rich in nutrients and can be used to improve the physical, chemical, and biological conditions
of the soil for the production of vegetation (BLOUIN et al., 2019; DOMINGUEZ; EDWARDS,
2011; EDEN; GERKE; HOUOT, 2017). The use of organic compost also has positive
environmental effects, due to the reuse of waste that could otherwise be improperly discarded
(LIM; LEE; WU, 2016).

Previous studies have shown that vermicomposting can reduce greenhouse gas emissions,
and a greater capacity for recycling of nitrogen (NIGUSSIE et al., 2016). In order to identify
the components that guarantee the positive characteristics for soil quality maintenance and plant
nutrition, physical-chemical parameters were studied of some bulk agents used in composting,
including apple, rice, fruit bagasse residues, and food waste (ANTUNES et al., 2014) and
different animal manures (HUANG; WANGB; HAN, 2011; WANG et al., 2016).
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In the Brazilian Amazon, there are some activities that produce organic wastes that can
contribute positively to the environment and local agriculture through composting and
vermicomposting processes. Babassu (Orbignya phalerada Mart.) is one of the most abundant
palm trees found on land used for agriculture and livestock, in southeastern portion of the
eastern Amazon (ANDERSON; MAY; BALICK, 1991). Its occurrence in abundance is directly
associated with deforested area and degraded pastures in regeneration. Many of its products are
used by quilombola populations (descendants of slave refugees), indigenous people and other
family farmers, who practice extracting the fruit of this palm tree in this region (PORRO, 2019).
It is also used for biodiesel production (LIMA et al., 2007). The main residues generated are
the fruit peel and sawdust. Acai palm (Euterpe oleracea Mart.) is one of the most important
agricultural and extractive culture of the Amazonia, Para state is the national leader in agai
production, with more than 141 thousand tons produced in 2017 (ARAUJO; SOUZA FILHO,
2018; INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA - IBGE, 2020). The
main residue generated by this crop is the lumps resulting from the pulping (BUFALINO et al.,
2018).

Very few, or nothing, is known about the chemical composition of acai and babassu based
composts. In order to contribute to the cycling of Amazonian waste products, and to produce
substances for agronomic use, contributing to the sustainable development of family farmers in
this region of the Amazonia, we aim to determine the chemical characteristics of the organic
composts produced by composting and vermicomposting residues originating from agro-
industrial activity, from the production or extraction of babassu, acai fruits and wood from
native species in the southeastern Para, eastern Amazonia, Brazil.

MATERIAL AND METHODS

Experiment setup

The experiment was carried out between March and June 2018 in two distinct phases.

The first phase consisted of combining different materials in piles for composting. The materials
used were sheep manure, N-rich component, obtained from the animal production sector at the
university; fruit pulp residues collected at a pulp processing cooperative, to enrich nutrients and
natural moisture making the environment more attractive to decomposing organisms; triturated
acai seeds obtained from local acai pulp traders, which have 95.58 organic matter, 48.27 C/N
ratio and pH 5 (TEIXEIRA et al., 2005); sawdust from native Amazonian species, obtained
from local logging industries, which have 98.03 organic matter, 123.77 C/N ratio and pH 5,45
(TEIXEIRA et al., 2005) and, babassu coconut residues collected from a rural agroindustry
which uses babassu to produce animal feed, very lignified material whose organic matter
content and C/N ratio are unknown. Using these waste products, four compost piles were
formed with an approximate volume of 0.6 m? each. Each compost pile represented a treatment
of this experiment, and contained an organic residue as a source of variation (except for the
control treatment —T¢) following the proportions below:

Tec: sheep manure (50%) + fruit pulp (50%);

Ta: sheep manure (31%) + fruit pulp (28%) + triturated acai seeds (41%);

Ts: sheep manure (31%) + fruit pulp (28%) + sawdust (41%);
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Tb: sheep manure (31%) + fruit pulp (28%) + babassu coconut residue (41%).

Preparation of vermicomposting treatments

After 50 days of composting, we started the second phase of the study. From each pile, 3
kg of fresh mass was randomly sampled and placed in 10 plastic vermireactors. Thirty
earthworms (Eisenia andrei) which had clitella were then added to each vermireactor. The
vermicomposting piles were incubated for 32 days, and the composting piles were incubated
for more than 40 days. During the entire first and second phases, the daily temperature inside
composting piles and vermireactors was recorded. The temperature measurements of the
compost piles were made with a digital skewer thermometer at five points in each pile, while
the ambient temperature was monitored with a mercury thermometer.

Data collection

At the end of the experiment, samples were taken in triplicate from all treatments in both
composting and vermicomposting units for chemical analysis. All samples were dried at 65°C
before chemical analysis. A suspension of 10g of sample was stirred in CaCl, solution (0.01
mol L) for 30 minutes, and then the pH was measured. Volatile solids (VS) was determined
by ignition in muffle furnace (550 °C for 4 hours).

Total Kjeldahl nitrogen (TKN) was determined by the Kjeldahl method. Total phosphorus
(TP) was assessed colorimetrically with molybdovanadate phosphoric acid, and total potassium
(TK) was assessed using a flame spectrophotometer. The elements calcium (Ca), magnesium
(Mg), sulfur (S), iron (Fe), copper (Cu), zinc (Zn), and manganese (Mn) were assessed by
atomic absorption spectrophotometry, and boron (B) was assessed using a digital
spectrophotometer. All these methods were based on the Brazilian Manual of Analytical
Methods for Fertilizers (BRASIL, 2014).

Data analysis

Statistical analyses were carried out using R software (version 3.5.1). Analysis of
variance (ANOVA) was used to test for statistically significant differences between the
treatments, and Fisher's least significant difference test (LSD test) was used for pairwise
comparison of treatment means if significant differences were detected (p < 0.05).

RESULTS AND DISCUSSION

Temperature during decomposition process

Data on the composting temperature for the various treatments indicate that, after five
days, the compost piles reached the maximum temperatures (Figure 1). Acai-based compost
(Ta) had higher temperatures (maximum of 49.24 °C) during almost all the composting process
when compared with the other piles. We noted that T. compost reached temperature
stabilization after 63 days, while the other treatments took about 40 days to reach stable
temperatures (Figure 1).
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Figure 1. Temperature of the treatments and ambient during the composting process. Tc: Sheep
manure and fruit residues; Ta: Sheep manure, fruit residues, and triturated acai; Ts Sheep

manure, fruit residues, and sawdust; Ty: Sheep manure, fruit residues, and babassu coconut.
Source: Field collection data.

For vermicomposting, the temperatures in all treatments were within the acceptable
range, and no large variations were observed (T =30.07 + 1.17 °C; Ta=30.96 + 1.29°C; Ts =
30.52 £ 1.26 °C and Tp = 30.38+ 1.15°C).

Chemical characteristics of composting

We observed that for the chemical parameter analysis in composting, the different
treatments showed significant statistical differences between compost treatments for most
nutrients (Table 1). Treatment acai-based compost had the lowest C:N ratio (13.82), followed
by based on babassu compost (16.56), control and based on sawdust compost (19.49 and 19.52,
respectively). All treatments resulted in pH values that were close to neutral, with based on acai
compost differing slightly from the others. Only the volatile solids (VS), Cu and B variables did
not differ between treatments. In Total Kjeldahl Nitrogen (TKN) the acai-based and babassu-
based composts had the highest means, followed by control and based on sawdust compost. For
total phosphorus (TP), the control and the agai-based compost obtained the highest means,
followed by babassu-based compost and sawdust-based compost that had the lowest mean.
With respect to total potassium (TK) the control had the highest mean, while for Ca, Mg and
Fe only control and sawdust-based compost differed from each other.

221



Cultura Agrondmica, llha Solteira, v.29, n.2, p.217-231, 2020 ISSN 2446-8355

Table 1. Means (£Standard Deviation) of final characteristics of composting, after 90 days.

Element Tc Ta Ts Ty

C:N ratio 19.49+0.32a 13.82+0.21c 19.52+0.00a 1656 +0.05b

pH 6.65+0.10a 6.29+0.10b 6.54+0.10a 6.50+0.10a

________ % ———

VS 7160+7.16a 70.66 +7.05a 71.39+8.04 a 71.85+4.17 a

TKN 1.60+0.27 bc 2.05+0.22a 145+0.17 ¢ 1.88+0.11ab

TP 1.08+0.16a 0.96 +£0.10 ab 0.60+0.04c 0.86 +£0.05b

TK 0.75+0.10a 0.53+0.03b 0.45+0.08b 0.53+0.03b

Ca 096+0.21a 0.84 +0.13 ab 0.70+0.08b 0.91 +£0.06 ab

Mg 0.29+0.05a 0.28 £0.02 ab 0.23+0.01b 0.30+0.03a

S 0.41+0.14 ab 0.43+0.08a 0.25+0.03b 0.35+0.07 ab

Fe 1.39+0.17a 1.56 +0.09 a 1.11+0.22b 1.46 +0.07 a
mg/kg

Zn 218.50+30.95a 173.80+18.29b 129.10 + 3.90c 178.80 + 22.53ab

Cu 75.00+4.46 a 75.00+3.29 a 55.00 £ 18.33 a 7250+12.79a

Bo 16.60+2.35a 15,70+ 1.61a 13.80+0.47a 15.70+2.81a

Mn 533.50+86.36a 548.40+4559a 381.40+91.77b  491.10 +53.32ab

Note 1: T¢: Sheep manure and fruit residues; T.: Sheep manure, fruit residues, and triturated agai; Ts Sheep manure,
fruit residues, and sawdust; Ty,: Sheep manure, fruit residues, and babassu; VS = Volatile solids; TKN = Total
Kjeldahl nitrogen; TP = Total phosphorus; TK = Total potassium.Note 2: Means followed by the same letter on
the same line do not differ statistically, LSD Fisher's test (p < 0.05).

Source: Laboratory analysis data.

Only acai-based compost and sawdust-based compost differed from each other for S. Zn
control was statistically higher than acai-based and sawdust-based composts, and acai-based
compost than sawdust-based composts. Mn sawdust-based composts had the lowest mean,
having differed statistically from control and acai-based compost (Table 1).

Chemical characteristics of vermicomposting

Chemical parameter analysis for vermicomposting we also observed between the
different treatments and indicated that there were significant statistical differences between
compost treatments for most nutrients (Table 2). After 32 days of vermicomposting, we found
that the treatments control and acai-based had the lowest C:N ratio, 13.33 and 14.00,
respectively, there is no difference between them. Babassu-based compost has the highest C:N
ratio (25.33) followed by sawdust-based compost (20.00). Sawdust-based and babassu-based
compost had a pH that was close to neutral (6.63 and 6.68, respectively), there is no difference
between them.

Acai-based compost obtained the lowest pH (5.9) followed by control (5.39). For the VS
babassu-based and sawdust-based composts had the highest values followed by acai-based
compost then control. However, for the TKN agai-based compost has the highest value, next
coming the control followed sawdust-based compost then babassu-based compost. Control
treatment had the highest value for TP, followed by acai-based compost then sawdust-based
and babassu-based composts. TK and TP were statistically different between treatments in
vermicomposting —except for TP sawdust and babassu treatment, which showed equal-.
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Control treatment had the highest and babassu-based compost had lowest concentration of Ca,
Mg, S, Fe, Zn, Cu, B and Mn. However, B control did not differ from acai-based and sawdust-
based composts. While the Ca babassu-based compost did not differ from acai-based and
sawdust-based composts (Table 2).

Table 2. Means (xStandard Deviation) of final characteristics of vermicomposting, after 32 days.

Element T Ta Ts To

C:N ratio 13.33+0.58 ¢ 14.00 + 0.00c 20.00+1.00b 25.33+£2.89a
pH 5.90+0.06 b 5.39+0.09¢ 6.63+0.02a 6.68 +0.03 a

________ % ———
VS 57.03+0.45¢c 68.57+1.85b 73.12+154a 75.11+1.82a
TKN 234+0.12b 2.60+0.05a 1.86 £0.04c 1.62+£0.18d
TP 1.88+0.07a 1.33+£0.03b 0.88+0.07c 0.78+0.17c
TK 0.73+0.04 a 0.63+0.05b 0.50+0.05¢ 0.38+0.00d
Ca 1.38+0.04a 0.92+0.14c¢c 1.18+0.09b 1.06 £0.10 bc
Mg 0.38+0.04 a 0.30+0.01b 0.26 +0.02 bc 0.24+0.04c
S 0.63+0.07 a 0.46+0.01b 0.31+0.04c 0.28+0.02c¢c
Fe 1.27+0.18a 0.84+0.06b 0.54+0.02¢c 0.53+0.11c
mg/kg

Zn 319.53+2.83a 21440+3.76b 14570%+5.16c 134.97+23.42¢c
Cu 101.00+2.60a 85.00+2.50hb 53.33+1.44c 50.83+6.29 ¢
B 9.57+040a 10.40+1.37a 9.37 £0.96 ab 7.77+046D
Mn 64747 +754a 52257+18.26b 382.23+13.77c 299.13+67.02d

Note 1: T¢: Sheep manure and fruit residues; Ta.: Sheep manure, fruit residues, and triturated agai; Ts Sheep manure,
fruit residues, and sawdust; Tp: Sheep manure, fruit residues, and babassu coconut; VS = Volatile solids; TKN =
Total Kjeldahl nitrogen; TP = Total phosphorus; TK = Total potassium; Tc. Note 2: Means followed by the same
letter on the same line do not differ statistically, LSD Fisher's test (p < 0.05).

Source: Laboratory analysis data.

Advantages of vermicomposting shortly after composting Amazon residues

For the sawdust-based and babassu-based composts, the composting process was more
efficient in reducing the C:N ratio in than the vermicomposting process (Tables 1 and 2).
Control and agai-based compost became acidic after vermicomposting, changing from 6.65 and
6.29 respectively to 5.90 and 5.29 pH (Tables 1 and 2). In more than 70% of the evaluated
nutrients there was a gain in concentration to control, acai-based and sawdust-based composts.
In contrast, only one evaluated nutrient (Ca) obtained gain in the babassu-based compost. The
acai-based vermicomposting had a higher percentage gain in TP, followed by TKN, ZN and
TK. Control had the highest average percentage gain in nutrient concentration (27.03%).
Babassu-based compost had the lowest average percentage gain in nutrient concentration (-
25.17%). All treatments obtained considerable loss of Fe and B nutrient concentration after
vermicomposting, reaching averages above 40 and 38% loss for Fe and B respectively.
Babassu-based compost experienced a significant reduction in Fe (-63.70), Zn (-44.80) and Mn
(-39.09) concentrations. Similarly, acai-based and sawdust-based composts for Fe (-46.15 and
-51.35%, respectively) and B (-33.75 and -32.10, respectively) and control for B (-42.35%)
(Table 3).
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Table 3. Nutrient percentage gain in vermicomposting.

Element Tc Ta Ts Ty
———— ———— % — —

TKN 46.25 26.80 28.27 -13.83
TP 74.07 38.54 46.66 -9.30
TK - 2.66 18.86 11.11 -28.30
Ca 43.75 9.52 68.57 16.48
Mg 31.03 7.14 13.04 -20.00
S 53.65 6.97 24.00 -20.00
Fe -8.63 -46.15 -51.35 -63.70
Zn 46.24 23.36 12.86 -24.51
Cu 34.66 13.33 -3.03 -29.89
B -42.35 -33.75 -32.10 -44.80
Mn 21.36 -4.71 0.21 -39.09
Mean 27.03 5.44 10.75 -25.17

Source: Laboratory analysis data.

Temperature control in composting and vermicomposting is essential to maintain optimal
conditions for these processes. In composting, it is possible to identify two distinct phases
regarding the temperature, namely (1) the thermophilic phase, when the temperature rises above
40 °C, indicating microbial activity in the decomposition of the residues (BERNAL et al.,
1998). This phase is necessary to eliminate pathogens that may be present in the materials to be
composted (NIGUSSIE et al., 2016); and (2) the mesophilic phase, when the temperature
declines and stabilizes at ambient temperature (LIM; LEE; WU, 2016). In vermicomposting,
temperature control is important because temperatures outside ideal range of survival increases
the mortality and escape rate of earthworms (GARG; GUPTA, 2011).

The fast rise in temperatures in the beginning of the process demonstrates the microbial
activity in the compost, contributing to the elimination of pathogens. In our study only control
compost did not achieve the thermophilic phase (Figure 1), where the temperature must be
above 40°C (BERNAL et al., 1998). The stabilization of the material for a long period of time
contributes to the degradation of the residues used in the process that are rich in lignin and
cellulose (babassu, agai, and sawdust). Among the treatments with Amazonia wastes, sawdust-
based and babassu-based compost has the lower time for stabilization (about 40 days), being an
advantage compared to the acai-based compost. However, the latter was higher in nutrient
concentration after the vermicomposting process (Table 2).

Dominguez and Edwards (2011) found that the optimal temperature for the earthworm E.
fetida is 25 °C, and temperatures above 30 °C can induce microbial activity. Garg and Gupta
(2011) demonstrated that the environment can reduce the activity of earthworms, and higher
temperatures reduce earthworm activity more than lower temperatures. The temperatures in the
vermireactors were not significantly higher than 30°C, so we can infer that the activity of the
earthworms was close to the ideal during the experiment, not interfering in the results obtained
in the vermicomposting process

When using composts for agricultural purposes, it is necessary to check whether the pH
Is in the acceptable range for the plants (GODLEWSKA et al., 2017). The results regarding the
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pH in the different treatments are similar to those of Bustamante et al. (2013), who found PH
values which ranged from 6.4 to 6.9 in composting treatments with solid fractions of the
digestate and different bulking agents. Changes in pH can occur due to volatilization or
mineralization of organic nitrogen and degradation of organic acids due to microbial activity
(SINGH; KALAMDHAD, 2014; ZHANG et al., 2016). A higher relative proportion of fruit
pulps could increase the acidity of composts in different treatments. Hanc and Chadimova
(2014), using wheat straw and apple residues, obtained compost with a slightly basic pH (7.2),
and composts using only apple residue had a more acid pH (6.7). The most likely explanation
for the high acidity of treatment control (with only sheep manure and fruit residues), on
vermicomposting, was that the presence of fruit pulp in the initial composting piles could have
increased the concentration of organic acids, reducing the pH in treatments in this experiment.
Brazilian law (IN-SDA 25/2009) allows the use of correctives in organic composts for
agricultural use. Acai-based compost obtained the lowest pH (5.39) should be used with caution
in agriculture, especially in the Amazon. Tropical soils are naturally very acidic and in the case
of the Amazon this gets even worse which makes nutrient absorption difficult, despite their
availability in the Amazonian soils (LUIZAO; LUIZAO; PROCTOR, 2007).

Mineralization of materials and the consumption of organic matter by microbial activity
(composting) and earthworms (vermicomposting) resulted in a higher concentration of nitrogen
and reduction of carbon. Cestonaro et al. (2017) found that mixtures of sheep manure with
higher levels of bovine manure resulted in a lower C:N ratio. Previous studies have reported
that acai seeds have higher nitrogen concentrations than babassu mesocarp and sawdust
(RAMBO; SCHMIDT; FERREIRA, 2015; VIEIRA et al., 2011; WANG et al., 2016). This
explains the fact that acai-based compost has the lowest C: N ratio after composting and
vermicomposting (Table 1 and 2). In this study, vermicomposting soon after composting was
not favorable for babassu-based compost because reducing N concentration which increased C:
N ratio.

Vermicomposting presented a higher nutrients concentration than composting (Table 3).
Lopez-Cano et al. (2016) analyzed the composting of olive residues, which are rich in
lignocellulose, with sheep manure and biochar, and recorded nitrogen concentrations between
2.40 and 2.69%. Lazcano, Gémez-Brandon, and Dominguez (2008) noted that the nitrogen
concentrations in vermicomposting (2.8%) was higher than in composting process (2.2%). The
results in these literatures regarding TKN are close to vermicomposting acai-based compost,
showing potential of using triturated acai as material for composting in sustainable agricultural
uses in southeastern Pard. The lower concentration of TKN in composting process when
compared to vermicomposting (Tables 1 and 2) do not exclude the use of acai-based compost,
from the composting process, in agricultural uses. The N from organic compost (from
composting or vermicomposting) includes the mineral N, already existing in the composts (N-
NH4 + and N-NO3 -), and the organic N that mineralizes after incorporation into the soil
(AMLINGER et al., 2003). Organic N consists of an easily mineralizable fraction, which
contributes to crop nutrition in the short term, and another that is resistant to decomposition that
can take months or years to be mineralized, which contributes to increase soil fertility in the
long run (AMLINGER et al., 2003). Considering the low fertility condition of most Amazonian
soils, this second characteristic of organic N is extremely relevant for improving long-term
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fertility and survival of microorganisms beneficial to agricultural crops, which depend on this
N.

The TP concentrations in all treatments were lower than found in some previous studies,
including those by Wang et al. (2016), who found TP concentrations in composting of over 2%,
and Bustamante et al. (2013), who found TP concentrations between 2.64 and 3.78%. However,
the TP concentrations in all treatments in this study were higher than those reported by Kouba
et al. (2018), who reported TP concentrations between 0.5 and 1.6%.

Cestonaro et al. (2017) obtained TK concentrations between 0.42 and 0.6%, related to
acai-based compost context. In organic composts K is not incorporated into organic matter that
is why is much more available for plant uptake than nitrogen and phosphorus. However, K can
be easily leached out of the compost only upon contact with water (MANGAN et al., 2013).

The highest concentration of zinc (0.032%) and copper (0.01%) in control were likely
due to the higher proportion of sheep manure, as a sheep consume feeds that contain these
elements (GIROTTO et al., 2010). Excess Zn and Cu can lead to soil toxicity in agricultural
systems, and, as such, when using biofertilizers, care is required to avoid excessive use over
time, as they are a source for accumulation of such elements (GIROTTO et al., 2010). Some
studies have already analyzed the use of plants with potential phytoextraction of elements in
contaminated soils (ZALEWSKA; NOGALSKA, 2014), and the use of sheep manure to reduce
the mobility of Zn in the soil in areas in which mining activity increased the concentrations of
Zn, impacting agriculture (ELOUEAR et al., 2016). The increased proportion of organic matter
in acai-based, sawdust-based and babassu-based composts contributes to reducing the Zn and
Cu concentration and means that these are better options for agricultural use.

Vermicomposting soon after composting caused a significant reduction in Fe and B
concentration. In plants B is responsible for developing roots, metabolizing carbohydrates,
transporting sugars, synthesizing nucleic acids (DNA and RNA), phytohormones, forming cell
walls and cell division (DUGGER, 1973; THOMAS; MURRAY; MURPHY, 2017). In plants
Fe It is essential for protein synthesis and helps to form some enzymatic respiratory systems,
has functions in plant respiration, photosynthesis and energy transfer, it is deficient in soils with
plenty of organic matter (HUANG; WANGB; HAN, 2011; THOMAS; MURRAY; MURPHY,
2017). This suggests an explanation for the reduced concentration of this mineral after
vermicomposting, apparently the greater decomposition of the organic matter (humification and
mineralization) by the action of earthworms disadvantages the presence of this mineral in the
compost (Table 3).

Overall, for most treatments, vermicomposting was obviously positive for nutrient
concentration gain (63.64% of the tested nutrients increased their concentration) (Table 3).
However, it is not recommended for babassu-based compost for later use in agriculture, which
was lost in at the concentration of over 90% of the tested nutrients. Babassu coconut has several
applications in various fields, including biomass energy source (PROTASIO et al., 2014),
animal feed (PARENTE et al., 2017) and, as the results of this work showed, the babassu-based
compost from the composting process, can be used in agriculture.
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Earthworm humus is better priced and more widely accepted in the market than
composting compost. For Amazonian family farmers, who have at their disposal large
quantities of acai seeds and babassu residues, they can use the results of this work as a basis for
valuing the product generated from the composting of these residues. In addition to ensuring
greater value addition of acai-based compost by producing humus with vermicomposting.
Composting and vermicomposting are efficient processes to reduce inappropriate disposal of
organic wastes from agroindustry processes in the Amazonian region with appropriate incentive
to develop sustainable agriculture. In addition, the results of this work show that
vermicomposting improves qualitatively (concentration of nutrients) the organic compost that
has gone through the composting process, however, reservations should be made, as it had the
opposite effect for babassu-based compost.

CONCLUSION

Sawdust and babassu-based residues compost presented lowest time to material
stabilization (40 days, compared with 63 days in acai-based compost). Furthermore,
composting of these materials showed a greater reduction of C:N ratio than vermicomposting
process and pH close to neutrality.

With exception of the babassu treatment, vermicomposting process proved to be an
efficient method to improve concentrations of macronutrients and most micronutrients.
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