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ABSTRACT: Hog raising generates a large amount of residues that is commonly discarded into the
soil as fertilizer even with environmental risks. In this context, the aim of this study was to assess
the application effects of different doses of swine wastewater (SW) associated with mineral
fertilization on the abundance and diversity of organisms of soil meso- and macrofauna in two
soybean crops. Treatments consisted of four doses (0, 100, 200, and 300 m® ha™*) of SW with or
without mineral fertilization in two soybean crop, totaling 24 experimental units. Soil meso- and
macrofauna were sampled using pitfall traps installed at each plot. Samples were sorted and the
organisms were separated and identified. The highest abundances were found between groups of
springtails and spider mites. Soil meso- and macrofauna differed between soybean crops influenced
by soil physical and chemical parameters. Doses of swine wastewater between 0 and 300 m? ha™!
and mineral fertilization do not have effects on ecological indices of soil meso- and macrofauna.
However, periodic applications over time change soil physicochemical variables, which may lead to
negative effects in the long term.
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INTRODUCTION

Population growth stimulated livestock expansion due to increased demand for animal
protein-based food. However, intensive animal farming generates a considerable amount of residues
with high levels of contaminants, which may cause several environmental impacts. These problems
are related to a high load of organic matter, micro, and macronutrients (BASSO et al., 2012; FIA et
al., 2015). Due to inadequate management, these residues are often released or disposed of in the
environment, mainly contaminating water resources and soil.

Swine wastewater reuse as a biofertilizer is an option to dispose of and/or treat the effluent by
supplying plants with water and nutrients, reducing the use of natural resources (KESSLER et al.,
2013). However, the use of wastewater in large doses may lead to the accumulation of residues in
soils (LUCAS et al., 2013), percolated water, leading to the leaching of ions (PRIOR et al., 2009;
MAGGI et al., 2011), and in runoff material (WANG et al., 2013), contaminating water resources.
Thus, researches on residue physical and chemical properties are essential for planning actions that
allow recovering contaminated areas or preserving those non-degraded (DOS REIS et al., 2013).

Soil chemical changes are directly influenced by microbiological activity and soil meso- and
macrofauna, which can be changed by the addition of organic effluents as a function of food supply,
temperature modification, and soil cover (MOURA et al., 2016; TESSARO et al.,, 2016). The
effects on soil fauna can be positive or negative, varying according to residue composition and
management, which are capable of altering the quality and quantity of soil organic matter, the C/N
ratio, and metal accumulation such as copper and zinc present in high amounts in swine residues
(POSTMA-BLAAUW et al., 2012). Therefore, the knowledge of functional groups soil meso- and
macrofauna from areas used for swine wastewater management can provide information on the
impact generated in the soil from the elimination of one or more soil organisms (BLOUIN et al.,
2013).
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Hog raising residues may bring risks to the environment when improperly managed such as
damage to soil fauna. However, soil fauna behavior due to organic effluent reuse is still little
known. Although studies such as those developed by TESSARO et al. (2011), TESSARO et al.
(2013), and PORTILHO et al. (2011) are pioneers and provide valuable answers, they were carried
out during only one crop cycle. Thus, the aim of this study was to assess the application effects of
swine wastewater (SW) doses associated with mineral fertilization (MF) on the community
structure of organisms present in soil meso- and macrofauna in two soybean crops.

MATERIAL AND METHODS

The experiment was carried out from October 2010 to March 2011 (crop 1) and from
November 2011 to March 2012 (crop 2), the periods indicated for soybean cultivation. The
experimental design used was a 4 x 2 factorial randomized block design with three replications,
totaling 24 sample units. Randomization followed the order established by PRIOR et al. (2009),
maintaining the application rate history of SW and MF in the area. Treatments with the respective
factor levels are shown in Table 1. Unit samples consisted of drainage lysimeters with an area of 1.0
m?, a depth of 1.1 m, and a spacing of 0.5 m.

TABLE 1. Description of treatments and chemical characterization of swine wastewater.

SW doses (m® ha™?)

MF
0 100 200 300
Absence (A) SWO0-MFA SW100-MFA SW200-MFA SW300-MFA
Presence (P) SWO-MFP SW100-MFP SW200-MFP SW300-MFP

SW chemical characteristics

Soybean crop season

Parameter (mg L™?)

2010-2011 2011-2012

Total organic carbon: 684.80 2916.30
Total nitrogen2 481.70 707.00
Total phosphorus: 22.06 33.01
Potassium? 8.95 265.00
Sodium# 36.70 16.80
Calcium* 52.87 236.00
Magnesium+ 67.70 67.00
Copper* 1.86 8.30
Zinc* 10.22 39.00

Irons 8.95 27.40
Manganese* 2.68 7.10
Total solids® 3498.30 20000.00
Fixed solidss 1310.80 2300.00
Volatile solids® 2187.50 17700.00

SW: Swine wastewater; MF: Mineral fertilization; TOC; ?Micro-Kjeldahl; 3Visible spectrophotometer; “Flame atomic absorption
spectrophotometer; *Gravimetric method.

The soil of each lysimeter was collected before SW application and after soybean harvest for
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both crops for physicochemical characterization. SW used in the experiment was collected from an
integrated biosystem of swine residue treatment in the district of Trés Bocas, Toledo, PR, Brazil.
SW was applied in doses pre-established by PRIOR (2009) throughout the lysimeter area. SW was
collected the day before the treatment application and was characterized chemically considering the
following parameters: pH, electrical conductivity (EC), total solids (TS), total fixed solids (TFS),
total volatile solids (TVS), total nitrogen (N), nitrate + nitrite (NO3~ + NO2"), ammoniacal nitrogen,
total phosphorus (P), potassium (K*), sodium (Na*), calcium (Ca*?), magnesium (Mg*?), copper
(Cu*?), zinc (Zn*?), BOD, and COD.

Soybean sowing was carried out two days after SW application under the no-tillage system at
each lysimeter, with spacing between lines and plants as recommended for this crop. MF was
performed in the furrow sowing with mineral fertilizer at a dose of 250 kg ha™! using the fertilizer
formulation 0-20-20, providing 25 kg ha™! of P.Os and KO for the crop. Cultural treatments were
performed at all treatments using the recommended products and dosages when pests attacked the
crop.

Soil meso- and macrofauna were sampled using pitfall traps installed individually at each
lysimeter. Two collections were carried out during each soybean crops at the early (V2) and
intermediate (R2) soybean growth stages. Traps were activated for seven days at each collection
period. After this period, traps were removed and washed for the total preservative solution (4%
formalin) removal. Each container’s contents were poured into a 100-um mesh sieve. The
specimens were stored in bottles containing 70% alcohol solution for later identification.
Identification process was carried out at the level of taxonomic order using a stereoscopic
microscope and dichotomous classification keys (GALLO et al., 2002; AQUINO et al., 2006).
Weather data of temperature, humidity, and precipitation during the collection periods were
provided by the Parana State Meteorological System (SIMEPAR), as shown in Figure 1.
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FIGURE 1. Data of total precipitation and averages of humidity and air temperature in the soybean
crop seasons of 2010-2011 and 2011-2012.

Ecological indices (number of taxa, number of individuals, dominance, Simpson’s diversity,
Shannon’s diversity, Buzas and Gibson’s uniformity, Brillouin index, Menhinick’s richness,
Margalef’s richness, equitability, Fisher’s alpha diversity, Berger-Parker dominance, and Chaol
richness) of soil meso- and macrofauna related to each treatment was calculated by means of the
software PAST 3.07 (HAMMER et al., 2001). The set of ecological variables of treatments was
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summarized in a single Principal Component Analysis (PCA) by using the software PC-ORD 4.0
(McCUNE & MEFFORD, 1999). This analysis reduces the set of original variables in a set of
Principal Components (PCs), which seeks to maintain the maximum variability of the original set.
PCA was performed on the Pearson correlation matrix of variables and the criterion for retaining
PCs adopted was the broken-stick, i.e. with eigenvalues higher than expected at random
(JACKSON, 1993). In order to interpret the meaning of retained PCs of original variables, only
Pearson correlation coefficients higher than 70% were considered (JOLLIFFE, 1986). In addition,
PCA graph was constructed only with the centroids of each treatment to reduce visual pollution and
facilitate visualization.

PCs validated by the broken-stick criterion were submitted to the two-factorial permutation-
based multivariate analysis of variance (Per-MANOVA) using 9999 permutations and the
Euclidean distance measure at 5% significance level to verify a significant statistical difference
between collection points and between hydrological stations. Per-MANOVA is a non-parametric
correspondent of MANOVA with the difference that the p-value is calculated by permutation of
results between treatments (ANDERSON, 2001). Per-MANOVA was performed in an 8! x 2!
scheme with the first factor as treatments (Table 1) and the second factor as soybean crops (2010-
2011 and 2011-2012).

The canonical correspondence analysis (CCA) (TER BRAAK, 1986) was used to infer on the
influences of soil physicochemical variables in soil meso- and macrofauna community. In the case
of structuring and correlation of taxa to the environment, both significantly higher than those
expected at random by the Monte Carlo test with 9998 randomizations (p<0.05), CCA ordering was
performed and the influence of each soil physical and chemical variable was inferred by means of
the canonical correlation coefficient. In order to reduce visual pollution and facilitate visualization,
CCA graph was constructed only with the centroids of each treatment.

RESULTS AND DISCUSSION

In the first soybean crop (2010-2011), 11,543 organisms were found at the soybean growth
stage V2 and 7,761 organisms at the stage R2, totaling 19,304 organisms. In the second soybean
crop (2011-2012), 23,094 organisms were found at the soybean growth stage V2 and 3,166
organisms at the stage R2, totaling 26,264. During both crops, 45,564 organisms of soil meso- and
macrofauna were collected distributed among the orders Collembola, Hymenoptera, Hemiptera,
Coleoptera, Diptera, Orthoptera, Araneae, Thysanoptera, Diplopoda, Oribatida, Mesostigmata,
Prostigmata, and Astigmata. The number of individuals collected over this study was much higher
than that collected in the study conducted by CASTALDELLI et al. (2015), who collected 15,424
organisms, demonstrating the robustness and representativeness of sampling performed in this
study.

PCA of ecological indices of each treatment is shown in Figure 2. Two PCs were considered
as adequate to be assessed according to the broken-stick criterion, totaling 86.04% of the data set
variability. PCA demonstrated that the variability of ecological indices between soybean crops
(2010-2011 and 2011-2012) is higher than the variability between treatments (Figure 2). The
greater variability of ecological indices between crops is due to weather conditions before sowing
and during cultivation and collection periods. According to ALMEIDA et al. (2013), some groups
of soil meso- and macrofauna present higher incidence during wet periods. In addition, water is a
limiting factor for soil fauna behavior, presenting a direct relationship with temperature,
precipitation, and humidity. However, some groups may be negatively influenced by high humidity
due to changes in the availability of resources (CASTALDELLI et al., 2015).

Another contributing factor is the change in soil physical and chemical characteristics caused
by periodic SW application (TESSARO et al., 2016). Between both soybean crops, two SW
applications were carried out in the sample area for corn and black oat cultivation, respectively. In
addition, the area has a six-year SW application history and in general three applications per year.
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FIGURE 2. Principal component analysis of ecological indices obtained at each treatment.

PC1 is composed by Simpson’s diversity, Shannon’s diversity, Buzz and Gibson’s uniformity,
Brillouin index, Margalef’s richness, equitability, Fisher’s alpha diversity, Chaol richness, and
number of taxa in the positive quadrant, and by the variables dominance and Berger-Parker
dominance in the negative quadrant (Figure 2). The ecological indices that were grouped together in
the positive quadrant of PC1 indicate ecological stability (STENGER-KOVACS et al., 2016), being
assumed that these indices have a positive correlation with each other. However, the indices that
were grouped together in the negative quadrant of PC1 indicate ecological instability (STENGER-
KOVACS et al., 2016), showing a negative correlation with the indices located in the positive
quadrant of PCL1.

In addition, PC1 demonstrates that the 2011-2012 crop season presented a higher Simpson’s
diversity, Shannon’s diversity, Buzas and Gibson’s uniformity, Brillouin index, Margalef’s
richness, equitability, Fisher’s alpha diversity, and Chaol richness. These indices show a greater
ecological balance during the sampled period. On the other hand, the 2010-2011 crop season
showed a higher dominance and Berger-Parker dominance, with an ecological instability in soil
meso- and macrofauna. Values of dominance index and Berger-Parker dominance were influenced
mainly by the order Collembola in both soybean crops.

The dominance of the order Collembola was reported in studies conducted by TESSARO et
al. (2013) and CASTALDELLLI et al. (2006). In these studies, the authors assessed the application
of different doses of SW (0, 100, 200, and 300 m® ha!) in plots cultivated with corn, oat, and
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soybean, in addition to a plot of native vegetation and another with only mineral fertilizers. The
high occurrence of the order Collembola is related to food habit because these animals feed mainly
on fungi associated with the crop straw despite being normally abundant in the litter (BLOUIN et
al., 2013; SIDDIKY et al., 2012).

PC2 was composed of the variable number of individuals in the negative quadrant and the
Menhinick’s richness in the positive quadrant. Based on PC2, the 2011-2012 crop season presented
the highest number of individuals collected.

The two-factorial Per-MANOVA (Table 2) with a significance of 5% confirms PCA (Figure
2), showing that the ecological indices presented statistical differences only between crops (p-value
= 0.0082). Therefore, SW doses applied (0, 100, 200, and 300 m® ha™') do not have significant
effects on ecological indices of soil meso- and macrofauna. SEGAT et al. (2015) did not find toxic
effects of SW on bioindicators in soils with high clay and organic matter concentrations since these
soils have a higher negative charge, which increases the cation adsorption, making the metals
unavailable for soil solution. Because this experiment was conducted in a clayey Oxisol
(GONCALVES et al., 2012; SANTOS et al., 2015), higher doses than those studied are required
(>300 m® ha™!) so that toxic compounds (heavy metals) are available to influence soil meso- and
macrofauna.

TABLE 2. Two-factorial Per-MANOVA for swine wastewater and soybean crop with 4999
permutations on the ecological indices of soil meso- and macrofauna obtained in the
2010-2011 and 20112012 crop seasons.

Source of variation DF. SS MS F p-value
SW 7 0.22575 0.3225E-01 1.0869 0.3966
Crop 1 0.21398 0.21398 7.2115 0.0082
SW x Crop 7 0.36370 0.5196E-01 1.7511 0.1244
Residual 32 0.94850 0.2967E-01

Total 47 1.7529

DF — degrees of freedom; SS — sum of squares; MS — mean square; SW — swine wastewater; SW x Crop — interaction between SW
and Crop.

CCA between treatments and values of soil physicochemical variables is shown in Figure 3A.
According to the Monte Carlo test, with only 5% significance, only the axis 1 (CC1, explanation of
43%, p-value = 0.01) can be assessed. CC1 confirms the results obtained by PCA (Figure 2) and
PerMANOVA (Table 2), demonstrating that the variability between crops is higher than the
variability between treatments. However, it also confirms that the difference between crops was
caused by changes in soil physicochemical composition. In the 2010-2011 crop season, soil showed
higher values of organic matter (OM), Mg, sum of bases (SB), and cation exchange capacity (CEC)
whereas in the 2011-2012 crop season, soil presented higher values of organic N (Norg), base
saturation (BS), and NOs + NO.. Therefore, comparing these results with PCA, the ecological
indices that represent the stability of soil meso- and macrofauna with diversity, equitability,
uniformity, among others, are influenced by the physicochemical variables Norg, BS, and NOs +
NO..
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FIGURE 3. Ordering of experimental units obtained in the 2010-2011 and 2011-2012 soybean
crops for the composition of soil meso- and macrofauna community as a function of
physicochemical variables using linear combinations of these variables (arrow size is
proportional to the variable effect) (Figure 3A). Composition of soil meso- and
macrofauna community according to physicochemical variables defined by the
Canonical Correlation Analysis (Figure 3B).

In addition, CCA between orders of soil meso- and macrofauna and values of soil
physicochemical variables (Figure 3B) shows that the orders Orthoptera, Hymenoptera, Coleoptera,
and Collembola presented a positive correlation with OM, Mg, SB, and CEC whereas the orders
Astigmata, Diplopoda, Prostigmata, and Mesostigmata presented a positive correlation with Norg,
BS, and NOs + NO>. The higher number of individuals from the orders Astigmata and Diplopoda in
the 20112012 crop season reduced the dominance of the order Collembola by increasing the values
of diversity, equitability, and uniformity indices (Figure 2). ZHU & ZHU (2015) and WANG et al.
(2015) also observed the orders Collembola and Coleoptera positively correlated with OM and
Prostigmata, Diplopoda, and Mesostigmata positively correlated with total nitrogen concentration.
Thysanoptera, Diptera, Oribatida, and Araneae showed no correlation with any soil
physicochemical variable, demonstrating that these orders were distributed equally between
treatments and crops.

Soil meso- and macrofauna has a great mobility, which may have influenced some results
since sample units have an area of 1 m?, in addition to being close to each other. This fact may have
influenced the quantification of individuals since the migration rate from one sample unit to another
was not measured.

CONCLUSIONS

Doses of swine wastewater between 0 and 300 m® ha™* associated with mineral fertilization do
not present effects on ecological indices of soil meso- and macrofauna. Therefore, these doses do
not present perceptible ecotoxicological effects to organisms. However, periodic applications over
time change soil physicochemical variables, which influence soil community composition and may
lead to negative effects in the long term.
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