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Abstract

The objective of this study was to evaluate the ability to degrade organic matter by edaphic macrofauna (worms),
carbon/nitrogen (C/N) ratio and hydrogenation potential (pH) during the vermicomposting process in different organic
residues. The treatments were constituted by organic residues of animal origin (bovine, ovine and equine manure)
and vegetable (herb-checkmate and coffee drag), which were conditioned in plastic pots with a capacity of 10 liters,
comprising five treatments in a completely randomized experimental design, with five replications. Were inoculated
150 earthworms of the species Eisenia foetida, into each plot. After 87 days, the evaluation of the multiplication of
the earthworms was carried out, through its manual count and its cocoons. At the beginning and at the end of the
experiment, the samples were submitted to analysis of humidity at 60 °C, pH, volumetric density, chemical analysis
of macronutrients and C/N ratio. There was a dominance of worms and cocoons in the process of vermicomposting
in the residues of ovine manure and herb-checkmate. The macronutrients (P, K and Mg) and C/N ratio were higher
in the vegetal residues, while for N higher values were found in ovine manure and coffee drag treatments, and for Ca
higher value among treatments was observed in the coffee drag treatment at the end and the lowest value at initiation.
The results obtained in this study demonstrate the importance of the edaphic macrofauna to the vermicomposting process,
since it allows more information about its influence on the continuity of soil organic matter decomposition processes.
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Macrofauna edafica no processo de vermicompostagem de residuos
animais e vegetais

Resumo

Este estudo objetivou avaliar a capacidade de degradar a matéria organica pela macrofauna edafica (minhocas), a relagio
carbono/nitrogénio (C/N) e o potencial hidrogenionico (pH), durante o processo da vermicompostagem em diferentes
residuos organicos. Os tratamentos foram constituidos por residuos organicos de origem animal (esterco bovino,
ovino e equino) e vegetal (residuo de erva-mate e borra-de-café), os quais foram acondicionados em vasos plasticos
com capacidade de 10 litros, compondo cinco tratamentos em delineamento experimental inteiramente casualisado,
com cinco repeticdes. Foram inoculadas 150 minhocas da espécie Eisenia foetida, em cada recipiente. Apos 87 dias,
foi realizada a avaliacdo da multiplica¢do das minhocas, através da sua contagem manual e seus casulos. Os residuos
foram submetidos, ao inicio e ao final do experimento, a analises de umidade a 60 °C, pH, densidade volumétrica,
analise quimica de macronutrientes e relagdo C/N. Houve uma dominancia de minhocas e casulos no processo da
vermicompostagem nos residuos de esterco ovino e erva-mate. Observou-se para os macronutrientes (P, K e Mg) e para
a relagdo C/N uma maior quantidade nos residuos vegetais, enquanto que para N valores maiores foram encontrados
nos tratamentos esterco ovino e borra-de-café, e para Ca o maior valor entre os tratamentos foi observado no tratamento
com borra de café ao final e 0 menor valor no inicio. Os resultados obtidos neste estudo demonstram a importancia da
macrofauna edafica para o processo da vermicompostagem por possibilitar maiores informagdes sobre sua influéncia
na continuidade dos processos de decomposicdo da matéria organica.

Palavras-chave: macrofauna edafica, Eisenia foetida, residuos organicos.
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1. Introduction

The edaphic macrofauna comprises the largest
invertebrates (organisms larger than 10 mm in length or
more than 2 mm in diameter) such as earthworms, larval
and adult beetles, centipedes, termites, ants, snake lice
(milipéias), tatuans e arachnids (Wolters, 2000; Lavelle
and Spain, 2001).

Some of these, such as earthworms, are called “ecosystem
engineers” because their activities lead to the creation of
biogenic structures, modifying the physical properties of
the soil on which they live and the availability of resources
to other organisms (Wolters, 2000). As a result of the
interaction between the chemical, physical and biological
processes, they have been shown to be a good indicator
of soil quality (Doran and Zeiss, 2000; Silva et al., 2006;
Silva and Amaral, 2013).

Of the numerous earthworm species known in the
world (Sharma et al., 2005), Eisenia foetida is the most
used in captivity (vermicomposting) due to its wide
distribution, tolerance to temperature fluctuation, resistance
to handling, ability to live in organic residues with different
degrees of humidity, in addition to its high reproductive
capacity and rapid growth (Aquino and Nogueira, 2001;
Pereira et al., 2005).

Although the microorganisms are responsible for the
biochemical degradation of organic matter, earthworms
influence physically and biochemically in the process
(Naddafi et al., 2004), because they transform it into a
compound of better quality than those produced by the
traditional method of composting, making the vermicompost
alow-cost, simple and efficient process (Atiyeh et al., 2001).

In this sense, the objective of this work was to evaluate
the ability to degrade organic matter by edaphic macrofauna
(earthworms), carbon/nitrogen (C/N) ratio and hydrogen
ionic potential (pH) during the vermicompost process in
different residues organic.

2. Material and Methods

The work was executed between May and July
2016, In the Laboratério de Biologia do Solo (LBS) of
the Departamento de Solos (DS) of the Faculdade de
Agronomia Eliseu Maciel (FAEM), Campus Capao do
Ledo, Universidade Federal de Pelotas (UFPel), Rio Grande
do Sul (RS), Brazil, whose geographic coordinates are:
South latitude 31° 52’ South, longitude 52° 21’ and an
altitude of 13 meters above sea level (Mota et al., 1993).

After an initial stabilization process, with weekly
recycling of the waste, in order to aerate the medium and
make it acceptable for earthworms of the species Eisenia
foetida, the research was conducted using a completely
randomized experimental design (DIC) composed of five
different organic residues: bovine manure (EB); equine
manure (EE); sheep manure (EO); residue herb-checkmate
(EM) e residue of coffee drag (BC). In the laboratory, each
treatment with different residues, which were distributed
randomly in a horizontal table, totaling 25 experimental
units, conditioned in plastic plots with a capacity of 10 liters.
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On the first day of the experiment, 150 worms were
inoculated in each plot, duly covered with a cloth of
tissue fastened with an elastic to prevent the exit of these
earthworms or the entrance of other unwanted organisms.
After 87 days, the evaluation of the multiplication of the
earthworms was carried out, through the manual count of
worms and cocoons, similar to that done by Bassaco et al.
(2015) at 90 days post inoculation.

For the determination of the multiplication index of
earthworms, was used the formula IM = Pf / Pi, where
Pf=final population of worms and Pi = initial population
of worms, corresponding to the number of inoculated
matrices (Antoniolli et al., 2009).

The residues were submitted, at the beginning and
at the end of the experiment, the analysis of humidity, as
recommended by Normative Ruling n°. 17, dated May 21,
2007, of the Brazilian Ministry of Agriculture, Livestock
and Supply (Brasil, 2007), weighing 20 g of each material
and placed in an kiln with an average temperature of
60-65 °C for a period of 48 hours until reaching constant
weight. At the end of this period, these materials were
again weighed to obtain the dry matter.

For the determination of the pH of the different
substrates, as readings were made in suspensions of
substrate: deionized water in a ratio of 1: 3 (v: v), through the
potentiometer, where 10 g of each material was added with
30 mL of deionized water. As samples were homogenized
individually for 5 minutes, and after 30 minutes, perform
apH reading with the aid of a previously calibrated digital
potentiometer. This procedure is repeated at the beginning
of the experiment and at the end of the experiment. In the
same way as the self-compacting method (Fermino, 2014),
based on the VDLUFA method, adopted in Germany (Rdber
and Schaller, 1985) and Austria (Baumgarten, 2002). It is
the official method adopted by MAPA (Brasil, 2004), and
calculated according to the formula: D = M/V (g.cm™).
Being D (density), M (mass), V (volume).

Initial and final samples of each residue of the
experiment were submitted to the Chemistry Laboratory
(DS/FAEM / UFPel) for determination of organic carbon
(C) - (wet combustion/Walkey Black at 0.01%), total
nitrogen (N), total phosphorus (P), total potassium (K),
Total calcium (Ca), total magnesium (Mg). The evaluations
were carried out according to the methodology proposed
by Tedesco et al. (1995).

3. Results

It was observed at the end of this study little variation,
in all treatments, regarding the number of earthworms
initially placed, as observed in Table 1.

In relation to the macronutrient analyzes at the
beginning and at the end of the experiment (Table 2), it
was possible to observe for P, K and Mg a larger amount
in the treatments of animal origin when compared with
those of vegetal origin. For N, treatments EO and BC
were superior to the other treatments, in counterpart, in
EM and EB, the lowest values. For Ca, BC treatment
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Table 1. Number of worms and cocoons and multiplication index obtained in treatments based on equine manure (EE),
bovine manure (EB), sheep manure (EO), residue of coffee-drag (BC) and residue herb-checkmate (EM). Average of five

replicates. UFPel, Pelotas / RS, 2016.

N° earthworms

Treatments Initial Final N° cocoons !
EE 150 151 16 1
EB 150 151 34 1
EO 150 236 323 1.57
BC 150 148 16 0.99
EM 150 164 123 1.09

'IM (Multiplication Index) = (Final population) / (Initial population).

Table 2. Chemical analysis of the macronutrients (N, P, K, Ca and Mg), C, C/N ratio, pH, humidity at 60-65 °C and
volumetric density in the initial (i) and final (f) equine manure (EE), bovine manure (EB), sheep manure (EO), residue
herb-checkmate (EM) and residue of coffee-drag (BC). UFPel, Pelotas/RS, 2016.

N P K Ca

Mg C Humidity Density

Treatments Phase s Kg' C/N pH (%) (g em?)
EE i 1943 750 1396 440 377  260.75  13/1 5.29 315 0.531
f 18.72 491 11.43  4.64 4.19 23236 12/1 4.95 26 0.506
EB i 16.07  9.06 17.19  6.57 7.9 22821  14/1 7.73 335 0.731
f 16.6 7.19 1940 10.20 8.14 193.61 12/1 6.51 34 0.628
EO i 2455 995  20.68 12.51 7.6 352.62  14/1 8.06 325 0.622
f 2649 99 23.12 2281 8.65 25254 9/1 6.37 29.5 0.582
EM i 1448  0.59 295  8.63 286 419.61  29/1 7.89 31 0.55
f 17.31 0.64 452 11.56 3.19 41199 24/1 7.88 24 0.48
BC i 2279 1.28 591 2 1.63  559.78  24/1 5.58 34 0.572
f 32.33 1.6 9.3 3.09 2.18 441.69 14/1 6.31 27.5 0.544

had the lowest value at the beginning of the experiment
(2 g Kg") and the highest at the end (30.9 g Kg') when
compared to the other treatments. The C/N ratio was higher
in residues of vegetal origin.

The initial pH in the EO, EM and EB treatments
were high (above 7) and lower in treatments BC and EE
(less than 6). At the end, only EM treatment remained
high (7.88) and EE for the humidity at 60-65 °C initial
values ranging from 31-34% (EM and BC, respectively)
and at the end a variation of 24-34% (EM and EB, in
this order) were found. The highest moisture variations
during the experiment were observed in vegetal residues,
EM (7.0%) and BC (6.5%) and the lowest variation in
EB treatment (0.5%).

The initial and final density in this study varied between
the treatments, where the highest values were observed
in EB, EO, BC and the lowest in EM and EE (Table 2).

4. Discussion

The species E. andrei and E. foetida have similar
characteristics and behavior (Atiyeh et al., 2000), the results
obtained in this work regarding the multiplication of the
E. foetida species were compared with results presented
in the literature for both species (Antoniolli et al., 2009).

In relation to the number of earthworms and cocoons
found in this study, it is observed that the EO (Table 1) stood
out from the other treatments, different from the results
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found by Huber and Morselli (2011), to vermicompost
EO in wooden boxes in a protected environment in the
FAEM/UFPel, this treatment being considered as the least
expressive, this could have occurred due to the conditions
of experimentation and the origin of the materials were
different.

In the treatment with EB, was observed a multiplication
index of 1, presenting a number of earthworms and cocoons
inferior to those presented by Aquino et al. (1994), which
obtained multiplication index 4.54, at 60 days after the
inoculation of 5 matrices of E. foetida. In the same context,
Pereira et al. (2005) found a multiplication index of 2.09
for earthworms inoculated in bovine manure (100%) at
the end of 62 days. However, it should be considered
that this work was carried out in a period of the year that
presents low temperatures, unfavorable to the development
of earthworms and that was completed in 87 days, factors
that may have influenced the final result of the experiment,
since the suggested time for vermicomposting varies from
30-45 days (Morselli, 2009).

The highest E. foetida multiplication index observed
in EO and EM treatments may be related to the chemical
composition of these residues, especially with the high
calcium content, as shown in Table 2. Similar results were
observed by Steffen et al. (2010), that when evaluating
the multiplication of earthworms of E. andrei species,
found that the residues with the highest numbers of young
individuals were the same ones that presented higher
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levels of calcium in the substrate. When evaluating the
multiplication of worms of the species E. andrei, Castro et al.
(2007) concluded that the addition of chicken eggshell in
bovine manure favored the production of cocoons because
it is a food rich in this nutrient.

The BC is not commonly used in natural in fertilization
processes, since it presents the potential for organic compost
only after being vermicompost (Cabral and Moris, 2010).
Its acidity, when present in the greatest concentration, as
reported by Silva et al. (1998), may have been a limiting
factor to the growth and reproduction of earthworms in
this study. In this context, Carlesso et al. (2011) emphasize
that earthworms have a preference for low acidic organic
matter and do not smell very strongly.

The low C/N ratio observed in EO can be explained
by the fact that the higher the number of individuals, the
faster the compound stabilizes, the lower the C/N ratio,
the greater the cation exchange capacity and the greater
the number of humic substances (Albanell et al., 1988).

The accelerated humification of vermicompost reflects
a decrease in C/N and an increase in mineral nutrients
(N, P and K e) and is related to the mineralization of OM
by earthworms (Atiyeh et al., 2001). According to the
analysis presented in Table 2, all treatments, except in EE,
after the vermicomposting processes obtained a significant
increase in N and K levels, when compared to the initial
values. For P, only the vegetal residues (EM and BC)
increased and differed from the initial values. The increase
in N, P and K levels in these vermicomposts may be
associated with the ability of the earthworms, through
their metabolism, to break down structures of organic
compounds (Silva et al., 2002).

According to Garcia and Zidko (2006), the pH should
be close to 7.0, although the worms tolerate environments
with pH between 5.0 and 9.0. In this study, all treatments
remained within this range, and corroborate with results
found by Huber and Morselli (2011), who found a final
pH of 7.7 (EM) and 6.3 (BC). This fact may have occurred
because these materials came from the same places.
The opposite was verified for residues EE (6.8) and EO
(8.7), difference being also related to the different origins
of the materials.

Elvira et al. (1998), concluded that the production of
CO, by microbial decomposition during vermicomposting
reduces the pH of the substrate, as observed in all treatments,
except for the BC that increased. Similarly, some studies
(Ndegwa et al., 2000; Yadav and Garg, 2009) have pointed
out that a change in pH may be related to the mineralization
of N and P in nitrites and nitrates, orthophosphates and
bioconversion of organic matter in species intermediates
of organic acids. In the present study, the changes in the
pH of the samples possibly related to the incorporation
of organic acids, in the medium where the worms were
inserted.

The final concentrations of N, P, K, Ca and Mg were
generally higher than the initial concentrations for all
treatments, demonstrating maturation of vermicompost as
well as nutritional potential, as suggested by Silva et al.
(2011). The increase of Ca and Mg contents can be explained
by the decrease in the volume of the substrate as a function
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of'the capacity to accelerate the decomposition of organic
matter (Aquino et al., 1992), results that collaborate with
those found by Malafaia (2015).

5. Conclusion

- The sheep manure allows greater mating of Eisenia
Joetida, consequently more worms and cocoons;

- The pH of all substrates, with the exception of the
equine vermicompost, are adjusted, at the end of
vermicomposting, to a recommended value, and can,
therefore, be applied as an organic fertilizer;

- The vermicomposts of vegetal origin have a higher
C/N ratio and lower values of the macronutrients
P, K and Mg when compared to vermicomposts of
animal origin.
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