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ABSTRACT: The objective of this study was to evaluate the effects of the nitrogen fertilization in 

the form of swine deep bed in the properties of a quartz-sand neosol. The organic compound used 

was the deep bed made with rice hulls, from a commercial swine finishing system farm. Deep bed 

samples have been collected at various points in the installation in order to obtain a representative 

composite sample which has been fractionated in a 2.0 mm sieve and submitted to a 50-day 

maturation period. Then, agronomic value analyses were done. The experimental design was 

completely randomized. The treatments consisted of 0; 75; 150 and 300 mg dm
-3

 of N doses of deep 

bed as well as an additional treatment with ammonium sulfate at a 150 mg dm
-3

 of N. The 

experimental period in the greenhouse was 45 days, where the soil was cultivated with maize. After 

the experiment completion, further soil properties analyses were done. From the results, it was 

noted that the organic fertilization with deep bed provided a significant increase in the levels of 

potassium, in the sum of the bases, in the effective CEC, in the CEC at pH 7.0 and in the percentage 

of saturation. 
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ADUBAÇÃO NITROGENADA NA FORMA DE CAMA SOBREPOSTA DE SUÍNO E SEUS 

EFEITOS NOS ATRIBUTOS DE UM NEOSSOLO QUARTZARÊNICO
1 

 

RESUMO: Objetivou-se com o presente trabalho avaliar os efeitos da adubação nitrogenada na 

forma de cama sobreposta de suíno sobre os atributos de um Neossolo Quartzarênico. O composto 

orgânico utilizado foi a cama sobreposta, feita com casca-de-arroz, proveniente de uma granja 

comercial de suínos em sistema de terminação. As amostras de cama sobreposta foram retiradas em 

vários pontos da instalação, visando a obter-se amostra composta representativa, após o que foi 

fracionada em peneira de 2,0 mm e submetida a uma compostagem adicional de 50 dias. Na 

sequência, foram realizadas análises de valor agronômico. O delineamento experimental foi o 

inteiramente casualizado. Os tratamentos constituíram-se das dosagens de 0; 75; 150 e 300 mg dm
-3

 

de N na forma de cama sobreposta, bem como um tratamento adicional com sulfato de amônio na 

dose de 150 mg dm
-3

 de N. O período experimental em casa de vegetação foi de 45 dias, onde se 

cultivou o solo com milho. Finalizado o experimento, procedeu-se a nova análise dos atributos do 

solo. Pelos resultados obtidos, notou-se que a adubação orgânica com cama sobreposta 

proporcionou aumentos significativos nos teores de potássio, na soma de bases, na CTC efetiva, na 

CTC a pH 7,0 e na porcentagem de saturação por bases.  

 

PALAVRAS-CHAVE: suinocultura, instalações para suínos, manejo alternativo, tratamento de 

dejetos, adubo orgânico, Neossolo Quartzarênico. 

 

 

 



Nitrogen fertilization by deep-bedding swine production and its effects on the properties of a quartzarenic neosol 

Eng. Agríc., Jaboticabal, v.32, n.4, p.756-764, jul./ago. 2012 

757 

 

INTRODUCTION 

The swine sector of the Brazilian cattle industry that has developed over the past 30 years, has 

reached high levels of productivity with the intensification of confined systems. Although it has 

provided benefits to society, the activity is criticized for contributing to environmental pollution as 

a result of manure generated by animals (RODRIGUES et al., 2010; BOSCO et al., 2008; 

SEDIYAMA et al., 2008; ANGONESE et al., 2006). 

The strategies for the treatment of swine waste are based on physical, chemical and biological 

agents capable of reducing their pollution potential (KUNZ et al., 2009). The most common form of 

swine waste management has been the storage lagoon or more rarely, in ponds (HIGARASHI et al., 

2008; KUNZ et al., 2005). Some authors report that the majority of producers promotes the storage 

lagoon temporarily, followed by applications in the soil and, in very specific situations, systems 

composed by several ponds (ANGONESE et al., 2007; SANTOS et al., 2007; VIVAN et al., 2010). 

DAGA et al. (2007) have warned that, in order to find a more sustainable production system, 

producers need to adapt the forms of management so that they are compatible with the 

environmental legislation. 

Pig slurry has been used in crop areas and grazing as a source of nutrients, promoting the 

cycling of nutrients within their own production units (BASSO et al., 2005). However, most 

properties have small tracts of land and then, frequently, waste products are added in higher doses 

than the retention capacity of the soil. Under these conditions, the pollutants are fertilizers 

(GATIBONI et al., 2008). 

In this context, with the aim of reducing the environmental impacts of hog production and 

maximizing the production, the swine deep-bedding system has attracted the interest of the 

productive sector due to its principle of substituting the conventional floor for a bed of 

approximately 0.50 m thick, consisting of materials that are rich in carbon, which performs the dual 

function of the floor and manure digester, which are retained, stored and stabilized within the pig 

building, solid-state managed and treated through the composting process providing reduced costs 

in buildings, improving the welfare of the animals and causing less impact to the environment 

(CORREA et al., 2009; CORREA et al., 2008; COSTA et al., 2008). 

While the liquid manure presents less than 10% of the dry mass, the waste from the bed 

indicates approximately 40% of this mass (BARTELS, 2001; WANG et al., 2004). As the dry mass 

content of the manure is increased, there is also an increase in the concentration of nutrients, 

making it more valuable by the agronomic point of view (HONEYMAN, 2005). 

This concentration of nutrients is mainly due to the evaporation of the liquid fraction of the 

manure because of the heat produced by the process of composting (OLIVEIRA, 2003). However, 

the system of raising pigs on deep bed is a new technology and little is known about the use of this 

material as a fertilizer (GIACOMINI & IATA, 2008; HENTZ et al., 2008). 

The swine deep bed made from rice hulls, applied to the soil, can promote improvements in 

aspects related to increased porosity, aeration, water retention, microbial activity and ability to 

retain cations (BARNABÉ et al., 2007; SCHEFFER-BASSO et al., 2008). 

Thus, the objective of this study was to evaluate the effects of nitrogen in the form of swine 

deep bed in chemical properties of a Quartz-sand Neosol.  

 

MATERIAL AND METHODS 

The swine deep beds used in this study came from a commercial farm, located in the satellite 

city of Samambaia-DF, with the deep-bedding production system for growing and finishing phases. 

The buildings that held this system had the following design characteristics: 120.0 m long, 14.0 m 

wide, ceilings and walls three feet over the sheds. 
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The substrate used as manure was the rice hulls. In its training area, made of soil floor, the 

shed was filled with a layer of 0.50 m thick of this substrate. Considering only the deep bed area, 

the stocking density used in these units was 1.4 m
2
 per animal. The same deep bed was used in three 

consecutive batches of pigs in the finishing phase, however, if necessary, the replacement of the 

used material as bedding, especially in areas with higher concentration of manure, was done. Only 

in the lateral area of the building designated for their drinking and feeding, there was a 1.50 m-wide 

concrete floor. 

At the end of each batch, the sheds remained displaced for a period of seven days with 

depopulation and the facilities were submitted to cleaning and disinfection. In this period, a deep 

bed revolving also occurred to promote aeration and the material mixture. 

To reach the objectives of this study, an experiment was conducted in the greenhouse of the 

Department of Agronomy at Universidade Federal dos Vales do Jequitinhonha and Mucuri, from 

August to October 2009, on a Quartz-sand neosol (EMBRAPA, 2006). Once the soil was collected 

from 0 to 20 cm deep before the implementation of the experiment, it was incubated with dolomitic 

limestone, until it reached the pH value of 6.0 and Ca:Mg ratio of 3:1. Then, a chemical and textural 

analysis of the soil was performed and the results are shown in Table 1. 

 

TABLE 1. Chemical and particle size analysis of the soil before the experiment. 

Characteristics Value 

pH in H2O (1:2,5)
(1) 

5.6 

P (mg dm
-3

)
(1) 

3.5 

K (mg dm
-3

)
(1)

 14 

Ca (cmolc dm
-3

)
(1)

 1.3 

Mg (cmolc dm
-3

)
(1)

 0.4 

Al (cmolc dm
-3

)
(1)

 0.2 

t (cmolc dm
-3

)
(2)

 1.9 

T (cmolc dm
-3

)
(3)

 7.5 

m (%)
(4)

 10 

V (%)
(5)

 23 

Organic Carbon (dag kg
-1

)
 (1)

 1.2 

Sand (%)
(6)

 86 

Silt (%)
(6)

 3 

Clay (%)
(6)

 11 
(1)SILVA (2009). (2) Effective Cation Exchange Capacity (CEC). (3)CEC with pH 7,0. (4)Aluminum Saturation. (5)Saturation by bases. 
(6)EMBRAPA (1997). 

 

After being removed from the facilities, the swine deep beds (SDB) was fractionated on a 

2.0 mm sieve and submitted to an additional composting of 50 days. This is because, according to 

BELLI FILHO et al. (2001), the degradation of the substrate that comprises the bed system during 

the swine production is not sufficient for the maturation / stabilization of the material. In this study, 

the additional process of composting, the deep bed was prepared on a hill, where the revolving 

waste for aeration and mixing of the material was also performed. 

To collect the sample of SDB, a standardized methodology was applied for the soil sampling 

from areas contaminated with systematic distribution of points (CETESB, 1999). The sub bed 

samples were taken from various points to obtain a representative composed one. 

The analyzes of agronomic traits of SDB in a 2.0 mm sieve were performed at the Laboratory 

for the Study of the Organic Matter of the Soil (LEMOS), from the Soil Science Department at 

Universidade Federal de Lavras-MG, according to the methods described by TEDESCO et al. 

(1995) and MELO & SILVA (2008). The agronomic value parameters evaluated in the sieved deep 

bed and their respective concentrations are shown in Table 2. 
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The experimental design was completely randomized. The treatments consisted of doses of 0; 

75; 150 and 300 mg dm
-3

 of N in the form of deep bed, and an additional treatment with ammonium 

sulfate at a dose of 150 mg dm
-3

 of N. N rates of SDB was mixed and homogenized to the soil of 

their respective pots. Fertilization with ammonium sulfate was divided in five applications in 

coverage, and the first application occurred ten days after the emergence of corn and the other 

applications were made at intervals of seven days. The experimental units consisted of plastic pots 

of 5 dm
3
, not drilled, which received 4 dm

3
 of dry soil, and having a hybrid maize plant cultivated 

(BR-206) per pot. The experiment lasted 45 days. 

During the corn harvest, which coincided with the end of the experiment, the soil chemical 

properties on composite samples taken from the vessels were assessed. The chemical analyzes of 

the soil were: pH in water, Ca, Mg and Al extracted by KCl 1mol L
-1

, P and K by Mehlich-1 and 

organic carbon (OC) by the colorimetric method (SILVA, 2009). 

 

TABLE 2. Agronomic value analysis of swine deep bed (SDB) fractionated in a 2.0 mm sieve, after 

a 50-day maturation period. 

 Parameters Unit  CSS ( 2.0mm sieve) 

100 ºC humidity % 4.91 

pH in water - 7.20 

Eletric conductivity (EC) (dS m
-1

) 25.90 

Water retention capacity (WRC) (%) 1.90 

Aparent density (g cm
-3

) 0.48 

Total carbon (%) 27.00 

Organic matter (O.M.) (%) 54.00 

Total Nitrogen (N) (%) 2.30 

Relation (C/N) - 11.74 

Ammonium (NH4
+
) (mg kg

-1
) 1169.00 

Nitrate (N03
-
) (mg kg

-1
) 80.00 

Total Phosphorus (P) (g kg
-1

) 10.70 

Potassium (K) (g kg
-1

) 11.50 

Sodium (Na) (g kg
-1

) 3.00 

Calcium (Ca) (g kg
-1

) 18.80 

Magnesium (Mg) (g kg
-1

) 5.50 

Sulfur (S) (g kg
-1

) 5.60 

Boron (B) (mg kg
-1

) 10.00 

Copper (Cu) (mg kg
-1

) 726.00 

Iron (Fe) (mg kg
-1

) 34177.00 

Manganese (Mn) (mg kg
-1

) 243.00 

Zinc (Zn) (mg kg
-1

) 711.00 

 

The data obtained from chemical analyzes of the soil were submitted to analysis of variance. 

The average of the five treatments was compared by the Scott & Knott test at a probability of 5%. 

The SDB doses were submitted to the polynomial study.  

 

RESULTS AND DISCUSSION 

Figure 1 shows the results of chemical analyzes of the soil after the cultivation of corn 

submitted to nitrogen in the form of swine deep bed. 
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**Significative at 1% by the t test. Averages followed by the same letter not different among them by the Scott & Knott test at 5%. 

 

FIGURE 1. Soil chemical properties as function of doses of N in the form of swine deep bed (SDB) 

and mineral fertilizer with ammonium sulfate (AS), after maize cultivation. 

 

For the variable pH, the effects of nitrogen in the form of SDB were not significant (Figure 1). 

At a dose of 75 mg dm
-3

 of N in the form of SDB, the pH reached the maximum value of 6.3. 

However, the increasing amounts of N, via deep bed until a maximum dose of 300 mg dm
-3 

of N 

produced a small decrease in the pH of the soil (Figure 1). In this context, as SIMONETE et al. 

(2003) described, the acidification may be related to reactions of nitrification of ammoniacal N, a 

likely oxidation of sulfites and the production of organic acids during the degradation of the residue 

by microorganisms. 
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The content of phosphorus (P) in soil was increased significantly (P <0.05) by the application 

of N via SDB (Figure 1). According to the limits of levels interpretation of available P in soil, 

established by RIBEIRO et al. (1999), the content of P passed from very low (3.5 mg dm
-3

), before 

the implantation of the experiment, to very high (218.2 mg dm
-3

), from 300 mg SDB (Figure 1). 

GATIBONI et al. (2008) reported that when the levels of available P in soil reach the "very 

high" group, the risks of environmental contamination are high. To evaluate the response of a 

pasture to the application of pig slurry, SCHEFFER-BASSO et al. (2008) found a significant 

increase of P in the plots that received manure application. CERETTA et al. (2003) also showed 

high concentration of P in the topsoil, with increases of 580% at 8.3 months and 6,710% after 48 

months of application of liquid swine manure. Therefore, in the same study, these researchers 

attended to the potential environmental pollutant P because in some cases, although P losses are 

small, relatively low concentrations (0.01 mg dm
-3

 of P soluble or 0, 02 mg dm
-3

 of total P) are 

sufficient to cause water eutrophication. 

In this study, the P increments found in soil samples that received doses of deep bed, show the 

potential of this mineral to cause environmental contamination, especially when used in high doses 

of this compound. 

The K content in soil showed a linear trend, going up with the increase of N doses of SDB 

applied (Figure 1). At a deep bed dose of 300 mg dm
-3

 of N, the K content reached 166.8 mg dm
-3

. 

Evaluating the effect of poultry litter on chemical properties of a dystrophic Red Latosol, LIMA et 

al. (2007) found the same behavior for the K content, when the highest dosage of poultry bed 

promoted an increase of 125% compared to control. 

Soil samples that received N doses in the form of bed had a concentration of Ca and Mg 

increased compared to control (Figure 1). CERETTA et al. (2003) and QUEIROZ et al. (2004) also 

observed increases of Ca and Mg in the soil during the addition of liquid swine manure. 

As reported BARBOSA et al. (2007), addition of organic matter in soil promotes the 

enrichment of Ca and Mg, and this fact contributes to the increase of the CEC and V%. 

The increase in base saturation (V%) due to the N application via SDB (Figure 1) is evident 

because of the increase of exchangeable bases at the elevation of Ca, Mg and, mainly, K. 

The content of exchangeable Al in the soil and Al saturation (m%) decreased with the 

application of N doses in the form of deep bed and, consequently, this reflected a slightly decrease 

in the values of potential acidity (Figure 1). According to CERETTA et al. (2003), the reduction in 

content of exchangeable Al in the soil, can be explained by the aluminum complexation by fulvic 

acid and humic organic matter, which are very reactive, increasing significantly in the soil with the 

addition of high amounts of carbon. 

As the nitrogen doses in the form of deep bed were going up, a significant increase in the 

effective CEC (t) and the CEC at pH 7.0 (T) from the ground (Figure 1) were observed. The CEC 

increase can be attributed to elevated levels of organic matter, which provides organic radicals, 

especially organic acids of the fraction responsible for the formation of negative charges on the 

ground (SCHERER et al., 2007). In general, according to SILVA & MENDONÇA (2007), the 

organic matter has a decisive role to raise the CEC of the soil, especially in sandy texture. 

Treatment with chemical fertilizer had higher T compared to treatments represented by lower 

N doses in the form of deep bed. This can be explained by low amounts of deep beds used, as well 

as by the fact that organic waste can be quite difficult to decompose. 

Although there was no significant difference, the organic carbon (OC) was increased due to 

the application of N doses in the form of SDB (Figure 1). For this same soil attribute, LIMA et al. 

(2007) found similar behavior for different strengths of poultry litter applied in a latosol.  
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CONCLUSIONS 

In the conditions of this study was conducted, the results have indicated a positive effect of 

nitrogen in the form of deep bed in improving the physical and chemical soil properties, where 

increases were observed in the levels of potassium, in the sum of bases, in CEC of the soil and in 

the base saturation percentage . 
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