Revista Brasileira de Ciéncias Agrarias
ISSN (on line) 1981-0997
v.15,n.3, e6663, 2020
AGRONOMY (AG RONOM IA) Recife, PE, UFRPE. www.agraria.pro.br
DOI:10.5039/agraria.v15i3a6663
Protocol 6663 - 08/02/2019 « Approved in 29/04/2020

Microbiological attributes of a soil under history of swine wastewater application

Luana Patricia Pinto Korber'®, Lucas Mateus Hass?®, Guilherme Peixoto de Freitas?®,
Késia Damaris de Azevedo Frigo'®, Marco Anténio Bacellar Barreiros?®,
Luciana Grange?®, Elisandro Pires Frigo?

" Universidade Estadual do Oeste do Parang, Cascavel, PR, Brasil. E-mail: luana.kozak@gmail.com; kesia.damaris@gmail.com
2Universidade Federal do Parana, Palotina, PR, Brasil. E-mail: lucasmateushass@gmail.com; guilhermefreitasufpr@gmail.com; marcob_07@yahoo.com.br; lucianagrange@gmail.com;
epfrigo@gmail.com

ABSTRACT: This research sought to study the effect of applying swine wastewater (SW) on the microbiological attributes of
a clayey soil cultivated with physic nut (Jatropha curcas L.). This experimental area was subjected to SW applications for 3
years, followed by fallow for other 2 years. In December 2017, soil collections were carried out and the experiment conducted in
randomized complete blocks (RCB) with six treatments and three replicates, namely T1: 0 (control), T2: 40, T3: 80, T4: 120, T5:
160 and T6: 200 m® ha"'. The evaluated attributes were the following: CFU, diversity, MBC, SBR, qCO, and FDA. Values of the
CFU means demonstrated an increase in the bacterial population density and the diversity pointed to the favoring of bacterial
morphotypes already present in the soil, in all treatments under SW application. CFU and SBR were the most effective variables
in obtaining results and in the treatment discrimination. The dose with the best metabolic performance was 160 m* ha' due to the
better relationship of the parameters previously evaluated in this study.
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Atributos microbiolégicos de um solo sob histérico de aplicagao
de agua residuaria de suinos

RESUMO: Este trabalho buscou estudar o efeito da aplicacdo de agua residuaria de suinos (ARS) sobre os atributos
microbioldgicos de um solo argiloso cultivado com pinhao-manso (Jatropha curcas L.). Esta area experimental foi submetida
a aplicagdes de ARS por 3 anos seguido de um pousio por 2 anos. Em dezembro de 2017 foram feitas as coletas de solo, o
experimento foi conduzido em blocos completos casualizados (DBC) com seis tratamentos e trés repeticdes, a saber: T1: 0
(testemunha), T2: 40, T3: 80, T4: 120, T5: 160 e T6: 200 m* ha"". Os atributos avaliados foram: UFC, diversidade, CBM, RBS,
qCO, e FDA. Os valores das médias de UFC demonstraram incremento da densidade populacional bacteriana e a diversidade
apontou o favorecimento de morfotipos bacterianos ja presentes no solo, em todos os tratamentos sob aplicagdo de ARS.
As variaveis mais efetivas para a obtengéo dos resultados e discriminagdo dos tratamentos, foram a UFC e a RBS. A dose
de melhor desempenho metabdlico foi a de 160 m? ha' devido a melhor relagdo dos pardmetros até entdo avaliados neste
trabalho.

Palavras-chave: atributos microbiolégicos; microrganismos; reuso de agua
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Introduction

The global food demand has been exponentially growing
and meat consumption has been the main source of consuming
protein (Good, 2019). Brazil is considered as one of the largest
pork producers, with the generation chain concentrated in
its southern region (ABPA, 2017). The state of Parand has
the largest national breeding stock and its western region is
considered as the largest representative, with the cities of
Cascavel and Toledo as the main cores, holding altogether
about 65% of the gross value of all state production (ABPA,
2017; Gervasio, 2018).

The great pork meat yield all over Brazil is mostly due to
an intensive rearing based on containment systems; however,
this management type produces a large waste amount. This
has caused problems for both urban and rural societies
alike, since the uncontrolled destination of these wastes has
been contaminating groundwater, rivers and drinking-water
sources, especially in thr meat-producing regions (Lourenzi et
al., 2013; Balota, 2017).

Some studies estimate a maximum dose that can be applied
to the soil without causing environmental impacts from the
phosphorus content found in the organic waste (Sacomori
et al., 2016, 2014; Sediyama et al., 2016). Nevertheless, the
misuse of wastes has been frequent, since its access directly
occurs between animal producers and farmers, and they
are often the same; therefore, these wastes are not always
subjected to chemical analysis prior to their application on the
crops (Balota, 2017).

Yet another relevant factor to be considered in this form
of production is its need for ample use of water in order to
keep the breeding stock healthy, which has produced high
waste volume in liquid form. These values are around 8.6 L
per animal and this burden is responsibility of the producers
in the western state of Parand (Pinto et al., 2014; Frigo et al.,
2015).

With this in mind, applying SW appears as a solution
for both problems because, in addition to reusing water,
it also promotes the use of waste as nutrients (Silva et al.,
2014). Through this fertilization method, nutrients are made
available early to the soil-plant system because the macro and
micronutrients are already dissolved, incorporated by the soil
solution when under appropriate conditions and in function
of the soil type (Balota et al., 2014; Balota, 2017).

These organic compounds, rich in carbon sources and
microorganisms, can promote physical, chemical and mainly
biological changes in the environment (Sediyama et al., 2016).
When applied to soils under cultivation, these wastes integrate
new individuals into the system that request, from the natural
microbiome, density and diversity adjustments between the
species and their metabolic and structural functions (Balota,
2017),

Therefore, for a better environmental monitoring,
Nogueira et al. (2015) propose using bioindicators, since the
microorganisms are closely related to the functioning of the
soil, playing a close interrelation with the physical and chemical
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components. Using a set of microbiological indicators in the
quality evaluation of agricultural soils has been ideal, due to
its sensitivity in detecting changes earlier in the environment
in function of its use and management (Cardoso & Andreote,
2016).

Therefore, the present study obtained values of
microbiological attributes of an Ultisol from the western
Parana, cultivated with physic nut (Jatropha curcas L.) and
subjected to fertilization with swine wastewater for 3 years and
then to fallow for other two years. The aim was to determine
the microbial quality of soils under different SW application
doses after a long rest period and to evaluate which attributes
best discriminated the treatments.

Materials and Methods

The experimental area is at the Adroaldo Augusto Colombo
State Agricultural School (CAEAAC), located in Western Parana,
city of Palotina — PR. According to the Koéppen classification
(Climate-Data.Org, 2019), this region is characterized by the
humid subtropical (Cfa) climate, with hot summers and cold
winters, having an average annual rainfall of 1800 mm. The
region soil is classified, according to Embrapa, as a “Latossolo
Vermelho Eutroférrico” (Ultisol) with clayey texture (Santos et
al., 2018a).

The physic nut (Jatropha curcas L.) was set up in an area
of 900 m? divided into eighteen plots with a spacing of 4 x 3
m, having four plants per plot. The experiment was conducted
in randomized complete blocks (RCB), with the plots divided
into three blocks with the control (T1) and five more different
SW dosages: T2-40, T3-80, T4-120, T5-160 and T6-200 m? ha™.
The distribution was set by drawing, respecting the degree of
freedom.

Nine SW applications were made in these areas,
distributed over 3 years. The first application period was in
December 2011 and repeated in March and June 2012. In
2013 and 2014, new applications were made respecting the
same period set by the crop cycle. The obtained wastes did
not receive any kind of previous treatment, stored directly in
manure pits after their collecting in the stalls, where the pigs
were on the fattening stage. The applications were carried out
manually, with PVC watering cans with a capacity for 10 L, in
all management years.

The soil sampling was in December 2017 with the aid of
an auger at a 0 — 10 cm depth. In each plot, five subsamples
were collected from traces made diagonally according to the
slope and homogeneity of the terrain (Dionisio et al., 2016).
These subsamples were then homogenized and 18 composite
samples were obtained, which were kept in expanded
polystyrene with ice and sent to the Laboratory of Genetic
Improvement, Plant and Soil Biotechnology at the Federal
University of Parana — Palotina Sector.

In order to obtain the isolates and count the pure colonies,
the method of Dionisio et al (2016) was employed, where the
heavy soil was dissolved in a saline solution for obtaining
serial dilutions. Plating was performed in triplicate at the 103
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concentration in a Dygs culture medium (Dobereiner et al.,
1995) and grown inside a BOD at a temperature of 27 oC for 72
hours. The isolated cells considered as pure were evaluated by
the CFU method (Colony-Forming Units). The morphological
diversity was obtained from the characterization of
isolated colonies according to Hofling & Gongalves (2011),
but modified considering the following morphological
characteristics: size (small, medium or large), shape (circular,
irregular or rhizoid), border (smooth, lobed , spiral or wavy),
homogeneity (homogeneous or heterogeneous), color
(colorless or pigmented), brightness (transparent, translucent
or opaque ), elevation (convex, flat, elevated, papillate or
crateriform), structure (smooth, grainy, filamentous or rough)
and appearance (smooth, grainy, filamentous or rough).

For obtaining the metabolic attributes in triplicate, initially
the soil was sieved in a 2-mm-mesh and the moisture was
determined by the gravimetric method. The microbial-biomass
carbon (MBC) was obtained through the process of fumigation
and extraction, where the samples were pre-incubated and
fumigated with following extraction of carbon (C), as proposed
by Vance et al. (1987). The soil basal respiration (SBR) was
determined with the method of Jenkinson & Powlson (1976),
which consists of incubating the samples for ten days with 1
M NaOH and titration with 0.5 M HCI. The enzymatic activity
was determined by the method of the fluorescein diacetate
(FDA) hydrolysis, according to Schuner & Rosswall (1982), in
this method the soil was incubated with 60 mM potassium

phosphate buffer FDA solution (pH 7.6) and the reading was
made on an absorbance spectrophotometer 490 nm. The
organic carbon quotient (qCO,) was obtained by the ratio
between SBR per MBC unit.

All  variables were obtained by following the
experimentation principles, respecting both field and
laboratory replicates. The values of CFU, MBC, SBR, FDA and
qCO, were subjected to analysis of variance (ANOVA) and
multivariate analysis by the principal component technique
(PCA), using the RStudio 3.5.0 software. The data of the
morphological characterization were subjected to clustering
analysis per category by employing the UPGMA algorithm
with the software Bionumerics 7.5. The independent variables
were compared to each other by Pearson correlation by using
the RStudio 3.5.0 software.

Results and Discussion

The acquisition of the microbial density, according to
Dionisio et al (2016), is through the number of isolated
colonies considered as pure and hailing from a single active
and/or viable cell from the stipulated dilution. In the present
study, from the means obtained for the CFU values in the
103 dilution, there was a small increase in the number
of individuals in all treatments under application when
compared to the control (Table 1). The method of counting
colony-forming units is widely accepted and used in most

Table 1. Morphological groupings obtained after the characterization based on the morphological typing established by the

category analysis employing the UPGMA algorithm.

*AG: Morphological groupings; T1: Control; from T2 to T6: 40, 80, 120, 160 and 200 m? ha™* respectively; CFU: Colony-Forming Units given in g soil*; CV%: CFU coefficient of variation;

Total: Total of isolated individuals who composed each group.
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methodologies aiming quality control of some biological
product and/or diagnosing the living condition of a soil after
using organic residues (Moreira & Siqueira, 2006; Pinto et
al., 2019). Therefore, even after 2 years of resting, it is noted
that, at the different doses, it was possible to maintain the
attained biological gains with managed SW applications for 3
consecutive years in the physic nut area.

Morphological diversity revealed that SW applications,
regardless of the dosage, favored the predominance of
certain already existing morphotypes in the soil. From the
morphological typing (Table 1), it was possible to observe
the formation of 23 groups (from G1 to G23), considering all
treatments and the control. G1 was the group with the highest
number of grouped individuals (93 out of 177) due to a high
similarity (93%). The groupings from G2 to G6 had 18, 16,
18, 8 and 5 isolates, respectively. When observing the other
groups, there is a marked reduction in the isolates number. As
for groups G7 and G8, there are only two isolates while for the
other groups, from G9 to G23, each one has the insertion of
unique individuals

Continuing on Table 1, when observing the different
groups (from G1 to G23) in relation to the treatments, it is
possible to verify that the control (T1) had 7 different groups;
followed by 8 groups for T3, T5 and T6; 4 groups for T2; and
6 groups for T4 . Initially, for T3, T5 and T6, this is because, in
the organic residues of animals, there are a number of specific
microorganisms in large quantities that are additional to the
density and diversity of the natural soil biota (Koérber et al.,
2020). The smaller number of distinct groups found in T2 (40
m?3 ha), can be explained if this application is considered a
sub-dose when compared to treatments T5 and T6. In the
studies by Lalande et al. (2000) and Ceretta et al. (2003), the
values of 30 and 40 m® ha! were considered as sub-doses,
respectively.

When identifying bacteria isolated from anaerobic
digesters operated with swine manure, Moura (2017) verified
the predominance of bacteria from the genus Bacillus and
Enterobacter. On the other hand, Schmidt (2002) identified
Bacillus and Pseudomonas in stabilization ponds. In most of

the diversity studies conducted in productive Ultisols, the
genera found in greater quantity are Bacillus, Enterobacter
and Pseudomonas (Cardoso & Andreote, 2016). In studies
such as the ones from Moura et al. (2016) and Toniazzo et
al. (2018), it was possible verifying that the prolonged use of
SW not only stimulated the permanence of resilient beings
in the soil, but also inserted new microorganisms that are
incorporated over time in the biota, permanently being part
of this edaphic fauna group.

A descriptive analysis of the data contained in this study
demonstrated that, for microbiological variables, even though
consisting of field replicates, their mean values were always
similar or greater than the median, thus, their distributions
for MBC, SBR, qCO,, CFU and FDA are considered symmetrical,
although the qCO, attribute does not have a normal
distribution (Table 2). According to the ANOVA, there was no
significant difference at 5% between the evaluated attributes
due to the high data variability.

In studies with microorganisms, these variations are
normally expected to be found because they are considered
as extremely sensitive to abiotic and anthropic factors
(Amaral et al., 2013). Most of the statistical tools commonly
used for analyzing agronomic data, when applied in a study
with microorganisms, reveal high values for the coefficient of
variation, for example (Souza et al., 2008).

It is often more recommended to evaluate microbial data
from non-parametric tests, since these have the advantage
of allowing studying, in terms of significance, the data that
are inherently classified (nominal scale) or presented in ranks
(ordinal scale) (Montgomery & Runger, 2016). However, when
analyzing the curve of each microbiological attribute in each
treatment, it is possible to verify that SW had influence on the
microbiological soil attributes (Figure 1).

The microbial biomass carbon of the soil is an attribute
of great importance since it is able to reflect any change that
occurs in the organic matter of the soil, corresponding to from
about 25 to 30% of it, mainly in farmlands (Moreira & Siqueira,
2006). From the MBC values found in Figure 1A, the general
mean obtained in this study was of 126.80 mg C kg™ soil. This

Table 2. Descriptive statistics for the microbiological attributes of the soil in the experimental planting area of physic nut in
Western Parana on the sum of all treatments, namely the control (T1), 40 (T2), 80 (T3), 120 (T4), 160 (T5) and 200 (T6) m* ha*

of swine wastewater (SW).

* MBC: Soil microbial biomass carbon; SBR: Soil basal respiration; qCO,: metabolic quotient; CFU: Colony-Forming Units; FDA: fluorescein diacetate; ** CV: Coefficient of variation;

p-value: not significant by the ANOVA parametric test at 5%.
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Figure 1. Curves of microbiological attributes, A. MBC, B. SBR, C. qCO,, D. FDA and E. CFU, based on the mean of the data
obtained for each treatment of different dosages of wastewater (SW).

value is commonly found in the soil type of the region (Ultisol)
in perennial crops or in uncovered soils (Novak et al., 2017).

Even when considering only the doses from treatments
T2-40, T3-80 and T6-200 m? ha, there is also little variation,
with these same treatments having a mean around 148.46 mg
C kg? soil; however, this value was below the MBC found in
T1 (169.93 mg C kg* soil) with no application. In general, the
low MBC values found for all treatments are due to the lack
of general and agronomic management of the experimental
area. For the proper cultivation of perennials, it is widely
recommended to plant green coverage between the rows for
reducing the temperature, mitigating compaction, avoiding
erosion and improving the soil absorption of nutrients (Fidelis
etal., 2016).

In the treatment T5 (110.04 mg C kg soil) was the lowest
MBC value found while T4 was the one that favored the soil
biota the most, also the only one that surpassed the control
(188.13 mg C kg?* soil) after two years of soil resting. The
reduction in the MBC value for T5 is probably due to the

Rev. Bras. Cienc. Agrar., Recife, v.15, n.3, e6663, 2020

lack of homogenization of the waste, which was also used
in excess in some applications in this area over the previous
3 years. Studies point out that, under high organic waste
doses, the soil receives exceeding amounts of micronutrients,
compromising the microbial activity either by reducing the
decomposition time or by recalcitrating the elements in the
rhizospheric system (Souza et al., 2016)

In their studies on MBC values, Amaral et al. (2011)
also found around 127 mg C kg? soil in vine, which has a
management similar to that of physic nut due to the existence
of uncovered soil. Balota et al. (2014) found that the addition
of average SW doses of 100 m® ha™ over 15 years provided
an increase of the microbial biomass of the soil of more than
50%, in an area of no-tillage. This considerable increase is due
to the capacity that this waste type has, not only to insert
microorganisms, but also to supply nutrients that serve as an
energy source for biota (Balota, 2017). On the other hand,
when applying very high doses, as in the studies of Lourenzi
et al. (2013) and Rath & Rousk (2015), the soil biological

5/9



Microbiological attributes of a soil under history of swine wastewater application

saturation can occur, thus reducing the MBC and consequently
delaying the decomposition rate.

Soil basal respiration (SBR) is closely related to the
metabolic activity of the microbial community dependent on
biotic and abiotic factors (Moreira & Siqueira, 2006). In this
same study, the authors verified low values and little variation
between the SBR data in treatments T1, T2 and T3 (0.20; 0.19
and 0.22 mg C-CO, kg™ soil h™) (Figure 1B). This low variation
corroborates with the MBC values found for these same
treatments, which also did not differ from each other.

According to Cardoso & Andreote (2016), with the less
carbon lost as CO, by the respiration, the more significant is its
incorporation into the microbial biomass. In long-term organic
fertilization studies, SBR has been noted to stabilize itself in
soils under frequent organic fertilization (Lalande et al., 2000;
Balota et al., 2014). Considering the treatments in the doses
of 160 (T5) and 200 (T6) m3 ha? of swine wastewater (SW),
it is possible to point out that in these be a better carbon
conversion may be happening. The gCO, values for these
treatments corroborate in this regard, as they (Figure 1C)
present a curve reduction.

According to Balota et al. (2014), low waste doses promote
minimal changes in attributes that are difficult to differentiate
by the employed methods. It is possible that, in these
conditions, the natural community did not receive enough
external stimulus to promote changes in its metabolic activity.
On the other hand, such effects can be seen in methods that
detect the mineralization of nutrients like carbon and nitrogen
(Balota, 2017).

Higher SBR values were found for treatments T4 and
TS, for both, 0.28 mg C-CO, kg™ soil h™; on the other hand,
a drastic drop was observed in the SBR value for T6 (0.13 mg
C-CO, kg™ soil h*). This variation may be directly related to the
carbon supply from SW to the soil. Large dosages insert a high
amount of labile carbon into the soil, promoting an increase
in metabolic activity; however, when observing the treatment
T6 (dosage of 200 m® ha), it is assumed that there was an
excessive insertion of some nutrient and/or heavy metals
which then inhibited the activity of some more specific and
sensitive groups (Etesami, 2018).

The metabolic quotient (qCO,) is a factor that represents
the efficiency of microorganisms in using carbon as an energy
source. Balota (2017), reports that lower quotients denote
the environment stability, as long as SBR is decreasing, as
well as higher quotients are related to possible environmental
stresses. Therefore, good qCO, values are those that are
lower and correlated with a stable SBR and high MBC values
(Cardoso & Andreote, 2016).

Generally, in this study, it was found a high qCO, mean
(range from 0.89 to 4.28) in relation to other studies with the
same crop. Fidelis et al. (2016) found gCO, values from 0.25
to 0.75, both in the physic nut consortium with legumes and
in its single planting. Santos et al. (2018b), for the same plant,
obtained values of qCO, ranging from 0.46 to 0.64; however, in
both studies the fertilization performed was the mineral kind.
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The belief is that these variations, mainly of qCO,, are due
to the population adjustment that is still occurring in this soil
after two years of fallow and lack of conventional management.
Uncovered soils have trouble maintaining the stability of the
bacterial community activity due to the oscillation of abiotic
factors such as temperature and humidity (Frenk et al., 2018).

The analysis of the hydrolysis of fluorescein diacetate
(FDA) has been standing out since it is a technique capable
of quantifying the enzymatic activity from three enzymes:
protease, esterase and lipase. These have great importance
in the soil because, when a large amount of organic matter
is inserted into it, they are the main enzymes to act, widely
accepted as a soil indicator (Ribeiro et al., 2015).

In the present study, the FDA values of the soil practically
did not demonstrate changes (Figure 1D) when comparing
the treatments under SW application with the control. Such
balance refers to the soil ability in remaining stable over time,
even after performing managements that are more incisive
by using slightly high SW doses (T4, T5 and T6). For Ribeiro
et al. (2015), the FDA is considerably changed only after the
moment of a great organic matter deposition in the soil, which
does not apply to this study, considering the interval between
the moment of the last application and the period of soil
collection.

When performing the Pearson analysis (Table 3), observing
a strong positive correlation between SBR and qCO, (0.669)
was possible, with this denoting the proportional relation
of these attributes mentioned, since both depend directly
on biotic and abiotic factors (Balota et al., 2014). The qCO,
demonstrated a negative correlation with MBC of -0.611,
corroborating with several studies available in the literature
stating that the higher the microbial biomass quality is, the
better the carbon conversion efficiency will be and the faster
the soil will return to its natural stability (Nogueira et al., 2015;
Dionisio et al., 2016; Balota, 2017).

The negative correlation of CFU with gCO, (-0.423) and
SBR (-0.375) may be demonstrating that, with the greater
population density of a soil, the greater also is the possibility
of it being under intense metabolic activity in the rhizosphere,
be it either by competition for food, antagonisms, symbiotic
relationships with plants, among others (Moreira & Siqueira,
2006; Nogueira et al., 2015).

Such fact directly reflects on qCO,, exposing the
predominance of resilient microorganisms in this soil, that

Table 3. Pearson correlation coefficients among the
microbiological attributes of microbial biomass carbon (MBC),
soil basal respiration (SBR), metabolic quotient (qCO,), colony-
forming units (CFU) and fluorescein diacetate (FDA) units
subjected to different dosages of swine wastewater (SW).
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Figure 2. Principal component analysis (PCA) for microbiological attributes of the soil obtained from an experimental area under
the cultivation of physic nut in Western Parana, which was subjected to different dosages of swine wastewater (SW), namely
T1 (Control), T2 (40 m3? hal), T3 (80 m? ha?), T4 (120 m? ha), T5 (160 m? ha) and T6 (200 m® ha!) * MBC: Microbial biomass
carbon, SBR: Soil basal respiration, gCO,: metabolic quotient, CFU: colony-forming units, FDA: fluorescein diacetate hydrolysis.

is, the occurrence of the lowest maintenance of the bacterial
community (mean of 10* CFU g soil?!) with a moderate
metabolic activity (2.22 mg C- CO, g* C-MBC.h") due to more
stable material existing (Anderson & Domsch, 2010; Balota,
2017). Thereby, even after two years with no fertilization in
the area, the SW allows the constant metabolism of macros
and micronutrients by the biota due to its soil chemical-
stabilization capacity (Ceretta et al., 2003).

The PCA enabled discriminating 92.72% of the components
that were most relevant in obtaining comparative results.
Principal component 1 (PC1) and principal component 2 (PC2)
made up together 82.33% of the total data variance. PC1 had
54.26% of the total variance and PC2 had 28.08% (Figure 2),
pointing out that, respectively, the attributes CFU and SBR
were the ones that better discriminated this study data.

Through the ACP, the formation of two groups in relation to
the treatments is observed, with the first one represented by
the T4 treatment (120 m? ha!) and the second one containing
the remaining. A similar behavior was also noted between the
variables of the attributes FDA and MBC, demonstrating a strong
association with the effects caused by the T3 treatment (80 m3
ha). However, the reverse CFU behavior is highly associated
with the results found in the T2 treatment (40 m3ha).

The CFU relation with the other variables is not a commonly
encountered situation, as it belongs to MBC along other beings
like fungi, algae and protozoa. Even so, in cultivated systems,
the maintenance of metabolic activities is linked directly to
the cycles of the main elements involved with yield (Moreira
& Siqueira, 2006; Cardoso & Andreote, 2016).

In agricultural managements, environmental services can
be enforced by a community composed of individuals, both
selected and resilient, who are able of, through a modified
and/or acquired genetic apparatus, over time and under
different situations of selective pressure, performing tasks
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involved in obtaining, mainly from carbon, nitrogen and
phosphorus (Etesami, 2018).

In the present study, the treatments with wastewater
doses from 40 to 200 m® ha® made possible verifying that
applying organic waste interfered in the structure of the soil
microbial communities, even after two years of resting. The
evaluated attributes managed to point out the 160 m* ha?
dose as the most positive anthropic interference and that
the excess carbon (200 m? ha?) can inhibit key enzymatic
activities, thus leading the biota to wearing and losing
diversity. Therefore, monitoring the wastewater-application
technology is necessary for generating regional data that help
the producer to properly manage the generated waste on his
properties, allowing the safe management of adequate doses
of these organic fertilizers in the agricultural production.

Conclusion

There was an increase in the bacterial population density
in the treatments managed with the application of swine
wastewater (SW);

In all treatments under fertigation, the diversity of bacterial
morphotypes already present in the soil was favored;

The most effective variables for obtaining the results and
treatment discrimination were the colony-forming units (CFU)
and the soil basal respiration (SBR).

The dose with the best metabolic performance was 160 m?
ha (T5) due to the better relationship between the evaluated
parameters so far.
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