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Abstract

Swine production is a significant and growing part of Brazilian agriculture. Our objective was to determine nutrient availability in the
soil after swine waste applications to pastureland and eucalyptus forestland and then compare these levels to those in the Cerrado (the
Brazilian savannah). We concluded that applications of swine waste increased macro/micronutrient availability. Applications of
swine waste were associated with higher concentrations of aluminum (Al*®), hydrogen and aluminum (Al+H), total organic carbon
and microbial biomass carbon in the Cerrado and higher nutrient concentrations in pastures and eucalyptus stands. The topography
and seepage rates should be considered when using pig manure as a soil fertilizer. Applications of pig manure increase macro and
micronutrient availability in the soil. Applications in the Cerrado are related to higher concentrations of Al, Al+H, total organic
carbon and soil microbial biomass, whereas applications to pasture and Eucalyptus sites lead to higher nutrient concentrations. None
of the soil-use types examined in the study have characteristics similar to natural Cerrado. Pasture 1 was the most dissimilar to
Cerrado, followed by Pasture 3, 4 and 2 and Eucalyptus.
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Introduction

Swine production in Brazil is an important part of the Thus, the objective of this study was to evaluate nutrient
agricultural sector and ranks fourth in the world in production availability in the soil after applications of pig manure to
and export numbers (Mapa, 2014). The state of Minas Gerais pasture and eucalyptus stands and compares these values to
is the fourth largest producer in Brazil and accounts for just those of Cerrado (Brazilian savannah) soils.

over 8.5% of total production (Abipecs, 2011). As swine

production increases, swine waste also increases (Losinger Results and discussion

and Sampath, 2000). Waste production varies depending on

production phase; however, daily waste per animal averages Univariate statistical: Total organic carbon (TOC) and Soil
8.6 liters over the entire production cycle in Brazil (Embrapa, microbial biomass (SMB)

2004). Swine waste is composed of not only feces and urine,

but also water spilled during drinking and cleaning, waste Cerrado had the highest average TOC values, which were
feed, hair, dust and other materials associated with raising the 58.5% higher than those of the lowest average TOC values in
animals (Konzen, 1998). As a soil fertilizer, pig manure Pasture 1 (Fig. 2A). The TOC values of the Eucalyptus soil
provides nutrients for the soil (Rotkittikhuna et al., 2007). Pig were also high, but statistically different from those of
manure is frequently added directly to the soil as a cost Cerrado (Fig. 2A). High TOC concentrations in the soil
effective fertilizer (Bernal et al.,, 2009). Nevertheless, surface of Cerrado and Eucalyptus are due to the addition of
improper use can harm the soil by clogging macropores, litter and from the permanence and decay processes (Roscoe
which can seal the soil surface and hinder the entrance of and Machado, 2002). These results agree with those found in
water and gas exchange between atmosphere and soil (Yin et a comparison of Cerrado with areas occupied by eucalyptus
al., 2014). Improper use can also lead to soil salinization, for 34 years and highly grazed pasture (Lima et al., 2008).
heavy metal pollution of the soil (Lu et al., 2014; Cang et al., Just as the TOC levels in the Cerrado were high, the C-SMB
2004; Wang et al.,, 2013) and plants and the spread of quantities were also high (Fig.2B). This increase in C-SMB is
pathogens to animals and humans (Lu et al., 2014; Toth and a result of better moisture conditions in the soil (Table 1).
Feng, 2011). Therefore, the use of this type of waste in the According to Almeida et al (2014a), higher concentrations of
soil should be carried out only after appropriate analysis of plant matter in the soil lead to greater microorganism activity.
the soil and waste and consideration of site-specific physical Espindola et al (2001) studied Planossol planted with
and chemical characteristics. It is important to perform Paspalum notatum Flugge cv., and also found that high
detailed studies of soil and waste treatment before its use on interference in SMB was associated with high moisture
crops (Silva, 2011). (precipitation rate). In addition to these factors, De-Polli and

Guerra (1999) found a strong relationship between organic
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Table 1. Gravimetric moisture, sulfur (S-SO,), sum of bases (SB), aluminum (Al*®) and hydrogen plus aluminum (H+Al) in the soil
with different soil use types in the Triangulo Mineiro region of Brazil: Native Cerrado (CE), Eucalyptus sp. (EU) and four Brachiaria
decumbes pasture areas (P1, P2, P3 and P4).

Soil Moisture S-SO4* Al* H+AI* SB*
9.9 mg dm™ cmol, dm™®
Cerrado (CE) 1.63 2.74B 1.07A 172 A 0.89D
Eucalyptus (EU) 15 5175 A 0.02B 4678 370A
Pasture 1 (P1) 0.49 12.25B 0.00C 3.30C 1.94C
Pasture 2 (P2) 0.42 13.50 B 0.00C 4.07 AB 3.09B
Pasture 3 (P3) 1.08 16.75B 0.00C 3.22C 225C
Pasture 4 (P4) 1.36 40.50 A 0.00 C 3.50C 2.99B

* Significant results without interactions between variables, individual uppercase letters in columns (with averages by usage type) are statistically different Tukey
(p<0.05).

Legend:

EU: Eucalyptus CE: Cerrado
P1: Pasture 1 P2: Pasture 2
P3: Pasture 3 P4: Pasture 4

Fig 1. Map showing the site location Cerrado, Eucalyptus and pasture (P1, P2, P3 and P4) located at the Fazenda da Tenda farm in
the municipality of Uberlandia, Triangulo Mineiro region, Minas Gerais, Brazil.

Table 2. Availability of boron (B), copper (Cu), iron (Fe), manganese (Mn), zinc (Zn) and pH (H,0) in the soil under different types
of soil use in the Triangulo Mineiro region of Brazil: Native Cerrado (CE), Eucalyptus sp. (EU) and four Brachiaria decumbes
pasture areas (P1, P2, P3 and P4).

Soil use B Cu Fe Mn Zn Na
-------------------- mg dm® -
CE 0.08B 190D 244.00 A 9.82 BC 347 F -
EU 0.23 A 16.12 A 179.50ABC 2445 A 177.95A -
P1 0.10B 5.60 C 109.50 C 14.05B 65.05E -
P2 0.16AB 15.75 A 155.00AB 2167 A 162.42B -
P3 0.12B 6.17C 236.50 C 6.62 C 98.42 D -
P4 0.22 A 10.60 B 230.25 BC 7.00C 14427 C -
DMS: 0.02 3.37 80.54 1.17 3.09 -
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Fig 2. Carbon organic of soil total-TOC (A) and Microbial Biomass-SMB (B) under different soil use types in the Triangulo Mineiro
region of Brazil: Native Cerrado (CE), Eucalyptus sp. (EU) and four Brachiaria decumbes pasture areas (P1, P2, P3 and P4). In the
Fig., TOC: CV — 14.64; DMS — 9.86 and SMB: CV — 39.82 and DMS — 88.04.
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matter accumulation in the soil, nutrient cycling and energy
flow. The difference in average TOC and SMB between
Cerrado and Eucalyptus, which both had high surface soil
levels of organic material and moisture, results from the
lower quality of the organic litter in the Eucalyptus area.
According to Pulrolnik et al. (2009), dry litter from
Eucalyptus is nutritionally poor, especially in phosphorus and
potassium, and includes twigs of varying sizes. This low
nutrient availability in the soil is conditioned by lower
organic material decomposition rates and lower nutrient
availability for SMB (Cobo et al., 2002). TOC and SMB
concentrations were lower in pasture areas than in Cerrado
and Eucalyptus. This difference was greatest in Pasturel and
lower in Pasture 2 and Pasture 4 (Fig.2A). Lower C levels in
pasture soils than in Cerrado and Eucalyptus soils were also
found by Almeida et al (2014b) in pastures with Turkey litter
applications in the Triangulo Mineiro region of Brazil. High
TOC and SMB concentrations in Pasture2 and 4 are
characteristics of root development and distribution that
improves bonding between mineral particles and the
aggregate. Additionally, grasses generally have higher C:N
rations and help provide more carbon to the soil due to
rhizome deposition, root death and lower microbiota
involvement (Coutinho et al., 2010).

Univariate statistical: Nutrient availability in the soil

The highest concentrations of macronutrients (K*, Ca™ e
Mg*?) were in the Eucalyptus area and the lowest in the
Cerrado area with values that were 75.60%, 72.50% and
78.40% lower for K', Ca'™ and Mg' than those of
Eucalyptus (Fig. 3). Consequently, the sum of bases (SB) in
the soil was higher in Eucalyptus, followed by Pasture 4 and
2. Cerrado had the lowest concentrations of SB and S-SO,
(Table 1). Among pasture areas, K* availability was lowest in
Pasture 1 and ranged from 0.37 to 0.39 cmol, dm™ of K* in
the other pasture areas. Mg and Ca'? were highest in
Pasture 2 (0.90 and 1.8 cmol, dm, respectively) followed by
Pasture 4 (0.83 and 1.77 cmol, dm™, respectively) (Fig. 3).

The highest average P concentrations were in Pasture 2,
Pasture 4 and Eucalyptus and the lowest in Cerrado (7.07 mg
dm™). Not only did Cerrado have lower available P, but also
had lower pH in water (Fig.4), a high concentration of Al
and H + Al (Table 1) and a high correlation between P and
soil pH (r=0.728). In general, available P is highest when pH
is between 6.0 and 6.5 because phosphorus fixation is lowest
at these pH levels (Malavolta, 2006). Higher nutrient levels
in pastures are due to pig manure applications that contribute
P, K* Ca'2, Mg™. Pig manure possesses these nutrients
because of contributions from the pig diet, which especially
influences P and K*. K* is highly water-soluble and is
therefore more highly concentrated in the urine of these
animals. This solubility can lead to seepage losses from
manure storage areas (Konzen, 1998). Some authors affirm
that long-term use of high concentrations of pig manure can
cause soil salinization due to nutrient accumulation (Girotto,
2007; Seganfredo, 2000). Thus, manure application
quantities should be monitored. Regarding micronutrients,
Cerrado and Pasture 3 had high quantities of Fe, whereas
Cerrado had the lowest levels of Zn, B and Cu. Conversely,
Eucalyptus had the highest levels of B, Cu, Fe, Mn and Zn
(Table 2), averaging 0.23, 16.12, 179.50, 24.45 and 177.95
mg dm, respectively. Eucalyptus may have higher levels of
micronutrients because of nutrients leached from higher
elevations and transported to the lower elevation of
Eucalyptus (Fig. 3). This explanation is strengthened given
that manure applications were the same at all sites. Some
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studies have shown that soils receiving pig manure
applications have movement of elements that potentially
cause misbhalance and damage in the deepest layers of the
soil. These conditions require changes in how manure is used
as a fertilizer in agropastoral production (Konzen, 2003). Zn
levels varied significantly among pasture sites. These levels
were highest in Pasture 2 and 59.94%, 39.40% and 11.17%
lower at Pasture 1, 3 and 4 respectively (Table 2). Copper
levels were lowest in Pasture 1 and 3 and highest in Pasture
2. B concentration was highest in Pasture 4 but did not vary
significantly in the other pasture sites, oscillating between
0.10 and 0.16 mg dm™. Pasture 4 and 3 had the lowest
concentrations of Mn. Mn levels were 50.17% and 52.88%
higher in Pasture 1 and 67.69% and 69.45% higher in Pasture
2 than in Pasture 4 and 3, respectively (Table 2). Na* was not
found in these sites. Konzen (2003) worked with a red Oxisol
in the Cerrado (Patos de Minas, MG) and also found high Cu
and Zn concentrations in soil with increasing applications of
pig manure (45, 90 and 135 m® ha™) over three successive
years. The same study reported Cu and Zn values that varied
between 1 and 22 mg kg™ and 1.2 a 2.8 mg kg of soil,
respectively. Even though micronutrient levels in the Cerrado
soil were high, they were not toxic because, according to
Boletim 100 (Raij et al., 1997) B and Cu levels were below
3.0 and 50.0 mg kg of soil, respectively. Nevertheless, Zn
and Fe concentrations are still considered toxic because they
were greater than 130 and 100 mg kg™ of soil, respectively
(Raij et al., 1997). Thus, the quantities of pig manure
applications are associated with high Zn and Fe levels in the
0.0-0.2 m layer of the soil. Lower applications are
recommended given that Zn is extremely harmful to animal
and human health. For pastures with intensive grazing,
Konzen (2003) recommends pig manure applications from
150 to 180 m*ha™ per year, divided into 5-9 applications.

Multivariate Statistical: Nutrient availability in the soil

Hierarchical cluster analysis showed that the variables used
in our study form 4 groups, with a cutoff line of 4.5. Cerrado
and Pasture 1 were distinct from the other sites and were
therefore isolated into Group 1 and 4. Similarities existed
between Eucalyptus and Pasture 2 (Group 2) and Pasture 4
and 3 (Group 3) (Fig.5). Therefore, none of the soil-use
types was similar to natural Cerrado. Pasture 1 was most
dissimilar to Cerrado, followed by Pasture 3, 4 and 2, and
Eucalyptus. The pasture distinction is due to their low
concentrations of nutrients, TOC and SMB. Principal
component analysis confirmed the groupings found in the
principal component analysis (Fig.6). Variance was
concentrated in the CP1 component (58.79% of the variance)
followed by CP2 (24.38%). Together, these components
accounted for 83.17% of total variance. These results are
consistent with the criteria established by Sneath and Sokal
(1973), which stipulates that the CP used for interpretation
should explain at least 70% of data variation. In Table 3, the
attributes with the highest correlation coefficients in the first
principal component were Ca*? (r = 0.94), Zn (r = 0.94),
Al3(r = -0.92), Mg* (r = 0.90), P (r = 0.89), pH-H,O (r =
0.88), Cu (r = 0.86), K* (r = 0.86), H+ Al**}(r =-0.77), B (r =
0.75), COT (r = -0.6), S-SO, (r = 0.59), SMB (r = -0.54) and
Mn (r = 0.50). Attributes in the second principal component
were TOC (r = -0.71), SMB (r = -0.75) and Mn (r = 0.50).
These correlations are shown in Table 3 and represented by
vectors for each attribute in Fig.6. Among all the variables,
Fe and S-SO, showed similar conditions under all soil-use

types.



Table 3. Correlation coefficients of the principal components (CP1 and CP2) for: total organic carbon (TOC), microbial biomass
carbon (C-SMB), pH (H,0), phosphorus (P), potassium (K*), calcium (Ca*?), magnesium (Mg*?), aluminum (AlI*3), hydrogen plus
aluminum (H+Al), sulfur (S-SO,), boron (B), copper (Cu), iron (Fe), manganese (Mn), zinc (Zn) and cation exchange capacity (T)
in the soil under different uses in the Triangulo Mineiro region of Brazil.

Variables CP-1 CP-2 Variables CP-1 CP-2
TOC 0.6 -0.71 H+AI? -0.77 -0.6
SMB -0.54 -0.75 S-S0, 0.59 -0.21
pH — H,0 0.88 0.35 B 0.75 -0.46
P 0.89 -0.18 Cu 0.86 -0.46
K* 0.86 -0.21 Fe -0.42 -0.34
Ca' 0.94 -0.3 Mn 0.50 -0.50
Mg*? 0.90 -0.34 Zn 0.94 -0.3
Al -0.92 -0.36 T -0.27 -0.94

1p, B, Cu, Fe, Mn, SB, S-SO,, Zn and Na are expressed in mg dm™ and K*, Ca*? and Mg*? in cmol. dm®. Correlations in bold (absolute value
>0.50) were considered highly significant in interpreting the principal component analysis.
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Fig 3. Potassium (K"), calcium (Ca*?) and magnesium (Mg*?) availability under different soil use types in the Triangulo Mineiro
region of Brazil: Native Cerrado (CE), Eucalyptus sp. (EU) and four Brachiaria decumbes pasture areas (P1, P2, P3 and P4). Bars
identified by capital letters compare K* (DMS: 0.009) availability under different soil use types. Bars with bold lowercase letters and
bold lowercase letters compare Ca*? (DMS: 0.200) and Mg™(DMS: 0.160), respectively. Distinct letters represent statistically
different values (Tukey, p<0.05).
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Fig 4. Available phosphorus - P (mg dm™) and pH (H,0) of the soil under different types of soil use in the Triangulo Mineiro region
of Brazil: Native cerrado (CE), Eucalyptus sp. (EU) and four Brachiaria decumbes pasture areas (P1, P2, P3 and P4).
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Fig 5. Dendrogram from hierarchical cluster analysis showing groupings based on soil-use types: Native Cerrado (CE), Eucalyptus
sp. (EU) and four Brachiaria decumbes pasture areas (P1, P2, P3 and P4).
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Fig 6. Principal component analysis (PCA) of: Total organic carbon (TOC), microbial biomass carbon (C-SMB), pH (H,0),
phosphorus (P), potassium (K*), calcium (Ca*?), magnesium (Mg*?), aluminum (AI*®), hydrogen plus aluminum (H+Al), sulfur (S-
S0,), boron (B), copper (Cu), iron (Fe), manganese (Mn), zinc (Zn) and cation exchange capacity (T) in the soil under different

uses in the Triangulo Mineiro region of Brazil.

Since their vectors were shorter than those of the other
variables with very low correlation coefficients (less than
|0.70]) (Table 3). The Cerrado was distinguished from other
soil-use types by its higher concentrations of H+Al, TOC,
SMB and Al*®, that were highly correlated and had points
that were close to the values of the coefficient of correlations,
respectively -0.77; -0.60; -0.54 and -0.92, from CP1 (Table
3). TOC and SMB were the most highly correlated variables
given their significant and similar vectors. The high
correlation between SMB and TOC is due to the relationship
between SMB and organic material, nutrient cycling and
energy flow (De-Polli; Guerra, 1999). Given these
characteristics, it is highly recommended to measure SMB
for C activity in the soil. Martins et al. (2010) used
multivariate analysis to show the correlation of SMB, TOC
and H+Al and recommend these as the most sensitive
attributes and indicators of soil degradation levels.
Eucalyptus and Pasture 2 (unlike Pasture 3, 4 and 1) are
associated with higher concentrations of macro and
micronutrients. Fig.6 shows the formation of a group that is
highly correlated with all macro and micronutrients. High
correlation between Ca*? and Mg*? in the soil may decrease
or increase absorption through the process of antagonism,
potential competitive inhibition and synergy among some
elements (e.g. B, Cu and Zn) (Malavolta et al., 1997). The
variable pH (H,0) is correlated with nutrient availability in
CP2. This confirms the influence of pH on nutrient
availability in the soil and its inverse relationship with Al
availability (opposite vectors), in which higher pH decreases
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Al availability in the soil. Raising soil pH through liming
reduces the availability of all micronutrients except Mo
(Malavolta, 1980).

Materials and Methods
Study area characterization

Our study area was located on the Fazenda da Tenda farm in
the municipality of Uberlandia, Triangulo Mineiro region,
Minas Gerais, Brazil. The altitude of the region averages 830
meters and the climate is predominately classified as Aw
(Kdppen) —tropical wet with dry winters (Antunes, 1986).
Analysis and interpretation were based on completely
randomized characterization conditions for the six soil-use
types (Cerrado, Eucalyptus and Pasture 1, 2, 3 and 4), soil
depth (0-0.2m) and four repetitions. The four pasture types
were distinguished by terrain and identified as P1, P2, P3 and
P4 (Fig. 1). The native Cerrado area (18°53724,46S,
48°10713,53”W and 891 m) is a preserved area located
between the pasture and Eucalyptus sites. Soil at this site was
darker due to the accumulation of organic material. The soil
at the Eucalyptus site (18°53°23,14”S, 48°10"17,10"W and
886 m) was darker and similar to that of the native Cerrado
site, with litter accumulation and low vegetation.
Nevertheless, litter accumulation at Eucalyptus sites can be
low depending on region and species. Pulrolnik et al. (2009)
studied 20-year-old Eucalyptus urophylla, spaced at 3 x 2 m
and found litter deposition on the soil surface of 13.8 Mg ha



! Kolm and Poggiani (2003) and Martins et al., (1995) found
average litter accumulations of 18.1 Mg ha™ under other
conditions. The Eucalyptus site had been cut at the time of
soil collection. Pig manure had been applied during planting
and between rows after crop establishment. The Brachiaria
pastures had lighter colored soil and had been used for beef
cattle grazing. The pasture site was divided into four sub
areas based on altitude: P1: near a highway (18°53726,39”S,
48°10700,09”W), P2 (18°53"26,30”’S, 48°10°02,90”W) and P4
(18°53725,32”S, 48°10710,27°W) at 89Ilm and P3
(18°53725,517S, 48°10°07,61”W) at 890m. Liquid pig
manure was applied to the soil of the Eucalyptus and pasture
sites at 30-day intervals using a fertigation propulsion system
with three-inch pipes and a flow rate of 180 — 200 m® ha™.
This application was only partial because it involved
separating out the solids and only applying the resulting
liquid. The farm raises most of its 15,000 pigs through a
complete cycle (breeding, maternity, nursery and finishing).
Pig manure is a byproduct of raising pigs for slaughter.
Average daily waste production under these conditions
ranged from approximately 0.016 m, 0.0014 m™ and 0.007
m™ during the breeding, piglet and finishing stages.

Variables analyzed

Mixed soil samples were collected for nutrient
characterization using a motorized post hole digger with a 40
cm twist bit (120 mm circumference) connected to a plastic
reservoir. After collection, the samples were identified and
sent to a laboratory. Macronutrient (phosphorus-P, potassium
- K*, Calcium - Ca™ and sulphur - S-SO,), micronutrient
(boron — B, copper - Cu, iron — Fe, manganese - Mn and zinc
-Zn), aluminum (AI3), hydrogen plus aluminum (H+Al) and
pH-H,O levels were determined by the methodologies
recommended by Embrapa (1997). Total organic carbon
(TOC) was determined by wet oxidation of potassium
dichromate with external heating (Yeomans and Bremner,
1988). Microbial biomass C (C-SMB) was determined by an
irradiation and extraction method (Vance et al.,1987) that
uses a microwave oven as a radiation source (Islam and Weil,
1998). Subsequently, a factor of 0.33 was used to determine
conversion (Kc) of C for C-SMB (Sparling and West, 1998).

Univariate statistical analysis

Variable variability was calculated by first determining
descriptive statistics such as mean, standard deviation,
minimum, maximum and median. Normality assumptions
were evaluated by the Shapiro-Wilk test (SPSS Inc., USA)
and variance homogeneity by the Bartlett test (SPSS Inc.,
USA). Based on these, the HO hypothesis was accepted
without data transformation. Next, the data was tested by the
F-test. When the HO hypothesis was rejected and H1
accepted, the means were compared by the Tukey test at 5%
probability (Sisvar Inc., Brasil).

Multivariate Statistical Analysis

Various multivariate methods were used including
hierarchical grouping, which was used to simultaneously
analyze different variables within each soil-use (Cerrado,
Eucalyptus and pasture (1, 2, 3 and 4) at depth (0- 0.2 m) and
four repetitions. Thus, the data were standardized to obtain a
zero mean and constant variance (Sneath and Sokal, 1973).
Afterwards, the Euclidean distance between data points was
calculated.
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The Ward algorithm, among others, was used to group
similar data points. This method defines the distance between
two groups as the sum of squares between the two groups for
all variables (Hair et al., 2005). The results of the analysis
were graphed (dendrogram) to help identify and interpret
groupings of data points. Principal component analysis
(PCA) was carried out by classifying variables according to
their characteristics to better visualize the relationships
between variables. These new axes are considered orthogonal
(new variables) and identified as principal components and
the values of these new variables are considered scores of the
principal components or principal coordinates (Piovesan,
2008). We selected components with eigenvalues greater than
1 (Kaiser, 1958) because these components provide relevant
information from the original variables. The results were
displayed in a biplot to show the relationships between the
variables and soil use types.

Conclusion

Topography and seepage rates should be considered when
using pig manure as a soil fertilizer. Applications of pig
manure increase macro and micronutrient availability in the
soil. Applications in the Cerrado are related to higher
concentrations of Al, Al+H, TOC and SMB, whereas
applications to pasture and Eucalyptus sites lead to higher
nutrient concentrations. None of the soil-use types examined
in the study have characteristics similar to natural Cerrado.
Pasture 1 was the most dissimilar to Cerrado, followed by
Pasture 3,4 and 2 and Eucalyptus.
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