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ABSTRACT 

Soil organic carbon is used as an indicator of soil quality. The objective of this study was 

to evaluate chemical and physical fractions of the organic carbon in a Humic Cambisol under 

different tillage for 21 years. The treatments were conventional tillage (CT) and no-tillage (NT). 

As reference area, a native grassland (NF), next to the experiment, was evaluated. Samples were 

collected at three depths. Total (TOC) and particulate organic carbon (POC) concentrations and 

stocks and humic substances (HS) were evaluated.  The TOC and POC were higher in the NF than 

in the crop systems. NT has more carbon than CT in the humin and humic acid fractions in the 

surface soil. Physical fractions of organic carbon are similar between the management systems. NT 

has a greater organic carbon stock than CT 15 years after its development and shows greater 

potential for carbon conservation in the surface soil. Thus, long-term experiments are important to 

monitor soil behavior under different management conditions. 

 

Keywords: Soil use, organic matter, humic substances 

 

FRACIONAMENTO QUÍMICO E FÍSICO DO CARBONO ORGÂNICO DE UM 

CAMBISSOLO APÓS 21 ANOS SOB DIFERENTES PREPAROS 

 

RESUMO 

O carbono orgânico do solo é utilizado como indicador de qualidade do solo. O objetivo foi 

avaliar frações químicas e físicas do carbono orgânico do solo em um Cambissolo Húmico 

submetido a diferentes manejos após 21 anos. Os tratamentos são preparo convencional (PC) e 

semeadura direta (SD). Como área de referência foi avaliado o campo nativo (CN), localizado 

próximo ao experimento. As amostras foram coletadas em três profundidades. As concentrações e 
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estoques de carbono orgânico total (COT) e de carbono orgânico particulado (COP), e as 

substâncias húmicas (SH) foram avaliados. O COT e COP foram maiores na condição no campo 

nativo (CN) do que nos solos cultivados.  SD apresenta mais carbono na forma de humina e ácido 

húmico que PC na camada superficial do solo. As frações físicas do carbono orgânico foram 

semelhantes entre os diferentes sistemas de manejo. SD apresenta maior estoque de carbono que 

PC após 15 anos de manejo e mostra maior potencial para conservação do carbono na superfície 

do solo. Neste sentido, experimentos de longa duração são importantes para avaliar o 

comportamento do solo em diferentes condições de manejo. 

 

Palavras-chave: Uso do solo, matéria orgânica, substâncias húmicas 

 

INTRODUCTION 

Soil organic carbon is used as one of the main indicators of soil quality (FONTANA et al., 

2011; CAETANO et al., 2013) because it is sensitive to management practices, such as tillage and 

crop systems (GAZOLLA et al., 2015; SÁ et al., 2015). In conservation agriculture it is 

recommended reducing soil mobilization intensity and adopting practices such as crop rotation and 

intercropping with permanent soil cover through crops and residues, that can increase soil organic 

matter under subtropical climate conditions (BAYER & MIELNICZUK, 1997). The separation of 

the organic carbon fractions can identify different changes caused by soil management systems 

(SALVO et al., 2010).  These variations can be evaluated by physical and chemical fractionation. 

The physical fractionation allows obtaining the particulate carbon that can relate to the non-

humified fraction of the soil organic matter. In contrast, chemical fractions such as humic 

substances are more resistant to biodegradation due to their recalcitrance and interaction with soil 

mineral colloids, forming stable clay-humic complexes (GRINHUT et al., 2007).  

It must be noted that the non-humid fraction presents a short-term occurrence in the soil 

and a higher decomposition rate (VON LÜTZOW et al., 2007). On the other hand, the humified 

fraction, which represents most of the organic carbon in tropical and subtropical soils, has greater 

persistence in the soil and is notable for influencing several soil physical and chemical properties 

(FIGUEIREDO et al., 2010).  

The objective of the study was to evaluate chemical and physical fractions of organic carbon 

in a Humic Cambisol after 21 years submitted to no-tillage (NT) and conventional tillage (CT) and 

to compare with a reference area of native grassland (NF). 
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MATERIALS AND METHODS 

The research was carried out in the south region of Brazil, in an area located at 27° 49' south 

latitude and 50° 20' west longitude, with an altitude of 937m.  The soil is an Aluminum Humic 

Cambisol. The climate is subtropical humid with temperate summer, type Cfb according to 

Köppen, and average annual precipitation of 1533mm (SCHICK et al., 2014). In the 0-20 cm layer, 

the soil contains 443 g kg-1 of clay, 402 g kg-1 of silt and 155 g kg-1 of sand. 

The experiment was conducted in a completely randomized design with four replications. 

The evaluated treatments were conventional tillage (CT) (one plowing followed by two harrows 

before summer and winter crops) and no-tillage (NT), installed in plots that are 6.5 m wide and 

14.5 m long. Previously to the installation of the experiment, the area was covered by native pasture 

with grazing. Samples were collected from the native grassland (NF) in an area adjacent to the 

experiment, to serve as a reference in the evaluation of the different chemical and physical fractions 

of carbon and carbon stock. 

During the 21 years of the experiment, grasses and legumes were used, and they were 

intercalated and rotated in the winter and summer crops. The crops used in the years of soil 

cultivation were corn, soybeans, and beans in the summer; and oats, forage turnip and vetch in the 

winter. In the period from 1995 to 2005, in the conventional tillage, crop residues were removed 

from the soil surface after harvesting the summer crops, followed by winter fallow, with the 

objective of accelerating the soil degradation process. After 2006, the residues were maintained on 

the soil surface. In the conventional tillage, crop establishment was carried out with conventional 

seeder after the soil tillage in the summer crops. In no-tillage, the summer crop establishment was 

carried out with mechanized seeders and the winter species were broadcast hand-sow. The native 

grassland area was maintained after the experiment establishment without grazing, with periodic 

mowing.  

The carbon input in the soil by crop residues was estimated every season after the summer 

and winter crops, by the above ground dry mass production evaluated in each treatment. The crop 

residues were collected using a wooden rectangle of 40 x 60cm, weighed and dried at 60ºC to 

constant mass. The addition of organic carbon by crop residues was estimated considering a carbon 

concentration in the plant tissue of 40% (LOVATO et al., 2004). The mass input related to the 

residues kept in the soil surface (NT) or incorporated (CT) was the following: no-tillage was 11.9 

Mg ha-1 year-1, with a total carbon content of 98.7 Mg ha -1 ; in conventional tillage the amount of 
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residues added was 9.0 Mg ha-1 year-1, making a total carbon input of 39.6 Mg ha-1. These values 

refer to the 21 years of conduction of the experiment. For the conventional tillage the contribution 

of crop residues and carbon refers to the last 11 years (2005 to 2016) of cultivation with 

maintenance of the residues in the area. Soil samples were collected in November 2016, at depths 

of 0-2.5, 2.5-5.0, 5.0-10.0 and 10-20.0 cm, after the winter crop management, performed by using 

a roller crimper. The composite samples were collected at 4 locations in the center of the plot, in 

between row cultivation, and homogenized to form a composite sample in each plot of the 

experiment. The samples were packed in plastic bags and taken to the laboratory immediately after 

arrival at the laboratory and dried at 60 ° C for subsequent preparation. 

The analyses carried out in the soil samples were total organic carbon (TOC) and the 

physical fractionation of the soil was performed to obtain the particulate organic carbon (POC). 

That fraction was determined according to the methodology described by Cambardella & Elliot 

(1992). The organic carbon in these samples was determined by titration method according to the 

procedures described by Tedesco et al. (1995). The TOC and POC stocks were calculated taking 

into account the soil density values in the four depths studied. In order to calculate the total organic 

carbon stocks of previous years, there were used data of total organic carbon content and soil 

density of published works referring to the same study area (BERTOL et al., 2001; BERTOL et 

al., 2004; ANDRADE et al., 2012). In the evaluation performed at 15 years after implantation, the 

native grassland was not evaluated.  

The chemical fractionation of carbon followed the methodology described by Benites et al. 

(2003) based on solubility in acidic and alkaline media, with separation of fulvic acid, humic acid, 

and humin. Later, the organic carbon content in each fraction was determined by the wet 

combustion method.   

 The results were submitted to analysis of variance by the F test considering a completely 

randomized model. The means were compared by the Tukey test at 5% significance level, using 

SAS (Statistical Analysis System, version 9.0). 

 

RESULTS AND DISCUSSION 

  Conventional tillage added less carbon than no-till over 21 years due to the intentional 

removal of crop residues during the first 11 years of cultivation under conventional tillage. The 

annual input of residues in the no-tillage was 53 % higher than in the conventional tillage in the 
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summer crops and 10 % higher in the winter crops since in the conventional tilalge the soil 

remained fallow in the winter period. This higher input of biomass can improve soil quality and 

increase crop yields under NT (CONCEIÇÃO et al., 2005). In addition to the benefits related to 

total organic carbon increase, no-tillage is characterized by the maintenance of surface cover, 

which may improve soil physical and water conditions (BERTOL et al., 1997). The accumulation 

of residues and the higher carbon concentrations in soil surface allow greater stability of the porous 

system, that can reduce the effects of soil compaction (FRANZLUEBBERS, 2002) and protect the 

soil from erosion. 

 The total organic carbon contents in the reference area (NF) were higher in relation to the 

cropped treatments in all the layers evaluated (Figure 1a). This result was more evident in the 

surface layers and decreased downwards. In no-tillage there was a stratification of the carbon 

contents according to the layers, being the highest value found in the surface layer, decreasing in 

depth. In the conventional tillage the total organic carbon contents did not vary in depth. Souza et 

al. (2016) also found the same organic carbon distribution in a Cerrado Latosol under no-tillage. 

The minimal soil tillage, permanent soil cover by residues, and pronounced root growth can form 

an organic carbon gradient in the surface soil (BORDIN et al., 2008).  

 

 

Figure 1. Total organic carbon (TOC) (a) and particulate organic carbon (POC) (b) in no-tillage 

(NT), conventional tillage (CT) and native grassland (NF) in a Cambisol after 21 years 

of cultivation. Lages, Santa Catarina state, Brazil, 2016. Bars in each depth are the 

honestly significant differences according to Tukey’s test (P<0.05) 
 

N0-tillage had similar carbon content in comparison to conventional tillage in all evaluated 

layers. This result differ from other NT management where reduced tillage and permanent soil 

cover can increase organic carbon contents in surface soil (SOUZA et al., 2016). It should be noted 
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that in the initial period of the experiment, crop residues were removed from the plots under 

conventional tillage, which reduced the carbon input in the soil. In conventional tillage soil 

disturbance can accelerate the decomposition of organic residues. 

The particulate organic carbon contents were similar between the cropped treatments and it 

was higher in native grassland than in these treatments (Figure 1b). the stratification of particulate 

organic carbon in the 0-5.0 cm in no-tillage can be related to crop residues accumulation in soil 

surface. In NT, the particulate organic carbon comprises 9% of the total organic carbon in the 0-20 

cm layer, while in the CT the particulate organic carbon represents 5% of the total organic carbon 

reserve. These results show that the greatest contribution to the total organic carbon is the fraction 

associated with minerals. The particulate fraction consists of compounds such as proteins and 

amino acids, simple and complex carbohydrates, resins and lignins, composing a heterogeneous 

system that differs from one another by composition, function, and degree of accessibility by soil 

microbiota (CHRISTENSEN, 2000). Thus, it can be a sensitive indicator to different soil 

management systems. Souza et al. (2016) and Santos et al. (2013) recognize the POC fraction as 

an indicator more sensitive to the quality of soil management systems in the short term. 

The TOC stocks were similar between NT and CT in the evaluations in 5 and 10 years after 

the beginning of the experiment, and increase in no-tillage in comparison with conventional tillage 

in the evaluations in 15 and 21 years (Figure 2). According to Mazzoncini et al. (2016), no-tillage 

development time plays an important role in determining the impact of TOC since changes in 

carbon stocks occur slowly and can be observed some years its development. For this reason, these 

changes can often only be identified in long-term experiments, as observed in the present study.  

The increase in carbon stocks in no-tillage was not linear over the years. In this sense, 

Alvarez & Steinbach (2009) observed a small increase in carbon stocks during the first five years 

of NT. West & Post (2002) reported that the peak carbon sequestration in no-tillage is reached after 

10 or 15 years of its development. However, carbon sequestration is a non-linear process, and the 

time required for a new balance is quite variable. In the present study, it is possible to identify 

stabilization of the carbon stock in NT, being more evident in the evaluation at 15 years. On the 

other hand, conventional tillage observed a decrease in the carbon stock after the evaluation at 15 

years, evidencing the more degraded state of the soil quality and its low potential to sequester 

carbon. 

http://www.sciencedirect.com/science/article/pii/S1161030116300442#bib0335
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Figure 2. Soil organic carbon stocks in the 0-20 cm layer, observed in no-tillage (NT), conventional 

tillage (CT) and native grassland (NF) in a Cambisol after 21 years of soil cultivation. 

Lages, Santa Catarina State, Brazil, 2016. 

 

 The carbon stock in the native grassland increased throughout the period of evaluation of 

the experiment. This increase is due to its management after the beginning of the experiment 

(1995), when it was grazed by animals, and all biomass produced and mowed periodically was kept 

on the soil surface. Nicoloso et al. (2008) observed that the absence of grazing in the pastures 

contributes more with the addition of carbon to the soil than in the presence of grazing. The same 

authors observed that under grazing conditions there was a reduction of 50% in the addition of 

residues to the soil, regardless of the management systems adopted, in relation to the condition 

without grazing. 

There were changes in carbon content in the fulvic acid fractions (FA), humic acids (HA) 

and humins (HU) in the evaluation done after 21 years of conducting the experiment (Figure 3). 

The humic substances (FA, HA, and HU) decreased with increasing depth in no-tillage and in the 

native grassland, whereas in the conventional tillage these levels were similar in all the layers 

evaluated, possibly due to the stirring and incorporation of residues, and is also possible to observe 

homogeneity in the profile of the TOC contents. This fact shows that soil inversion reduces carbon 

humification and formation of more stable organic compounds.  
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Figure 3. Carbon in humic substances: fulvic acids, humic acids and humin, observed at depths 0-

2.5 (a), 2.5-5 (b), 5-10 (c) and 10-20 cm (d), in no-tillage (NT), conventional tillage (CT) 

and native grassland (NF) in a Cambisol after 21 years of cultivation. The letters compare 

treatments at the same depth by the Tukey test at 5 % significance. Lages, Santa Catarina 

State, Brazil, 2016. 

 

The humic fraction represented 67% of the total organic carbon in the conventional tillage 

and no-tillage in the 0-2.5 cm layer, while in the NF, it was 26%. This result explains that in the 

cropped soil the TOC is composed mostly of the humic fraction of the soil, which is more resistant 

to biodegradation due to its recalcitrance and interaction with the soil colloids (GRINHUT et al., 

2007). On the other hand, the labile fraction derived from the cultural residues presents a lower 

residence time in the soil and a higher decomposition rate (VON LÜTZOW et al., 2007), which 

contributed little to the TOC in the cultivated soil. In NF, the highest percentage of TOC is present 

in the non-humic fraction due to the continuous input of residues, without soil mobilization or 

nutrient and biomass removal via harvest. 

The fulvic acid contents were lower than other humic fractions (HA and HU) in the two 
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the native grassland condition (Figure 3), but the native grassland had the highest levels of FA in 

all layers. The fulvic acid contents varied according to the adopted management system. The 

difference between no-tillage and conventional tillage was more evident in the 0-2.5 cm depth and 

did not occur downwards.  

The humic acid fraction was higher in the native grassland in relation to the other treatments 

in all the layers, except in the layer 10-20 cm, where there was no difference between the different 

soil management systems. 

The humin fraction was responsible for the highest percentage of soil organic carbon in the 

cultivated soil condition, representing 41% and 42% in the 0-20 cm layer in NT and CT, 

respectively. In native grassland, this fraction was only 21% in the 0-20 cm layer. This result in NF 

can be related to the high POC content present in the surface layer. The native grassland  humin 

was equal to that of no-tillage in the two superficial layers (0-2.5 and 2.5-5 cm), representing the 

most stabilized form of the soil matter organic. Thus, no-tillage may maintain the carbon content 

in the humin fraction as similar as the natural condition (NF), due to the continuous contribution 

of crop residues and reduced soil mobilization. No-tillage presented 58 % more carbon in the humin 

fraction in the 0-2.5 cm layer than conventional tillage. This result demonstrates the effect of the 

soil cover and reduced tillage to stabilize and conserve soil carbon. The predominance of HU 

fraction in NT is related to its insolubility and resistance to biodegradation, which is related to the 

formation of stable organomineral complexes (FONTANA et al., 2011). This predominance of the 

most stabilized carbon fraction was also observed in other studies on Brazilian soils (RANGEL & 

SILVA, 2007; PORTUGAL et al., 2008).  

The humin fraction was influenced by management in the surface soil up to 10 cm depth 

and in the 10-20 cm layer there were contents of this fraction in all treatments (6.5g kg-1). This 

result shows the importance of the maintenance and conservation of the residues on the soil surface 

and their benefit in the carbon humification. 

 The relationship between humic acids and fulvic acids (HA/FA) was influenced by the 

different soil management systems. The highest proportion was observed in NT, with a ratio of 4.3, 

while in the NF the lowest ratio (2.1) was observed. These HA/FA values indicate well stabilized 

organic material. In tropical soils, generally, this ratio is less than 1, indicating a lower intensity of 

humification of the processes such as condensation and synthesis and the intense mineralization of 
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residues (CERRI & VOKOFF, 1988). Values higher than 1 observed in this study in all evaluated 

treatments suggest carbon stabilization, especially in no-tillage where humification is more evident. 

 

CONCLUSIONS 

 Conventional tillage reduced the soil carbon content after 21 years of cultivation, while in 

no-tillage the levels and stocks increased. 

No-tillage has more carbon than conventional tillage in the humin and humic acid fractions 

in the surface soil. Physical fractions of organic carbon were similar between the management 

systems. 

 No-tillage has a greater organic carbon stock than conventional tillage 15 years after its 

development and shows greater potential for carbon conservation in the surface soil. Thus, long-

term experiments are important to monitor soil behavior under different management conditions. 
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