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ABSTRACT: This study aimed to evaluate the agronomical and environmental aspects in corn, soil
characteristics and leachate resulting from the material combination of swine wastewater and
mineral fertilizer in the long run. The experimental area has a history of swine wastewater
application for experiments conducted since 2006, this being the seventh crop cycle in the area.
Four doses of swine wastewater (0; 100; 200 and 300 m*® ha™) associated with presence and absence
of mineral fertilizer were applied, consisting of eight treatments. The results obtained were
subjected to variance analysis and means compared by Tukey test at 5% significance. We conclude
that the swine wastewater can be partially used as an alternative fertilizer, since the P and Mn are
complemented with specific fertilization. There must be carefulness about Fe*?, Cu*? and zn*?
accumulation in soil, and also to the concentrations of Fe*?, Cu*?, Zn*?, NOs + NO, and Na® in
leachate which exceeded the limits at the highest SWW applied levels.
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AGUA RESIDUARIA DA SUINOCULTURA ASSOCIADA A ADUBACAO MINERAL
NO MILHO (Zea mays)

RESUMO: O presente trabalho teve como objetivo avaliar os aspectos ambientais e agronémicos
na cultura do milho, caracteristicas do solo e do material percolado decorrentes da associacdo de
agua residudria da suinocultura e adubacdo mineral, em longo prazo. A area experimental possui
historico de aplicacdo de agua residudria da suinocultura, com experimentos conduzidos desde
2006, sendo este o sétimo ciclo de cultura conduzido na area. Foram aplicadas quatro doses de dgua
residudria da suinocultura (0; 100; 200 e 300 m® ha') associadas & auséncia e presenca de adubagéo
mineral, consistindo em oito tratamentos. Os resultados obtidos foram submetidos a analise de
variancia, e as médias, comparadas pelo teste de Tukey, a 5% de significancia. Conclui-se que a
agua residuaria da suinocultura pode ser parcialmente utilizada como fertilizante alternativo, desde
que o P e 0 Mn sejam complementados com adubacdo especifica. Deve-se ter cuidado com o
acimulo de Fe*?, Cu*™ e Zn*? no solo, e também para as concentracdes de Fe*?, Cu*?, Zn*?, NO5 +
NO, e Na* no percolado, que excederam os limites nas maiores doses de ARS aplicadas.

PALAVRAS-CHAVE: dejetos suinos, fertilidade do solo, retso de agua.

INTRODUCTION

Corn crop undergoes significant technological changes in order to increase productivity. In
this context, we emphasize the need to improve soil quality, to reach a sustained production,
through appropriate management, which includes everything from crop rotation, to the direct
planting and soil fertility management (CRUZ et al., 2009).
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The remaining wastewater, as a residue with high content of organic matter and other
nutrients, especially nitrogen and phosphorus, is capable of providing improvements in physical,
chemical and biological properties of the soil, providing nutrients for crop and still bringing to the
producer a productivity increasement and cost reduction (SCHERER et al., 2007).

However, it is essential to know the characteristics of the wastewater and their potential
impacts on the environment. Authors like AITA & GIACOMINI (2008), BERWANGER et al.
(2008), CAOVILLA et al. (2010) and SAMPAIO et al. (2010a) who evaluated the negative impacts
of the swine wastewater application in soil, such as fertility problems and toxicity resulting from
accumulation of ions in soil. Other authors also claim that the manure application is prone to
surface and groundwater contamination due to surface and vertical displacement of these ions
accumulated in soil (PRIOR et al, 2009; SAMPAIO et al., 2010b; SMANHOTTO et al., 2010;
MAGGI et al., 2011; LUCAS et al., 2013).

Thus, the present study aimed to evaluate the agronomical and environmental aspects in corn,
soil characteristics and leachate resulting from the material combination of swine wastewater and
mineral fertilizer in the long run.

MATERIAL AND METHODS

The experiment was conducted in the field, with coordinates 24°48' south latitude and 53°26'
west longitude, at an altitude of 760 m. The climate is subtropical mesothermal super humid, with
average annual rainfall of 1,800 mm. The town has an average temperature of 20 °C and relative
humidity averaged 75% (IAPAR, 1998). Precipitated rain blades and daily averages observed
during cultivation of corn evaluated temperatures are shown in Figure 1.
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FIGURE 1. Distribution of daily rainfall waterline and average temperatures during the experiment.

The experimental area soil is classified as a typical Red Dystroferric Oxisol (EMBRAPA,
2006). The area has a history of swine wastewater application with experiments conducted since
2006, following the cycles of corn, soybean, oat, soybean, oat, baby corn, with this experiment,
corn, the seventh crop cycle conducted in the experimental area. In Table 1 are shown the total
nutrients applied via swine wastewater (SWW), the previous and current production cycles.
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TABLE 1. Total of nutrients (kg ha™) applied via swine wastewater (SWW) and mineral fertilizer
(MF) by treatment, in six previous cycles and current 7™ production cycle.

Treatments* N P K* N P K*  Cu* Zn*
Total applied via MF on previous cycles Total applied via SWW on previous cycles
0 SWW-A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 SWW-P 67.50 220.00 135.00 0.00 0.00 0.00 0.00 0.00
100 SWW-A 0.00 0.00 0.00 | 402.80 91.02 260.42 2.58 15.60
100 SWW-P 67.50 220.00 135.00 | 39530 91.02 260.42 2.58 15.60
200 SWW-A 0.00 0.00 0.00 | 81758 181.71 518.83 5.14 31.20
200 SWW-P 67.50 220.00 135.00 | 810.08 181.71 518.83 5.14 31.20
300 SWW-A 0.00 0.00 0.00 | 1235.38 272.22 779.25 7.72 46.79
300 SWW-P 67.50 220.00 135.00 | 1227.88 272.22 779.25 71.72 46.79
Total applied via MF on current cycle Total applied via SWW on current cycle
0 SWW-A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 SWW-P 120.00 80.00  90.00 0.00 0.00 0.00 0.00 0.00
100 SWW-A 0.00 0.00 0.00 24.64 6.94 8.55 0.07 0.65
100 SWW-P  120.00 80.00  90.00 24.64 6.94 8.55 0.07 0.65
200 SWW-A 0.00 0.00 0.00 49.28  13.88 17.10 0.14 1.30
200 SWW-P  120.00 80.00  90.00 49.28  13.88 17.10 0.14 1.30
300 SWW-A 0.00 0.00 0.00 73.92  20.83 25.65 0.12 1.95
300 SWW-P  120.00 80.00  90.00 73.92  20.83 25.65 0.12 1.95

* Treatments: 0 SWW-A: 0 m® ha of swine wastewater and absence of mineral fertilizer; 0 SWW-P: 0 m® ha™® of swine wastewater
and the presence of mineral fertilizer; 100 SWW-A: 100 m® ha* of swine wastewater and absence of mineral fertilizer; 100 SWW-P:
100 m® ha* of swine wastewater and the presence of mineral fertilizer; 200 SWW-A: 200 m® ha* of swine wastewater and absence of
mineral fertilizer; 200 SWW-P: 200 m® ha™* of swine wastewater and the presence of mineral fertilizer; 300 SWW-A: 300 m® ha* of
swine wastewater and absence of mineral fertilizer; 300SWW-P: 300 m® ha™ of swine wastewater and the presence of mineral
fertilizer; N: nitrogen; P phosphorus; K*: potassium; Cu*2 copper; Zn*?: zinc.

The experimental area is made of twenty-four percolation lysimeters, spread over an area of
90 m?2 (15 x 6 m). Lysimeters consist of fiber boxes with 1 m3 volume, 1.60 m? area, 0.91 m depth,
and 1.43 m diameter; thus, each box comprises an experimental plot.

The SWW used was collected in the district of Tres Bocas, the city of Toledo (Parana State)
in a rural property that offers an integrated approach to waste treatment biosystem. The SWW was
treated in anaerobic digester followed by sedimentation tank and stabilization pond. The outlet tube
biodigester was the collection point. After collection, the SWW was applied to the soil once ten
days before sowing.

The doses applied in the area were defined by SMANHOTTO (2008), which was based on
nitrogen concentration found in SWW to form a record. Thus, the doses in SWW were 100; 200;
300 m* ha applied ten days before sowing associating with absence and presence of mineral
fertilizer (MF), which consisted of 100% recommended for corn (Table 1). The treatments applied
to experimental plots consisted of a control (OSWW-A), a mineral (OSWW-P), and the remaining
six control treatments: a 100SWW, 100SWW-P, 200SWW-A, 200SWW-P, 300SWW-A,
300SWW-P.

The agronomic indixes were plant height (PH), stem diameter (SD), dry matter (DM), leaf
number (LN) and nutritional analysis (N, P, K*, Ca®*, Na*, Zn*%, Cu*?, Mn, Mg*?, Fe*? and S),
according to PRIOR (2008) adapted method. Three plant leaves per plot were randomly chosen and
homogenised to obtain samples per plot.
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TABLE 2. Swine wastewater characterization.

Parameter Value Parameter Value Parameter Value

PH cact’) 7.57 Mg™ (mg L™ 48.00 | CcOD(mgL™ 1378.00
N (mg L™ 265.10 Cu*?(mg.L™ 072 | TS(mgL?% 11720.00
Nors (Mg L™?) 18.70 Zn?(mg LY 6.50 | TFS(mgL™) 1128.00
Ninors (Mg L™ 246.40 Fe*? (mg L™ 1.91 | VS(mgL™ 10592.00
NH,* (mg L™ 168.00 Mn (mg L™ 085 | TDS(mgL"%) 348.00
NO; + NO, (mg L™ 78.40 B (mg L™ 0.37 | FDS(mgL™ 320.00
TOC (mg L™ 40500.00 S(mgL™ 18.24 | VDS (mgL™) 28.00
P (mg L™ 69.44 Turbidity (NTU) 298.50 | TSS(mgL™) 11372.00
K*(mgL™) 86.50 EC (uS m™) 1299.00 | FSS(mgL™ 808.00
Na“(mg L™ 79.20 SAR (mmol L) 2.98 | VSS(mgL" 10564.00
Ca’*(mgL™) 46.00 COD-F (mg L™ 281.00

APHA Protocol; Awwa; Wef (1995). N: total nitrogen; Norg: Organic nitrogen; Nyyorg: inorganic nitrogen; NH,*: ammonium;
NO,” + NOj™: nitrite + nitrate; TOC: total organic carbon; P: phosphorus, K*: potassium; Na*: sodium; Ca?": calcium; Mg*":
magnesium; Cu*? copper; Zn*% zinc; Fe*?: iron; Mn: manganese; B: boron; S: sulphur; EC: electrical conductivity; SAR: sodium
adsorption ratio; COD-F : chemical oxygen demand - filtered; COD: chemical oxygen demand; TS: total solids; TFS: total fixed
solids; VS: solid volatile; TDS: total dissolved solids; FDS: fixed dissolved solids; VDS: volatile dissolved solids; TSS: total
suspended solids; FSS: fixed suspended solids; VSS: volatile suspended solids.

Soil samples were collected at baseline, before SWW application, and sowing, and at the end
of the experiment, at corn cycle end (26/06/2009) using a dutch auger at 0 from 0.00-0.20; 0.20-
0.40 and 0.40-0.60 m depths across experimental plot profile, which were homogenised and then
removed a fraction for pH, OM, P, K*, Ca®*, Mg®*, CEC, Cu*?, Zn*?, Na*, EC, N, Ninorg, Norg NO3~
+ NO,, NH,*, BS and V%, m% and the H + AI**, according to TEDESCO et al. (1995),
EMBRAPA (1997) and RALJ et al. (2001) methods. An average of the three depths was obtained
per plot.

Leachate material sampling occurred twice: after first rainfall (21/02/2009), and last rainfall
(23/06/2009) during corn cycle, with water line of 13.4 mm and 56.8 mm, respectively. For each
sample were determined: pH, EC, Niw, NO3™ + NO2, P, Cu*?, Zn*?, Ca®*, Mg*, Na" and K" in
accordance with APHA et al. (1995) and TEDESCO et al. (1995).

The experiment was carried out during 2009 in no-tillage system, and CD 223 AP corn
cultivar (COODETEC) in a seeding rate of 20 seed per meter, and 0.45 m row spacing. Soil
fertilization consisted of NPK (00:20:20 formulation) applied at sowing at 250 kg ha™ dose.

The experimental design was randomized in blocks with treatments in a factorial scheme
(4x2) with three replications. Four SWW levels (0; 100; 200; 300 m® ha™ in the cycle) and two
fertilization levels (absence and presence of mineral fertilizer) were applied.

Data were submitted to descriptive statistics and normality verification. For non-normal
distribution parameters changes based on Yeo-Johnson transformation were made. Then, variance
analysis was performed and means compared by Tukey test at 5% significance. Statistical analyzes
were performed separately for plant, soil, and leachate in each collection period.

RESULTS AND DISCUSSION
Agronomic variables
Table 3 shows the results for parameters related to the corn leaf analysis.

The leaf P content was different for both factors, SWW and MF, whose averages were higher
in 0OSWW and 300SWW doses, also in the MF presence. MENEGHETTI (2010), in an experiment
with baby corn, also found significance for P content when applied SWW. VELOSO (2010)
observed reduction in foliar P concentrations compared to control when pig litter was applied in
corn, in contrast to this study results.
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TABLE 3. Variance analysis (p-value) and mean test for corn foliar diagnosis parameters.

MF and

SWw LN

P K" ca® Mg¥ Cu? Mn

MF*SWW

N

Zn* Fe*? S

PH DM SD

1.94b 5.74a 48.27a 10.50a
1.72ab 6.17a 43.80a 10.61a
1.62ab 6.27a 47.23a 10.78a
1.42a 7.59a 48.72a 10.95a

1.61ab 16.25a 3.95b
1.40a 17.68ab 2.87a
1.54ab 18.43ab 2.91a
1.79b 19.86b 2.78a

80
§100
§200
§300

1.43A 16.82A 3.11A 1.86A
1.74B 19.29B 3.15A 1.49B

8A
§P

6.69A 37.54A 10.39A
6.20A 56.47B 11.03A

oA

fop
1100 A
100 P
1200 A
200 P
1300 A
1300 P

18.11abA 10.25abA 152.32bB  1.36bA

26.09aB
14.98aA
28.79aB

7.77aA  93.03aA 1.77aB
7.77aA 116.05abA 1.02aA
12.37abB 102.49abA 1.65aB

136.22aA 2.96aA 23.68bA
211.55aB 4.95aB 26.64aB
179.00bA 3.64abA 20.15aA
211.56aB 4.65aB 25.43aB

20.72bA 10.25abA 96.18aA 1.23abA 188.94bcA 4.19bcA 23.63bA
30.10aB 18.38bcB 129.30abB 1.73aB 214.00aB 4.90aB 27.84aB
26.23cA 15.55bA 108.17aA 1.47bA 211.22cA 4.70cA 23.68bA
30.33aB 21.56cB 130.87bA 1.63aA 214.11aA 4.82aB 26.70aB

0.84
0.01*

0.05*
0.01*

MF  0.02* 0.02*
SWw 0.00* 0.00*

0.11
0.85

0.12 0.00*
0.36 0.76

MF
SWw

0.00* 0.00* 0.44 0.02* 0.00* 0.00*  0.00*
0.00* 0.01* 0.51 0.00* 0.00* 0.00*  0.00*

SWw*
ME 0.06

VC(%) 11.44 930 16.96 17.36 19.90 1847 8.62 | VC (%) 8.00 19.95 13.19 8.17 6.26 6.81 4.26

8§ Means followed by the same lower case letter in the column do not differ by Tukey test at 5% significance for SWW and means
followed by the same capital letter in the column do not differ by Tukey test at 5% significance for MF. § Means followed by the
same lower case letter in the column do not differ by Tukey test at 5% significance for the SWW breakdown by MF and means
followed by the same capital letter in the column do not differ by Tukey test at 5% significance level for the MF means breakdown
by SWW.

A: MF absence; P: MF presence; *: Significant at 5%; VC: variation coefficient; Macronutrients expressed in g kg'l; Micronutrients
expressed in mg kg™*; PH and SD in cm; and DM expressed in mg.

056 060 050 0.34 041 0.66 SWW*MF 0.01* 0.02* 0.00* 0.03* 0.00* 0.00*  0.03*

The potassium (K¥) increase in leaves was significant for both factors, and increased
proportionally with the SWW and MF applications. CERETTA et al. (2005) found similar results
where K™ concentration in manure is readily available to plant which differed from this study.
However, SEIDEL et al. (2010) did not observe significant difference in K* foliar levels in corn,
using 20, 30, 40 and 50 m*® ha® of SWW from stabilization lagoon, and NPK (10; 100 and
45 kg ha™) chemical fertilization.

The Ca*" ion showed decreasing value for the SWW as application rates increased and the
highest average was observed at 0SWW. According to MEDEIROS et al. (2008), this lowest Ca*
concentration is justified by competition for the same ion-exchange site in absorption process
among calcium, magnesium and potassium ions.

Regarding to Mg?* content, an inversely proportional behavior was found for SWW
application; however, directly proportional to MF. A similar result was described by
MENEGHETT! (2010), who found greater Mg?* concentrations as nitrogen fertilization increased.
PRIOR (2008) and SEIDEL et al. (2010) did not find significant Mg? * amounts in corn leaf tissue at
varied application levels. By contrast, OLIVEIRA et al. (2004) found Mg** foliar contents
statistically greater with SWW application when compared to control. Nevertheless, for Mn ion,
there were significant values only for MF factor, being higher in its presence.

The Cu” content and leaf number showed no significant difference between treatments.

The SWW statistical breakdown by MF, for N content, presented an increase according to
SWW application with or without MF. In MF statistical breakdown by SWW, values were always
higher with the presence than with SWW absence. This corroborates to the findings of CERETTA
et al. (2005) and PRIOR (2008), who also observed N accumulation in accordance with the
increased waste use in corn leaf.

Regarding the Zn*? content, SWW statistical breakdown by MF, an increase was found as the
SWW doses were elevated, either in the MF absence or presence. These results are similar to those
found by MENEGHETT]I (2010) for foliar levels in baby corn. There was no statistical difference in
MF statistical breakdown by SWW only to OSWW treatment; but for others, the averages were
higher in MF presence. PRIOR (2008) also observed an increase in Zn*? concentration in corn leaf

when SWW doses were higher.
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The Fe* content, in SWW statistical breakdown by MF, was biased increased with higher
SWW doses in MF presence. In the other hand, in MF absence, averages decreased as SWW doses
increased. This result demonstrates that although both factors were significant at the 5% level, the
MF presence was more important for Fe*? absorption. The statistical breakdown of MF by SWW,
for 0 and 100SWW doses, averages were lower with MF, where as at 200 and 300SWW doses, they
were higher. OLIVEIRA et al. (2004) found no statistical difference in Fe*? leaf concentrations for
plants fertigated with different wastewater sources and control.

The sulfur (S) content in SWW statistical breakdown by MF obtained higher averages for 0
and 300SWW treatments without MF; however, its presence generated highest average for 0 and
200SWW treatments. For the inverse breakdown, the highest values were observed in MF presence
except for 300SWW treatment, which averaged statistically equal. MENEGHETTI (2010) reported
S, P, Ca** and Mg?* increase with higher SWW doses.

For the variable plant height (PH) when breaking down SWW by MF, averages increased
significantly with SWW addition in both presence and absence. The same occurred for MF within
SWW, where averages were higher in MF presence. The same was observed by FREITAS et al.
(2004) and PRIOR (2008), who reported an increase in plant corn with SWW addition. CESARINO
(2006) found higher values for plant height in corn fertilized with SWW.

In dry matter (DM), the SWW statistical breakdown by MF, treatments with MF showed
statistically similar averages. However, in absence, there was visible raise in average concomitantly
with SWW increasing doses due to the greater nutrient availability. In MF breakdown, averages are
higher in the MF presence. CERETTA et al. (2005) also found higher corn dry matter yield as
application dose grew.

To stem diameter (SD), averages of MF in SWW were statistically higher for MF presence at
all SWW doses. In the SWW within MF, all values were statistically similar in MF presence.

All evaluated doses showed heavy metal contents in leaf within range recommended by RAIJ
(1991). Thus, Cu*? and Zn*? content in mature leaves were 3 to 20 mg kg™ and 10 to 50 mg kg™,
respectively.

The P and Mn content parameters have not reached the proper minimum values recommended
by MALAVOLTA (2006), which are 2.5 g kg™ and 50 mg kg™, respectively. However, N and S
only reached 27.5 and 1.5 g kg™, respectively, in MF presence. According to EMBRAPA (1996),
metabolic disruption may occur when there is micronutrient deficiency, and also macronutrient
deficiency. In addition, excessive wastewater application can be more harmful than the plant
deficiency. PRIOR (2008) states that it is extremely important to promote a proper nutrient balance,
since their imbalance in soil can unfavorably act in crop yield.

Soil variables

Parameters such as pH, K*, Na*, V% and H + AI** at the beginning of the cycle, as shown in
Table 4, showed a significant difference for MF factor. But the highest means were found only for
K* and H + AI** with MF. The K* content in soil also showed a significant difference for SWW, it
IS possible to observe the raise with SWW addition. Therefore, for soils that received higher SWW
doses, there was an increase in potassium concentration and accumulation. DOBLINSKI et al.
(2010) reported K* accumulation in soil due to its low mobility as it is adsorbed by soil.

QUEIROZ et al. (2004) evaluated pig manure effect in fodder plant crop and also observed
K* accumulation in soil, as well as ASSMANN et al. (2009) found a raise in K values with
increased liquid swine manure addition at 0; 20; 40; 80 and 120 m® ha™ rates during two pasture
cycles, following the crop sequence: white-oat + ryegrass / corn (Zea mays) / white-oat + ryegrass /
soybean (Glycine max), with six effluent applications during the two years of study.
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At the end of the cycle, the ions K* and Na® were the parameters that had a significant
difference at 5% for SWW. It was possible to infer that both increase proportionally as the doses of
application of SWW increase.

TABLE 4. Variance analysis (p-value) and mean test for soil parameters at the beginning and end of
the corn crop.

Cycle Begginning

MF and SWW  pH OM EC N NO;+NO,  Ninorg Norg NH," P K* Ca’*
80 6.32a 20.76a - 1.04a 1.02a - - - 8.50a 0.16a 5.09a
8100 6.08a 21.09a - 1.06a 1.10a - - - 10.51a 0.29ab 4.13a
§200 6.23a  19.86a - 0.99a 1.03a - - - 9.23a 0.37ab 4.42a
8300 6.28a 19.83a - 0.99a 0.96a - - - 9.00a 0.48b 4.64a
8A 6.38B 21.09A - 1.05A% 1.04A - - - 8.06A 0.26A 4.87B
8P 6.08A 19.68A - 0.99A 1.02A - - - 10.56A 0.39B 4.27A
MF 0.02* 0.46 - 0.47 0.78 - - - 0.36  0.05* 0.02*
SWw 0.50 0.95 - 0.95 0.60 - - - 0.96 0.01* 0.49
SWW*MF 0.27 0.89 - 0.89 0.98 - - - 0.88 0.49 0.66
VC (%) 4.47 22.62 - 22.58 16.38 - - - 68.93 4389 23.62

MF and SWW Mg Na" Cu*? Zn*? Mn Fe* BS CEC V% m% H+AP"
80 34la 2.67a 9.82a 1.75a 51.92a 109.75a 8.65a 11.85a 72.67a - 3.06a
8100 2.68a 1.83a 10.06a 1.78a 46.62a 109.62a 7.09a 10.70a 64.83a - 3.61a
§200 2.68a 2.33a 10.32a 2.02a 46.91a 111.67a 7.46a 10.73a  68.83a - 3.26a
8300 2.78a 2.17a 9.98a 2.53a 48.43a 106.22a 7.91a 10.84a 72.17a - 2.93a
8A 3.09A 258B 10.17A 2.24A 52.82A  112.71A 8.22A 11.21A 72.75B - 2.92A
8P 2.68A 1.92A 9.91A 1.80A 4411A  105.92A 7.34A 10.84A 66.50A - 3.51B
MF 0.09 0.07* 0.33 0.48 0.13 0.34 0.20 0.50 0.04* - 0.01*
SWW 0.12 0.42 0.59 0.79 0.89 0.95 0.39 0.40 0.19 - 0.15
SWW*MF 0.61 0.39 0,18 0.60 0.95 0,10 0.69 0.97 0.31 - 0.17
VC (%) 19.47 37.72 6.27 74.60 2.28 15.54 20.43 11.85 9.48 - 15.65

Final do Ciclo

MF and SWW  pH OM EC N NO;+NO,  Ninorg Norg NH," P K* Ca™*
80 7.17a 2250a 98.62a 998.67a 3.00a 11.83a 987.17a 9.00a 452a 237a 72.53a
8100 7.03a 20.83a 82.92a 956.67a 4.00a 15.17a 941.83a 11.33a 2.35a 2.6la 71.83a
§200 6.79a 20.83a 93.37a 1057.00a 3.33a 1250a 1044.83a 9.00a 3.85a 3.40ab 62.07a
8300 6.99a 20.33a 108.07a 865.67a 4.17a 13.67a 852.17a 9.67a 3.73a 4.67b 65.80a
8A 7.07A 21.58A 90.42A 997.50A 3.33A 12.42A 985.50A  9.08A 2.88A 2.80A 69.70A
8P 6.92A 20.67A 101.07A 941.50A 3.92A 14.17a 927.50A 10.42A 4.35A 3.72A 66.42A
MF 0.40 0.60 0.31 0.50 0.26 0.11 0.48 0.09 0.06  0.07 0.59
SWW 0.52 0.82 0.40 0.42 0.33 0.16 0.41 0.12 025 0.02* 057
SWW*MF 0.56 0.59 0.63 0.99 0.91 0.74 0.99 0.57 0.65 0.98 0.40
VC (%) 6.24 19.62 26.09 20.41 33.25 19.15 20.55 18.30 49.77 3572 21.72

MF and SWW Mg** Na* Cu* Zn* Mn Fe* SB CEC V% m% H+AIF
80 21.08a 0.47a  8.55a 2.08a 55.33a 29.17a 96.30a 120.33a 79.83a 1.87a 23.83a
8100 20.85a 0.68ab  8.73a 1.92a 48.83a 28.67a 9597a 119.17a 80.17a 1.73 23.22a
§200 20.42a 0.78b 8.93a 1.73a 46.50a 29.17a  86.67a 114.33a 75.83a 1.48a 27.65a
8300 20.57a 0.80b 8.55a 2.77a 46.33a 2850a 92.02a 113.17a 80.67a 1.52a 21.15a
8A 20.95A 0.75A  8.66A 2.02A 48.75A 28.00A 94.11A 115.75A 80.83A 1.71A 21.65A
8P 20.51A 0.62A  8.73A 2.23A 49.75A 29.75A 91.37A 117.75A 77.42A 159A 26.28A
MF 0.07 0.07 0.87 0.56 0.82 0.38 0.68 0.68 031 0.64 0.21
SWW 0.20 0.01* 0.89 0.24 0.42 0.99 0.71 0.66 071  0.65 0.62
SWW*MF 0.28 0.36 0.60 0.49 0.65 0.28 0.45 0.68 042 0.64 0.39
VC (%) 2.64 23.92 11.53 41.62 21.00 16.30 17.42 10.06 9.98 3596 35.64

8§ Means followed by the same lower case letter in the column do not differ by Tukey test at 5% significance for SWW and means
followed by the same capital letter in the column do not differ by Tukey test at 5% significance for MF.

A: MF absence; P: MF presence; *: Significant at 5%; V/C: variation coefficient; Amounts expressed in mg dm?; except for OM,
CEC, K, Cu*?, Ca*", Mg®", Na*?, BS, H + AI*" expressed in mmol dm™ and EC expressed in mS m™.

FREITAS et al. (2004) state that swine wastewater addition to soil, the K* levels increase,
since this effluent is rich in such nutrients. These results were also found by QUEIROZ et al.
(2004), in a Red-Yellow Podzolic soil in Rio Grande do Sul, by SILVA et al. (2007), in Red-
Yellow Oxisol in Parana and DAL BOSCO et al. (2008) in Red Dystroferric Oxisol.

MENEGHETT! (2010) evaluated 0; 100; 200 and 300 m*® h™ doses during baby corn
cultivation showed an increase in Na* soil concentration, when SWW doses were higher.
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According to GONCALVES et al. (2007), a raise in soil Na*, compared to Ca** and Mg**, is
subject to risks associated with soil physical structure changes by clay dispersion, aggregate
disruption and pore clogging reducing permeability, infiltration rate and plant water uptake.

Even though not being significant at the 5% level, it was possible to observe a growing trend
of Zn*? in relation to SWW increasing doses. The same pattern repeats for Cu*?, which was similar
to the results observed by GIROTTO et al. (2010), who reported its accumulation in Paludalf Soil
with SWW application during six years of cultivation with crop rotation. LUCAS et al. (2013)
observed accumulation of Cu™ and Zn* in Red Dystroferric Oxisol after four years SWW
application associated with mineral fertilization on crop rotation (corn, black-oat and soybean),
showing their power of accumulation over time.

The Cu*?, Fe*?, Zn* ions exceed the limits of 0.8; 1.5 and 30 mg dm™, respectively, according
to RAIJ et al. (2001), which agrees with results reported by KESSLER et al. (2013) that showed the
accumulation of these metals in soils cultivated with soybeans under SWW fertilization. The results
of this study show that successive SWW applications might accumulate certain elements in soil, as
reported by LUCAS et al. (2013), and moreover, can still cause toxicity problems, leaching down
the soil profile and also washed down by runoff contaminating water bodies.

Excess Fe*? in soils can be explained by the high P concentrations, since this inhibits the iron
absorption by plants forming insoluble complexes. The Fe*? accumulations may also be attributed to
imbalance in relation to copper, which affects its availability to plants. The high Zn" concentration
is also a probable cause, since Fe*? concentrations tend to reduce in plants with excess of Zn* (RAIJ
etal., 1991).

In the end of the cycle, there was a decrease in Ca’* and Mg?* contents, although not
significant, with increasing SWW doses. These data are opposite to the results found by other
authors, as SCHERER et al. (2007), who found increased levels of K*, Ca®* and Mg?* in a field
experiment; however, also not significant at the 5% level, with SWW application.

For the CEC factor, a negative effect occurred with increasing levels of SWW observed at the
end of the crop cycle, but it was not significant. According to PRIOR et al. (2009), the soil low
CEC is attributed to acid soil pH.

For V%, only the MF factor at the cycle beginning was statistically significant at 5% level,
but this factor was higher in MF abscence than in its presence.

Leachate variables

At the beginning of the cycle, as shown in Table 5, the Na" ion was significant for SWW
factor, showing statistically significant differences at 200 m* h™, which had the highest means. The
sodium content boost, in agricultural soils, might bring losses by increasing salinity, changing soil
physical characteristics by clay dispersion and chemical characteristics, influencing directly or
indirectly the plant development (FEIGIN et al., 1991).

At the beginning of the cycle, there was a significant interaction for Fe*?, whose highest mean
was observed at 200 dose. This result is probably due to the combination of Fe*? content, slightly
higher in 200 m*h™ plot present in soil at the beginning of the cycle (Table 4) together with the Fe*?
content from SWW treatment (Table 2) and lower plant uptake in the absence of MF (Table 3),
contributing to a higher its content in leachate.

The EC had significantly higher mean values with the addition of MF at the end of the cycle.

At the end of the cycle, there was a significant interaction in pH, which tended to reduce with
increasing doses of SWW. These results contrast with those found by MAGGI et al. (2011), who
found no changes in pH due to the SWW application and chemical fertilization.

Although not significant, higher K* values were observed with application of 200 m® ha™ of
SWW. These results corroborate to those exposed by ANAMI et al. (2008), MAGGI et al. (2011)
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and MENEGHETTI (2010), who found a higher potassium concentration in the leachate in
treatments with larger SWW amounts, which justifies this result by the high concentration of this
element in such effluent. Moreover, according MAGGI et al. (2011), the result is also found linked
to the fact that K* is a movable element in soil and is subjected to leaching. BERTOL et al. (2010)
reinforces this idea, stating that K™ has low reactivity with soil which may cause an increased
mobility. Previously, KING et al. (1985) warned about the application of high manure rates, where
Ca”" and Mg?* may be displaced from exchange sites by the waste ions such as Na*, K" and NH.",
and can be moved to deeper layers by leaching.

TABLE 5. Variance analysis (F) and average test for leachate soil parameters during corn crop.
Cycle beginning

MFand SWW  EC NO;+NO,” K" Ca” Mg? Na° Cu? zZn" pH Fe” [MF*SWW pH Fe™
§0 220.62a 2.35a  14.31a 18.62a 6.6la 13.34ab 0.02a 0.70a 7.17a - [[0A - 0.23aA
§100 27217a  3.25a  1813a 23.87a 5.84a 11.42a 0.11a 097a 7.02a - [fOP - 1.36aB
§200 26253a  2.32a  27.50a 40.82a 10.98a 23.39b 0.19a 0.93a 7.11a - [f100 A - 0.67aA
§300 23473a 6.42a  25.0la 38.38a 6.68a 185lab 0.18a 0.91a 7.00a - |[100P - 1.22aA
§8A 21758A  3.44A  25.06A 31.27A 8.42A 17.30A 0.11A 0.50A 7.11A - [1200 A - 1.65aB
8P 277.44A  3.73A  17.41A 29.80A 6.63A 16.03A 0.14A 1.26B 7.04A - |1200P - 0.26aA
- - - - - - - - - - - 1300 A - 0.76aA
- - - - - - - - - - - 1300 P - 1.07aA
MF 0.26 0.80 030 080 044 064 075 0.02* 049 - |MF - 0.55
SWW 0.88 0.06 055 008 039 0.03* 051 092 065 - [SWW - 0.97
SWW*MF 0.82 0.34 056 093 014 050 040 093 093 - [SWW*MF - 0.02*
VC (%) 50.71 7424 8231 5268 7282 3954 17282 8317 3.75 - |VC (%) - 6756
Cycle end
§0 107.83a 1.33ax  1.72a 14.19a 16.92a 1337a ns 0.65a - 1.80a[f0 A 7,70aA -
§100 87.00a  2.33ax  2.06a 12.27a 16.40a 17.79a ns 0.57a - 1.78alf0P 7.41bA -
§200 114.17a 2.83ax  1.98a 14.48a 15.7l1a 16.45a ns 0.62a - 1.47a[f100 A 751aB -
§300 111.17a 6.83ax  2.11a 19.03a 19.05a 16.19a ns 0.63a - 1.49a[f100 P 6,67aA -
§A 80.25A 1.66Ax 1.82A 12.64A 16.78A 1498A ns 0.64A - 1.58A[f200 A 747aA -
8P 129.83B  5.00Acc  2.12A 17.35A 17.26A 16.92A ns 0.59A - 1.68A[1200 P 7.20bA -
- - - - - - - - - - - 1300 A 7.29aA -
- - - - - - - - - - - 1300 P 7.19bA -
MF 0.05* 0.09 018 011 079 032 ns 035 - 0.68 |MF 0.00* -
SWW 0.83 0.11 057 038 059 044 ns 074 - 0.66 [SWW 0.01* -
SWW*MF 0.70 0.37 053 021 083 08 ns 013 - 085 SWW*MF 0.02* -
VC (%) 52.91 71.68 2634 4440 2540 2913 ns 2040 - 36.24|VC (%) 2.58 -

§ Means followed by the same low case letter in the column do not differ by Tukey test at 5% significance for SWW and means
followed by the same capital letter in the column do not differ by Tukey test at 5% significance for MF. § Means followed by the
same low case letter in the column do not differ by Tukey test at 5% significance for the SWW statistical breakdown by MF and
means followed by the same capital letter in the column do not differ by Tukey test at 5% significance level for MF within SWW. A:
MF absence; P: MF presence; *: Significant at 5%; VC: variation coefficient; ns: non-significant values; o variables with Yeo-
Johnson transformation. Nutrients expressed in mg L™; EC expressed in uS m™.

In spite of not significant, the NO3™ + NO," concentrations tended to rise with increasing
SWW doses and also with fertilizer addition (MF), both at the beginning and end of the culture
cycle. Similar results were reported by AITA & GIACOMINI (2008), MENEGHETTI (2010)
SMANHOTTO et al. (2010), who found that the NOg3  concentration increased with SWW
application. This result is worrisome from the environmental point of view, considering the high
possibility of surface and groundwater contamination. However, CAVANAGH et al. (2011) argue
that lower residue doses may fertilize the crop, minimizing nitrate contamination risk in
groundwater.

The Ca®* and Mg* ions showed a growth trend with SWW and MF addition, however not
significant. MAGGI et al. (2011) and MENEGHETT]I (2010) evaluated the SWW and MF effect at
different levels in soybean and baby corn, respectively, also observed an increase in the amounts of
Ca®", as there was an increase in SWW doses MF addition. According to MAGGI et al. (2011), the
calcium in soil is strongly adsorbed than ammonium, potassium and magnesium, which perform a
less intense leaching and, in fact, not enough to cause concern, in loss terms, when compared to
other elements. Looking at Table 5, we observe that during the experimental period Ca®*
concentrations in leachate decreased. Similar results were obtained by FREITAS et al. (2004), who
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found that calcium concentrations in leachate from lysimeters with SWW application generally
were lower at the corn crop cycle end than at the beginning. GOSS et al. (2010), regarding lysimeter
drainage, observed Ca?*, NO3", Mg?* and Na percolation along soil profile, which reached the
leachate.

According to CONAMA Resolution 396/2008 (BRAZIL, 2008), it is considered as upper
limits for the groundwater: 50; 100; 25; 300; 20; 1000 and 100 mg L™ levels for Cu*?, Fe*?, Mn,
NO,, NO3, Na* and Zn*?, respectively. In this sense, all the elements assessed in this study,
presented values above permitted so characterized as polluters for this water class.

CONCLUSIONS

We conclude that the swine wastewater can be partially used as fertilizer, once phosphorus
and manganese are supplemented with mineral fertilizer. However, when defining the
agronomically suitable dose for crop fertilization, one must consider environmental aspects: iron,
copper, and zinc amounts in soil.

It was found that for higher SWW doses, significant concentrations of copper, iron,
manganese, nitrate + nitrite, sodium and zinc in the leachate material, which reinforces the need to
obtain an agronomic and environmentally appropriate dose.
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