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Abstract

Purpose The objective was to evaluate the effects of mineral fertilizers and swine manure fertilization on soil
aggregation indexes and on chemical and physical attributes of aggregates in Typic Hapludult managed under
minimum tillage system.

Method Experiment was implemented in 2013, in southern Brazil. The treatments were control, mineral fertiliza-
tion (MF), swine manure compost + MF (SMC+MF); pig slurry + MF (PS+MF); PS to supply N for maize and
black oat (PS100). In May 2015 and 2016, undisturbed soil samples were collected to obtain soil aggregates. Ag-
gregates stability was evaluated through the mean weight diameter (MWD) and mean geometric diameter (MGD)
indexes and aggregate distribution by diameter classes. In macroaggregates, total organic carbon (TOC), total
nitrogen (TN), clay flocculation degree (CF%) and ApH were evaluated.

Results The use of swine manure, associated or not to MF, increases TOC and TN contents in soil aggregates in
67.02 and 125.87%, respectively, for SMC+MF treatment. However, it was not efficient in improving soil phys-
ical attributes, reducing soil aggregation indexes, mainly in the 5-10 cm layer, by the decreased values of MWD
and MGD. This result corroborates with the increase in microaggregates in all treatments. This was a result of the
negative ApH values and the increased CF%.

Conclusion Despite the increase in organic matter contents observed in this study, this was not enough to guarantee
an improvement in soil physical attributes over 4 years. These results show that management must be supported by
several conservationist techniques in order to have soil quality.

Keywords Organic fertilization, Macroaggregates, Mean geometric diameter, Organic carbon, Clay flocculation

Introduction

Swine production stands out in Brazil southern region,
especially on Santa Catarina (SC) state, which, in 2016,
was the largest pig producer, with about 10.73 million
swine heads (Marcondes 2017). The activity is one of
the main income sources in small farms, administered
predominantly by family labor (Ceretta et al. 2010). In
SC, Brago do Norte city is located in the south of the
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state, which has one of the largest pigs per area con-
centrations in the country, and one of the largest in the
world, with a 314,810 pigs herd, representing a den-
sity of 1.485 animals per km? and 10.85 animals per
inhabitant (Marcondes 2017). As the breeding system
is intensive with animal confinement, a large animal
waste volume is generated in a daily basis (Couto et al.
2010), which can reach a mean of 8.6 liters animal!
day! on a complete production cycle farm (Diesel et
al. 2002).

One of swine manure main destinations in Santa Cata-
rina is its use as a nutrients source for agricultural crops,
with positive effects on edaphic properties. Swine
manure application in soil influences microbial activ-
ity, soil properties (physical, chemical and biological),
nutrient availability and crop productivity (Agele et al.
2005). These aspects support soil quality and produc-
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tivity, favoring soil aggregation (Blanco-Canqui et al.
2009; Comin et al. 2013; Loss et al. 2017; Viana et al.
2011), maximizing cycling nutrients, including C and
N (Blanco-Canqui et al. 2009; Brunetto et al. 2013,
Comin et al. 2013; Mafra et al. 2014; Viana at al. 2011),
and promoting increased microbial activity and popula-
tion (Eaton 2001; Plaza et al. 2004).

Regarding soil aggregation, in order of aggregates
to form, two steps are necessary: soil particles unit ap-
proximation, followed by soil stabilization through ce-
menting agents. Thus, clay fraction, oxides, carbonates,
polysaccharides, arbuscular mycorrhizal fungi and,
mainly, soil organic matter presence (SOM), play an
important role in the formation and stabilization of soil
structure with aggregation (Carter 2004). The SOM has
a direct and indirect influence on all soil characteristics,
(Blanco-Canqui et al. 2009; Viana et al. 2011), being
the main agent for soil aggregates formation and stabi-
lization (Six et al. 2004).

During the soil aggregates formation process, part
of SOM is physically protected inside these aggregates,
reducing its mineralization due to smaller microbial at-
tack and less O, and water diffusion (Christensen 2001;
Al-Kaisi et al. 2014). Thus, SOM protection inside soil
aggregates is dependent on its formation and their bind-
ing agents stability, whereas aggregates fragmentation
will lead SOM exposure to decomposition due to great-
er oxidation and microorganisms presence (Adu and
Oades 1978). Also, due to the greater lability of SOM
present in macroaggregates, its stability is dependent on
plants presence and the constant residues contribution
to soil, for example through animal wastes.

Successive swine manure applications in soil can
promote changes in soil chemical and physical attri-
butes such as, for example, total organic carbon (TOC)
(Brunetto et al. 2013; Comin et al. 2013) and total ni-
trogen (TN) (Dortzbach et al. 2013; Giacomini et al.
2013), with management system also having an influ-
ence on soil TOC and TN dynamic. Several studies
demonstrate the benefits of swine manure use for soil
physical attributes, such as bulk density (BD) and parti-
cle density (PD) decrease, increase in total soil porosity,
aggregation indexes and aggregates stability in water
(Tavares Filho and Ribon 2008; Tavares Filho and Tessier
2010; Comin et al. 2013; Agne and Klein 2014; Loss
et al. 2017). Comin et al. (2013) in a study conducted
in the municipality of Braco do Norte, Santa Catarina
State, Brazil, after 8 years of cultivation of black oats
and maize, aimed to evaluate the effect of the contin-

uous application of pig slurry (PS) and pig deep litter
(PL) on the total organic carbon (TOC) content and
physical properties of soil under NTS. The authors used
the following treatments: a control plot (without ma-
nure application), plots with PS applications equivalent
to one and two times the recommended rate of nitrogen
(N) for maize and black oats (PS1X and PS2X, respec-
tively), and plots with PL equivalent to one and two
times the recommended rate of N for maize and black
oats (PL1X and PL2X, respectively). As conclusion,
the authors found that the application of PL produced
improvements in physical attributes of the soil, such
as bulk density, macro and microporosity, pore diam-
eter, soil aggregation, and penetration resistance, and
increased soil TOC.

On the other hand, other studies have shown that an-
imal waste application can lead to physical and chem-
ical changes in soil, depending on soil type, precipita-
tion rate, waste amount and time between applications
(Choudhary et al. 1996; Zhou et al. 2013), resulting in
decreased aggregation and stability index of aggregates
in water (Benites and Mendonca 1998; Wuddira and
Camps-Roach 2007; Barbosa et al. 2015). However,
it should be pointed out that, in a large part of studies
addressing swine manures effects on soil physical attri-
butes, the studies are not long-term, and it is known that
soil effects are cumulative over time (Agne and Klein
2014). Thus, the objective was to evaluate the effects
of swine manure fertilization and mineral fertilizers on
soil aggregation indexes and on chemical and physical
attributes of aggregates in a Typic Hapludult managed
under minimum tillage system.

Material and methods

The experiment was conducted from September 2013 to
May 2016 in a pig farm located in Brago do Norte city
(49°09°56” W, 28°16°30” S, 300 m altitude, undulating
relief), Santa Catarina State, Brazil. Region climate, ac-
cording to K&ppen-Geiger classification, is subtropical
humid (Cfa) (Alvares et al. 2013). The monthly average
values of precipitation and temperature of the period of
conduction of the experiment are presented in Fig 1.
Soil was classified as Typical Hapludult (Soil Survey
Staff 2014), presenting, at the time of experiment in-
stallation, the following physical-chemical attributes in
the 0-10 cm layer: 503, 198 and 299 g kg™ sand, silt and
clay content; pH,, 5.37; SMP index 6.24; 5.45 g kg
total organic carbon (TOC); 0.95 g kg™ total nitrogen
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(TN); exchangeable Al, Ca and Mg (extracted by KCI 1
mol L) 0f 0.14, 1.62 and 0.69 cmol_dm?, respectively;
P and K (extracted by Mehlich 1) of 31.8 and 60.7 mg
kg, respectively; cation exchange capacity (CEC

cffcctivc)

2.61 cmol dm; CEC ;;,5-78 cmol dm?; 42.7% base
saturation and 5.4% aluminum saturation. Prior to ex-
periment implementation, liming was performed in the
area to raise soil pH to 6.0 (CQFS-RS/SC 2004).
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Fig. 1 Monthly precipitation and temperature data during the experimental period (September 2013 to May 2016)

Data collected at the meteorological station of Epagri/Ciram in the municipality of Urussanga, located 40 km from the munic-

ipality of Braco do Norte, SC, Brazil.

Previously to experiment installation, the area was
used for maize production (Zea mays) with black oat
(Avena strigosa) succession in conventional tillage sys-
tem (CTS). After experiment implantation, maize direct
seeding and sowing of black oats with light harrowing
was performed, characterizing minimum soil cultiva-
tion system. Black oat was cultivated until full bloom
stage, when it was desiccated with glyphosate herbi-
cide, and maize was cultivated for grains production.

Experimental design was of randomized blocks,
with five treatments and four replications, with plots
of 6.5 x 8.0 m dimensions (52 m?). Treatments used
were: Control, without fertilization; mineral fertiliza-
tion (MF), with urea, triple superphosphate and potas-
sium chloride; swine manure compost (SMC) + MF
(SMC+MF); pig slurry (PS) + MF (PS+MF); and pig
slurry according to recommendation to supply 100
and 30 kg ha! N dose for maize and black oat, respec-
tively (PS100), according to CQFS-RS/SC (2004). In
the SMC+MF and PS+MF treatments, swine manure

amount applied was calculated to supply the first nu-
trient (N, P or K) that reached the fertilization recom-
mendation for the crops (CQFS-RS/SC 2004), and the
other nutrients supplied via MF. For this, before each
application of treatments, a sample of SMC and PS was
analyzed through acid digestion, according to Tedesco
et al. (1995). The levels of N in the swine manure sam-
ples were determinate with a distillation in a Kjeldahl
half-micron vapor distiller and the distilled material be-
ing collected in boric acid and the entitlement of the
extract carried out with diluted H,SO, (Tedesco et al.
1995). The P content was determined by the method
of Murphy and Riley (1962), the K content was deter-
mined by flame spectrometry (B262 Micronal), and Ca
and Mg contents were determined by atomic absorption
spectrophotometer (AAnalyst 200).
Swine manure physicochemical characteristics
and the amounts of nutrients applied in each crop are
presented in Table 1. SMC was produced according to
methodology proposed by Victoria de Oliveira and Hi-
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garashi (2006), while PS was obtained from anaerobic
ponds located on the property, where the experiment
was conducted. The treatments with the use of swine
manure were applied during each crop cycle in a split-
ted way. For the SMC treatment, after calculating the
amount of SMC that would be necessary to reach one
of the macronutrients necessary for the development of
these cultures, it was planned how to split this mate-
rial (normally, two times during black oat cycle, and
three times for maize cycle). For each application, the
amount of SMC needed were weighed and applied it
manually to the planting lines for maize and the whole
area for black oat. For the PS treatment, the applica-
tion was splitted in the same way that was for the SMC
treatment (normally, two times during black oat cycle,
and three times for maize cycle). The need volume was
measured with the aid of a 50 L container. This contain-
er was carried by two people to the application area,
which was then applied to the planting lines for corn
and the whole area for black oat.

At black oat full bloom stage, in August 2014 and
2015, dry matter production (DM) was evaluated, ran-
domly collecting three subsamples of 0.25 m? in each
plot, which were collected in a composite sample. The
material was dried at 65 °C in oven to constant weight,
and DM determined.

In May 2015 and 2016, after 2014/15 and 2015/16
maize harvests, 40x40x40 cm trenches were opened and,
with the aid of a straight blade and spatula, undisturbed
soil samples (clods) were collected between maize cul-
tivation lines in the 0-5, 5-10 and 10-20 cm layers in
all experimental units, with each replicate consisting of
three undisturbed simple samples. Soil samples were
also collected in volumetric rings with a 50 cm? volume
for further bulk density (BD) determination. For aggre-
gates obtainment, samples were air-dried and manually
dislodged following their lines of weakness, and undis-
turbed samples were passed in a set of 8.0 and 4.0 mm
mesh sieves. All material that passed the 8.0 mm mesh
and was retained in the 4.0 mm mesh was considered a
soil aggregate (AGR) (Embrapa 2011).

In order to evaluate aggregates classes distribution,
25 g of soil from samples that were retained in the 4
mm sieve were weighed. Subsequently, samples were
transferred to a set of sieves with 2.00, 1.00, 0.50, 0.25,
0.105 and 0.053 mm meshes, moistened with a hand
sprayer and subjected to vertical stirring in the Yoder
apparatus (Yoder 1936) for 15 min. After the deter-
mined time, material retained in each sieve was re-

moved, separated with the aid of water jet, placed in pe-
tri dishes and dried in an oven at 105 °C, until constant
mass. Based on aggregate mass data, the mean weight
diameter (MWD) and mean geometric diameter (MGD)
of aggregates were calculated (Embrapa 2011), accord-
ing to equations 1 and 2, respectively. Also, with aggre-
gates mass, in each sieve, its distribution was evaluated
in the following classes of average diameter, according
to Costa Junior et al. (2012): 8,00 > @ > 2.00 mm (mac-
roaggregates); 2.00 > @ > 0.25 mm (mesoaggregates) e
0 < 0.25 mm (microaggregates).

MWD =Zw ( %) Di Equation 1
n=1

; mi
MGD = N2,Di™ = e¥iim. In(Di)
Where:
n = number of aggregate size classes;

Equation 2

mi = mass of class i, in g;

m = total mass, in g;

In = neperian logarithm

Di = arithmetic mean of upper and lower class lim-
its, in g.

After assessing aggregates stability, part of mac-
roaggregates between 8.00 > @ > 4.00 mm was used
to evaluate some chemical and physical parameters.
The aggregates were macerated in porcelain crucible,
sieved in 2 mm mesh, and from this material TOC and
TN contents were determined. The TOC was quanti-
fied according to Yeomans and Bremner (1988). For
this, 0.5 g of the soil samples were weighed, macerat-
ed and passed through a 60 mesh sieve. The material
was placed in a 250 ml conical flask and then 5 ml of
potassium dichromate and 7.5 ml of sulfuric acid were
added. Subsequently, the temperature of the digester
block was raised to 170 ° C for 30 min. Then, 80 ml
of distilled water and 0.3 ml of the indicator solution
(phenanthroline) were added and then titrated with 0.2
mol L' ammoniacal ferrous sulfate solution. TN con-
tent was determined by the “Kjeldhal” method, by di-
gestion with sulfuric acid and hydrogen peroxide and,
subsequently, the obtained extract was subjected to
steam distillation with sodium hydroxide and titration
of the collected with boric acid, according to the meth-
odology described by Tedesco et al. (1995). Clays floc-
culation degrees were also determined according to the
methodology proposed by Embrapa (2011), according
to the following equation 3:

cF =100(%2). Equation 3
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Where:

CF = clay flocculation, in %;

a = value of the total clay, that was obtained by the
pipette method, using 10 ml of NaOH 10 mol L' con-
centration, according to the methodology proposed by
Embrapa (2011);

b = the clay dispersed in water
10y and in KCI (pH, .,
were determinate according to methodology proposed

The pH in water (pH ) values

by Tedesco et al. (1995), to later calculate ApH values

Table 2 pH,,, values, pH

KCl1

(pHy, - PH,,,)- Table 2 presents pH,,, pH, ., and ApH

KCl1
values.

For BD evaluation, soil collected with the aid of a
50 em? volumetric ring (Embrapa 2011) was transferred
to an aluminum crucible of known mass, which was
weighed, placed in a circulating air oven at 105°C and,
after reaching constant weight, removed, allowed to
cool and then weighed again. The BD was determined
by equation 4:
Equation 4

and ApH in the 0-5, 5-10 cm and 10-20 cm depth layers, in soil submitted to different

fertilizer sources in the municipality of Brago do Norte, SC, Brazil

Depth (cm)
Treatments 0-5 5-10 10-20
2015 2016 2015 2016 2015 2016
pHHzo
Control 5.12 4.93 4.87 4.81 4.74 4.57
MF 4.98 4.55 5.16 4.66 4.96 4.9
SMC+MF 5.32 5.22 5.38 5.28 5.27 5.31
PS+MF 4.75 4.60 491 4.77 4.70 4.68
PS100 5.21 4.54 4.95 4.64 4.86 4.57
PHyq
Control 4.86 4.33 4.32 4.14 4.12 3.91
MF 4.01 4.48 4.03 4.22 4.02 4.08
SMC+MF 5.07 4.69 4.83 4.85 4.64 4.54
PS+MF 4.29 4.70 4.20 4.31 4.08 4.21
PS100 4.49 4.29 4.20 3.93 4.07 4.03
pHA
Control -0.26 -0.60 -0.55 -0.67 -0.62 -0.66
MF -0.97 -0.07 -1.13 -0.44 -0.94 -0.82
SMC+MF -0.25 -0.53 -0.55 -0.43 -0.63 -0.77
PS+MF -0.46 +0.10 -0.71 -0.46 -0.62 -0.47
PS100 -0.72 -0.25 -0.75 -0.71 -0.79 -0.54

MF = Mineral fertilization; SMC+MF = swine manure compost + MF; pig slurry + MF; and PS100 = pig slurry according to recommendation

to supply 100 and 30 kg ha' N dose for maize and black oat, respectively.

Where:

BD = bulk density, in kg dm?;

ma = mass of sample dried at 105°C, in g;

va = volumetric ring volume, in cm’.

Results from physical and chemical parameters
were analyzed for data normality and homogeneity by
Lilliefors (Lilliefors 1967) and Bartllet (Bartlett 1937)

tests, respectively. Subsequently, data were submitted
to analysis of variance with F test application and mean
values, when significant between treatments, they were
compared by Scott-knott test with a 5% probability of
error, and, when significant between years, they were
compared by t-Test (LSD) with a 5% probability of er-
ror using Sisvar Software 5.6.
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Results and discussion

Different nutrients sources evaluated presented signifi-
cant effects on black oat dry matter (DM) production,
TOC and TN contents in aggregates, MGD and MWD,
aggregates classes distribution and soil clay floccula-
tion degree. No effect of treatments was observed on
BD. The highest DM production of black oat was ob-
served in MF and PS100 treatments in 2014, and in MF
treatment in 2015. It is important to highlight that from
2014 to 2015, there was a decrease in black oat produc-
tion in some treatments (Table 3).

Table 3 Black oat dry matter (DM) submitted to differ-
ent sources of fertilization in the municipality of Braco
do Norte, SC, Brazil, during the evaluation period
(2014 and 2015)

Black oat dry matter, Mg ha'!

Treatments 014 015 (%) CV
Control 2.44 dA 2.29 cA 7.86
MF 5.49 aA 4.25 aB 12.89
SMC+MF 3.20cB 3.62 bA 4.09
PS+MF 3.90 bA 3.39bB 8.07
PS100 5.80 aA 3.56 bB 6.63
(%) CV 4.18 12.98

MF = Mineral fertilization; SMC+MF = swine manure compost +
MF; pig slurry + MF; and PS100 = pig slurry according to recom-
mendation to supply 100 and 30 kg ha' N dose for maize and black
oat, respectively. CV = Coefficient of variation. Averages followed by
the same lower case letter in the column do not differ from each other
by the 5% Skott-knott Test. Averages followed by the same capital
letters in the line do not differ from each other by the LDS Test at

5% probability.

The highest values of black oat DM production in
2014 for the PS100 treatment was due to the high nutri-
ent load present in the PS (Table 1), equaling MF treat-
ment. In 2015, it was observed that the climatic varia-
tion affected the production of cover plants, decreasing
their production mainly in MF, PS+MF and PS100.
During the cycle of cover crops, there was a period of
prolonged drought, which impaired their development
(Fig 1). Similar results were obtained by Ciancio et al.
(2014), when evaluating crop responses to different ap-
plication rates of animal manure sources (10, 20 and 30
m? ha! of pig slurry, and of 1 and 2 t ha! of turkey ma-
nure) used alone and supplemented with mineral N top-
dressing, in a no-tillage system. The authors observed

that the use of animal waste equaled the NPK treatment
for the DM production by black oat. In the third year,
this production was superior for the treatment with ani-
mal waste, when compared to the NPK treatment.

Regarding soil aggregation, there was no differenc-
es for MWD in the 0-5 and 10-20 cm layer, but only in
the 5-10 cm layer in the evaluation performed in 2015,
with the highest value for SMC+MF treatment, and
the lowest values in Control and MF treatments (Table
4). In 2016, there was no differences for MWD in the
0-5, 5-10 and 10-20 cm layer. Considering evaluation
epochs, the highest MWD values were observed in
2015 for SMC+MF treatment, in the 0-5 cm layer; for
SMC+MF, PS+MF and PS100 treatments, in the 5-10
cm layer, and Control ¢ SMC+MF, in the 10-20 cm
layer. For MGD, also in 2015, SMC+MF and PS+MF
treatments had the highest values in the 0-5 cm layer. In
the 5-10 cm layer, the highest MGD value for 2015 was
observed for SMC+MF treatment, and for the 10-20
cm layer, there was no differences between treatments.
In 2016, for the 0-5 cm layer, Control, MF and PS100
treatments presented the highest values. In the 5-10
and 10-20 cm layers, there was no differences between
treatments. Between evaluation epochs, we observed
the highest MGD values in 2015 for SMC+MF and
PS100 treatments, in the 0-5 cm layer, for SMC+MF,
PS+MF and PS100 treatments, in the 5-10 cm layer, and
for SMC+MF in the 10-20 cm layer, whereas the other
treatments did not differ among themselves (Table 4).

The highest MWD and MGD values for treatments
with swine manure application are due to SOM content
increase in these areas, when compared to Control and
MEF. The SOM plays a fundamental role in the forma-
tion and management of soil structure with aggregation
(Carter 2004). In addition, the higher black oat plants
DM contents in these treatments, and soil exploration
by roots, which exert pressure on mineral particles pro-
moting their approximation (Guedes Filho et al. 2013),
as well as organic compounds exudation that have ag-
glutinating effect on soil particles (Vezzani and Miel-
niczuk 2011).

Related to aggregate class distribution, macroaggre-
gates presented no differences between treatments in
the 0-5 cm layer, in both evaluation epochs (Fig. 2A).
In the 5-10 and 10-20 cm layers only in 2015, there
were differences between treatments, with the highest
values observed for SMC+MF in 5-10 cm (Fig. 2B),
and in Control, SMC+MF and PS100 treatments of
10-20 cm (Fig. 2C). Comparing evaluation epochs, it
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Table 4 Mean weighted (MWD) and mean geometric diameter (MGD) of aggregates in the soil profile submitted to

different fertilizer sources in Brago do Norte, SC, Brazil, in the evaluation carried out in 2015 and 2016

MWD, mm
TreatmentS 0-5 cm CvV 5-10 cm CV 10-20 cm Ccv
2015 2016 (%) 2015 2016 (%) 2015 2016 (%)
Control 4.20 nNS 3.85m™ 3.38 3.38 ¢M 3.49 7.86 323™A 239"B 7.16
MF 41308 3.77 7.45 3.35¢M 3.66 3.66 2.62N8 2.95 13.81
SMC+MF 453 A 3.76 B 6.50 4.45 aA 345B 3.76 3.69A 2.76 B 11.37
PS+MF 4,028 4.13 14.17 4.04 bA 339B 7.71 323N 2.78 14.30
PS100 4.14 N8 3.92 8.47 4.07 bA 328 B 5.63 29N 3.24 17.46
CV (%) 10.59 5.96 5.72 7.93 14.08 12.46
MGD, mm
0-5 cm ()% 5-10 cm CV 10-20 cm Cv
2015 2016 (%) 2015 2016 (%) 2015 2016 (%)
Control 3.42 b 2.87a 10.06 2.30 ¢S 2.63m™ 10.85 2.17m 141 9.09
MF 3.07 bNs 291a 7.75 2.30 ¢ 2.61 16.27 1.66 N8 1.75 18.48
SMC+MF 4.11 aA 2.63 bB 5.05 3.92aA 2.39B 7.39 2.73A 1.72 B 17.41
PS+MF 3.84 a8 324a 14.38 3.21 bA 2.29B 14.37 229N 1.65 22.74
PS100 3.35bA 2.25bB 15.80 3.20 bA 220B 10.82 2.66N8 1.72 28.11
CV(%) 12.36 8.93 11.47 12.62 21.41 19.13

MF = Mineral fertilization; SMC+MF = swine manure compost + MF; pig slurry + MF; and PS100 = pig slurry according to

recommendation to supply 100 and 30 kg ha! N dose for maize and black oat, respectively. CV = Coefficient of variation. Av-

erages followed by the same lower case letter in the column do not differ from each other by the 5% Skott-knott Test. Averages

followed by the same capital letters in the line, between evaluation times, do not differ from each other by the LDS Test at 5%

probability. ns = not significant in the column. NS = not significant between evaluation times.

is verified that in the 0-5 cm layer, SMC+MF was the
only treatment that decreased macroaggregates amount
between 2015 and 2016 (Fig. 2A). While in the 5-10 cm
layer, MF was the only treatment that did not decrease
macroaggregates proportion (Fig. 2B), and in the 10-20
cm layer, there was a decrease in macroaggregates pro-
portion in Control and SMC+MF treatments (Fig. 2C).

For mesoaggregates, in 2015, the lowest values
were found for SMC+MF treatment in all evaluated
layers and, also, for PS100 treatment in the 5-10 and
10-20 cm layers (Fig. 2E-F). In the 2016 evaluation,
the lowest values were observed for PS treatments, in
the 0-5 cm layer (Fig. 2D), for MF, in the 5-10 cm layer
(Fig. 2E), and for PS100, in the 10- 20 cm layer (Fig.
2F). In the comparison between evaluation epochs, me-
soaggregates proportion increased from 2015 to 2016 in
SMC+MF treatment, in the 0-5 cm layer (Fig. 2D), in
SMC+MF and PS100 treatments, in the 5-10 cm layer
(Fig. 2E), and in SMC+MF treatment, in the 10-20 cm
layer (Fig. 2F).

Regarding microaggregates, in 2015 no differences
were observed between treatments in the 0-5 and 10-20

cm layers (Fig. 2G-I). In the 5-10 cm layer, in the same
year, the largest microaggregates mass was observed
in MF treatment, while the lowest values occurred in
SMC+MF and PS100 treatments (Fig. 2H). In 2016,
in the 0-5 cm layer, the highest value was observed in
PS100 treatment (Fig. 2G), in the 5-10 cm layer, the
lowest value was observed in Control treatment (Fig.
2H), and in the 10 -20 cm layer, the highest value was
observed in MF treatment (Fig. 2I). Comparing evalua-
tion epochs, there was an increase in microaggregates,
from 2015 to 2016, in SMC+MF and PS100 treatments,
in the 0-5 cm layer (Fig. 2G), for SMC+MF, PS+MF
and PS100, in 5-10 cm layer (Fig. 2H), and in all treat-
ments in the 10-20 cm layer (Fig. 21).

Especially for the 2015 evaluation, it was observed,
in general, that even in layers where there were no
significant differences between treatments, SMC+MF
presented, proportionally to the other treatments, high-
er MWD, MGD values (Table 4) and macroaggregates
(Fig. 2). In this treatment, which presents a higher DM
amount and a higher C/N ratio (Table 1) (Comin et al.
2013), the aggregation effect is longer lasting, generat-
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ing more stable aggregates and, consequently, a lower
proportion of smaller size aggregates (Fig. 2). On the
other hand, in treatments with liquid manure, which
present smaller DM amounts and C/N ratio values (Table
1) (Comin et al. 2013), the effect on soil structuring

Macroaggregates, g

S e

Mesoaggregates, g

Microaggregates, g

2015 2016 2015

is lower compared to SMC+MF treatment. However,
when comparing the effect of pig slurry in relation to
Control, it can be verified that these treatments (PS+MF
and PS100) may present better results in soil aggrega-
tion (Fig. 2, Table 4).

®

2016 2015 2016

Evaluation period Evaluation period Evaluation period

I Control ] MF [ SMc+MF ] pS+MF [ PS100

Fig. 2 Distribution of water stable aggregate classes: Macroaggregates in the 0-5 (a), 5-10 (b) and 10-20 cm (c)
depth layers; mesoaggregated in the depth layers 0-5 (d), 5-10 (e) and 10-20 cm (f); micro-aggregates in the 0-5
(g), 5-10 (h) and 10-20 cm (i) depth layers, in soil submitted to different fertilizer sources in the municipality of

Brago do Norte, SC

Mean values followed by the same lower cases letter, between treatments, do not differ from each other by the 5% Skott-knott

Test. Capital cases letters between evaluation times do not differ from each other by the LDS Test at 5% probability
MF = Mineral fertilization; SMC+MF = swine manure compost + MF; pig slurry + MF; and PS100 = pig slurry according to

recommendation to supply 100 and 30 kg ha' N dose for maize and black oat, respectively
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These results corroborate those found by Schmitz
et al. (2017), when evaluating physical attributes of an
Inceptsol in an apple orchard under different nitrogen
sources: control (without fertilization); common urea;
pelleted urea; and organic fertilizer (superimposed pig
slurry), at 33 kg N ha! year' doses, found that organic
fertilization contributed to MGD increase and stability
index of aggregates, being this effect more pronounced
on the surface (0-5 cm). The lower MWD and MGD
values observed for MF treatment, in the 5-10 cm layer
of 2015 evaluation, may be due to the more pronounced
SOM mineralization due to mineral nitrogen applica-
tion in the form of urea, may lead to SOM content re-
duction, i.e., TOC, since this N becomes a raw material
for decomposing microorganisms, accelerating SOM
decomposition (Fonte et al. 2009; Souza et al. 2014).
Among MWD and MGD indexes, MGD demonstrated
to be more responsive evidencing differences between
treatments, since the highest MGD values were ob-
served in areas with swine manure (SMC+MF, PS+MF
and PS100), followed by Control and MF, whereas for
MWD, only differences between MF (lower value) and
other treatments (higher values) were observed.

In the 2016 evaluation, the decrease in soil macro-
aggregates values and, consequently, increase of meso
and microaggregates values can be due to the greater in-
crease of negative charges in soil, demonstrated by ApH
values (Table 2), repelling the organic matter that has
been added over time, and causing a greater clay dis-
persion, as can be observed by clay flocculation degree
values (Fig. 3). In this sense, organic matter addition
in an equilibrated system will promote changes in the
charge balance due to direct and indirect factors. Or-
ganic acids adsorption by mineral colloids will cause an
increase in negative charges of the system and, there-
fore, decrease the point of zero charge (PZC) (Oades
1984). On the other hand, organic matter addition can
promote changes in soil pH, favoring the manifesta-
tion of variable charges. Negative charge generation by
dissociation of type -COOH groups present in organic
matter and the coating of positive charges from oxides
favor deprotonated sites predominance (Canellas et al.
2008).

Regarding flocculation degree, PS100 treatment,
in 2015, presented the highest value in the 0-5 cm lay-
er (Fig. 3A), while in the 5-10 cm layer, there was
no differences between treatments (Fig. 3B); and in
the 10-20 cm layer, the lowest flocculation degree was
observed in Control treatment (Fig. 3C). In 2016, in

the 0-5 cm layer, the highest flocculation degree val-
ue was observed for SMC+MF treatment (Fig. 3A), in
the 5-10 cm layer, the highest values were observed
in MF, PS+MF and PS100 treatments (Fig. 3B), while
in the 10-20 cm layer, the highest value was in MF
treatment (Fig. 3C). Comparing flocculation degree
between evaluation epochs, in general, the highest
values were observed in 2015, with a decrease in floc-
culation degree between evaluated treatments from
2015 to 2016, except for SMC+MF treatments, in the
0-5 layer cm, and Control, 10-20 cm, which remained
constant (Fig. 3).

Results obtained for flocculation degree indicate
that, at the end of two evaluation periods (2015 and
2016), there is a tendency of increasing the clay dis-
persed in water in relation to total clay. This effect can
be caused by negative charges increase, which can be
generated after swine manures application to soil sur-
face. As this manure infiltrates in soil, a change occurs
in the net load along soil profile, generating a balance
of negative charges. With this, repulsion occurs be-
tween clay and added organic matter, leading to greater
clay dispersion in water. Similar results were found by
Benites and Mendonga (1998), who observed an in-
crease effect on the net negative charge after manure
addition to the soil originally with net positive charge.
With the addition of higher doses of manure, they ob-
served a dispersive effect caused by the negative bal-
ance of charges.

For TOC contents in aggregates, in the 2015 eval-
uation, there was difference only between treatments
in the 0-5 cm layer, where the lowest levels were ob-
served for Control treatment (Fig. 4A-C). In the 2016
evaluation, the highest TOC values were observed for
SMC+MF and PS+MF treatments, in the 0-5 and 10-
20 cm layers, while in the 5-10 cm layer, there was
no difference between treatments (Fig. 4A-C). Similar
to that observed for TOC levels, TN contents in ag-
gregates in the 2015 evaluation only showed differ-
ences between treatments in the 0-5 cm layer, where
the highest levels were observed in for MF, SMC+MF
and PS+MF treatments (Fig. 4D-F). In the 2016 eval-
uation, only differences in the 5-10 cm layer were
observed, with MF, SMC+MF, PS+MF and PS100
treatments presenting the highest values compared to
Control (Fig. 4D-F). When comparing the two evalua-
tion epochs, TOC and TN contents in aggregates pre-
sented increases, in most treatments and depths, from
2015 to 2016 (Fig. 4).
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Fig. 3 Flocculation degree in the 0-5 (a), 5-10 (b) and 10-20 cm (c) depth layers in soil submitted to different fer-

tilizer sources in Bra¢o do Norte, SC

Mean values followed by the same lower cases letter, between treatments, do not differ from each other by the 5% Skott-knott

Test. Capital cases letters between evaluation times do not differ from each other by the LDS Test at 5% probability

MF = Mineral fertilization; SMC+MF = swine manure compost + MF; pig slurry + MF; and PS100 = pig slurry according to

recommendation to supply 100 and 30 kg ha' N dose for corn and oats respectively

The higher TOC content in aggregates observed in
superficial layer (0-5 cm), compared to other layers, in
all treatments, demonstrates a pattern in which there is
a combined effect of vegetal residues addition (Table
3) on soil surface and swine manure application with-
out incorporation (Table 1). In this sense, Comin et al.
(2013) evaluated the effect of continuous application
of pig slurry and deep litter on TOC levels and soil

physical properties. These authors observed an increase
in TOC in soil superficial layers in the treatment with
deep litter application, justifying the results by the com-
bined effect of vegetal residues addition on soil surface
through crops and swine manure application (with high
C/N) without incorporation to the soil, which favors
the smaller SOM decomposition (Giacomini and Aita
2008). In addition, soil aggregation favors the physi-
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Fig.4 TOC and TN contents in soil aggregates in the 0-5 cm (a, d), 5-10 cm (b, e), and 10-20 cm (c, f) depth layers,

respectively, in soil subjected to different fertilizer sources in the municipality Brago do Norte, SC
Mean values followed by the same lower cases letter, between treatments, do not differ from each other by the 5% Skott-knott

Test. Capital cases letters between evaluation times do not differ from each other by the LDS Test at 5% probability

MF = Mineral fertilization; SMC+MF = swine manure compost + MF; pig slurry + MF; and PS100 = pig slurry according to

recommendation to supply 100 and 30 kg ha' N dose for maize and black oat, respectively
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cal-chemical protection mechanisms on SOM. Physical
protection via SOM occlusion by soil aggregates makes
it difficult for microorganisms and their enzymes to act
on the organic substrate, acting as a physical barrier
and decreasing O, availability for oxidative processes
of decomposition (Baldock et al. 1992; Balesdent et al.
2000).

Similar to TOC, the highest TN contents found in the
superficial layer (0-5 cm) of all treatments, demonstrates
a pattern in which there is a combined effect of vegetal
residues addition on soil surface and swine manure ap-
plication without incorporation. The use of MF with urea
increased the N content in the 0-5 cm depth, but when
mineral N was applied with swine manure (SMC+MF
and PS+MF), it was observed a higher efficiency in TN
content increase compared to exclusive PS100 use and
Control. These results can be explained by the high-
er crops dry matter content in treatments with wastes
(Mafra et al. 2014) (Table 2), as well as the minimum
soil turnover, which provided an increase in SOM lev-
els, as observed by Lourenzi et al. (2011). This is due
to the fact that TN content has a close relationship TOC
content (Baldi et al. 2010). These authors, studying dif-
ferent nutrients sources along eight years, observed that
the increase in TOC promoted TN increase, with a 94%
correlation. In addition, phytomass production increase
in soils with minimal tillage (Sartor et al. 2012; Maftra et
al. 2014), in which wastes are used in crop fertilization,
may promote the increment of SOM fractions in medium
and long term (Maftra et al. 2015), with emphasis on TOC
and TN levels (Lourenzi et al. 2013).

These results show the importance of maintaining
the soil well structured, since systems with soil tillage,
which recommend plows and grids use in soil prepa-
ration, are responsible for TOC and TN losses, espe-
cially C and N that were protected in soil aggregates
(Boddey et al. 2010; Costa Junior et al. 2011a, b). On
the other hand, conservationist management systems,
with the minimum soil turnover, associated to the main-
tenance of cultural residues on soil surface, contribute
to soil aggregation improvement and, consequently, to
soil organic matter increase, being more efficient when
associated to cover crops use, either by crops rotation
or succession (Costa Junior et al. 2011a, b; Loss et al.
2012; Gennaro et al. 2014) .

Studying C dynamics in soil aggregates, in soil
managed with conventional tillage system (CTS) and
in no-tillage system (NTS), Tivet et al. (2013) demon-
strated that the conversion of native vegetation areas

to CTS-managed agricultural areas, with plowing and
harvesting, disrupts aggregate formation processes and
promotes mineral particles dispersion (clay + silt), thus
reducing new aggregates formation. However, NTS
with intense aerial and radicular biomass accumulation
contributes to the stimulation to the formation of new
aggregates after their implantation in areas previously
submitted to soil CTS. Thus, soil aggregation has an
important role in SOM protection, and its increase is
mainly determined by the link between macroaggre-
gates recycling, microaggregates formation and carbon
stabilization within microaggregates (Six et al. 2000).
For aggregates formation and subsequent stabilization,
the main agents are soil fauna, soil microorganisms,
roots, inorganic agents and environmental variables
(Six et al. 2004; Rillig and Mummey 2006).

Regarding soil BD, no effect of treatments was ob-
served in any of the evaluated years (Table 5). Results
obtained for BD indicate that experiment conduction
time (4 years) was not enough to evidence the effects of
swine manure use on this parameter, as also observed
by Oliveira et al. (2015) which did not observe alter-
ations in physical parameters evaluated (bulk density,
total porosity, macroporosity, macro and microporosity,
and penetration resistance), in the different manage-
ment systems evaluated.

In an experiment in the same city where this ex-
periment was conducted, with similar soil, climate and
temperature conditions, when evaluating the use of dif-
ferent doses of pig slurry (PS) and pig deep litter (PL),
Comin et al. (2013) found only showed differences in
the PL treatment with 8 years of experimentation. In
addition, the values found by Comin et al. (2013) were
very similar to those in this study, ranging from 1.10 to
1.20 g cm?.

Conclusion

Continuous swine manure application during four
years, in association or not with mineral fertilizers,
increases TOC and TN contents in soil aggregates.
When comparing TOC contents in the 0-10 cm layer
with those verified at the beginning of the experiment,
it is observed that the use of swine manure associated
with plant residues (maize + black oat) in the minimum
tillage system increased the TOC content of the soil,
in the proportion of 67.02% in the SMC+MF, 59.64%
in PS+MF and 54.56% in PS100 treatments. For TN
contents the increase was in the proportion of 125.87%
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Table 5 Bulk density in the soil profile submitted to different fertilizer sources in the municipality of Braco do
Norte, SC, Brazil, during the evaluation period (2015 and 2016)

Bulk density, g cm™
Treatments 0-5 cm 5-10 cm 10-20 cm
2015 016 VP 2015 w16 VP 00 016

Control 121™A  127%A  6.12 120A  121™A 344  120™  121mA 438
MF 122A  123A  3.04 120A 1.22A 289  120A  120A 1.86
SMCH+MF LI9A  123A 219 1LISA 1.22A 328 1I9A  120A 4.65
PS+MF 1.19A 123A  3.63 1.20A 1.25A 3.41 1LISA  124A 3.51
PS100 124A 123A 155 1LI9A 121 A 276 1.18A  120A 4.03
CV (%) 431 2.96 3.10 3.24 3.21 432

MF = Mineral fertilization; SMC+MF = swine manure compost + MF; pig slurry + MF; and PS100 = pig slurry according to recommendation

to supply 100 and 30 kg ha"' N dose for maize and black oat, respectively. CV = Coefficient of variation. Averages followed by the same lower

case letter in the column do not differ from each other by the 5% Skott-knott Test. Averages followed by the same capital letters in the line,

between evaluation times, do not differ from each other by the LDS Test at 5% probability. ns = not significant.

in the SMC+MF, 105.26% in PS+MF and 122.00% in
PS100, for soil aggregates.

However, this increase was not efficient in improv-
ing soil physical attributes, reducing the aggregation
index (MWD and MGD), especially in the 5-10 cm
depth layer, in addition to reducing macroaggregates
proportion, and consequently increasing soil microag-
gregates. From 2015 to 2016, it was possible to observe
a reduction in the MWD in the proportion of 22,47%
in SMC+MF, 16,08% in PS+100 and 19,41% in PS100
treatments. For MGD, this reduction was observed
in the proportion of 39,03% in SMC+MF, 28,66% in
PS+100 and 31,25% in PS100 treatments.
Acknowledgements The corresponding author acknowledges
the support of FAPESC and CAPES for the master’s scholarship
granted to conduct this study.

Compliance with ethical standards

Conflict of interest The authors declare that there are no conflic-

ts of interest associated with this study.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestric-
ted use, distribution, and reproduction in any medium, provided
you give appropriate credit to the original author(s) and the sour-
ce, provide a link to the Creative Commons license, and indicate

if changes were made.

References

Adu JK, Oades JM (1978) Physical factors influencing decompo-
sition of organic materials in soil aggregates. Soil Biol Bio-
chem 10: 109-115.
https://doi.org/10.1016/0038-0717(78)90080-9

Agele SO, Ewulo BS, Oyewusi IK (2005) Effects of some soil
management systems on soil physical properties, microbial
biomass and nutrient distribution under rainfed maize pro-
duction in a humid rainforest Alfisol. Nutr. Cycl. Agroecor
systems 72: 121-134.
https://doi.org/10.1007/s10705-004-7306-x

Agne SAA, Klein VA (2014) Matéria organica e atributos fisicos
de um Latossolo Vermelho apos aplicacdes de dejeto de sui-
nos. Rev. Bra Eng Agricola e Ambient 18: 720-726.
https://doi.org/10.1590/s1415-43662014000700008

Al-Kaisi MM, Douelle A, Kwaw-Mensah D (2014) Soil microag-
gregate and macroaggregate decay over time and soil carbon
change as influenced by different tillage systems. J Soil and
Water Cons 69(6): 574-580.
https://doi:10.2489/jswc.69.6.574

Alvares CA, Stape JL, Sentelhas PC, De Moraes Gongalves JL,
Sparovek G (2013) Koppen'’s climate classification map for
Brazil. Meteorol Zeitschrift 22: 711-728.
https://doi.org/10.1127/0941-2948/2013/0507

Baldi E, Toselli M, Marcolini G, Quartieri M, Cirillo E, Innocen-
ti A, Marangoni B (2010) Compost can successfully replace
mineral fertilizers in the nutrient management of commercial
peach orchard. Soil Use Manag 26: 346-353.
https://doi.org/10.1111/j.1475-2743.2010.00286.x

Baldock JA, Oades JM, Waters AG, Peng X, Vassallo AM, Wilson
MA (1992) Aspects of the chemical-structure of soil organic
materials as revealed by solid-state C13 NMR-Spectroscopy.
Biogeochemestry 16: 1-42


https://doi.org/10.1016/0038-0717(78)90080-9 
https://doi.org/10.1007/s10705-004-7306-x 
https://doi.org/10.1590/s1415-43662014000700008 
https://doi:10.2489/jswc.69.6.574%20
https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.1111/j.1475-2743.2010.00286.x 

International Journal of Recycling of Organic Waste in Agriculture (2021)10: 1-17 15

Balesdent J, Chenu C, Balabane M (2000) Relationship of soil
organic matter dynamics to physical protection and tillage.
Soil Till Res 53:215-230.
https://doi.org/10.1016/S0167-1987(99)00107-5

Barbosa GM de C, Oliveira JF de, Miyazawa M, Ruiz DB, Filho
JT (2015) Aggregation and clay dispersion of an oxisol treat-
ed with swine and poultry manures. Soil Tillage Res 146:
279-285. https://doi.org/10.1016/].5til1.2014.09.022

Bartlett MS (1937) Properties of sufficiency and statistical tests.
Proceedings of the Royal Society of London, Series A. Math-
ematical and Physical Sciences 160: 268-282.
https://doi.org/10.1098/rspa.1937.0109

Benites VM, Mendonga ES (1998) Propriedades eletroquimicas
de um solo eletropositivo influenciadas pela adigdo de diferen-
tes fontes de matéria organica. Rev Bras Cienc Solo 22: 215-
221.http://dx.doi.org/10.1590/S0100-06831998000200006

Blanco-Canqui H, Stone LR, Schlegel AJ, Lyon DJ, Vigil MF,
Mikha MM, Stahlman PW, Rice CW (2009) No-till induced
increase in organic carbon reduces maximum bulk density of
soils. Soil Sci Soc Am J 73: 1871-1879.
https://doi.org/10.2136/sssaj2008.0353

Boddey RM, Jantalia CP, Conceigao PC, Zanatta JA, Bayer C,
Mielniczuk J, Dieckow J, Dos Santos HP, Denardin JE, Aita
C, Giacomini SJ, Alves BJR, Urquiaga S (2010) Carbon ac-
cumulation at depth in Ferralsols under zero-till subtropical
agriculture. Glob Chang Biol 16: 784-795.
https://doi.org/10.1111/j.1365-2486.2009.02020.x

Brunetto G, Comin JJ, Schmitt DE, Guardini R, Mezzari CP,
Oliveira BS, Moraes MP de, Gatiboni LC, Lovato PE, Cer-
etta CA (2013) Changes in soil acidity and organic carbon
in a sandy typic hapludalf after medium-term pig-slurry and
deep-litter application. Rev Bras Ciénc do Solo 36: 1620—
1628. https://doi.org/10.1590/s0100-06832012000500026

Canellas LP, Mendong¢a ES, Dobbss LB, Baldotto MA, Velloso
ACX, Santos GA, Amaral Sobrinho NMB (2008) Reagdes
da matéria organica, in Fundamentos da matéria orgdnica
do solo: Ecossistemas tropicais e subtropicais ed. by Santos
GA, Da Silva LS, Canellas LP, Camargo FAO. Porto
Alegre:Metropole

Carter MR (2004) Researching structural complexity in agricul-
tural soils. Soil Tillage Res 79: 1-6.
https://doi.org/10.1016/j.stil1.2004.04.001

Ceretta CA, Girotto E, Lourenzi CR, Trentin G, Vieira RCB, Bru-
netto G (2010) Nutrient transfer by runoff under no tillage in
a soil treated with successive applications of pig slurry. Agric
Ecosyst Environ 139: 689-699.
https://doi.org/10.1016/j.agee.2010.10.016

Choudhary M, Bailey LD, Grant CA (1996) Review of the use of
swine manure in crop production: Effects on yield and com-
position and on soil and water quality. Waste Management e
Research 14: 581-595.
https://doi.org/10.1006/wmre.1996.0056

Christensen BT (2001) Physical fractionation of soil and structur-
al and functional complexity in organic matter turnover. Eur
J Soil Sci 52: 345-353

Ciancio NR, Ceretta CA, Lourenzi CR, Ferreira PAA, Trentin G,
Lorensini F, Tiecher TL, De Conti L, Girotto E, Brunetto G

(2014) Crop response to organic fertilization with supple-
mentary mineral nitrogen. Rev Bras Ciénc Solo 38(3): 912-
922. https://doi.org/10.1590/S0100-06832014000300023

Comin JJ, Loss A, da Veiga M, Guardini R, Schmitt DE, Victoria
de Oliveira PA, Filho PB, Couto RR, Benedet L, Junior VM,
Brunetto G (2013) Physical properties and organic carbon
content of a Typic Hapludult soil fertilised with pig slurry
and pig litter in a no-tillage system. Soil Res 51: 459-470.
https://doi.org/10.1071/sr13130

Costa Junior C, Piccolo M de C, Camargo P de, Bernoux M,
Siqueira Neto (2011a) Carbono total e 13C em agregados do
solo sob vegetacao nativa e pastagem no bioma cerrado. Rev
Bras de Ciénc Solo 35: 1241-1252.
https://doi.org/10.1590/S0100-06832011000400017

Costa Junior C, Piccolo M de C, Siqueira Neto M, Piccolo MDC,
Cerri CC, Bernoux M (2011b) Nitrogénio e abundéancia natu-
ral de 15N em agregados do solo no bioma cerrado. Ensaios
e Ciéncia 15: 47-66

Costa Junior C, Piccolo M de C, Neto MS, de Camargo PB, Cerri
CC, Bernoux M (2012) Carbono em agregados do solo sob
vegetagdo nativa, pastagem e sistemas agricolas no bioma
Cerrado. Rev Bras Cienc Solo 36: 1311-1321.
https://doi.org/10.1590/S0100-06832012000400025

Couto RR, Comin JJ, Beber CL, Uriarte JF, Brunetto G, Belli
Filho P (2010) Atributos quimicos em solos de propriedades
suinicolas submetidos a aplicagdes sucessivas de dejeto de
supinos no municipio de Brago do Norte, Santa Catarina. Sci-
entia Agraria 11: 493-497.
http://dx.doi.org/10.5380/rsa.v11i6.20396

CQFS-RS/SC - Comissdo de Quimica e Fertilidade do Solo
(2004) Manual de calagem e de adubagao para os Estados do
Rio Grande do Sul e de Santa Catarina. 11. ed. SBCS/NRS:
Frederico Westphalen. 376p

Diesel R, Miranda C, Perdomo C (2002) Coletanea de tecnolo-
gias sobre dejetos suinos n°14. Porto Alegre: Emater

Dortzbach D, Araujo IS, Pandolfo CM, Veiga M (2013) Carbo-
no e nitrogénio no solo e na biomassa microbiana em glebas
com diferentes usos e periodos de aplicagdo de dejetos liqui-
dos de suinos. Agropecuaria Catarinense 26: 69-73

Eaton WD (2001) Microbial and nutrient activity in soils from
three different subtropical forest habitats in belize, Central
America before and during the transition from dry to wet sea-
son. Appl Soil Ecol 16: 219-227.
https://doi.org/10.1016/S0929-1393(00)00117-7

Embrapa - Empresa Brasileira de Pesquisa Agropecuaria (2011)
Centro Nacional de Pesquisa de Solos. Manual de métodos
de analise de solo. 2nd edn. Rio de Janeiro (2011) (Embra-
pa-CNPS. Documentos, 132)

Fonte SJ, Yeboah E, Ofori P, Quansah GW, Vanlauwe B, Six J
(2009) Fertilizer and residue quality effects on organic matter
stabilization in soil aggregates. Soil Sci Soc Am J 73: 961-
966. https://doi.org/10.2136/sssaj2008.0204

Gennaro LA, de Souza ZM, de Andrade Marinho Weill M, de
Souza GS, Alves MC (2014) Soil physical and microbiolog-
ical attributes cultivated with the common bean under two
management systems. Rev Cienc Agron 45: 641-649.
http://dx.doi.org/10.1590/S1806-6690201400040000


https://doi.org/10.1016/S0167-1987(99)00107-5 
https://doi.org/10.1016/j.still.2014.09.022 
https://doi.org/10.1098/rspa.1937.0109
http://dx.doi.org/10.1590/S0100-06831998000200006 
https://doi.org/10.2136/sssaj2008.0353
https://doi.org/10.1111/j.1365-2486.2009.02020.x 
https://doi.org/10.1590/s0100-06832012000500026 
https://doi.org/10.1016/j.still.2004.04.001 
https://doi.org/10.1016/j.agee.2010.10.016 
https://doi.org/10.1006/wmre.1996.0056
https://doi.org/10.1590/S0100-06832014000300023
https://doi.org/10.1071/sr13130
https://doi.org/10.1590/S0100-06832011000400017
https://doi.org/10.1590/S0100-06832012000400025%20
http://dx.doi.org/10.5380/rsa.v11i6.20396%20
https://doi.org/10.1016/S0929-1393(00)00117-7
https://doi.org/10.2136/sssaj2008.0204%20
http://dx.doi.org/10.1590/S1806-6690201400040000

16 International Journal of Recycling of Organic Waste in Agriculture (2021)10: 1-17

Giacomini SJ, Aita C (2008) Deep-litter and pig slurry as nitrogen
sources for corn. Rev Bras Cienc Solo 32: 195-205. https://doi.
org/http://dx.doi.org/10.1590/S0100-06832008000100019

Giacomini SJ, Aita C, Pujol SB, Miola ECC (2013) Transformagdes
do nitrogénio no solo apos adi¢ao de dejeto liquido e cama so-
breposta de suinos. Pesqui Agropecu Bras 48: 211-219.
https://doi.org/10.1590/S0100-204X2013000200012

Guedes Filho O, da Silva AP, Giarola NFB, Tormena CA (2013)
Structural properties of the soil seedbed submitted to me-
chanical and biological chiseling under no-tillage. Geoderma
204-205: 94-101.
https://doi.org/10.1016/j.geoderma.2013.04.017

Lilliefors H (1967) On the Kolmogorov—Smirnov test for normal-
ity with mean and variance unknown. Journal of the Ameri-
can Statistical Association 62: 399—402.
https://doi:10.1080/01621459.1967.10482916

Loss A, Pereira MG, Perin A, Anjos LHC dos (2012) Carbon and
nitrogen content and stock in no-tillage and crop-livestock
integration systems in the cerrado of Goias state, Brazil. J.
Agric. Sci. 4: 1137-1150.
https://doi.org/10.5539/jas.v4n8p96

Loss A, Lourenzi CR, dos Santos E, Mergen CA, Benedet L,
Pereira MG, Piccolo M de C, Brunetto G, Lovato PE, Comin
JJ(2017) Carbon, nitrogen and natural abundance of 13C and
15N in biogenic and physicogenic aggregates in a soil with
10 years of pig manure application. Soil Tillage Res 166:
52-58. https://doi.org/10.1016/].still.2016.10.007

Lourenzi CR, Ceretta CA, da Silva LS, Girotto E, Lorensini F,
Tiecher TL, De Conti L, Trentin G, Brunetto G (2013) Nutri-
entes em camadas de solo submetido a sucessivas aplicagdes
de dejeto liquido de suinos e sob plantio direto. Rev Bras
Cienc Solo 37: 157-167.
https://doi.org/10.1590/S0100-06832013000100016

Lourenzi CR, Ceretta CA, Silva LS da, Trentin G, Girotto E,
Lorensini F, Tiecher TL, Brunetto G (2011) Soil chemical
properties related to acidity under successive pig slurry ap-
plication. Rev Bras Ciénc Solo 35:1827-1836.
https://doi.org/10.1590/s0100-06832011000500037

Mafra MSH, Cassol PC, Albuquerque JA, Correa JC, Grohskopf
MA, Panisson J (2014) Acamulo de carbono em Latossolo
adubado com dejeto liquido de suinos e cultivado em plantio
direto. Pesqui Agropecu Bras 49: 630-638.
https://doi.org/10.1590/S0100-204X2014000800007

Mafra MSH., Cassol PC, Albuquerque JA, Grohskopf MA, An-
drade AP, Rauber LP, Friederichs A (2015) Organic Carbon
Contents and Stocks in Particle Size Fractions of a Typic
Hapludox Fertilized With Pig Slurry and Soluble Fertilizer.
Rev Bras Ciénc Solo 39: 1161-1171.
https://doi.org/10.1590/01000683rbcs20140177

Marcondes T (2017) Sintese Anual da Agricultura de Santa Cata-
rina 2016-2017. v 1. Floriandpolis, Epagri/Cepa (2017)

Murphy J, Riley JP (1962) A modified single solution method for
the determination of phosphate in natural waters. Analytica
Chimica Acta 27:31-36

Oades JM (1984) Soil organic matter and structural stability:
mechanisms and implications for management. Plant Soil 76:
319-337. hittps://doi.org/10.1007/BF02205590

Oliveira DMS, Lima RP, Jan Verburg EE (2015) Qualidade fisica
do solo sob diferentes sistemas de manejo e aplicagdo de de-
jeto liquido suino. Rev Bras Eng Agric Ambient 19: 280-285.
https://doi: 10.1590/1807-1929/agriambi.v19n3p280-28

Plaza C, Hernandez D, Garcia-Gil JC, Polo A (2004) Microbial
activity in pig slurry-amended soils under semiarid condi-
tions. Soil Biol Biochem 36: 1577-1585.
https://doi.org/10.1016/j.s0ilbio.2004.07.017

Rillig MC, Mummey DL (2006) Mycorrhizas and soil structure.
New Phytol 171: 41-53

Sartor LR, Assmann AL, Assmann TS, Bigolin PE, Miyazawa
M, Carvalho PC de F (2012) Effect of swine residue rates
on corn, common bean, soybean and wheat yield. Rev Bras
Ciénc Solo 36: 661-669.
https://doi.org/10.1590/s0100-06832012000200035

Schmitz D, Loss A, Lourenzi CR, Muller Junior V, Da Veiga M,
Brunetto G, Comin JJ (2017) Atributos fisicos de Cambissolo
Humico submetido a fontes de nitrogénio em pomar de ma-
cieira. Comunicata Scientiae 8: 316-325

Six J, Paustian K, Elliott ET, Combrink C (2000) Soil structure
and soil organic matter: 1. Distribution of aggregate size
classes and aggregate associated carbon. Soil Sci Soc Am J
64: 681-89

Six J, Bossuyt H, Degryze S, Denef K (2004) A history of re-
search on the link between (micro)aggregates, soil biota,
and soil organic matter dynamics. Soil Tillage Res 79: 7-31.
https://doi.org/10.1016/].still.2004.03.008

Soil Survey Staff (2014) Keys to soil taxonomy. Usda 12, 410.
https://doi.org/10.1063/1.1698257

Souza IA de, Ribeiro KG, Rocha WW, Pereira OG, Cecon PR
(2014) Physical properties of a Red-Yellow Latosol and pro-
ductivity of a signalgrass pasture fertilized with increasing
nitrogen doses. Rev Bras Ciénc Solo 37: 1549-1556.
https://doi.org/10.1590/s0100-06832013000600011

Tavares Filho J, Ribon AA (2008) Resisténcia do solo a pene-
tragdo em resposta ao numero de amostras e tipo de amostra-
gem. Rev Bras Ciénc Solo 32: 487-494.
http://dx.doi.org/10.1590/S0100-06832008000200003

Tavares Filho J, Tessier D (2010) Effects of different manage-
ment systems on porosity of oxisols in Parana, Brazil. Rev.
Bras. Ciéncia do Solo 34: 899-906.
https://doi.org/10.1590/s0100-0683201000030003 1

Tedesco MJ, Gianello C, Bissani CA, Bohnen H, Volkweiss SJ
(1995) Analises de solo, plantas e outros materiais. 2nd edn.
Porto Alegre: Universidade Federal do Rio Grande do Sul

Tivet F, S4 JCM, Lal R, Briedis C, Borszowskei PR, Santos
JB, Farias A, Hartman DC, Nadolny Junior M, Bouzinac
S, Seguy L (2013) Aggregate C depletion by plowing and
its restoration by diverse biomass-C inputs under no-till in
sub-tropical and tropical regions of Brazil. Soil & Till Res
126: 203- 218

Vezzani FM, Mielniczuk J (2011) Agregagdo e estoque de carbo-
no em argissolo submetido a diferentes praticas de manejo
agricola. Rev Bras Cienc Solo 35: 213-223.
https://doi.org/10.1590/S0100-06832011000100020

Viana ET, Batista MA, Tormena A, Carlos A (2011) Atributos fisi-
cos e carbono organico em Latossolo Vermelho sob diferentes


https://doi.org/http:/dx.doi.org/10.1590/S0100-06832008000100019%20
https://doi.org/http:/dx.doi.org/10.1590/S0100-06832008000100019%20
https://doi.org/10.1590/S0100-204X2013000200012%20
https://doi.org/10.1016/j.geoderma.2013.04.017%20
https://doi:10.1080/01621459.1967.10482916
https://doi.org/10.5539/jas.v4n8p96%20
https://doi.org/10.1016/j.still.2016.10.007%20
https://doi.org/10.1590/S0100-06832013000100016%20
https://doi.org/10.1590/s0100-06832011000500037
file:///E:/offic/%d9%85%d8%ac%d9%84%d9%87/%d8%a8%d8%a7%d8%b2%db%8c%d8%a7%d9%81%d8%aa/%d8%b2%d9%85%d8%b3%d8%aa%d8%a7%d9%86%2099/%d8%b4%d9%85%d8%a7%d8%b1%d9%87%201-10/.%20https:/doi.org/10.1590/S0100-204X2014000800007
file:///E:/offic/%d9%85%d8%ac%d9%84%d9%87/%d8%a8%d8%a7%d8%b2%db%8c%d8%a7%d9%81%d8%aa/%d8%b2%d9%85%d8%b3%d8%aa%d8%a7%d9%86%2099/%d8%b4%d9%85%d8%a7%d8%b1%d9%87%201-10/.%20https:/doi.org/10.1590/S0100-204X2014000800007
https://doi.org/10.1590/01000683rbcs20140177%20
https://doi.org/10.1007/BF02205590%20
https://doi:%2010.1590/1807-1929/agriambi.v19n3p280-28%20
https://doi.org/10.1016/j.soilbio.2004.07.017%20
https://doi.org/10.1590/s0100-06832012000200035%20
https://doi.org/10.1016/j.still.2004.03.008%20
https://doi.org/10.1063/1.1698257%20
https://doi.org/10.1590/s0100-06832013000600011%20
http://dx.doi.org/10.1590/S0100-06832008000200003%20
https://doi.org/10.1590/s0100-06832010000300031%20
https://doi.org/10.1590/S0100-06832011000100020%20

International Journal of Recycling of Organic Waste in Agriculture (2021)10: 1-17 17

sistemas de uso e manejo. Rev Bras Ciénc Solo 35: 2105—
2114. http://dx.doi.org/10.1590/S0100-06832011000600025

Victoria de Oliveira PA, Higarashi MM (2006) Unidade de com-
postagem para o trataento de dejetos suinos. Concordia: Em-
brapa Suinose Aves

Wuddivira MN, Camps-Roach G (2007) Effects of organic mat-
ter and calcium on soil structural stability. Eur J Soil Sci 58:
722-727. https://doi.org/10.1111/j.1365-2389.2006.00861.x
this ref is no in the text

Yeomans JC, Bremner JM (1988) Communications in soil sci-
ence and plant analysis: A rapid and precise method for rou-

tine determination of organic carbon in soil. Commun. Soil
Sci Plant Anal 19; 467-1476

Yoder RE (1936) A direct method of aggregate analysis of soil
and a study of the physical nature of erosion losses. Journal
of the American Society of Agronomy 48: 377-350

Zhou H, Peng X, Perfect E, Xiao T, Peng G (2013) Effects of
organic and inorganic fertilization on soil aggregation in
an Ultisol as characterized by synchrotron based X-ray mi-
cro-computed tomography. Geoderma 195-196: 23-30.
https://doi.org/10.1016/j.geoderma.2012.11.003


http://dx.doi.org/10.1590/S0100-06832011000600025%20
https://doi.org/10.1111/j.1365-2389.2006.00861.x%20this%20ref%20is%20no%20in%20the%20text
https://doi.org/10.1111/j.1365-2389.2006.00861.x%20this%20ref%20is%20no%20in%20the%20text
https://doi.org/10.1016/j.geoderma.2012.11.003

