Revista Brasileira de Ciéncias Ambientais
Brazilian Journal of Environmental Sciences

Increased quality of small-scale organic
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RESUMO

Substantial quantities of solid livestock waste are potential sources of
nutrients for agroecological production on small-scale farms. However,
processes used to manage and dispose of this type of waste must be
able to eliminate pathogenic microorganisms. This work aimed to
evaluate composting and vermicomposting processes by inoculating
efficient microorganisms (EMs) at the field level. Composting and
vermicomposting were performed with a mixture of cattle and
goat manure and sawdust (2:1:1), with the inoculation of EMs at
concentrations of 0, 2, and 4 mL L. In vermicomposting experiments,
Lumbricus rubellus (100 g 250 dm= substrate) were inoculated.
After the maturation and stabilization phases of the compost,
concentrations of organic carbon, macronutrients, micronutrients,
heavy metals, thermotolerant coliforms, and Salmonella spp. were
analyzed. The composting experiments, regardless of the presence of
EMs, have been shown to have higher humidity. Also, the final compost
had a lower pH value. Macronutrients, such as P, K, Ca, and S, were
observed to a greater extent in the composting experiments associated
with 4 mL of EMs (EM4); while organic carbon and Mg were higher in
vermicomposting. The vermicomposting process also allowed for more
effective elimination of pathogens, such as thermotolerant coliforms,
especially when associated with 2 mL of EMs (EM2). The compost
products produced allowed waste with potential agroecological use to
be recognized as important.

Keywords: vermicomposting; waste recovery; pathogens; organic
fertilizer.

Quantidades substanciais de residuos sélidos provenientes da bovinocultura
sdo fontes potenciais de nutrientes para a produgdo agroecoldgica
em agricultura de pequena escala. Os processos de tratamento e
disposicdo desses residuos, entretanto, devem ser capazes de eliminar os
microrganismos patogénicos. Nesse sentido, este trabalho objetivou avaliar
0s processos de compostagem e vermicompostagem por meio dainoculagdo
de microrganismos eficientes (EMs) em escala de campo. A compostagem
e a vermicompostagem foram realizadas com esterco bovino, caprino e
serragem (2:1:1), com a inoculagdo de EMs nas concentrages de 0, 2 e
4 mL LY Em experimentos de vermicompostagem, Lumbricus rubellus
foram inoculadas (100 g 250 dm™ substrato). Apds as fases de maturagdo
e estabilizagdo dos compostos, analisaram-se as concentragGes de carbono
organico, macronutrientes, micronutrientes, metais pesados, coliformes
termotolerantes e Salmonella spp. Com os resultados obtidos, foi possivel
verificar que os experimentos de compostagem, independentemente da
presenga de EMs, apresentaram maior umidade e menor pH no composto
final. Os macronutrientes como P, K, Ca e S foram observados em maior
teor nos experimentos de compostagem associados a EM4, enquanto
carbono organico e Mg foram maiores na vermicompostagem. O processo
de vermicompostagem, ainda, permitiu remogdo mais eficaz de patdgenos
como os coliformes termotolerantes, principalmente quando associado a
EM2. Os compostos produzidos propiciaram a valorizagdo dos residuos com
potencial uso para a produgdo agroecoldgica.

Palavras-chave: vermicompostagem; reciclagem e aproveitamento de
residuos; patogenos; fertilizante organico.
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Introduction

In order to meet growing demands for food, over-cropping and
overuse of inorganic fertilizers have become common practices among
farmers. However, replacing organic with inorganic inputs reduces
soil quality and can lead to environmental pollution (Albiach et al.,
2000; Komiyama et al., 2013). This can be avoided with the use of or-
ganic solid waste fertilizers, through composting or vermicomposting.
These processes improve microbial activity (Ros et al., 2006; Knapp
etal, 2010; EIbl et al., 2019), and increases soil cation exchange capaci-
ty, which favors mineralization and nutrient recycling (Nath and Singh,
2012; Dominguez and Gémez-Brandén, 2013; Yadav and Garg, 2016).
On the other hand, the direct use of solid animal waste (e.g. manure)
as fertilizer is not recommended because this type of waste can contain
high pathogen loads (Larney and Hao, 2007; Lim et al., 2016), which
can cause soil and water contamination (Ciancio et al., 2014; Ciapparelli
etal,, 2016). Thus, composting or vermicomposting processes must pro-
vide stable, pathogen-free, and soil-beneficial end-products. The main
challenge of these processes is to control and optimize the interactions
between the biological, chemical, and physical mechanisms affecting
the composition and degradation behavior of heterogeneous organic
matrices, such as organic waste (Hemidat et al., 2018).

The composting process involves various temperature ranges.
In the thermophilic phase of humification, at ideal temperatures be-
tween 50 and 70°C, pathogenic microorganisms are eliminated (Misra
et al,, 2003). In the context of small-scale composting or vermicom-
posting, problems usually occur because the temperature is not raised
and maintained at desirable values (above 50°C) in the thermophilic
phase; resulting in incomplete elimination of pathogens. This results in
incorrect composting and generates final products with lower quality
than that required by the national and international legislation. Some
studies have reported home-scale experiments with temperatures be-
low 45°C, demonstrating the limitation of composting at this level (Er-
molaev et al., 2014; Faverial and Sierra, 2014).

As an alternative, efficient microorganisms (EMs) have been used
to improve microbial activity. EMs represent a consortium of beneficial
microorganisms, including photosynthetic bacteria, yeast, actinomy-
cetes, and fermenting fungi, among others (Sigstad et al., 2013; Diering,
2020). Diering (2020) observed that the majority of these microorgan-
isms included Zygotorulaspora florentina (53.7%) and Pichia nakasei
(46.0%) fungi, and Gluconobacter cerinus (78.5%), Lactobacillus casei
(8.0%), and Gluconobacter frateurii (6.8%) bacteria. Increasing micro-
bial load using EMs improves the chemical and physical properties of
the compost, significantly affecting temperature and decomposition
rates during composting, all of which contribute to a sustainable and
high-quality final product (Jusoh et al., 2013; Patidar et al., 2013; Zhong
etal., 2018). During organic matter composting with EMs, it was possi-
ble to verify an increase in the levels of C and N in the compost derived
from fruit residues (Raja Namasivayam and Bharani, 2012) and a mix-

ture of rice straw, goat manure, and green residues (Jusoh et al., 2013),
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as well as an increase in macronutrients in the compost produced from
corn by-products (Hendriani et al., 2017). EMs, even when used with
a reduced dose of chemical fertilizers, have been described to increase
the content of humus and organic carbon in the soil, and to improve its
fertility, when compared to the application of chemical fertilizers alone
(Sharma et al., 2017). High efficiency in nutrient availability has also
been observed in vermicomposting processes using EMs (Hénault-Ethi-
er et al,, 2016). In addition, the optimized combination of EMs allows
for reduced odors released by the decomposition of organic matter, thus
contributing to reduced pathogens in the compost (Calderén-Tapia
et al., 2020). Nevertheless, studies are scarce, especially those focused
on the removal of pathogens (thermotolerant coliforms and Salmonella)
from agricultural waste composting in small rural properties.

Therefore, we used composting and vermicomposting methods in
the present study, using organic residues with various concentrations
of EMs at the field level, on small rural properties, to eliminate patho-
gens and generate a high-quality final compost product.

Material and Methods

Experimental design and treatments

The experiments were conducted using windrow composting, in-
cluding composting or vermicomposting (with Lumbricus rubellus),
and efficient microorganisms (EMs) were added at three concentra-
tions: 0mLL?,2mLL", and 4 mL L. Treatment groups were as follows:
COMP (composting);
COMP+EM2 (composting and 2 mL L' EM);
COMP+EM4 (composting and 4 mL L EM);
VERM (vermicomposting);
VERM+EM2 (vermicomposting and 2 mL L* EM);
VERM+EM4 (vermicomposting and 4 mL L' EM).

The data obtained were analyzed by descriptive statistical analysis,

with mean and standard deviation for data collected in triplicates.

Obtaining the microorganisms

Native efficient microorganisms were captured inside the forest area
in a horticulture production farm in Erechim, Rio Grande do Sul, Bra-
zil (-27.53301 S, -52.32665 W) and multiplied according to Bonfin et al.
(2011). Boiled rice, wrapped in a shading screen, was covered with litter
and maintained for 15 days in an area of virgin forest (7 m from the bor-
der), under average temperature from 15 to 20°C. After this period, the
microorganisms found in the collected material were selected by staining
for multiplication. Gray, white, brown, and black rice grains were dis-
carded. The other-colored grains were multiplied by fermentation pro-
cess in a culture medium containing an aqueous solution of sugarcane
molasses (20%), for two months, for the development and bioaugmenta-
tion of efficient microorganisms. The mixture was kept in an expandable

and air-tight container, and the gases were released when necessary.
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Substrate preparation

The substrates used in all treatments were prepared with the com-
bination of cattle manure, goat manure, and sawdust as the structuring
medium. After analyzing the baseline characterization of carbon (C)
and nitrogen (N) for each residue, the mass balance was calculated for

various combinations, as indicated in Equation 1:

(%CM x C_,)+(%GM x C_, )+(%S x C)
(%CM x N, )+(%GM x N, )+(%S x N,)

o} ratio

1

Where:

CM = cattle manure (%);
GM = goat manure (%);
S = sawdust (%);

C = carbon (%);

N = nitrogen (%).

To achieve C/N ratios ranging from 20:1 to 35:1 (Herberts et al.,
2005), the defined ratio was 50% cattle manure, 25% goat manure, and
25% sawdust.

The substrates used in the composting experiments were prepared
using a 400-L concrete mixer with a 2-HP single-phase motor. After de-
termining the baseline moisture content using reflectometry (TDR,
model 6005L, MiniTRASE, Armidale, NSW, AU), the compost was add-
ed to windrow layers consisting of 30 kg of compost and 10 L of water. In
experiments using EMs, these were diluted and inoculated with water. In
the composting experiments, the soil was stirred up with a drill 3 times a
week, until the maturation phase was reached. After this period, the soil
was stirred up twice a week and, in the final fifteen days of the experi-
ments, it was stirred up once a week.

For the vermicomposting experiments, 100 g of Lumbricus rubel-
lus, commonly known as red wriggler, were added to 250 kg of sub-
strate (0.4 g earthworms/dm?® substrate) during compost preparation
in the absence of turning.

The composting and vermicomposting experiments were conducted
for 120 and 150 days, respectively. In both experiments, an aqueous solu-
tion containing EMs was replenished five times over the 150 experimen-
tal days, in the same proportion of water replenished in the experiments
without EMs, considering the need for tactile analysis. Regardless of the
addition of EMs, all experiments received the same total volume of water.

The experiments were carried out in windrows, made up of 1 x 1 x
0.7 m (1 x w x h) wooden boxes, with a volume of 0.7 m?, and a capac-
ity for 250 kg of initial substrate, as suggested for small-scale uses by
Faverial and Sierra (2014). The windrows were shaded and covered to

prevent external effects caused by rainfall and slurry generation.

Evaluations
Substrate temperature was monitored daily using a portable ther-

mometer with a -50°C to 200°C measuring range and accuracy of
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+ 0.5°C (model AK904, AKSO, Sdo Leopoldo, Brazil). Humidity and
pH were assessed at the beginning (BASELINE), before treatment
(EMs and earthworms), and at the end of the experiments (after 150
or 120 days). Humidity was measured by gravimetric method, which
consists of weighing the sample before and after being dried in an oven
(65°C), to calculate humidity based on the dry mass. pH was deter-
mined using a laboratory pH meter (model 8650, AZ Instrument, Tai-
chung, Taiwan).

Visual tactile analysis was done in loco according to Nunes (2009)
to verify compost stability and humidity during testing and to deter-
mine how often water and/or EM aqueous solution should be added.
The visual tactical analysis consists of manually obtaining a sample of
the material from inside the windrow and pressing it firmly to verify
water leakage without draining it.

At the beginning and end of the process, pH, thermotolerant coli-
forms, Salmonella spp., organic carbon, and macro and micronutrients,

as well as heavy metal concentrations, were analyzed.

Thermotolerant coliforms

The number of thermotolerant coliforms was determined ac-
cording to the 9221E methodology (Braun-Howland et al., 2017).
Samples were initially incubated in tryptose lauryl sulfate broth
(LST) at 37°C for 24 h. After confirmation of gas production, an
aliquot of each culture was transferred to new tubes with a medium
containing lactose, ox gall, and brilliant green at 44.5°C for 24 h.
The most probable number (MPN) method was used for quanti-
fication. Only dishes at the same dilution with 30 to 300 colonies
were considered for counting. The arithmetic mean of the colonies
was multiplied by the respective dilution factor and the results were

expressed as NMP g,

Determination of Salmonella ssp.

The amount of Salmonella spp. was determined qualitatively by the
presence/absence technique using VIDAS® Easy Salmonella Method
(Adria Développement, Quimper Cedex, France), according to the man-
ufacturer’s recommendations. The samples were initially enriched with
buffered peptone water (BPW) and maintained at 37°C for approximate-
ly 20 h. The subculture was then transferred to SX2 broth (Salmonella
Xpress 2) (0.1 mL + 10 mL) and incubated for approximately 24 h at
41.5°C. Samples were then transferred to a microtube, heated to 100°C for
15 min and, after cooling, 0.5 mL was transferred to VIDAS SLM strips.
Fluorescence was measured at 450 nm. The values were compared to in-

ternal references and each result was interpreted as positive or negative.

Organic carbon and mineral elements

Organic carbon (C), macronutrients (N, P, K, Ca, Mg, S), and mi-
cronutrients (Mn, Cu, Zn, Fe, B) were determined according to Brasil
(2017), and heavy metals (Cd, Pb, Cr, Ni) according to USEPA (1998).

All analyses were performed in triplicate.
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Results

The temperature outside the windrows was similar between the
composting and vermicomposting experiments, with average tem-
peratures of 26.0 + 3.1°C and 26.8 + 3.7°C, respectively (Figure 1).
The maximum temperatures found inside the windrows were 49°C,
50°C, and 51°C in the experiments that did not use EMs, that used
2mL L7, or that used 4 mL" EMs, respectively. In the vermicomposting
experiments, the maximum temperatures found were 48°C (VERM),
48°C (VERM+EM2), and 47°C (VERM+EM4).

The experiments containing 2 mL L' EMs recorded temperatures
above 40°C for a longer time, and the shortest time at these tempera-
tures was recorded in the vermicomposting experiments with the high-
est concentration of EMs (4 mL L) (Figure 1).

The initial substrate used in all experiments had 71.6% humidi-
ty and pH 8.1 (Table 1). After the experimental period, the substrates
used for composting and vermicomposting had average pH values of
7.4 and 6.8, respectively, regardless of the addition of EMs. Humidi-
ty ranged from 50 to 67% over the experimental period.

The content of macronutrients in the substrates used for compost-
ing and vermicomposting changed at the end of the experiments com-
pared to baseline levels. Reductions in C/N ratios and C content were
observed for both composting and vermicomposting compared to the
content found in the initial substrate. Amounts of N, P, Ca, Mg, and S
increased in all experiments. K was found at higher values in the com-

posting experiments only, regardless of the presence of EMs (Table 2).
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Figure 1 - (A) Windrow temperature of composting (COMP), composting
with 2 mL L of efficient microorganisms (COMP+2EM), and composting
with 4 mL L' EMs (COMP+4EM); (B) vermicomposting (VERM),
vermicomposting with 2 mL L' EMs (VERM+2EM), and vermicomposting
with 4 mL L' EMs (VERM+4EM).
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The inoculation of EMs did not influence the final C/N ratio. Never-
theless, in the composting experiments, phosphorus levels were greater
for both COMP+EM?2 and COMP+EM4, and levels of N, K, and Ca were
greater in COMP+EM4 compared to those in the COMP treatment.

Vermicomposting allowed an increased C/N ratio, regardless of the
concentration of EMs and C content, mainly in the VERM+EM4 ex-
periment, compared to the VERM experiment. N, P, K, and Ca levels
were slightly lower in the vermicomposting experiment and 4 mL L™
EMs (Table 2).

The composting experiment (COMP) revealed greater availability
of all micronutrients measured compared to baseline substrate con-
tents (BASELINE) (Table 3). Similar responses were observed for Mn,
Zn, Fe, and B in the VERM experiment. The micronutrients Mn, Cu,
Zn, Fe, and B had higher concentrations in the composting experi-
ments compared to the vermicomposting processes.

Adding EMs, regardless of the concentration, did not significantly
influence micronutrient content in either composting or vermicom-
posting processes. Slight reductions in Mn and Fe levels were observed
in the COMP+EM2 and VERM+EM4 experiments compared to the
COMP and VERM experiments, respectively.

As observed for nutrients in general, during the experimental
period in both composting and vermicomposting processes, there
was greater availability of heavy metals in the substrates (Table 4).
Increased Cd, Pb, Cr, and Ni levels were observed in the COMP exper-
iment; and Cd, Cr, and Ni levels in the VERM experiment compared
to baseline substrate levels. The presence of EMs resulted in lower Cr
availability in composting and lower levels of Ni and Cd in vermicom-
posting. In general, the VERM experiments showed reduced content
of the metals analyzed.

Thermotolerant coliforms were significantly lower in all process-
es used (Table 5). The higher concentration of EMs (4 mL L") result-
ed in lower detection of thermotolerant coliforms in the composting

process, compared to the intermediate concentration (COMP+EM2).

Table 1 - pH values of each experiment: composting (COMP) or
vermicomposting (VERM) with the addition of 0, 2, or 4 mL L of efficient
microorganisms (EMs) at the beginning (BASELINE) and after 120 or 150
experimental days.

BASELINE 71.60 8.12

COMP 50.17 7.21£0.02
COMP+EM2 55.07 7.5210.04
COMP+EM4 49.56 7.59%0.01
VERM 61.90 6.72%£0.02
VERM+EM?2 63.36 6.90 £ 0.03
VERM+EM4 66.95 6.73+0.03
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Table 2 - Ratio of carbon to nitrogen (C/N) and organic carbon (C, %), nitrogen (N, %), phosphorus (P, %), potassium (K, %), calcium (Ca, %),
magnesium (Mg, %) and sulfur (S, %) in composting (COMP) or vermicomposting (VERM), with the addition of 0, 2 (EM2) or 4 (EM4) mL L"' of efficient
microorganisms (EMs) at the beginning (BASELINE) and after 120 or 150 experimental days*.

BASELINE 19.26 35.50

COMP 11.62+0.32 20.30+0.45 0.87£0.01 0.83+0.01 0.43 +£0.00 0.83+0.01 0.16 = 0.00 0.47 +0.06
COMP + EM2 12.33 £ 0.67 23.26+0.76 0.85%0.06 0.90 = 0.05 0.56 +0.00 0.86 = 0.00 0.16 = 0.00 0.38+£0.05
COMP + EM4 11.51+£0.41 22.78 £ 0.41 0.99%0.03 0.96 £0.01 0.61+0.04 0.99£0.01 0.18£0.00 0.45+0.04
VERM 12.12+0.20 28.41+1.03 0.90 £ 0.01 0.80%0.01 0.28 £0.02 0.77 £ 0.01 0.26 £0.02 0.26 £0.01
VERM + EM2 12.78 £1.23 28.06+0.99 0.82%+0.03 0.74%0.04 0.30+0.01 0.68+£0.01 0.25%0.00 0.13£0.01
VERM + EM4 13.12£0.07 30.441+0.77 0.77 £0.02 0.68 +0.03 0.23+0.00 0.67 £0.01 0.23+£0.01 0.23+0.03

*Data represent means * standard deviation.

Table 3 - Content of micronutrients: manganese (Mn, mg kg"), copper (Cu, mg kg*), zinc (Zn, mg kg), iron (Fe, mg kg*), and boron (B, mg kg") in
composting (COMP) or vermicomposting (VERM), with the addition of 0, 2 (EM2) or 4 (EM4) mL L of efficient microorganisms (EMs) at the beginning
(BASELINE) and after 120 or 150 experimental days*.

T S T T T

BASELINE 0.027 0.004 0.008 0.561 0.003

COMP 0.079+0.003 0.012 +0.001 0.016 +0.000 3.754+0.161 0.008 +0.001
COMP+EM2 0.065 = 0.000 0.009 +0.001 0.014 +0.000 2.678 +£0.048 0.006 = 0.000
COMP+EM4 0.073 +0.000 0.011 +0.002 0.016 +0.001 2.858 £0.042 0.007 +0.000
VERM 0.055 % 0.001 0.007 = 0.000 0.013 +0.000 1.959 £ 0.053 0.009 +0.000
VERM+EM?2 0.054 +0.001 0.006 = 0.000 0.011 £ 0.000 1.982 £ 0.012 0.009 +0.000
VERM+EM4 0.047 £ 0.000 0.006 £ 0.000 0.011 £0.000 1.572£0.014 0.008 £ 0.000

*Data represent means + standard deviation.

Table 4 - Cadmium (Cd, mg kg), lead (Pb, mg kg"), chromium (Cr, mg Table 5 - Content of thermotolerant coliforms (NMP g*) and
kg'), and nickel (Ni, mg kg') in composting (COMP) or vermicomposting Salmonella spp. (in 10 g) in composting (COMP) or vermicomposting
(VERM), with the addition of 0, 2 (EM2) or 4 (EM4) mL L of efficient (VERM), with the addition of 0, 2 (EM2), or 4 (EM4) mL L™ of efficient
microorganisms (EMs) at the beginning (BASELINE) and after 120 or 150 microorganisms (EMs) at the beginning (BASELINE) and after 120 or
experimental days*. 150 experimental days.
BASELINE BASELINE > 160,000 Absent
COMP 2774019 53302000 1547+1.02 27.56% 111 COMP 14,000 Absent
COMP+EM2 2.33+£0.00 53.30£0.00 10.70%£0.00 21.50=0.00 COMP+EM?2 17,000 Absent
+ + + +
COMP+EM4 222%£0.19 57.76+3.86 9.52+1.02 21.79%1.11 COMP+EM4 400 Absent
VERM 2.03+0.08 21.70£3.10 7.36+0.98 18.54%0.61
VERM 4,900 Absent
VERM+EM?2 2.18%£0.09 21.70+£0.01 6.23£0.98 18.90+0.61
VERM+EM2 200 Absent
VERM+EM4 241+0.00 21.70£0.00 6.23+0.98 17.83%1.63
VERM+EM4 1,100 Absent

*Data represent means *+ standard deviation.
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For vermicomposting experiments, the intermediate concentration
of EMs (VERM+EM2) was more efficient in reducing coliforms.
Salmonella ssp. were observed either in the initial substrate used in the

processes or at the end of the experimental period.

Discussion

We analyzed the physicochemical characteristics and the presence
of pathogens in composting and vermicomposting from cattle manure,
goat manure, and sawdust associated with efficient microorganisms,
under field conditions. It is important to keep the compost moist
(50-75%) to allow a high-quality final product, considering that this
condition ensures microbiological activity (Makan et al., 2013; Kabelitz
etal., 2020; 2021), as observed in the present study. Substrate moisture,
although slightly reduced in the COM and VERM experiments, prob-
ably due to greater soil aeration after turning and the action of earth-
worms, respectively, remained at adequate levels for the activity of mi-
croorganisms. Compost temperature is an indication of the phase of
the process. The composting process begins in the adaptation or meso-
philic phase, with the adaptation of microorganisms. Subsequently, at
temperatures above 50°C, the process reaches the thermophilic phase,
which is fundamental to ensure pathogen elimination and to assist in
the elimination of invasive plant seeds from the compost (Huhe et al.,
2017; Ribeiro et al., 2017). The stability of the compost is observed
during the maturation or humification phase, when temperatures tend
to decrease to room temperature levels. For effective elimination of
pathogens and weeds, the thermophilic phase must reach tempera-
tures above 50°C for at least 15 consecutive days, (Brenes-Peralta et al.,
2021). In this sense, the maximum temperature range found and pro-
cess acceleration occurred due to the presence of EMs that intensified
the thermophilic phase responsible for this thermal behavior. EMs also
help balance nutrient supplies by slowly releasing organically bound
nutrients. They contribute to beneficial microbes that, together with
native microorganisms, promote greater microbial activity (Ribeiro
et al., 2017; Sharma et al., 2017; Rastogi et al., 2020) and higher tem-
peratures, with improved efficiency and compost quality (Tran et al.,
2019). The maturation phase is also affected by substrate composition.
Mechanical rotation, as performed in the composting experiments,
promotes greater aeration and homogenization of the compost. In the
vermicomposting process, this rotation is performed exclusively by the
earthworms present, which makes the process slower, thereby creating
longer intervals to reach stability. In the present study, the vermicom-
posting processes were stabilized about 30 days after the composting
processes (it took 25% longer).

Because temperature affects microbiota activity, compost pH is
also regulated by the microorganisms present. They are responsible for
degrading the organic matter while producing acidic or basic byprod-
ucts and CO, (Morales et al., 2016; Osman et al., 2020). At the end

of the process, we found that more alkaline pH values were record-
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ed in the composting experiments compared to the vermicomposting
experiments. This may have occurred because the substrate was not
turned in the vermicomposting experiments. Although the presence
of earthworms allows for compost oxygenation, turning the substrate
in the composting treatments possibly caused greater oxygenation and,
consequently, a higher pH value. The addition of EMs also favored high
pH, regardless of the inoculated concentration. pH values between 6
and 8 are considered suitable conditions for composting (Bustamante
et al., 2013; Jeronimo et al., 2020), as observed in the present study.
This represents an important advantage and suggests that the mineral-
ization and humification reactions occurring in the present study oc-
curred under favorable biochemical conditions, resulting in high-qual-
ity organic compost.

Biodegradation of organic matter can be assessed using the C/N ra-
tio, which indicates the stabilization of organic fertilizers (Nafez et al.,
2020; Nayak et al., 2020; Palaniveloo et al., 2020). Bioconversion of cat-
tle and goat manure, with composting or vermicomposting, resulted in
lower C/N ratios compared to baseline levels. This may occur due to
the degradation of putrid organic matter, promoting nutrient mineral-
ization. Subsequently, in the final humification and maturation phase,
organic matter is formed in a stable state, in the form of complexes
(predominantly humic acid, humine, and fulvic acid), which hold
these nutrients in a weak link, available for and exchangeable by the
plants. It results in increased bioavailability and mobility of key plant
nutrients, such as K, P, and N, as facilitators of plant development,
especially those that are not nitrogen fixers. On the other hand, EMs
had no effect on the biodegradation of the substrate, possibly because
they play a major role in increasing microbiological activity, allowing
for a better nutrient stock and increasing the effect of the earthworms,
among other things; and not in increasing the temperature and inten-
sifying the thermophilic phase. In addition, the C/N ratio observed in
the experiments is suitable for composting (< 20) and vermicompost-
ing (< 14), according to MAPA Normative Instruction (Brasil, 2009).
A C/N ratio between 12 and 15 at the end of the composting process
indicates compost maturity and ideal conditions for fertilization (On-
wosi et al., 2017; Nafez et al., 2020).

Cattle and goat manure composting and vermicomposting showed
higher contents for all macronutrients evaluated at the end of the pro-
cess compared to the baseline quantification of the substrate. The com-
posting processes yielded higher contents of P, K, Ca, and S compared
to the vermicomposting processes. In the vermicomposting process,
intense degradation of organic compounds due to synergistic action
between microorganisms and earthworms was expected, resulting in
greater mineralization of organic P, for example (Eckhardt et al., 2018).

Increased macronutrients in composting and vermicomposting
were expected because minerals are solubilized during biodegradation
and nitrogen compounds are released. However, it was more evident
in COMP+EM4 compared to COMP, where the content of P, K, Ca,
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and Mg was higher. A larger number of EMs has also been described
as improving the levels of N, P, and K in the compost, regardless of the
EM multiplication medium (Sharma et al., 2017; Nayak et al., 2020).
Greater aeration in the COMP experiments may have allowed Ems to
perform better, further increasing degradation. Hendriani et al. (2017)
reported that EMs associated with Azotobater sp. in the composting of
corn by-products promoted an increase in the content of macronutri-
ents, such as N, P, and K (Hendriani et al., 2017). According to the au-
thors, the use of the final compost as fertilizer also allowed greater pro-
ductivity to pepper and tomato plants. However, the nutrient content
of organic fertilizers also depends on the composition of the source
material (Tratsch et al., 2019; Jerénimo et al., 2020; Wako et al., 2021).
In vermicomposting experiments, macronutrient content was signifi-
cantly higher when compared to BASELINE values. Vermicomposting
processes can even promote residual effects for subsequent planting, as
observed by Nurhidayati et al. (2018). This demonstrates the impor-
tance of adapting these processes on small farms to increase the value
of residues and to reduce potential environmental contamination, all of
which will reduce the need for chemical fertilizers.

Micronutrient content, such as Mn, Cu, Zn, Fe, and B, increased after
composting and vermicomposting when compared to BASELINE values,
regardless of EM inoculation, but were even lower in vermicomposting
experiments when compared to composting. The low levels of micronu-
trients and heavy metals in VERM may be related to the high C levels
observed in these treatments; which allowed adsorption of these elements
by complexing metal ions, lowering their available concentration.

The levels of micronutrients available at the end of the process, al-
though at a lower concentration than the ones required for crops (as
compared to traditional chemical fertilizers available for sale), are im-
portant waste recovery products. This represents an economic and sus-
tainable advantage, reducing the need for chemical fertilizers in garden-
ing, ornamentation, and vegetable growing, especially on small farms.

The heavy metals found in the substrate tend to increase when
compared to the BASELINE values because they are not degradable
(Soobhany et al., 2015). However, in addition to the negative correla-
tion with organic matter, the use of earthworm bioconversion in ver-
micomposting processes allowed for lower contents of Pb, Cr, and Ni
compared to composting processes. This was possibly because earth-
worms absorbed these metals. The level of accumulation carried out
by the worms will depend on the species of the earthworm and the
amount of metal present; but several studies have reported that earth-
worms are potential bioaccumulators of metals in contaminated soils
(Lv et al., 2016; Zeb et al., 2020; Xiao et al., 2021).

It should be noted that the main effect of organic fertilizers is not to
enrich the soil, but rather make nutrients available slowly and continuous-
ly, which is typical of organic fertilizers produced by composting. Among
other factors, they can contribute to improving soil structure by increas-

ing porosity and gas exchange, stabilizing organic matter, and increasing
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microbial diversity (Rauber et al., 2018), all of which contribute to nu-
trient mobilization for plants. Furthermore, inoculation of microorgan-
isms such as EMs contributes to the degradation of toxic agents (Boechat
et al,, 2020; DellAnno et al., 2020), and the control of plant pathogens
(Shen etal., 2013; Alori etal., 2017; Benedetti et al., 2021). The use of these
compost products for agroecological production is also environmentally
friendly because excess chemical fertilizers, in addition to degrading the
soil, can leach into water resources causing environmental impacts such
as eutrophication (Chislock et al., 2013; Rivas et al., 2020).

Salmonella was not detected in the analyses because of the initial
preparation of the compost, suggesting that the cattle and goat manure
were free from contamination; Salmonella is often observed in chicken
manure (Sheffield et al., 2014). Thermotolerant coliforms, as expected
for the type of waste used, were found at high concentrations in the ini-
tial preparation of the compost. These high concentrations were drasti-
cally reduced in all experiments, with the lowest levels observed in the
composting treatment and the treatment with the highest concentration
of EMs (4 mL L), and in vermicomposting inoculated with EMs (2 mL
L?). These values were below the limit of 1,000 MPN g of dry matter
determined by the legislation (Brasil, 2016). Hénault-Ethier et al. (2016)
studied the survival of Escherichia coli in different reactor scales, with
and without the presence of earthworms and efficient microorganisms,
and observed that a rich microbial community was the most important
factor in determining the survival of E. coli. Lower concentrations of
thermotolerant coliforms were observed in the experiments with higher
concentrations of EMs. However, the role of EMs in the elimination of
thermotolerant coliforms depends on the maximum temperature range
in the thermophilic phase (Hénault-Ethier et al., 2016). The maximum
temperature range was not significant in the present study and suggests
that the effect may also be related to the increased richness of the micro-
bial community, which stimulated the development of microorganisms
antagonistic to the presence of thermotolerant coliforms.

Lower concentrations of thermotolerant coliforms were also ob-
served in the vermicomposting experiments. Therefore, this can
be considered an additional effect that also influenced reduction.
During the vermicomposting process, some earthworm species may
ingest and kill pathogenic microorganisms such as E. coli, Salmonella
spp., and total coliforms (Soobhany et al., 2017). According to these au-
thors, vermicomposting is an efficient technique to remove pathogenic
microorganisms, especially in the mesophilic phase, as Salmonella sup-

pression was more efficient at 55°C than at 70°C.

Conclusion
The composting experiments using cattle and goat manure, regardless
of the presence of efficient microorganisms, allowed for higher humidity
and lower pH of the final compost, probably due to substrate turning.
The percentage of organic carbon and Mg was higher in the vermi-

composting treatments; while the other macronutrients (P, K, Ca, and
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S) were found at greater levels in the composting treatments. The pres-
ence of EMs, mainly EM4, in the composting treatments, favored in-
creased content of most of the macronutrients in the final compost.
Micronutrients and heavy metals were observed at a higher percent-
age in composting treatments, regardless of the presence of EMs. On the

other hand, vermicomposting was more effective in removing patho-
gens such as thermotolerant coliforms, mainly when associated with
EM2. Composting and vermicomposting processes have been shown
to allow waste to have increased value and generate quality products
that can be used in agroecological production in small rural properties.
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