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ABSTRACT: The use of animal-origin residues as a nutrient source without prior and proper 

investigations on their positive and negative impacts can affect the quality of agricultural soils and 

the environment into which they are inserted. In this sense, the aim of this study was to assess the 

impact of swine wastewater and mineral fertilization application on soil, soybean crop, and leachate 

characteristics. The experiment was developed in drainage lysimeters under field conditions. The 

following doses of swine wastewater were applied: 0, 100, 200, and 300 m3 ha−1, both with and 

without mineral fertilization. Swine wastewater application contributed to increasing soil nutrients; 

however, a special attention should be paid to Cu+ and Zn+ accumulation, which may interfere with 

soil quality in the long-term. In addition, Na+, K+, and N can be leached into groundwater and cause 

impacts on water quality. Wastewater supplied soybean crop requirements with some nutrients such 

as K+ and Zn2+, without the need for an additional mineral supplementation. Thus, once the above 

conditions are monitored, swine wastewater can be applied to soil. 
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INTRODUCTION 

The increasing grain production, especially soybeans and corn, tends to provide support for 

the hog-raising sector. Globally, before being independent production units, these economical 

activities should be considered as an integrated system between farming and livestock. Besides of 

that, crop rotations are part of such system, therefore a special attention needs to be paid when 

residues are deposited in the soil. 

Hog raising is among the main farming activities in Brazil, with the South region accounting 

for around 60% of the total production (17.0% in Paraná State, 19.3% in Rio Grande do Sul State, 

and 25.1% in Santa Catarina State) (ABIPECS, 2012). Despite its economic and social importance, 

this livestock activity generates large amounts of residues, which require an environmentally correct 

disposal. 

Being aware of the environmental impacts caused by wastewater dumping into water bodies, 

as well as the growing concerns about environmental quality, hog producers, and academic 

researchers have sought for specific solutions for waste treatment and reuse, preventing this activity 

from causing impacts on the environment. Even though there have several available technologies 

for wastewater treatment, its disposal onto soils is widely practiced, being used as fertilizers in grain 

cropping and pastures (Smanhotto et al., 2010). 

In cases where these residues are applied at the same sites and at frequencies exceeding the 

maximum solute retention capacity of the soil and maximum plant absorption, nutrients and/ or 

other chemicals may be leached into water bodies. Although the presence of macro and 

micronutrients in swine wastewater may reduce the use of chemical fertilizers, this residue might 

become a potential pollutant if managed inadequately. Therefore, besides its potential as a fertilizer, 

other aspects such as application quantity and frequency – which vary with soil type, as well as 

residue nature and composition, climatic conditions and crop species, should be also investigated. 
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Several studies have reported the impact of wastewater disposal on soil (Sampaio et al., 2010; 

Rosa et al., 2017), leachate (Prior et al., 2009; Maggi et al., 2011; Lourenzi et al., 2014b), drained 

(Dal Bosco et al., 2008b; Doblinski et al., 2010; Wang et al., 2013), crops (Kessler et al., 2013a; 

Kessler et al., 2013b; Passarin et al., 2016; Lourenzi et al., 2014a), and biota (Tessaro et al., 2013; 

Brooks et al., 2014; Castaldelli et al., 2015; Tessaro et al., 2016).  

The main negative effects of effluent use are related to water contamination by nitrogen and 

phosphorus (Smanhotto et al., 2010; Kessler et al., 2014), besides the accumulation of copper and 

zinc on soil surface (Dal Bosco et al., 2008a; Lucas et al., 2013; Legros et al., 2013). Yet the 

positive effects are the increase of organic matter and nutrients in the soil (Assmann et al., 2007). 

Furthermore, there are still some concerns about antimicrobial agents applied on a large scale and in 

an unbiased manner, which, when detected in wastewater, may lead to a genetic resistance of 

microorganisms, and then becoming environmental contaminants (Liu et al., 2013; Moura et al., 

2016; Bilotta et al., 2017). 

Studies regarding environmental and agricultural impacts should consider the main interfering 

factors from wastewater application on the soil in an integrated and non-isolated manner, as in most 

of the above-mentioned studies. In this sense, the aim of this study was to identify whether a 

continuous swine wastewater application meets the soybean nutritional requirements, in addition to 

verifying the occurrence of excessive nutrient leaching. 

 

MATERIAL AND METHODS 

Experimental area location and characterization 

The experiment was carried out in Cascavel, Paraná state, Brazil. The geographical 

coordinates of this area are 24°48′ S and 53°26′ W, with an altitude of 760 m. 

The regional climate is a humid subtropical climate (Cfa) with an annual average rainfall of 

1800 mm, warm summers, frosts infrequent, and rains concentrated in summer, but with no defined 

dry season. This municipality presents an average temperature of 20 °C and average relative air 

humidity of 75%. Figure 1 shows the meteorological data of rainfall, average temperature, cultural 

treatments, and period of the soybean cultivation cycle. 

The soil of the experimental area is classified as an Oxisol (Haplorthox). Twenty-four 

drainage lysimeters were installed in the experimental area, eight per row, spaced 0.4 m vertically 

and 0.6 m horizontally (longitudinal and transversal). Each drainage lysimeter had a volume of one 

m3 and an area of 1.60 m2 (depth of 0.91 m and diameter of 1.43 m) and composed an experimental 

plot. 
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FIGURE 1. Monthly rainfall (mm) and average temperature (°C) in 2012 and 2013 obtained at the 

SIMEPAR’s Meteorological Station.  

 

Swine wastewater application 

Swine wastewater (SW) was collected from a farm in the district of Três Bocas, in Toledo 

(PR), Brazil. This rural property has an integrated biosystem for treating residues. The samples 

were taken from a channel before the entrance of wastewater into a biodigester feed tank. After 

being collected, the wastewater samples were chemically characterized (Table 1). 

 

TABLE 1. Characterization of the swine wastewater applied before soybean cultivation.  

Parameter  Parameter  

pH (CaCl2) 6.89 Fe2+ (mg L−1) 27.4 

N (mg L−1) 707.0 Mn+2 (mg L−1) 7.1 

Norg (mg L−1) 266.7 B (mg L−1) 1.27 

Ninorg (mg L−1) 440.3 S (mg L−1) 37.11 

NH4
+ (mg L−1) 419.3 Turbidity 3140 

NO3
− + NO2

− (mg L−1) 21.0 EC (µS m−1) 4470 

TOC (mg L−1) 2916.3 COD (mg L−1) 10320 

P (mg L−1) 33.01 CODf (mg L−1) 3200 

K+ (mg L−1) 265.0 TS (mg L−1) 20000 

Na+ (mg L−1) 16.8 FS (mg L−1) 2300 

Ca2+ (mg L−1) 236.0 VS (mg L−1) 17700 

Mg2+ (mg L−1) 67.0 DTS (mg L−1) 2500 

Cu2+ (mg L−1) 8.3 DFS (mg L−1) 1500 

Zn2+ (mg L−1) 39.0 DVS 1000 
TOC – Total organic carbon; TS – Total solids; FS – Fixed solids; VS – Volatile solids; COD – Chemical oxygen demand; CODf – 

Filtered chemical oxygen demand; DTS – Dissolved total solids; DFS – Dissolved fixed solids; DVS – Dissolved volatile solids. 

 

Description of treatments 

SW was applied before soybean sowing, only once, manually, and evenly distributed 

throughout the lysimeter area. The established SW doses were 0, 100, 200, and 300 m3 ha−1. The 

adopted methodology allows obtaining a history of the area since 2006 (Prior et al., 2009). 

In addition, mineral fertilization (MF) effect on sowing was also assessed. Therefore, the 
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treatments consisted of four SW doses associated or not with MF, totaling eight treatments in a 4 × 

2 factorial scheme. The treatment 0SW–A was the environmental control and received neither SW 

nor MF. Yet the treatment 0SW–P consisted of an agronomic control and received no SW, albeit 

received MF at the recommended dose. Treatments were applied according to the order established 

by Prior et al. (2009). 

Implantation of commercial cultivation – Soybean 

Corn, oat, and soybeans have been grown annually under no-tillage system since the 

experiment implantation in 2006. These crops were applied with SW and MF at different 

production cycles: corn (2006, 1st), soybeans (2006, 2nd), black oat (2007, 3rd), soybeans (2007, 

4th), black oat (2008, 5th), baby corn (2008, 6th), corn (2009, 7th), black oat (2009, 8th), soybeans 

(2009, 9th), corn (2010, 10th), soybeans (2010, 11th), corn (2011, 12th), black oat (2011, 13th), 

corn (2012, 14th), black oat (2012, 15th), and soybeans (2012, 16th). The data presented in this 

study refer to the soybean cultivar BRS 283 (16th production cycle). Table 2 shows the total 

amount of nutrients applied via SW and MF, both up to the 15th production cycle and in the 16th 

production cycle. 

 

TABLE 2. Total nutrients (kg ha−1) applied via mineral fertilization and swine wastewater, per 

treatment, in the previous 15 production cycles and in the current cycle (16th).  

 Previous cycle 

 Mineral fertilization Swine wastewater 

 N P K N P K Cu Zn 

0SW–A 0 0 0 0 0 0 0 0 

0SW–P 697.5 640 595 0 0 0 0 0 

100SW–A 0 0 0 725.3 153.53 453.63 78.68 43.14 

100SW–P 697.5 640 595 725.3 153.53 453.63 78.68 43.14 

200SW–A 0 0 0 1462.6 306.74 905.26 157.31 86.28 

200SW–P 697.5 640 595 1462.6 306.74 905.26 157.31 86.28 

300SW–A 0 0 0 2202.9 349.75 1328.89 235.99 129.41 

300SW–P 697.5 640 595 2202.9 349.75 1328.89 235.99 129.41 

 Current cycle (16th) 

 Mineral fertilization Swine wastewater 

 N P K N P K Cu Zn 

0SW–A 0 0 0 0 0 0 0 0 

0SW–P 0 50 50 0 0 0 0 0 

100SW–A 0 0 0 70.70 0.33 2.65 0.83 0.39 

100SW–P 0 50 50 70.70 0.33 2.65 0.83 0.39 

200SW–A 0 0 0 141.40 0.66 5.30 1.66 0.78 

200SW–P 0 50 50 141.40 0.66 5.30 1.66 0.78 

300SW–A 0 0 0 212.10 0.99 7.95 2.49 1.17 

300SW–P 0 50 50 212.10 0.99 7.95 2.49 1.17 

 

Chemical analysis 

Soil samples were collected before sowing and after harvest at each plot (lysimeter) at a depth 

of 0–20 cm for determining pH, OM, P (Mehlich), K+, Ca2+, Mg2+, CEC, Cu2+, Zn2+, Na+, EC, total 

N, inorganic N, organic N, NO3
−, and NH4

+ (Raij, 2011). Regarding the particle size analysis, soil 

presented 59.0, 146.2, and 794.8 g kg−1 of sand, silt, and clay, respectively. 

Leachate samples were collected from each plot (lysimeter) after SW application. Samples 

were stored in plastic bottles under refrigeration at 5 °C and subsequently submitted to analyses of 

pH, electrical conductivity, total N, NO3
−, NO2

−, P, Cu, Zn2+, Ca2+, Mg2+, Na+, and K+. 

For leaf analysis, soybean leaves were collected at the phenological stage R2 from ten plants 

per experimental plot. These leaves were dried in an air circulation oven at 65 °C until constant 

weight, being subsequently ground. Nitrogen content was determined by the Kjeldahl method 

(Tedesco et al., 1995). Phosphorus, sulfur, potassium, calcium, and magnesium were determined by 

extraction via wet (nitro-perchloric digestion) with a subsequent reading of phosphorus and sulfur 
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by colorimetry, potassium by using a flame photometer, and calcium and magnesium in an atomic 

absorption spectrophotometer. Copper, iron, manganese, and zinc contents were determined as the 

macronutrients and reading in an atomic absorption spectrophotometer (Tedesco et al., 1995). 

Statistical analysis 

The experiment was conducted in the field, in a randomized complete block design, under a 

4x2 factorial scheme with three replications. Four SW doses (0, 100, 200, and 300 m3 ha−1 in the 

cycle) and two MF levels (absence and presence of MF at sowing) were used. Before performing 

the analysis of variance, the descriptive analysis of data and verification of normality of errors were 

carried out. Data were transformed for parameters with a non-normal distribution of errors. When 

significant effects were observed at 5% probability in the treatment, the Tukey’s test (p < 0.05) was 

used to compare the means. A T-test was conducted among the averages of soil prior to experiment 

implantation (initial) and after crop harvest (final). In addition, the significant parameters were 

submitted to regression analysis to explain swine wastewater doses. 

 

RESULTS AND DISCUSSION 

In the soil analysis performed before soybean cultivation, a difference was observed only for 

contents of P, K+, Na+, Cu2+, and Zn2+ (Table 3). After soybean harvest, a difference was observed 

only for pH and contents of P, Mg2+, K+, Na+, Cu2+, and Zn2+. For the other nutrients, no difference 

was observed between treatments. The interaction between SW and MF was not significant. 

Considering the soil after soybean cultivation, SW application reduced pH values (Table 3). 

This can be attributed to the high ammoniacal nitrogen value via SW, which can be oxidized to 

NO3
− by the microbial nitrification process, producing an acidifying effect on the medium (Cassol 

et al., 2012). In addition, in soils with pH close to neutrality, a reduction in pH values due to base 

leaching along the well-drained soil profile and inserted in regions with frequent and significant 

rainfall may be observed (Adeli et al., 2008), as in the western region of Paraná (Figure 1). The 

clayey Oxisol (794.8 g kg−1 clay) has a good drainage due to its physical structuring inherent to the 

high contents of iron oxides and other cementing agents. Soil contents of P and K+ (Table 3) were 

positively influenced by MF presence after soybean cultivation, justified by the NPK base of MF, 

which added P and K+ to the medium. 
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TABLE 3. Soil characteristics before and after being submitted to soybean cultivation and 

application of swine wastewater and mineral fertilization in the 16th crop cycle.  

 

Data showing non-normality were transformed into  or log x. Means followed by different lowercase letters in the column 

differ statistically from each other by the Tukey’s at 5% significance. Means followed by uppercase letters in the rows compared by 

the T-test at 5% significance the initial and final soils of the experiment within each factor. A: MF absence; P: MF presence; 

*Significant at 5%; CV: Coefficient of variation. Int. = Initial; Fin. = Final; (1) mg dm−3; (2) mmolc dm−3; (3) mg kg−1. Coefficient of 

determination (adjusted R2). 

 

Mg2+ content (Table 3) was higher under MF absence after soybean harvest. Although small, 

this difference, which is related to the low CV of data, should be considered. This lower availability 

under the presence of fertilization with NPK may be due to the reaction between P and Mg2+, 

forming magnesium phosphate and precipitating Mg2+, making it unavailable. 

K+ content in the soil increased as SW doses increased, as observed by the significant 

regression analysis and adjusted coefficient of determination (0.74) (Table 3). SW has a high K+ 

content (Table 1), with a greater plant availability. 

After soybean cultivation, the average contents of Na+ were similar in the SW doses and 

different when MF was considered, being higher under MF presence. Medeiros et al. (2011) 

observed an increase in Na+ content in plots treated with swine wastewater. However, a special 

attention should be paid because successive wastewater applications may cause soil salinization. In 

this sense, this phenomenon may be a limiting factor for SW use, although the wastewater applied 

in our experiment had a low salinity (Table 1), with an EC between 0 and 270 µS cm−1 (EPA, 

1981). In addition, the region, where the experiment was conducted, presents a good rainfall, 

intense agriculture, and deep soils, making salinization process uncommon. 

The elements Cu2+ and Zn2+ presented a similar behavior, i.e. their contents increased as SW 

doses increased (Table 3). In this case, 0SW dose presented the lowest value, demonstrating Cu2+ 

and Zn2+ accumulation in the soil, i.e. the supplied content is greater than plant assimilation (Lucas 

et al., 2013). Cu2+ and Zn2+ exceeded the maximum limits of 0.8 and 1.20 mg dm3 (Raij, 2011), 

respectively, even in the plot with 0SW dose. Cu2+ and Zn2+ are accumulated in soil mainly in their 

bioavailable forms. Cu2+ is found in the organic and mineral soil phases whereas Zn2+ is found only 

in the mineral phase (Girotto et al., 2010). These elements are used in animal feed as a supplement, 

without being fully absorbed and therefore excreted in high amounts, remaining in SW (Table 1). In 

this case, the accumulation occurred in nine years of experimentation in the same area and with the 
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same treatments. In the current experiment, treatments with 300 m3 ha−1 added 2.49 and 1.17 kg 

ha−1 of Cu2+ and Zn2+, respectively. For all previous experiments carried out in these same plots, the 

total applied reached 235.99 and 129.41 kg ha−1 of Cu2+ and Zn2+ (Table 2), respectively. 

These metals are usually associated with organic compounds, mainly linked to humic 

substances. Therefore, after SW application, organic compounds need to be mineralized to release 

metals, favoring their accumulation in soil superficial layers and hence their transference by surface 

runoff (Girotto et al., 2010; Scherer et al., 2010). However, when added to soil via SW, metals 

present little mobility, being accumulated at higher quantities in the superficial layer without major 

environmental risks due to leaching (Table 4) (Scherer et al., 2010). 

When comparing the soil means before experiment implantation (initial) with the soil after 

crop harvest (final), Cu2+ and Zn2+ contents stood out. An accumulation of Cu2+ was observed in the 

soil since its value found in the final soil was higher whereas a reduction was observed in Zn2+, 

which is mainly due to the absorbed by the plant (Table 5). 

The contents of N, Na+, and K+ of the leachate increased as SW doses increased (Table 4). 

The presence of MF influenced only K+ content. For the other nutrients, no difference was 

observed. 

 

TABLE 4. Characteristics of leachate collected during soybean cultivation after wastewater 

application in the 16th production cycle.  

SW and MF N Na+ K+ 

  Mean test  

 mg L−1 mg L−1 mg L−1 

0 0.38 b 0.00 b 0.43 b 

100 0.50 ab 0.01 ab 0.51 b 

200 0.52 ab 0.02 ab 0.63 ab 

300 0.74 a 0.03 a 0.84 a 

A 0.50 a 0.01 a 0.45 b 

P 0.57 a 0.02 a 0.75 a 

MF 0.76 3.82 26.33* 

SW 4.29* 3.72* 9.11* 

MF × SW 1.53 0.79 1.78 

CV (%) 32.81 0.77 23.92 

  Regression analysis  

Equation    

SW 0.001156x + 0.269333 0.0000573x + 0.001746667 0.0011257667x + 0.2611 

MF 0.00061x + 0.4743333 0.000120133x + 0.002946667 0.001424667x + 0.536466667 

p-value    

SW 0.001 0.001 0.001 

MF 0.267 0.030 0.014 

Coefficient of determination 

(Adjusted R2) 
   

SW 0.60 

0.03 

0.41 

0.32 

0.63 

0.41 MF 

Data showing non-normality were transformed into . Means followed by different letters differ statistically from each other by 

the Tukey’s test at 5% significance. A: MF absence; P: MF presence; *Significant at 5%; CV: Coefficient of variation. 

 

The increased N is expected since it is one of the nutrients found in higher concentration in 

SW. Most of the N present in organic residues is in the organic form, which needs to be mineralized 

to NH4
+, NO3

−, and NO2
−. NO3

− is poorly adsorbed by soil and has a tendency to remain in solution, 

mainly in soil superficial layers, where the organic matter accentuates the electronegative character 

of soil particles and repels NO3
−, which is leached more easily in the soil profile. Thus, it presents a 

contaminant and pollutant potential for the surface and groundwater, altering their quality 

(Smanhotto et al., 2013). 
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One of the main problems found with SW application in agriculture refers to the presence of 

nitrates in groundwater due to the excess of N disposed of in the soil (Sampaio et al., 2010). 

However, unlike most of the residues, nitrogen in SW is in the mineral form, reaching 50% of 

NH4
+, NO3

−, and NO2 (Table 1). 

Although close to zero, the increased Na+ content in the leachate should be considered since 

little of this ion is normally leached due to its strong adsorption to colloids, which may lead to soil 

sodization. However, this problem was not observed in all treatments because the highest 

concentration observed, i.e. the percentage of exchangeable sodium (PES = 0.35%), was lower than 

the limit for characterizing sodic soils (PES > 7%). 

In our study, K+ accumulation was observed in the 0–20 cm soil layer (Table 3). Furthermore, 

the highest K+ value in the highest SW doses can be justified by its high concentration in this type 

of effluent (Maggi et al., 2011) (Table 1). In wastewater, K+ is completely in the mineral form, 

being 100% available at SW application time. However, when added to soil, K+ forms an ionic 

bond with the surface functional groups (Kaminski et al., 2007), making its accumulation in the soil 

less representative. On the other hand, Scherer et al. (2007) reported the lack of K+ accumulation in 

an Oxisol submitted to annual applications of 40 and 115 m3 ha−1 of swine wastewater in a four-

year period. 

The contents of Mg2+ and Ca2+ presented the highest average values in the 0SW dose (Table 

5), inverse to SW addition. This behavior may be because Mg2+ and Ca2+ compete for the same 

exchange site as K+ (Medeiros et al., 2008), which was absorbed in a greater amount by plants. 

 

TABLE 5. Leaf analysis of soybean submitted to the application of swine wastewater and mineral 

fertilization in the 16th production cycle.  

Data showing non-normality were transformed into . *Means followed by different letters differ statistically from each other. 

A: MF absence; P: MF presence; *Significant at 5%; CV: Coefficient of variation. #Means followed by lowercase letters in the 

column do not differ from each other by the Tukey’s test at 5% significance for SW breakdown within MF and means followed by 

the same uppercase letters in the column do not differ from each other by the Tukey’s test at 5% significance for MF breakdown 

within SW. 

 

P and Zn2+ presented increased values as SW increased. Zn2+ accumulation in soil (Table 3) 

was reflected in its leaf accumulation. On the other hand, in the 0SW plot, soybean plants presented 

a deficiency in Zn2+ since contents lower than 25 mg kg−1 characterize its deficiency in leaves 

(Malavolta et al., 1997). 

SW and MF* Mg2+ P Ca2+ Zn2+ SW*MF# K+ B 

 g kg−1 g kg−1 g kg−1 mg kg−1  g kg−1 mg kg−1 

0 5.36 a 2.81 b 11.77 a 19.47 b 0 A 11.15 cB 48.64 aA 

100 4.12 b 3.20 ab 9.5 b 33.24 a 0 P 17.72 aA 32.43 bB 

200 4.05 b 3.49 a 9.22 b 36.96 a 100 A 14.82 bB 51.08 aA 

300 3.88 b 3.33 ab 8.16 b 42.25 a 100 P 18.07 aA 50.14 aA 

A 4.94 a 3.01 b 10.42 a 35.53 200 A 17.90 abA 51.02 aA 

P 3.76 b 3.40 a 8.90 b 30.43 200 P 20.45 aA 53.65 aA 

– – – – – 300 A 19.96 aA 55.84 aA 

– – – – – 300 P 19.79 aA 47.08 aB 

MF 20.13* 7.4* 15.20* 2.81 MF 22.15* 16.51* 

SW 6.11* 4.18* 15.19* 10.27* SW 14.81* 14.94* 

MF × SW 1.87 3.14 0.20 0.01 MF × SW 5.11* 8.70* 

CV (%) 5.86 10.95 9.89 22.56 CV (%) 4.53 3.75 

 Regression 

 Equation 

SW -0.0072x6+0267 0.00377x+2.4503 0.01207x+12.235 
0.0120x+12.2356 

 
 0.02949x+11.532 0.02153x+48.4166 

MF -0.0018x+4.028 3.3333x+3.4003 -0.0101x+10.4273 -0.0101x+10.4273  0.0086x+17.7146 0.04745x+38.7073 

 p-value 

SW 0.016 0.000 0.001 0.001  0.00 0.054 

MF 0.007 0.997 0.001 0.001  0.11 0.032 

 Coefficient of determination (adjusted R2) 

SW 0.39 0.69 0.63 0.63  0.88 0.25 

MF 0.21 0.09 0.60 0.60  0.15 0.31 
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Plants cultivated under MF absence presented a higher Mg2+ content due to the response of its 

highest content in the plots without MF in soil (Table 3) and Ca2+. This is due to the inhibitory 

competitiveness between Ca2+, Mg2+, and K+ (Pereira et al., 2016). In addition, P was higher under 

MF presence probably due to the presence and availability of this nutrient. However, these nutrients 

are within the normal range indicated by Raij (2011), which is from 3 to 10 g kg−1 for Mg2+, 4 to 20 

g kg−1 for Ca2+, and 2.5 to 5 g kg−1 for P. 

Under MF absence, K+ presented a higher value when SW was applied. Its absorption may be 

related to its mineralization and readily availability to the plant when in wastewater. Under MF 

presence, no effect of SW was observed probably due to MF addition since it is the base of NPK. 

These results indicate the feasibility of SW as K+ supply for soybean crops in the absence of MF. 

At the doses 0SW and 100SW, the highest K+ value was observed under MF presence 

whereas in the other doses no difference was observed. The recommended K+ for soybean crop 

should be, on average, between 17 to 25 g kg−1 (Raij, 2011). 

B content was lower at the dose 0SW and MF presence. The doses 0SW and 300SW 

presented the highest averages under MF absence. However, it is adequate for soybean 

development, whose recommended dose is from 21 to 55 g kg−1 (Raij, 2011). 

In general, swine wastewater application contributes in increasing the nutrients in the soil. 

However, a special attention should be paid for of Cu+ and Zn+ accumulation, which may interfere 

with the long-term soil quality. N (mainly in NO3
− form), Na+, and K+ were found in the leachate. 

Thus, these ions may leach and contaminate groundwater, causing impacts on water quality. Swine 

wastewater meets soybean crop requirements with some nutrients such as K+ and Zn2+ without an 

additional mineral supplementation. However, the other nutrients should be associated and 

complemented with chemical fertilizers. 

 

CONCLUSIONS 

According to our study, swine wastewater can be applied to the soil given the monitored and 

studied conditions presented in this study: 

1 – Swine wastewater application contributes to increasing soil nutrient contents, however, a 

special attention should be paid mainly to Cu+ and Zn+ accumulations, which may interfere with a 

long-term quality of the soil. 

2 – The nutrients N, Na+, and K+ can be leached into groundwater and cause impacts on the 

quality of water resources. 

3 – Swine wastewater meets the nutritional requirements of soybeans for some nutrients such 

as K+ and Zn2+, with no need for additional mineral supplementation. 

 

REFERENCES 

ABIPECS - Associação Brasileira da Indústria Produtora e Exportadora de Carne Suína (2012) 

Relatório Annual, ABIPECS, 20p.  

Adeli A, Bolster CH, Rowe DE, Mclaughlin MR, Brink GE (2008) Effect of long-term swine 

effluent application on selected soil properties. Soil Science 173(3):223-235. 

Assmann TS, Assmann JM, Cassol LC, Diehl RC, Manteli C,  Magiero EC (2007) Desempenho da 

mistura forrageira de aveia-preta mais azevém e atributos químicos do solo em função da aplicação 

de esterco líquido de suínos. Revista Brasileira de Ciência do Solo 31(6):1515-1523. 

Bilotta P, Steinmetz RLR, Kunz A, Mores R (2017) Swine effluent post-treatment by alkaline 

control and UV radiation combined for water reuse. Journal of Cleaner Production 140:1247-1254. 

Brooks JP, Adeli A, Mclaughlin MR (2014) Microbial ecology, bacterial pathogens, and antibiotic 

resistant genes in swine manure wastewater as influenced by three swine management systems. 

Water Research 57:96-103. 



Swine wastewater: impacts on soil, plant, and leachate 

Eng. Agríc., Jaboticabal, v.37, n.5, p.928-939, sep./oct. 2017 

937 

Cassol PC, Costa AC, Ciprandi O, Pandolfo CM, Ernani PR (2012) Disponibilidade de 

macronutrientes e rendimento de milho em latossolo fertilizado com dejeto suíno. Revista Brasileira 

de Ciência do Solo 36:1911-1923. 

Castaldelli APA, Sampaio SC, Tessaro D, Herrmann DR, Sorace M (2015) Meso e macrofauna de 

solo cultivado com milho e irrigado com água residuária da suinocultura. Engenharia Agrícola 

35(5):905-917.  

Dal Bosco TC, Sampaio SC, Opazo MAU, Gomes SG, Nóbrega LHP (2008a) Aplicação de água 

residuária de suinocultura em solo cultivado com soja: cobre e zinco no material escoado e no solo. 

Engenharia Agrícola 28(4):699-709. 

Dal Bosco TC, Iost C, Silva LN, Carnellosi CF, Ebert DC, Schreiner JS, Sampaio SC (2008b) 

Utilização de água residuária de suinocultura em propriedade agrícola – estudo de caso. Irriga 

13(1):139-144. 

Doblinski AF, Sampaio SC, Silva VR, Nóbrega LHP, Gomes SD, Dal Bosco TC (2010) Nonpoint 

source pollution by swine farming wastewater in bean crop.  Revista Brasileira de Engenharia 

Agrícola e Ambiental 14(1):87-93.  

EPA – Environmental Protection Agency (1981) Process design manual. Land treatment of 

municipal wastewater. Cincinnati. 

Girotto E, Ceretta CA, Brunetto G, Santos DR, Silva LS, Lourenzi CR, Lorensini F, Vieira RCB, 

Schmatz R (2010) Acúmulo e formas de cobre e zinco no solo após aplicações sucessivas de dejeto 

líquido de suínos. Revista Brasileira de Ciência do Solo 34(3):955-965. 

Kaminski J, Brunetto G, Moterle DF, Rheinheimer DDS (2007) Depleção de formas de potássio do 

solo afetada por cultivos sucessivos. Revista Brasileira de Ciência do Solo 31(5):1003-1010. 

Kessler NCH, Sampaio SC, Sorace M, Lucas SD, Palma D (2014) Swine wastewater associated 

with mineral fertilization on corn crop (Zea mays). Engenharia Agrícola 3(34):554-566. 

Kessler NCH, Sampaio SC, Lucas SD, Sorace M, Citolin AC (2013a) Swine wastewater associated 

with mineral fertilization in soybean (Glycine max L.) cultures: 9th production cycle. Journal of 

Food, Agriculture & Environment 11(2):936-942. 

Kessler NCH, Sampaio SC, Sorace M, Prado NV, Palma D, Cunha E, Andrade LH (2013b) Swine 

wastewater associated with mineral fertilization in blackoat (Avena sativa) cultures: 8th production 

cycle. Journal of Food, Agriculture & Environment 11(2):1437-1443. 

Legros S, Doelsch E, Feder F, Moussard G, Sansoulet J, Gaudet JP, Rigaud S, Basile Doelsch I, 

Saint Macary H, Bottero JY (2013) Fate and behaviour of Cu and Zn from pig slurry spreading in a 

tropical water–soil–plant system. Agriculture, Ecosystems and Environment 164:70-79. 

Liu L, Liu C, Zheng J, Huang X, Wang Y, Liu Y, Zhu G (2013) Elimination of veterinary 

antibiotics and antibiotic resistance genes from swine wastewater in the vertical flow constructed 

wetlands. Chemosphere 91(8):1088-1093. 

Lourenzi CR, Ceretta CA, Brunetto G, Girotto E, Tiecher TL, Vieira R, Costa B, Cancian A, 

Ferreira PAA (2014a) Pig slurry and nutrient accumulation and dry matter and grain yield in 

various crops. Revista Brasileira de Ciência do Solo 38(3):949-958. 

Lourenzi CR, Ceretta CA, Cerini JB, Ferreira PAA, Lorensini F, Girotto E, Tiecher TL, Schapanski 

DE, Brunetto G (2014b) Available content, surface runoff and leaching of phosphorus forms in a 

typic Hapludalf treated with organic and mineral nutrient sources Revista Brasileira de Ciência do 

Solo 38(2):544-556.  

Lucas SDM, Sampaio SC, Uribe-Opazo MA, Gomes SD, Kessler NCH, Prado NV (2013) Long-

term behavior of Cu and Zn in soil and leachate of an intensive no-tillage system under swine 

wastewater and mineral fertilization. African Journal of Agricultural Research 8(7):639-647. 



Danielle M. Rosa, Silvio C. Sampaio, Pâmela A. M. Pereira, et al. 

Eng. Agríc., Jaboticabal, v.37, n.5, p.928-939, sep./oct. 2017 

938 

Maggi CF, Freitas CLF, Sampaio SC, Dieter J (2011) Lixiviação de nutrientes em solo cultivado 

com aplicação de água residuária de suinocultura. Revista Brasileira de Engenharia Agrícola e 

Ambiental 15(2):170-177. 

Malavolta E, Vitti GC, Oliveira SA (1997) Avaliação do estado nutricional das plantas, princípios e 

aplicações. Piracicaba, Associação Brasileira para a Pesquisa da Potassa e do Fosfato, 319p. 

Medeiros SS, Gheyi HR, Pérz-Marin AM, Soares FAL, Dantas Fernandes PD (2011) 

Características químicas do solo sob algodoeiro em área que recebeu água residuária da 

suinocultura. Revista Brasileira de Ciência do Solo 35(3):1047-1055. 

Medeiros C, Albuquerque JA, Mafra AL, Dalla Rosa J, Gatiboni LC (2008) Relação cálcio: 

magnésio do corretivo da acidez do solo na nutrição e no desenvolvimento inicial de plantas de 

milho em Cambisolo Húmico Álico. Semina: Ciências Agrárias 29(4):799-806. 

Moura AC, Sampaio SC, Remor MB, Silva AP, Pereira PAM (2016) Long-term effects of swine 

wastewater and mineral fertilizer association on soil microbiota. Revista Engenharia Agrícola 

36(2):318-328.  

Passarin OM, Sampaio SC, Rosa DM, Reis RR, Correa MM (2016) Soybean nutritional status and 

seed physiological quality with swine wastewater. Revista Brasileira de Engenharia Agrícola e 

Ambiental 20(1):16-21.  

Pereira PAM, Sampaio SC, Reis RR, Rosa DM, Correa MM (2016) Swine farm wastewater and 

mineral fertilization in corn cultivation. Revista Brasileira de Engenharia Agrícola e Ambiental 

20(1):49-54.  

Prior M, Smanhotto A, Sampaio SC, Nóbrega LHP, Opazo MAU, Dieter J (2009) Acúmulo e 

percolação de fósforo no solo devido à aplicação de água residuária de suinocultura na cultura do 

milho (Zea mays L.). Pesquisa Aplicada & Agrotecnologia 2:89-96. 

Raij BV (2011) Fertilidade do solo e manejo de nutrientes. Piracicaba, International Plant Nutrition 

Institute, 420p. 

Rosa, DM, Sampaio, SC, Pereira, PAM, Reis, RR, Sbizzaro, M (2017) Corn fertilization using 

swine wastewater and soil-water environmental quality. Revista Engenharia Agrícola, 37: 801-810.  

Sampaio SC, Fiori MGS, Opazo MAU, Nóbrega LHP (2010) Comportamento das formas de 

nitrogênio em solo cultivado com milho irrigado com água residuária da suinocultura. Engenharia 

Agrícola 30(1):138-149. 

Scherer EE, Baldissera IT, Nesi CN (2007) Propriedades químicas de um latossolo vermelho sob 

plantio direto e adubação com esterco de suínos. Revista Brasileira de Ciência do Solo 31:123-131. 

Scherer EE, Nesi CN, Massotti Z (2010) Atributos químicos do solo influenciados por sucessivas 

aplicações de dejetos suínos em áreas agrícolas de Santa Catarina. Revista Brasileira de Ciência do 

Solo 34:1375-1383. 

Smanhotto A, Sampaio SC, Dal Bosco TC, Prior M, Soncela R (2013) Nutrients behavior from the 

association pig slurry and chemical fertilizers on soybean crop. Brazilian Archives of Biology and 

Technology 56(5):723-733. 

Smanhotto A, Sousa ADP, Sampaio SC, Nóbrega LH, Prior M (2010) Cobre e zinco no material 

percolado e no solo com a aplicação de água residuária de suinocultura em solo cultivado com soja. 

Engenharia Agrícola 30(2):347-357. 

Tedesco MJ, Gianello C, Bissani CA, Bohnen H, Volkweiss SJ (1995) Análises de solo, plantas e 

outros materiais. Porto Alegre, Universidade Federal do Rio Grande do Sul, 174p.  

Tessaro D, Sampaio SC, Castaldelli AA (2016) Wastewater use in agriculture and potential effects 

on meso and macrofauna soil. Ciência Rural 46(6):976-983. 

Tessaro D, Sampaio SC, Alves LFA, Dieter J, Cordovil CSCMS, Varennes A, Pansera WA (2013) 



Swine wastewater: impacts on soil, plant, and leachate 

Eng. Agríc., Jaboticabal, v.37, n.5, p.928-939, sep./oct. 2017 

939 

Macrofauna of soil treated with swine wastewater combined with chemical fertilization. African 

Journal of Agricultural Research 8(1):86-92. 

Wang W, Liang T, Wang L, Liu Y, Wang Y, Zhang C (2013) The effects of fertilizer applications 

on runoff loss of phosphorus. Environmental Earth Science 68(5):1313-1319. 


