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SUMMARY 

Applications of swine waste on the soil promote changes in soil aggregation pathways and, consequently, in the 

chemical attributes of these aggregates. This study aimed to evaluated the effects of different sources and amounts of 

swine waste on the levels of total organic carbon (TOC), total nitrogen (TN), and C and N levels of humic substances 

(HSs) of the biogenic and physicogenic aggregates in an Ultisol with a history of applications of swine waste for 10 

years. Undisturbed soil samples were collected at the depths of 0-5 cm and 5-10 cm, in the treatments without 

application of waste (CONTROL), with the application of pig slurry (PS) and deep litter (DL) at doses equivalent to 

one and two times the nitrogen recommendation for maize and oats (PS1X, PS2X, DL1X and DL2X, respectively). 

The aggregates were separated according to the biogenic and physicogenic formation pathways. Subsequently, TOC, 

TN, as well as C and N of HSs were quantified: humin (C-HUM/N-HUM), humic acids (C-HAF/N-HAF) and fulvic 

acids (C-FAF/N-FAF). The application of DL increased the total C and N levels of the aggregates and of the HSs. 

The continuous application of swine waste have increased TOC, TN, C-HUM, C-HAF, and N-HUM in the biogenic 

aggregates when compared to physicogenic ones. 

Keywords: pig slurry; deep litter; no-tillage system; humin; humic acid; fulvic acid. 

 

RESUMEN 

Las aplicaciones de desechos de cerdos en el suelo promueven cambios en las vías de agregación del suelo y, 

consecuentemente, en los atributos químicos de estos agregados. Se evaluó los efectos de diferentes fuentes y 

cantidades de desechos de cerdos sobre los contenidos de carbono orgánico total (COT), nitrógeno total (NT) y los 

niveles C y N de las sustancias humicas (SHs) de los agregados biogénicos y fisiogénicos de Argissolo con histórico 

de aplicaciones de desechos de cerdos por 10 años. Se recolectar muestras indeformadas de suelo en las 

profundidades 0-5 cm y 5-10 cm, en los tratamientos sin aplicación de desechos (TESTEMUNHA), con aplicación 

de desecho líquido de cerdos (DLS) y cama superpuesta de cerdos (CSS) en dosis equivalente a una y dos veces la 

recomendación de nitrógeno para el maíz y la avena (DLS1X, DLS2X, CSS1X y CSS2X, respectivamente). Los 

agregados se separaron según las vías de formación em biogénicos y fisiogénicos. Posteriormente, se cuantificaron 
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COT, NT, así como C y N de SHs: humina (C-HUM/N-HUM), ácidos húmicos (C-HAF/N-HAF) y ácidos fúlvicos 

(C-FAF/N-FAF). La aplicación de CSS incrementó los niveles totales de C y N de los agregados y de lãs SHs. La 

aplicación continua de desechos de cerdos ha incrementado el COT, NT, C-HUM, C-HAF y N-HUM en los 

agregados biogénicos en comparación con los fisiogénicos. 

Palabras clave: desecho líquido de cerdos; cama superpuesta de cerdos; sistema de siembra directa; humina; ácido 

húmico, ácido fúlvico. 

 

 

INTRODUCTION 

 

The state of Santa Catarina, Brazil, stands out 

nationally because it is one of the main agricultural 

producers, especially in the animal production sector, 

with emphasis on swine breeding activities. The 

current production system in the state is 

predominantly intensive and in small properties, 

generating, in addition to high productivity, large 

volumes of waste (ABCS, 2014). This waste, when 

successively applied to the soil, may modify the 

chemical, physical and biological attributes of the soil 

(Correia et al., 2011, Lourenzi et al., 2013, Comin et 

al., 2013, Giacomini et al., 2013, Mafra et al., 2014). 

Several soil attributes are used as soil quality 

indicators (SQI). Soil organic matter (SOM) is 

considered one of the best indicators of SQ. 

Furthermore, the determination of C and N levels of 

the different SOM compartments are used to show 

differences in soil use systems under diversified 

conditions Vezzani and Mielniczuk (2009). Organic 

fractions of the soil are divided into different stages 

of decomposition: organic residues, light fraction, 

living biomass of the soil, non-humic substances and 

humic substances. Within humic substances, the 

presence of three main fractions is possible: humin, 

humic acids and fulvic acids. Humic acids are 

fractions that have little solubility in the acidic 

conditions normally found in soils. These compounds 

are responsible for the greater part of the cation 

exchange capacity (CEC) of organic origin and in 

superficial layers of sandy soils, differently from 

fulvic acids, which are responsible for the greater 

generation of loads of organic origin in clay soils 

Mendonça and Rowell (1996). Humin is the fraction 

bounded to the minerals of the soil and although it 

presents low reactivity, it is responsible for 

aggregation mechanisms and in the majority of 

tropical soils it represents the greater part of humified 

carbon (Stevenson, 1994, Benites et al., 2003, Loss et 

al., 2010). 

 

Humic substances have the ability to interact with the 

clay fraction and they play an important role in soil 

fertility and structure, as well as in the immobilization 

of heavy metals and pesticides (Stevenson, 1994, 

Dick et al., 2009). The humic fractions of SOM 

reflect the changes that have occurred through 

anthropic alterations and at the same time they are 

stable in the face of short-term spatial and temporal 

variations when compared to some biological and 

biochemical indicators normally evaluated, 

suggesting that the characterization of these fractions 

presents a great potential in the evaluation of changes 

in SQ Benites et al (2010). 

 

Depending on the soil management system, for 

example, the no-tillage system (NTS) or the 

conventional tillage system (CTS), with or without 

the use of organic or mineral fertilizers, changes in 

the edaphic attributes may occur, with emphasis on 

changes in the soil aggregation, for it is an attribute 

strongly influenced by soil management. These 

changes may also culminate in changes in the 

aggregate formation pathways, which are classified as 

biogenic and physicogenic, and these patterns are 

established according to their morphology (Pulleman 

et al., 2005, Velasquez et al., 2007, Jouquet et al., 

2009, Loss et al., 2014). 

 

When studying the impact of earthworm activity on 

the aggregation and incorporation of SOM in 

different long-term cropping systems, being 

permanent pastures (PP), CTS and a CTS, however, 

organic (CTSo), Pulleman et al (2005) have observed 

that the biogenic aggregates found in PP and CTSo 

contained higher TOC levels than the physicogenic 

aggregates, and the inverse trend was observed for the 

CTS aggregates. The comparison of the different 

types of aggregates has revealed that the soil 

macroaggregates in PP were considerably enriched in 

carbon contained in the particulate organic matter and 

microaggregates. In general, the results have 

demonstrated that earthworms may directly initiate 

the formation of microaggregates, which, in turn, 

contribute to the physical protection of SOM against 

microbial decomposition. 

 

In order to increase soil aggregation in 

agroecosystems, the management should aim to 

increase the entries of SOM, as well as the reduction 

of disturbances and the loss rates of this SOM by 

processes such as decomposition and erosion. 

Improvement of soil structure depends on 

management practices, which include methods of 

preparation, nutrient cycling and management of 

plant and animal waste. Thus, within this context, the 

NTS is highlighted with the use of organic 

fertilization via swine waste. This combination (NTS 

fertilized with swine waste) for a long time may 

influence the formation pathways of soil aggregates, 
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as well as it may increase carbon and nitrogen levels 

in these aggregates. 

 

Therefore, more studies are required which address 

the separation and characterization of soil aggregates 

due to changes resulting from soil management in the 

formation of aggregates, in relation to qualitative and 

quantitative aspects, since these are incipient in the 

face of the complexity and difficulty to establish 

patterns for the different forming pathways of the 

aggregates (Velasquez et al., 2007, Jouquet et al., 

2009, Cecillon et al., 2010, Batista et al., 2013, Loss 

et al., 2014). According to Loss et al (2014) and Silva 

Neto et al (2016), information on the soil aggregation 

pattern results in a simple SQ indicator, since the 

aggregates are sensitive to the impacts caused by 

natural and anthropogenic processes, which affect the 

aggregate formation pathways. 

 

This study aimed to evaluate the effects of different 

sources and amounts of swine waste on the levels of 

total carbon and nitrogen and of the humic substances 

of the biogenic and physicogenic aggregates in an 

Ultisol with a history of continuous applications of 

swine waste for 10 years. 

 

MATERIAL AND METHODS 

 

Location and characterization of the study area 

 

The experiment was carried out in 2002 in a Typic 

Hapludult (Soil Survey Staff, 2010), cultivated under 

a NTS with the succession of black oat/maize, 

without the use of agrochemicals, in a rural property 

located in the municipality of Braço do Norte, SC 

(28º 14’20.7’’ S, 49º 13’55.5’’ W and altitude of 300 

m). The climate of the municipality is type Cfa 

(humid subtropical climate) according to the 

classification of Köppen, with average annual 

temperatures of 18.7ºC, being the maximum of 35ºC 

and the minimum of 0ºC. There is not a defined dry 

season, and the rainfall concentration tends to occur 

in Summer months, with an average annual rainfall of 

1,471 mm EPAGRI (2000). Before the installation of 

the experiment, in the 0-10 cm layer, the soil 

presented the following parameters, according to 

Tedesco et al (1995): pHH2O 5.1; clay 330 g kg-1; 

exchangeable Ca, Mg and Al, 3.0, 0.8 and 0.8 cmolc 

dm-3, respectively (extracted by KCl 1 mol L-1); 

available P and K 19 and 130 mg dm-3, respectively 

(extracted by Mehlich-1), organic matter 33.0 g kg-1 

(Embrapa.,1997). 

 

Prior to the installation of the experiment, the area 

was covered by a pasture naturalized predominantly 

of Paspalum notatum, Paspalum plicatulum, 

Eryngium ciliatum and Stylosanthes montevidensis, 

being swine waste sporadically applied. In December 

2002, 6 Mg ha-1 of limestone were applied to the soil 

surface to raise the pH in water to 6.0 CFS-RS/SC 

(1995). Then, five treatments were installed: 

CONTROL (without fertilization); pig slurry - PS1X 

(fertilization with PS, equivalent to the 

recommendation of 90 kg N ha-1 year-1 for maize and 

oats crops); PS2X (fertilization with PS, equivalent to 

the double (180 kg ha-1) of the recommendation of N 

ha-1 year-1 for maize and oats crops); deep litter – 

DL1X (fertilization with DL, equivalent to the 

recommendation of 90 kg N ha-1 year-1 for maize 

crop) and DL2X (fertilization with DL, equivalent to 

the double (180 kg ha-1) of the recommendation of N 

ha-1 year-1 for maize crop). 

 

The experimental design was a randomized block 

with five treatments and three replicates. Each one of 

the blocks had dimensions of 4.5 x 30 m, separated 

by a corridor one meter wide. Each treatment 

consisted of experimental units (plots) with 4.5 x 6.0 

m (27 m2). The PS was collected in a full-cycle 

breeding system deep pit located on the same 

property in which the experiment was installed. DL 

was obtained at the Federal Agrotechnical School of 

Concórdia, SC, where the swine breeding system was 

made with a shavings substrate. 

 

The required quantity of waste to meet the demand 

for N in the maize/oats succession in each treatment 

used over the period from 2002 to 2012 was 

established according to the recommendation 

proposed by the Soil Fertility Commission CFS 

RS/SC (1995) and CQFS-RS/SC (2004), both from 

the states of Rio Grande do Sul and Santa Catarina. 

Hence, the amount of PS1X and PS2X to be applied 

was defined by the estimate of dry matter (DM) and 

of the nutrient concentration in the waste. On the 

other hand, the applied amount of DL1X and DL2X 

was calculated based on the mineralization of 50% of 

the ammoniacal N contained in the residue.  

 

The amounts of PS and DL applied during the 

experimental period, as well as the macronutrients 

contained in the waste, are shown in Table 1. PS and 

DL were the only sources of nutrients added in NTS 

for the oats/maize succession over the experimental 

period, which was from 2002 to 2012 (Table 1). The 

doses of PS in each agricultural year were applied to 

the soil surface and parceled out four times, totaling 

40 PS applications (ten years of experimentation and 

four splits), namely: the first application was carried 

out on the week of maize sowing; the second one, at 

51 days after sowing (DAS) the maize; the third one, 

at 95 DAS the maize and the fourth one, at 15 DAS 

the oats. For DL, ten applications were performed 

during the experimental period, with each application 

being carried out on the soil surface, on average 15 to 

30 days before the implantation of each maize crop 

(Summer season). In the black oat cycle, no 

application of DL was performed.  
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Table 1. Amount of pig slurry and deep litter applied to the soil and chemical characterization of the waste during 

the experimental period. 

Agricultural 

year 

AV DM C/N Ph EC Ca Mg N P K 

---- % ---- ---- ds m-1 ---------------------kg ha-1---------------------- 

2002/12 Pig slurry (PS) 

 539.0 2.3 4.4 8.1 9.3 68.75 26.38 126.25 37.88 62.75 

2002/12 Deep litter (DL) 

 153.10 51.0 13.2 8.8 5.9 322.38 97.88 171.06 103.13 169.50 
AV=applied volume from 2002 to 2012, being for PS in m3 ha-1 and for DL in Mg ha-1; DM=dry matter; EC=electric 

conductivity. For waste, there is the sum of the total quantities applied over the period of 2002-2012. For the other parameters, we 

have the mean of the values obtained over the course of 2002-2012. 
 

 

Evaluation of the formation pathways of the 

aggregates 

 

In 2012, in each treatment, undisturbed samples of 

soil in the layers of 0-5 cm and 5-10 cm depths were 

collected between the lines of maize with the aid of a 

spade, a hoe and a spatula. After the collection, the 

samples were bagged, labeled and transported to the 

laboratory where they were dried in the shade and 

sieved in a set of mesh sieves of 9.5; 8.0 and 4.0 mm 

to obtain the aggregates, according to EMBRAPA 

(1997). After the separation of the aggregates, three 

samples composed of evaluated treatment were 

obtained, being each composed sample formed by 

two simple undisturbed samples collected in each 

experimental unit. 

 

For the separation of the aggregates, according to the 

formation pathway, the aggregates contained in the 

range of 9.5 to 4.0 mm were used. These aggregates 

were observed under a binocular microscope and 

manually separated, according to Velasquez et al 

(2007) and Loss et al (2014). The separation of the 

aggregates was done through morphological patterns, 

being the physicogenic defined by presenting angular 

and subangular forms (Figure 1a), and the biogenic 

are those in which it is possible to visualize rounded 

forms, provided by the intestinal tract of the 

macrofauna individuals of the soil and, or, those 

associated with root activity (Figure 1b). 

Subsequently, Mergem-Junior (2017) has determined 

the relative contribution of the aggregates in terms of 

mass, weighing all the biogenic and physicogenic 

aggregates that were identified and, thus, quantified 

the fraction of physicogenic and biogenic aggregates 

in relation to the initial mass, as shown in Table 2. 

 

Table 2. Percentage (%) of the biogenic and 

physicogenic aggregates in different soil use systems 

in Braço do Norte, Santa Catarina, Brazil. 

Treatments Depth (cm) %BA %PA 

CONTR 
0-5 33  67  

5-10 19  81  

PS1X 
0-5 95  5  

5-10 59  41  

PS2X 
0-5 93  7  

5-10 89  11  

DL1X 
0-5 93  7  

5-10 55  43  

DL2X 
0-5 91  9  

5-10 66  34  

 

 

Physico-chemical analysis of the aggregates 

 

After the separation and quantification of the 

aggregates, for the chemical and physical evaluation, 

the aggregates were crumbled and passed through a 

2.00 mm mesh sieve to obtain the air-dry fine earth 

(ADFE). The granulometric composition of the 

biogenic and physicogenic aggregates was also 

performed by Mergem-Junior (2017), as shown in 

Table 3. 

 

 

  
Figure 1. Physicogenic (a) and biogenic (b) aggregates of an Ultisol after applications of pig slurry and deep litter in 

Braço do Norte, Santa Catarina, Brazil. 

(a) (b) 
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Table 3. Granulometric composition (g kg-1) of the biogenic and physicogenic aggregates in different soil use 

systems in Braço do Norte, SC. 

Treatments 

Clay Silt Sand 

Bio Phys Bio Phys Bio Phys 

0-5 cm 

Control 144 225 300 236 556 540 

PS1X 116 169 329 278 555 552 

PS2X 142 163 295 288 562 550 

DL1X 80 163 306 270 613 567 

DL2X 72 120 353 311 575 570 

 5-10 cm 

Control 137 213 295 245 568 542 

PS1X 129 221 282 239 589 540 

PS2X 138 148 323 309 539 543 

DL1X 172 200 251 240 578 561 

DL2X 164 191 294 249 542 560 
Control (without waste fertilization); PS1X = pig slurry, 1 time the recommendation of N; PS2X = pig slurry, 2 times the 

recommendation of N; DL1X = deep litter, 1 time the recommendation of N; DL2X = deep litter, 2 times the recommendation of 

N. Bio = biogenic, Phys = physicogeni 

 

 

The TOC and TN levels of the biogenic and 

physicogenic aggregates were determined by the dry 

combustion method, in a C and N autoanalyzer at 

900ºC (CHN-1000 from Leco) at the Isotopic 

Ecology Lab of the Center of Nuclear Energy in 

Agriculture (CENA) - Piracicaba. 

 

The humic substances were separated into three 

fractions: fulvic acids fraction (FAF), humic acid 

fraction (HAF) and humin (HUM), using the 

differential solubility technique established by the 

International Humic Substances Society Swift (1996). 

After the separation of the fractions, the 

quantification of C in the fractions (C-HUM, C-FAF 

and C-HAF) was done according to a methodology 

recommended by Yeomans and Bremner (1988). The 

quantification of N (N-HUM, N-FAF and N-HAF) 

was done according to Tedesco et al (1995). 

 

The data were analyzed for normality of residuals and 

homoscedasticity of variances using the Lilliefors and 

Barttlet tests, respectively. Afterwards, they were 

submitted to analysis of variance and mean values, 

when significant, were compared by the Scott-Knott 

test at 5%. 

 

RESULTS AND DISCUSSION 

 

Total carbon and nitrogen contents in the 

aggregates 

 

TOC levels varied from 27 to 63.2 g kg-1 in the 

biogenic aggregates and from 21.2 to 51.9 g kg-1 in 

the physicogenic aggregates. Regarding TN levels, 

the variations were from 2.4 to 5.5 g kg-1 and from 

1.7 to 4.7 g kg-1, respectively, for biogenic and 

physicogenic aggregates. In the biogenic and 

physicogenic aggregates, both TOC and TN were 

higher in treatments with DL, at both depths. The 

treatments with PS and control had the lowest TOC 

and TN levels in both depths and did not differ 

between them. When comparing the TOC and TN 

levels between the aggregate types, the biogenic ones 

presented higher levels than the physicogenic ones, in 

all treatments and depths, except for the control and 

DL2X, for TN levels, which did not differ (p<0.05) in 

the 5-10 cm layer (Figure 2). 

 

The dynamics of TOC and TN levels is controlled by 

the natural contribution of vegetal residues in the soil, 

as well as by the addition of organic residues of 

various natures and by the continuous transformation 

of these residues under the action of biological, 

chemical and physical factors. Thus, the highest TOC 

and TN levels in the DL areas resulted from the 

higher dry mass values of this residue (51% for DL 

and 2.3% for PS, Table 1) and from the C/N ratio 

(13.2 for DL and 4.4 for PS, Table 1) when compared 

to the values observed in PS. This higher C/N ratio 

leads to a lower rate of decomposition of SOM by 

microorganisms (Prescott., 2005, Giacomini and 

Aita., 2008) and, consequently, to an increase in TOC 

and TN levels in the soil in areas with DL when 

compared to the areas with PS and control. 

 

These results corroborate the ones found by Brunetto 

et al (2012) and Comin et al (2013), which when 

evaluating TOC levels in an NTS area of cultivation, 

with a oats/maize succession after eight years of 

application of different amounts and sources of waste 

(PS and DL), have observed that the application of PS 

in general did not alter TOC levels when compared to 

the control, while the application of DL increased 

TOC levels up to a depth of 20 cm. 
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Figure 2. Total organic carbon (TOC, a) and total nitrogen (TN, b) levels in the biogenic and physicogenic 

aggregates of an Ultisol after applications of pig slurry (PS) and deep litter (DL), Braço do Norte, Santa Catarina, 

Brazil. Means followed by the same upper-case letter do not differ among treatments for each type of aggregate, and means 

followed by the same lower-case letter do not differ between types of aggregates for each treatment (Scott-Knott test, p<0.05). 

Control = without waste fertilization; PS1X = pig slurry, 1 time the recommendation of N; PS2X = pig slurry, 2 times the 

recommendation of N; DL1X = deep litter, 1 time to recommendation of N; DL2X = deep litter, 2 times the recommendation of 

N. 

 

In another study, it has been suggested that the long-

term use of PS is more efficient in increasing TOC 

levels in the soil than mineral fertilizer Mafra et al 

(2014). These authors have conducted a long-term 

experiment (11 years) in Campos Novos-SC in a 

Oxisol cultivated with a black oat/maize succession in 

NTS using the application of PS at doses of 50, 100 

and 200 m3 ha-1 in comparison to mineral fertilizer 

(NPK) and have concluded that the used doses 

increased TOC stocks in the soil in the order of 3.8; 

6.2 and 9.1 Mg ha-1, respectively, for the doses 50, 

100 and 200 m3 ha-1, comparatively to the mineral 

fertilization that had a total stock of 7.1 Mg ha-1 in the 

0-20 cm layer. In addition, they have found that the 

use of PS also increased the addition of C by the crop 

phytomass (maize and black oats), as well as the 

humification of SOM in comparison to mineral 

fertilization. 

 

The use of PS as fertilizer does not always increase C 

and N levels (Comin et al., 2013, Dortzbach et al., 

2013). However, in this study it has provided the 

increase of the yield of oats dry matter by up to 34% 

and of maize grains by up to 90% when compared to 

the control (Table 4). The dry mass of oats in the 

treatments with the application of manure had an 

increase, which varied from 25% to 37%, in relation 

to the control. The same result was found for corn 

grain production, which increased from 72% to 

107%. It is suggested that a greater area of root 

system exploration and a greater yield of root 

exudates that stimulate microbial biomass may have 

influenced the higher TOC and TN levels in the 

biogenic aggregates when compared to the 

physicogenic ones. The higher proportion of biogenic 

aggregates compared to physicogenic ones (Table 3) 

also corroborate these results. 
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Table 4. Average yield per harvest of dry matter of oats and maize grains, in Mg ha-1, during 10 years of application 

of swine waste. 

Treatments DM of oats DM of maize grains 

CONTROL 6.5 2.9 

PS1X 8.1 (25%) 5.0 (72%) 

PS2X 8.7 (34%) 5.5 (90%) 

DL1X 8.2 (26%) 5.6 (93%) 

DL2X 8.9 (37%) 6.0 (107%) 
CONTROL= without waste fertilization; PS1X = pig slurry, 1 time the recommendation of N; PS2X = pig slurry, 2 times the 

recommendation of N; DL1X = deep litter, 1 time the recommendation of N; DL2X = deep litter, 2 times the recommendation of 

N. The number in parentheses represents the increase in % in relation to the control. 

 

 

 

The higher TOC and TN levels in the biogenic 

aggregates compared to the physicogenic ones occur 

because they are formed mainly by the factors fauna 

of the soil and root system activity. According to 

Batista et al. (2013), in a study whose objective was 

to analyze the biological influence on the formation 

pathways of aggregates, the authors have evaluated 

TOC levels, aggregate stability and the edaphic 

macrofauna in different production systems and at 

two times of the year. The biogenic aggregates 

showed a positive correlation with TOC levels and 

with the edaphic macrofauna, mainly earthworms. 

In another study conducted in the southwest of 

Paraná, Brazil, Loss et al. (2014) have evaluated the 

formation pathways of 15-year old aggregates in 

NTS, 56-year old CTS, secondary forest (30 years 

old) and pasture (30 years old). The authors have 

separated and quantified the proportion of soil 

aggregates into biogenic and physicogenic and 

characterized them regarding soil fertility, levels of 

TOC, TN, granulometric and chemical fractionation 

of SOM. Between the aggregates, the authors have 

observed that the biogenic ones were more efficient in 

the increase of soil fertility, TN, TOC and C levels of 

the fractions of SOM in comparison to the 

physicogenic aggregates. 

 

The use of swine waste may also contribute to the 

factors that influence the formation of biogenic 

aggregates, with emphasis on the biological factor. In 

a study conducted by Morales et al. (2016), in the 

same area of this study, the levels of carbon microbial 

biomass (CMB) and basal respiration (BR) were 

measured after nine years of successive applications 

of swine waste to evaluate the response of soil 

microbiota. The CMB and BR levels were higher in 

the treatment with DL, which shows that the 

applications of swine waste in the long term increased 

soil microbial activity and organic matter level, 

especially when applied in the form of DL. 

 

In this study, no differences were verified for TN 

levels between the control and PS treatments. These 

results differ from those found by Grohskopf et al. 

(2015). By evaluating TN levels in the soil after 10 

years of annual application of PS and mineral 

fertilizer (NPK) in a Oxisol cultivated under an NTS 

with the oats/maize succession, Grohskopf et al. 

(2015) have observed that the application of PS at 

doses 0, 25, 50, 100 and 200 m3 ha-1 per year 

increased TN at the depths of 0-2.5, 2.5-5.0 and 5-10 

cm in relation to the control (zero dose) and in 

comparison to the mineral fertilization with the doses 

of 100 and 200 m3 ha-1. TN levels for the depths of 0-

2.5 and 5-10 cm vary from 3.2 to 2.2 g kg-1 (0 m3 ha-

1), 4.1 to 2.4 (50 m3 ha-1), 4.6 to 2.6 (100 m3 ha-1) and 

3.9 to 2.5 g kg-1 (NPK). 

  

Carbon levels of the humic substances 

 

The levels of C-HUM varied from 14.5 to 46.6 g kg-1 

in the biogenic aggregates and from 11.1 to 36.1 g kg-

1 in the physicogenic ones. In both types of 

aggregates, the highest levels were found in the DL 

treatments and the lowest ones in the other treatments 

for both depths, except for the DL1X treatment of the 

biogenic aggregates, which at the depth of 5-10 cm 

did not differ from the control and from the 

treatments with PS. When compared between the 

aggregates, in the biogenic ones the highest levels of 

C-HUM were observed in all treatments at the depth 

of 0-5 cm. On the other hand, at the depth of 5-10 cm, 

the C-HUM of the biogenic aggregates was higher 

than the physicogenic ones in the treatments with PS 

and DL2X, however, it did not differ from the levels 

found in the control area and it was lower in the 

DL1X treatment (Figure 3a). 
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Figure 3. Carbon levels of the fractions humin (a), humic acids (b) and fulvic acids (c) in the biogenic and 

physicogenic aggregates at the depths of 0-5 cm and 5-10 cm of an Ultisol after applications of PS and DL, Braço do 

Norte, SC, Brazil. Means followed by the same upper-case letter do not differ among treatments for each type of aggregate, and 

means followed by the same lower-case letter do not differ between types of aggregates for each treatment (Scott-Knott test, 

p<0.05). Control = without waste fertilization; PS1X = pig slurry, 1 time the recommendation of N; PS2X = pig slurry, 2 times the 

recommendation of N; DL1X = deep litter, 1 time to recommendation of N; DL2X = deep litter, 2 times the recommendation of 

N. 

 

 

The levels of C-HAF varied from 1.9 to 7.8 g kg-1 in 

the biogenic aggregates and from 1.4 to 9.4 g kg-1 in 

the physicogenic ones. The results showed a similar 

behavior to the one of C-HUM, in which, in the two 

types of aggregates, the highest levels of C-HAF were 

found in the treatments with DL at both depths, and 

the lowest levels in the control and PS, with the 

exception of the PS1X treatment at the depth of 0-5 

cm, which did not differ from DL. Between the 

aggregates, at the depth of 0-5 cm, the levels of C-

HAF were higher in the biogenic aggregates for the 

control and PS treatments, whereas in the treatments 

with DL the levels were higher in the physicogenic 

aggregates. At the depth of 5-10 cm, in the PS2X and 
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DL treatments, the levels were higher in the biogenic 

aggregates and did not differ among the other 

treatments (Figure 3b). The levels of C-FAF varied 

from 2.6 to 4.3 g kg-1 in the biogenic aggregates and 

from 2.6 to 4.1 g kg-1 in the physicogenic ones, and 

did not present differences (p<0.05) among 

treatments and nor between the types of aggregates in 

the two evaluated depths (Figure 3c). 

 

Among the studied fractions and corroborating other 

studies (Passos et al., 2007, Fontana et al., 2006 and 

2010, Loss et al., 2010, Borges et al., 2015), the 

HUM fraction that has higher mineral interaction 

(Stevenson., 1994, Fontana et al., 2006, Dick et al., 

2009), contains most of the C levels (40 to 73%), 

followed by HAF (5 to 21%) and FAF (6 to 13%). 

These higher levels of carbon in the form of HUM 

suggest higher cation retention and higher 

aggregation of the soil Souza and Melo (2003). 

 

The highest levels of C-HUM and C-HAF, which 

occurred in general in the treatments with DL, are 

associated with the highest TOC levels found in the 

treatments with DL (Figure 2), i.e., due to the higher 

C/N ratio of DL when compared to PS (Table 1), 

which favors a slower mineralization and leads to the 

formation of more stable humic substances. 

 

Between the types of aggregates, the presented results 

indicate that in the biogenic aggregates there is a 

more favorable environment for the formation of 

humic substances. It should be noted that the use of 

PS and DL in general favors the formation of C-HUM 

and C-HAF in the biogenic aggregates, because for 

the control, at the depth of 5-10 cm, no differences 

were observed between the types of aggregates 

(Figure 3). At depth of 0-5 cm, the levels of C-HUM 

and C-HAF were also higher in the biogenic 

aggregates of the control treatment to compared the 
physicogenic ones. This is due to the influence of 

plant residues (maize and oats) in the 0-5 cm layer, 

because NTS is used, which favors the accumulation 

of carbon in the soil surface layer, especially the 

SOM stable fractions, such as HUM and HAF (Loss 

et al., 2013). The fact of having more carbon in depth, 

where it has less effect of the vegetal residues, can be 

an indicative of effect of the use of pig swine for 10 

years. These higher levels of C-HUM and C-HAF in 

the biogenic aggregates are directly related to the 

action of soil fauna factors (macro and microfauna) 

and to the root system, which are mainly related to 

the formation of biogenic aggregates, in addition of 

occurring with more intensity on the soil surface due 

to the contribution of plant material and the absence 

of soil revolving. These results are similar to those 

found by Loss et al (2014), which have also 

quantified the carbon levels of humic fractions in 

biogenic and physicogenic aggregates in NTS, 

pasture and forest, and have also found higher levels 

of C in the biogenic aggregates. 

 

Only at the depth of 0-5 cm the levels of C-HAF were 

higher in the physicogenic aggregates for the 

treatments with DL (Figure 3b). This may be related 

to the clay levels, which were higher in the 

physicogenic aggregates only for DL1X and DL2X 

compared to the biogenic ones (Table 4). Studies 

conducted by Santana et al (2011) and Mujuru et al 

(2013) suggest that in soils with a higher level of clay 

there is a predominance of carbon in the more stable 

fractions through a strong interaction between the 

organic and inorganic portions of the soil, forming 

complexes with strong bonds between clays and 

humic acids. In many soils, between 50 and 100% of 

the carbon is complexed with the clay fraction 

Manahan (2012). 

 

The C-HAF/C-FAF ratio is widely used when the 

chemical fractionation of SOM is performed, as it 

indicates the level of humification, or carbon mobility 

in the soil Benites et al (2003). If the result of this 

ratio is higher than 1.0, the predominance of C-HAF, 

i.e., a higher level of humification of the SOM with 

more stable organic material, is observed. In this case, 

the formation of biogenic aggregates is favoring the 

humification of SOM, since values of this ratio higher 

than 1.0 were found in all treatments at the depth of 

0-5 cm and only for DL1X at the depth of 5-10 cm 

(Table 5). 

 

In the physicogenic aggregates, only the treatments 

with use of DL at the depth of 0-5 cm presented 

values higher than 1.0, which indicates that the 

treatment with the use of DL favors the humification 

of SOM regardless of the formation pathway of the 

aggregate. These results are corroborated by the 

higher values of the C-HAF/C-FAF ratio in the 

treatments with DL, both for the biogenic aggregates 

and for the physicogenic aggregates at both depths 

(Table 5). 

 

The higher values of the C-HAF/C-FAF ratio in the 

treatments with DL compared to the ones with PS 

indicate that the DL presents better quality and favors 

the formation of HAF. This higher quality may be 

related to the higher values of dry mass, C/N ratio and 

nutrient levels N, P, K, Ca and Mg in comparison to 

PS (Table 1). With a higher index of the C-HAF/C-

FAF ratio, better conditions for the establishment of 

physical and chemical properties beneficial to the 

development of plants are obtained, as reported by 

Guareschi et al (2013), and corroborated by other 

authors (Fontana et al., 2006, Loss et al., 2010, 

Borges et al., 2015). 
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Table 2. C-HAF/C-FAF and (C-HAF+C-FAF)/C-HUM ratio in the biogenic and physicogenic aggregates of 

anUltisol with application of different sources and amounts of swine waste, Braço do Norte, Santa Catarina, Brazil. 

Treatments 

C-HAF/C-FAF (C-HAF+C-FAF)/C-HUM 

Biogenic Physicogenic Biogenic Physicogenic 

0-5 cm 

CONTROL 1.53 B 0.65 C 0.39 A 0.29 B 

PS1X 1.79 B 0.53 C 0.39 A 0.35 B 

PS2X 1.22 B 0.59 C 0.34 A 0.32 B 

DL1X 2.02 A 2.28 B 0.30 B 0.62 A 

DL2X 2.06 A 2.53 A 0.25 B 0.37 B 

CV% 14.64 7.93 8.62 11.73 

  5-10 cm 

CONTROL 0.58 B 0.42 C 0.30 B 0.33 A 

PS1X 0.68 B 0.58 B 0.23 B 0.32 A 

PS2X 0.73 B 0.60 B 0.29 B 0.38 A 

DL1X 1.10 A 0.73 A 0.44 A 0.30 A 

DL2X 0.95 A 0.75 A 0.24 B 0.27 A 

CV% 21.31 12.99 17.48 8.42 
Means followed by the same letter in the column do not differ among them by the Scott-Knott test at 5%. CV = coefficient of 

variation. C-HAF: carbon of the humic acid fraction, C-FAF: carbon of the fulvic acid fraction, C-HUM: carbon of the humin 

fraction. CONTROL = without waste fertilization; PS1X =pig slurry, 1 time the recommendation of N; PS2X = pig slurry, 2 times 

the recommendation of N; DL1X = deep litter, 1 time to recommendation of N; DL2X = deep litter, 2 times the recommendation 

of N. 

 

 

Another ratio studied is the (C-HAF/C-FAF)/C-

HUM, which indicates the structural stability of 

SOM, in which the lower values indicate the 

predominance of C-HUM and a better chemical 

stability of SOM Benites et al  (2003). In the present 

study, the values found were all lower than 1.0, 

indicating the predominance of C-HUM and a good 

chemical stability in all treatments, at both depths and 

in the two types of aggregates that were evaluated. 

These results may be due to the NTS with the 

oats/maize succession, which favors the accumulation 

of aerial and root biomass of oats and maize used in 

all treatments, especially the treatments with the use 

of DL in the biogenic aggregates at the depth of 0-5 

cm, which presented the lowest values of this ratio 

(Table 5), indicating a better chemical stability than 

the use of PS and control. 

 

Similar results to the ones of this study were also 

found by Fernandes et al (2017), which evaluated the 

levels of C-HUM, C-HAF, C-FAF, C-HAF/C-FAF 

and (C-HAF+C-FAF)/C-HUM in areas of forest and 

pasture in Pinheiral, RJ. The authors have found 

higher levels of C-HUM, C-HAF and C-HAF/C-FAF 

in the biogenic aggregates when compared to the 

physicogenic ones, as well as absence of differences 

for C-FAF and lower values of (C-HAF+C-FAF)/C-

HUM in the biogenic aggregates. 

 

Nitrogen levels of the humic substances 

 

The highest proportion of TN of the soil is found in 

the humin fraction (N-HUM), the same pattern being 

verified by Souza and Melo (2000). The levels of N-

HUM varied from 1.2 to 3.4 g kg-1 in the biogenic 

aggregates and from 1.0 to 3.0 g kg-1 in the 

physicogenic ones. In both types of aggregates, the 

highest levels were found in the areas with DL 

treatments and the lowest ones in the other treatments 

for both depths, with the exception of DL1X in the 

physicogenic aggregates at the depth of 0-5 cm, 

which did not differ from the control and PS areas. 

This behavior may be due to the fact that the N 

present in the swine manure is largely in the form of 

mineral N, that is, it is readily available to the plants 

and the rest is subject to losses by volatilization or 

surface runoff, not being accumulated in the soil 

(Ceretta et al., 2010).When compared between the 

aggregates, the highest levels of N-HUM were 

observed in the biogenic aggregates in all treatments 

at the depth of 0-5 cm, with the exception of PS2X, 

which did not differ between the types of aggregates. 

At the depth of 5-10 cm, higher levels of N-HUM for 

the biogenic aggregates were also observed, however, 

only for the PS1X and DL2X treatments. For the 

others, no statistical differences were found between 

the types of aggregates (Figure 4a). 
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Figure 4. Nitrogen levels of the fractions humin (a), humic acids (b) and fulvic acids (c) in biogenic and 

physicogenic aggregates in an Ultisol after applications of PS and DL, Braço do Norte, SC, Brazil. Means followed by 

the same upper-case letter do not differ among treatments for each type of aggregate, and means followed by the same lower-case 

letter do not differ between types of aggregates for each treatment (Scott-Knott test, p<0.05). Control = without waste 

fertilization; PS1X = pig slurry, 1 time the recommendation of N; PS2X = pig slurry, 2 times the recommendation of N; DL1X = 

deep litter, 1 time to recommendation of N; DL2X = deep litter, 2 times the recommendation of N. 

 

 

The levels of N-HAF varied from 0.08 to 0.19 g kg-1 

in the biogenic aggregates and from 0.05 to 0.16 g kg-

1 in the physicogenic ones. In the biogenic aggregates, 

for the N-HAF at the depth of 0-5 cm, the highest 

levels were found in the treatments with DL, 

intermediate ones in PS and the lowest levels in the 

control. At the depth of 5-10 cm no statistical 

differences among treatments were found. In the 

physicogenic aggregates, at the depth of 0-5 cm, the 

highest levels of N-HAF were also found in the 

treatments with DL, intermediate ones in PS and the 

lowest levels in the control. At the depth of 5-10 cm, 
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the highest levels were found in the treatments with 

DL and PS2X. Between the aggregates, at the depths 

of 0-5 and 5-10 cm, the levels of N-HAF were higher 

in the biogenic aggregates compared to the 

physicogenic ones in the control and PS (0-5 cm) and 

only for the control and PS1X (5-10 cm) (Figure 4b). 

 

The levels of N-FAF varied from 0.04 to 0.11 g kg-1 

in the biogenic aggregates and from 0.05 to 0.09 g kg-

1 in the physicogenic ones. In the biogenic aggregates, 

the highest levels were found in the PS and control 

treatments and the lowest ones in the DL treatment at 

the depth of 0-5 cm. At the depth of 5-10 cm, the 

highest levels were observed in the DL and control 

treatments and the lowest ones in the PS treatments. 

For the physicogenic aggregates, no differences were 

observed among the treatments at the two evaluated 

depths. When comparing the aggregates, higher levels 

of N-FAF were observed in the biogenic ones in the 

control and PS1X treatments at the depth of 0-5 cm. 

At the depth of 5-10 cm, only in the DL1X treatment 

higher values of N-FAF were observed for the 

biogenic aggregates (Figure 4c). 

 

The highest levels of N-HUM and N-HAF for the 

treatments with DL when compared to the ones with 

PS in the biogenic and physicogenic aggregates at the 

two evaluated depths and only for the biogenic 

aggregates for C-FAF may be related to the quality of 

the organic material, i.e., in DL waste there are higher 

values of N when compared to PS waste (Table 1). As 

described by Assis et al. (2006), the presence of N in 

the humic fractions is an indicative that part of the N 

of the soil is stabilized in these fractions. In other 

words, in DL fertilized areas there is a greater 

chemical stability when compared to PS fertilized 

areas. 

 

It should be noted that the levels of N-HUM in the 

biogenic aggregates at the depth of 5-10 cm and the 

levels of N-HAF in both types of aggregates at the 

depth of 0-5 cm were higher in the treatments with 

DL and PS in comparison to the control treatment 

(Figure 4). These results indicate that the use of swine 

waste favors the formation of these humic fractions in 

the soil, which was not observed for the total nitrogen 

(TN) of the soil, since the control and PS areas 

showed no differences between them (Figure 2). 

 

Between the aggregate types, when differences were 

observed, the highest values occurred in the biogenic 

aggregates, as observed for the TOC, TN and carbon 

levels of the humic fractions, indicating that in the 

biogenic aggregates the edaphic conditions are better 

for the maintenance and formation of the N of the 

humic fractions, with emphasis on N-HUM that 

presented higher values in the biogenic aggregates for 

all treatments when compared to N-HAF and N-FAF. 

Similar to the carbon levels, and showing a linear 

relation, the nitrogen levels were higher in the N-

HUM fraction (41.11% to 74.64%) compared to the 

N-HAF fraction (1.98% to 4.71%) and N-FAF 

(1.10% to 4.12%). These results follow the same 

pattern of the carbon, in which the entry and exit rates 

of C and N have favored the humification of SOM, 

thus presenting higher levels in the more stable 

fractions of the aggregates, with an emphasis on the 

biogenic ones, mainly due to the higher biological 

activity. 

 

The N contents of HSs represent a passive fraction of 

SOM, because HSs are characterized as highly 

recalcitrant organic molecules in the soil, that is, they 

are more difficult to be altered by management 

practices (Stevenson, 1994). However, in this study, 

the use of swine manure (PS and DL) in oat/corn 

under NTS increased N-HUM levels (5-10 cm) 

compared to control treatment in biogenic aggregates. 

And at 0-5 cm depth, the use of DL and PS increased 

the N-HAF levels compared to the control in biogenic 

and physicogenic aggregates. This indicates that the 

use of swine manure (DL and PS) in NTS favors the 

humification of SOM, as the more stable fractions 

(HUM and HAF) increased in relation to the less 

stable fraction (FAF). This greater humification of 

SOM in areas with DL and PS areas is directly related 

to the higher dry mass production of black oats (Table 

4). With greater mass of the root system there is also 

a greater production and distribution of root exudates. 

Thus, both soil aggregation and N protection within 

the aggregates are favored, increasing in the SOM 

stable fractions, such as N-HUM and N-HAF (Silva 

et al., 2008). 

 

CONCLUSIONS 

 

The applications of DL for 10 years have increased 

TOC, TN, C-HUM, N-HUM, C-HAF and N-HAF 

levels in relation to the control and PS treatments. 

The use of PS and  DL has increased the levels of 

TOC, TN, C-HUM and N-HUM in the biogenic 

aggregates when compared to the physicogenic ones. 

 

REFERENCES 

 
Assis, C.P., Jucksch, I., Sá Mendonça, E., Neves, 

J.C.L. 2006. Carbono e nitrogênio em 

agregados de Latossolo submetido a 

diferentes sistemas de uso e manejo. 

Pesquisa Agropecuária Brasileira.41:1541-

1550. DOI: 10.1590/S0100-

204X2006001000012. 

Associação Brasileira de Criadores de Suínos. 2014. 

Produção de suínos: teoria e prática. Brasília, 

DF. 908p. 



Tropical and Subtropical Agroecosystems, 21 (2018): 329 - 343                                                                                                  Ventura et al., 2018 

341 

Benites, V.M., Madari, B., Machado, P.L.O de A. 

2003. Extração e fracionamento quantitativo 

de substâncias húmicas do solo: um 

procedimento simplificado de baixo 

custo. Embrapa Solos, BR,  pp.1-7. 

Borges, C.S., Ribeiro, B.T., Wendling, B., Cabral, D. 

A. 2015. Agregação do solo, carbono 

orgânico e emissão de CO2 em áreas sob 

diferentes usos no Cerrado, região do 

Triângulo Mineiro. Revista Ambiente & 

Água. 10: 660-675. DOI: 10.4136/ambi-

agua.1573. 

Brunetto, G., Comin, J.J., Schmitt, D.E., Guardini, R., 

Mezzari, C.P., Oliveira, B.S., Moraes, M.P., 

Gatiboni, L.C., Lovato, P.E., Ceretta, C.A. 

2012. Changes in soil acidity and organic 

carbon in a sandy typic hapludalf after 

medium-term pig-slurry and deep-litter 

application. Revista Brasileira de Ciência do 

Solo. 36: 10-20. DOI: 10.1590/S0100-

06832012000500026. 

Ceretta, C.A., Girotto, E., Lourenzi, C.R., Trentin, G., 

Vieria, R.C.B., Brunetto, G. 2010 Nutrient 

transfer of runoff under no tillage in a soil 

treated with successive applications of pig 

slurry. Agriculture, Ecosystems & 

Enviroment. 139:689-699. 

Comin, J.J., Loss, A., Veiga, M. Da., Guardini, R., 

Schmitt, E., Oliveira, P.A.V. De; Belli Filho, 

P., Couto, R. Da R., Benedet, L., Muller 

Júnior, V., 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 Research. 51: 459-470. DOI: 

10.1071/SR13130.  

Comissão De Fertilidade Do Solo. 1995. 

Recomendações de adubação e calagem para 

os Estados do Rio Grande do Sul e Santa 

Catarina. 3ª.ed. Sociedade Brasileira de 

Ciência do Solo/Embrapa, BR, pp. 224. 

Comissão De Química e Fertilidade Do Solo. 2004. 

Manual de adubação e calagem para os 

estados do Rio Grande do Sul e Santa 

Catarina. 10a.ed. Sociedade Brasileira de 

Ciência do Solo, Porto Alegre, BR, pp.400. 

Corrêa, J.C., Barilli, J., Rebellatto, A., Veiga, M. 

2011. Aplicações de dejetos de suínos e as 

propriedades do solo, Embrapa Suínos e 

Aves, 2011, pp.18. 

Dick, D.P., Novotny, E.H.; Dieckow, J., Bayer, C. 

2009. Química da matéria orgânica do solo. 

Sociedade Brasileira de Ciência do Solo, 

Viçosa, BR, pp.1-69. 

Dortzbach, D., Araujo, I.S., Pandolfo, C., Veiga, M. 

2013. Carbono e nitrogênio no solo e na 

biomassa microbiana em glebas com 

diferentes usos e períodos de aplicação de 

dejetos líquidos de suínos. Agropecuária 

Catarinense. 26: 69-73.  

Empresa Brasileira de Pesquisa Agropecuária. Centro 

Nacional de Pesquisa Agropecuária de Solos 

Rio de Janeiro. 1997. Manual de Métodos de 

análise de solo. 2ª ed. Rio de Janeiro,BR, pp. 

212. 

Empresa Brasileira de Pesquisa Agropecuária. 2013. 

Sistema Brasileiro de Classificação de Solos. 

3ªed. Brasília, BR, pp.353. 

Empresa de Pesquisa Agropecuária e Extensão Rural 

de Santa Catarina. 2000. Inventário das 

Terras da Sub-bacia Hidrográfica do Rio 

Coruja-Bonito, Município de Braço do 

Norte, SC. CD-ROM 

Fernandes, J.C.F., Pereira, M.G., Silva Neto, E.C., 

Corrêa Neto, T.A. 2017. Characterization of 

biogenic, intermediate and physicogenic soil 

aggregates of areas in the brazilian atlantic 

forest. Revista Caatinga. 30: 59-67. DOI: 

10.1590/1983-21252017v30n107rc. 

Fontana, A.; Pereira, M. G.; Loss, A.; Cunha, T. J. F.; 

Salton, J. C. 2006. Atributos de fertilidade e 

frações húmicas de um Latossolo Vermelho 

no Cerrado. Pesquisa Agropecuária 

Brasileira. 41: 847-853. 

Fontana, A.; Pereira, M. G.; Brito, R. J.; Loss, A. 

2010. Índices de agregação e a relação com 

as substâncias húmicas em Latossolos e 

Argissolos de tabuleiros costeiros, Campos 

dos Goytacazes, RJ. Agrária. 5: 291-297. 

DOI: 10.5039/agraria.v5i3a461. 

Giacomini, S.J., Aita, C. 2008. Cama sobreposta e 

dejetos líquidos de suínos como fonte de 

nitrogênio ao milho. Revista Brasileira de 

Ciência do Solo. 32: 195-205. DOI: 

10.1590/S0100-06832008000100019. 

Giacomini S.J., Aita C., Pujol S.B., Miola, E.C.C. 

2013. Transformações do nitrogênio no solo 

após adição de dejeto líquido e cama 

sobreposta de suínos. Pesquisa Agropecuária 

Brasileira. 48: 211-219. DOI: 

10.1590/S0100-204X2013000200012. 

Grohskopf, M.A., Cassol, P.C., Correa, J.C., Mafra, 

M.S.H., Panisson, J. 2015. Organic nitrogen 

in a typic hapludox fertilized with pig 

slurry. Revista Brasileira de Ciência do Solo. 

39:127-139. DOI: 

10.1590/01000683rbcs20150080. 



Tropical and Subtropical Agroecosystems, 21 (2018): 329 - 343                                                                                                  Ventura et al., 2018 

342 

Guareschi, R. F.; Pereira, M. G.; Perin, A. 2013. 

Frações da matéria orgânica em áreas de 

Latossolo sob diferentes sistemas de manejo 

no Cerrado do estado de Goiás. Semina. 

Ciências Agrárias (Impresso), 34:2615-2628. 

Jouquet, P., Zangerle, A., Rumpel, C., Brunet, D., 

Bottinelli, N., Tran Duc, T. 2009 Relevance 

and limitations of biogenic and physicogenic 

classification: a comparison of approaches 

for differentiating the origin of soil 

aggregates. European Journal of Soil 

Science. 60: 1117-1125. DOI: 
10.1111/j.1365-2389.2009.01168. 

Loss, A., Pereira, M.G., Schultz, N., Anjos, L.H.C., 

Silva, E.M.R. 2010. Quantificação do 

carbono das substâncias húmicas em 

diferentes sistemas de uso do solo e épocas 

de avaliação. Bragantia. 69: 913-922. DOI: 

10.1590/S0006-87052010000400018. 

Loss, A., Pereira, M.G., Perin, A., Beutler, S.J., 

Anjos, L.H.C. 2013. Oxidizable carbon and 

humic substances in rotation systems with 

brachiaria/livestock and pearl millet/no 

livestock in the Brazilian Cerrado. Spanish 

Journal of Agricultural Research, 11:217-

231. 

Loss, A., Pereria, M.G., Costa, E.L., Beutler, S. J. 

2014. Soil fertility, physical and chemical 

organic matter fractions, natural 13C and 15N 

abundance in biogenic and physicogenic 

aggregates in areas under different land use 

systems. Soil Research. 52:685-697. DOI: 
10.1071/SR14045. 

Lourenzi, C.R., Ceretta, C.A., Silva, L.S.,  Girotto, E., 

Lorensini, F., Tiecher, T.L., Conti, L., 

Trentin, G., Brunetto, G. 2013. Nutrients in 

layers of soil under no-tillage treated with 

successive applications of pig slurry. Revista 

Brasileira de Ciência do Solo. 37:157-67. 

DOI:10.1590/S0100-06832013000100016. 

Mafra, M.S.H., Cassol, P.C., Albuquerque, J.A., 

Correa, J.C., Grohskopf, M.A., Panisson, J. 

2014. Acúmulo de carbono em Latossolo 

adubado com dejeto líquido de suínos e 

cultivado em plantio direto. Pesquisa 

Agropecuária Brasileira. 49:630-638. DOI: 

10.1590/S0100-204X2014000800007.  

Manahan, S. 2012. Química ambiental. 9ª.ed. Porto 

Alegre, BR,pp.944. 

Mendonça, E.S., Rowell, P.L. 1996. Mineral and 

organic fractions of two oxisols and their 

influence on effective cation - exchange 

capacity. Soil Science Society of America 

Journal. 60:1888-1892. DOI: 

10.2136/sssaj1996.03615995006000060038x

. 

Mergen Junior, C. A. 2016. Caracterização de 

Agregados do Solo Submetido a 10 anos de 

aplicação de dejetos suínos. Dissertação 

(Mestrado em Agroecossistemas). 

Universidade Federal de Santa Catarina, 

Florianópolis. 

Morales, D.M., Machado Vargas, M., Oliveira, M.P., 

Taffe, B.L., Comin, J.J., Soares, C.R.F. S., 

Lovato, P.E. 2016. Response of soil 

microbiota to nine-year application of swine 

manure and urea. Ciência Rural. 46:260-266. 

DOI: 10.1590/0103-8478cr20140565. 

Mujuru, L., Mureva, A., Velthorst, E.J., Hoosbeek, 

M.R. 2013. Land use and management 

effects on soil organic matter fractions in 

Rhodic Ferralsols and Haplic Arenosols in 

Bindura and Shamva districts of Zimbabwe. 

Geoderma. 209:262-272. DOI: 
10.1016/j.geoderma.2013.06.025. 

Passos, R.R., Ruiz, H.A., Mendonça, E.S., Cantarutti, 

R.B., Souza, A.P. 2007. Substâncias 

húmicas, atividade microbiana e carbono 

orgânico lábil em agregados de um Latossolo 

Vermelho distrófico sob duas coberturas 

vegetais. Revista Brasileira de Ciência do 

solo. 31:1119-1129. DOI: 10.1590/S0100-

06832007000500027. 

Prescott, C.E. 2005. Decomposition and 

mineralization of nutrients from litter and 

humus. Ecological Studies, In: Bassiri Rad, 

H. Nutrient Acquisition by Plants An 

Ecological Perspective. 181:15-41.  

Pulleman, M.M., Six, J., Ujil, A., Marinissen, J.C.Y., 

Jongmans, A.G. 2005. Earthworms and 

management affect organic matter 

incorporation and microaggregate formation 

in agricultural soils. Applied Soil Ecology. 

29:1-15. 

Santana, G.S., Dick, D.P., Jacques, A.V.A., Chitarra, 

G. S. 2011. Substâncias húmicas e suas 

interações com Fe e Al em Latossolo 

subtropical sob diferentes sistemas de 

manejo de pastagem. Revista Brasileira de 

Ciência do Solo, 35: 461-472. DOI: 

10.1590/S0100-06832011000200015. 

Silva, L.S., Canellas, L.P., Camargo, F.A.O.  

2008.Fundamentos de matéria orgânica do 

solo: ecossistemas tropicais e subtropicais. 

2ed. Porto Alegre: Metrópole. 

Souza, W.J.O., Melo, W.J. 2000. Teores de 

nitrogênio no solo e nas frações da matéria 

orgânica sob diferentes sistemas de produção 



Tropical and Subtropical Agroecosystems, 21 (2018): 329 - 343                                                                                                  Ventura et al., 2018 

343 

de milho. Revista Brasileira de Ciência do 

solo. 24:885-896.  

Souza, W.J.O., Melo, W.J. 2003.  Matéria orgânica 

em um Latossolo submetido à diferentes 

sistemas de produção de milho. Revista 

Brasileira de Ciência do Solo. 27:1113-1122. 

DOI: 0.1590/S0100-06832003000600016. 

Stevenson, F. J. 1994. Humus chemistry: genesis, 

composition, reactions. New York. John 

Wiley & Sons. pp.496. 

Swift, R. S. 1996. Organic matter characterization. In: 

Sparks, D. L., Page, A. L., Helmke, P. A., 

Loeppert, R. H., Soltanpour, P. N., 

Tabatabai, M. A., Johnston, C. T., Sumner, 

M. E. Methods of soil analysis. Madison: 

Soil Science Society of America: American 

Society of Agronomy. pp.1011-1020. 

Tedesco, M.J., Gianello, C., Bissani, C.A., Bohnen, 

H., Volkweiss, S.J. 1995. Analise de solo, 

plantas e outros materiais. 2ª ed. Porto 

Alegre, BR, pp.174. 

Urquiaga, S., Jantalia, C.P., Zotarelli, L., Alves, 

B.J.R., Boddey, R.M. 2005. Manejo de 

sistemas agrícolas para o sequestro de 

carbono no solo. In: Aquino, A.M., Assis, 

R.L. (Eds.), Conhecimentos e técnicas 

avançadas para o estudo dos processos da 

biota no sistema solo-planta. Embrapa, 

Brasília, DF, pp.257-273. 

Velasquez, E., Pelosi, C., Brunet, D., Grimaldi, M., 

Martins, M., Rendeiro, A.C., Barrios, E., 

Lavelle, P. 2007. This ped is my ped: visual 

separation and near infrared spectra allow 

determination of the origins of soil 

macroaggregates. Pedobiologia. 51:75-87. 

DOI: org/10.1016/j.pedobi.2007.01.002. 

Vezzani, F. M., Mielniczuk, J. Uma visão sobre 

qualidade do solo. Revista Brasileira de 

Ciência do Solo. 33:743-755. DOI: 

10.1590/S0100-06832009000400001. 

Yeomans, J. C., Bremner, J. M. A rapid and precise 

method for routine determination of organic 

carbon in soil. Communications in Soil 

Science and Plant Analisis. 19:1467-1476. 

DOI: org/10.1080/00103628809368027 

.   


