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Carbon fractions and soil fertility affected by tillage and sugarcane

residue management of a Xanthic Udults

Fracoes do carbono e fertilidade do solo afetados pelo preparo do
solo e manejo da palhada da cana-de-acucar em Argissolo Amarelo

Iara Maria Lopes!"; Shirlei Almeida Assun¢do'; Ana Paula Pessim de Oliveira?;
Lucia Helena Cunha dos Anjos?®; Marcos Gervasio Pereira’; Eduardo Lima’®

Abstract

The gradual change in management practices in sugarcane (Saccharum spp.) production from burning
straw to a green harvesting system, as well as the use of minimum soil tillage during field renovation,
may affect soil fertility and soil organic matter (SOM) contents. The objectives of this work were
to investigate the influence of sugar cane production systems on: (1) soil fertility parameters; (2) on
physical carbon fractions; (3) and on humic substance fractions, in a long-term experiment, comparing
two soil tillage and two residue management systems an Xanthic Udult, in the coastal tableland region
of Espirito Santo State, Brazil. The treatments consisted of plots (conventional tillage (CT) or minimum
tillage (MT)) and subplots (residue burned or unburned at harvesting), with five replicates The highest
values of Ca?"+ Mg?" and total organic carbon (TOC) were observed in the MT system in all soil layers,
while high values of K" were observed in the 0.1-0.2 m layer. The CT associated with the burned
residue management negatively influenced the TOC values, especially in the 0.1-0.2 and 0.2-0.4 m
layers. The carbon in the humin fraction and organic matter associated with minerals were significantly
different among the tillage systems; the MT showed higher values than the CT. However, there were
no significant differences between the sugarcane residue management treatments. Overall, fractioning
the SOM allowed for a better understanding of tillage and residue management systems effects on the
soil properties.
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Resumo

A mudanga gradual nas praticas de manejo da cana de agucar (Saccharum spp.) de colheita com queima
de palha para o sistema de colheita sem queima, bem como o uso de preparo minimo do solo durante
a renovacao do canavial, podem afetar a fertilidade do solo e o conteudo de matéria organica do solo
(MOS). Os objetivos especificos foram investigar a influéncia de sistemas de produgdo de cana-de-
acucar sobre: (1) os pardmetros de fertilidade do solo; (2) sobre as fra¢des fisicas do carbono; (3) e
em fracdes de substancias humicas, em um experimento de longa duragdo, comparando dois tipos de
preparo do solo e dois sistemas de manejo da palhada em Argissolo Amarelo, na regido tabuleiros
costeiros do Espirito Santo, Brasil. Os tratamentos consistiram de parcelas (preparo convencional (PC)
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e cultivo minimo (CM)) e subparcelas (palha queimada e ndo queimada perante a colheita), com cinco
repeti¢cdes. Foram observados os maiores valores de Ca** + Mg?* e carbono organico total (COT) no
sistema de CM, em todas as camadas do solo, enquanto maiores valores de K* foram observados na
camada de 0,1-0,2 m. O PC associado a colheita com queima da palhada influenciou negativamente
os valores de COT, especialmente nas camadas 0,1-0,2 ¢ 0,2-0,4 m. O carbono na fra¢cdo humina e
o carbono associado aos minerais do solo foram significativamente diferentes entre os sistemas de
preparo do solo; o CM apresentou valores mais elevados do que o PC. No entanto, ndo houve diferengas
significativas entre o manejo da palhada da cana-de-agucar. No geral, o fracionamento da MOS permitiu
uma melhor compreensdo dos efeitos dos sistemas de preparo do solo e manejo da palhada sobre as

propriedades do solo.

Palavras-chave: Saccharum spp. Sistemas de preparo do solo. Manuten¢@o da palhada.

Introduction

Sugarcane (Saccharum spp.) production is one
of the most economically important agricultural
activities in Brazil, both for sugar and ethanol
production. In 2014, the cultivated area was
slightly over 9 million hectares (CONAB, 2014)
and approximately 65% of the sugarcane was
harvested without previous burning the dead leaves
(CANASAT, 2014), a practice traditionally used
to facilitate the stem harvesting. In Brazil, the no
burning prior to harvesting is known as green cane
harvesting (GCH), and this practice is expected to
be adopted by almost all the mechanized sugarcane
production areas by the end of this decade. The GCH
system adds 10 to 20 t ha! yr' of crop residues (dry
leaves, tops and pieces of stalks) to the surface, which
has the potential to affect soil water and nutrient
dynamics and soil properties (ROBERTSON;
THORBURN, 2007), index richness of soil fauna
(BENAZZI et al., 2013), changing the potential
crop yield. For this reason, GCH and other tillage
management strategies should be investigated in the
different production regions of Brazil.

Systems with less intense tillage operations, such
as minimal tillage and no-tillage, associated with
residue retention (instead of burning the sugarcane
residues), provide modifications on dynamics
of essential nutrients and toxic elements when
compared to the conventional tillage (CT) system.
Besides provide potential benefits to environment,
such as increased soil organic carbon (SOC) and the
reduction of atmospheric pollution (HOUX et al.,

2011; SEGNINI et al., 2013). However, in a wide
of areas with sugarcane production, conventional
tillage operations, such as plowing, disking and
subsoiling, are still widely used (SEGNINI et al.,
2013).

When minimal tillage and no-tillage is adopted
the soil is less disturbed and nutrients such as
phosphorus, potassium, calcium, and magnesium,
are strongly adsorbed to the soil colloids functional
groups (CALEGARI et al., 2013). Some studies
have shown that exchangeable Ca, Mg, and K
were significantly higher in the surface soil under
minimum tillage when compared to areas of
ploughed soil and where the sugarcane straw is kept
on soil surface (OLIVEIRA et al., 2002; ROSOLEM
et al., 2007; RAHMAN et al., 2008).

Studies in different regions of the world show that
adoption of harvest system without straw burning
increase total soil organic, observed in the studies
of Robertson and Thorburn (2007) in Australia, and
Galdos et al. (2009) in Brazil. On the other hand,
in some sugarcane systems, the SOC concentration
was not significantly different among sites where
sugarcane residues were burned or retained, such as
in Brazil and Australia (BLAIR, 2000) and in Africa
(GRAHAM et al., 2002). According to Thorburn et
al. (2012) the absence of differences in the SOC
are possibly due to cultivation and variation in bulk
density between treatments, as well as difficulties
in detecting small changes in total soil organic
matter or organic carbon because of generally high
background levels and natural soil variability.
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Some authors state that the effect of changes in
land use and soil management on SOC, even in a
short period of time, may be identified by variations
in the sub pools or fractions of soil organic matter
or organic carbon, which are more noticeable than
the TOC (GALDOS et al., 2009; PINHEIRO et al.,
2015; THORBURN et al., 2012).

Granulometric fractionation of the SOM by
particle size separates the material into sand size
fractions: particulate organic carbon (>53 pm)
and carbon in the organic matter associated with
the minerals of silt (2-53 um) and clay (0-2 pm)
sizes. This procedure may be applied to evaluate the
dynamics of the total organic carbon (TOC), even
for short-term changes. Particulate organic matter is
closely related to the crop residue added to the soil
surface and is sensitive to changes in management,
and the fraction associated with minerals typically
represents most of the soil C (BLANCO-MOURE
et al., 2013; CAMPOS et al.,, 2011). Chemical
fractionation separates the material into humic
acids, fulvic acids, and humin. The great amount of
acid groups in the humic and fulvic acids influence
positively soil cation exchange, and the association
of compounds in humin fraction with soil mineral
colloids imparts resistance to biodegradation of
SOM (YAGTI et al., 2005).

The reduction of organic matter resulting from
soil degradation is particularly relevant in soils of
the coastal tablelands, a prominent landscape that
has great importance for agricultural production
of sugarcane, mainly in the northeastern region of
Brazil. The soils of this region typically have low
fertility and may present cohesive horizons below
the arable layer. The clay mineralogy is kaolinitic,
and the cation exchange capacity is highly dependent
on soil organic carbon content (CORREA et al.,
2008). Among the crops most cultivated in Coastal
Tablelands, sugarcane is dominant due to climatic
conditions and show a slightly undulating relief. The
burnt cane harvesting system and the conventional
tillage operations are still common practices.

The minimum tillage and sugarcane residues
are retained instead of burned positively changes
in carbon fractions and soil fertility. The objectives
of this work were to investigate the influence of
sugar cane production systems on: (1) soil fertility
parameters; (2) on physical carbon fractions;
(3) and on humic substance fractions, in a long-
term experiment, comparing two soil tillage and
two residue management systems, in the coastal
tableland region of Espirito Santo State, Brazil.

Material and Methods

Soil samples were collected from a pre-existing
experiment located on a sugarcane farm in the
Linhares municipality, Espirito Santo (southeast
region of Brazil, 19° 18’S and 40° 19 W). The
landscape is characterized by a gently undulating
relief with low plateaus that define the “tabuliform
relief,” a geomorphological feature of the coastal
tablelands. The original vegetation was the Atlantic
Forest. The climate shows that 70 to 80% of the total
precipitation (1000-1250 mm) falls from October to
April. The average annual temperature ranged from
22 to 24 °C during the 21 years of the experiment.
The soil is a sandy over loamy texture Xanthic
Udult (4rgissolo Amarelo). The granulometry was
determined for each soil depth increment (Table 1)
(EMBRAPA, 1997).

The experimental site, originally covered with
secondary forest, was cleared, and a pasture of
Brachiaria spp. was planted in 1986. The experiment
was initiated in 1989 and set in a randomized block
design with five replicates. Initially, the experiment
was divided into two treatments: green cane
harvesting (with residue retained as a surface mulch
or blanket) and a harvesting system in which the
residue was burned annually. The site was managed
under conventional tillage (CT) with one plowing,
two heavy disking operations and opening of
furrows in the soil up to a 0.3 m depth. The 10 plots
consisted of 6 rows of sugarcane (95 m in length)
spaced at 1.2 m between the rows. The sugarcane
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(Saccharum spp.) variety used was the SP79-1011,
and the first crop cycle (plant + ratoons cane) ended
in 1996. Seven months after manual harvesting, the
experimental site was reduced in half and two new
treatments were inserted within the original green
and burnt cane plots. The experimental design was
a randomized block design, with a subdivision plots
scheme with five replicates, allocated to compare
two soil tillage treatments (CT or minimum tillage

(MT)) and two sugarcane residue treatments
(residues burned or unburned at each harvest). The
new plots had an area of 286 m? and contained
11 rows (22 m in length) with spacing of 1.2 m
between the lines. From 1997 to 2012 there were
two crop cycles. Lime, nitrogen, phosphorus and
potassium fertilizers were applied. The RB73 9735
and SP79-1011 cane varieties were used, and both
were manually harvested.

Table 1. Granulometry for each soil depth increment in the long-term sugarcane experiment, Linhares-ES climate,

Xanthic Udult soil.
Sand Silt Clay
Soil layers (m o
yers (m) o kg
0.0-0.1 852 53 94
0.1-0.2 850 47 106
0.2-0.4 824 53 122

For this study samples were taken after harvesting
of the sixth ratoon in 2012; thus corresponding
to approximately 23 years after the experiment
start and first soil management practices, and 15
years after the combination of the two soil tillage
treatments and two sugarcane residue treatments.
The soil was sampled at 0-0.1, 0.1-0.2, and 0.2-0.4
m depths; taking three samples at each depth and
forming a composite sample with six replicates
for each treatment evaluated. The samples were
identified, conditioned in plastic bags, and taken to
the laboratory, where they were air dried and sieved
using a 2 mm mesh.

The soil fertility attributes, pH, available

phosphorus,  potassium,  sodium, calcium,
magnesium, exchangeable aluminum and potential
acidity were quantified using the procedures
described by EMBRAPA (1997). The TOC was
quantified according to the method of Yeomans
and Bremner (1988). The granulometric fractioning
of the SOM, in the samples from 0-0.1 m depth,
was quantified after mixing 20 g of soil in 60 ml
of sodium hexametaphosphate solution (5 g I'') and
separating the sand from the silt and clay fractions

using a 53 pm sieve (CAMBARDELLA; ELLIOTT,

1992). The material retained in the sieve, which
consisted of particulate organic matter (POM)
associated with the sand fraction, was dried at 60
°C, quantified in relation to its mass, and ground
in a porcelain mortar, and the organic carbon was
analyzed according to the method of Yeomans and
Bremner (1988). The material that passed through
the 53 um sieve, which consisted of organic matter
associated to the minerals fractions (POM) in the silt
and clay fractions, was calculated as the difference
between the TOC and the POM.

The extraction and fractionation of humic
substances, in the samples of the 0-0.1 m layer, were
performed according to the differential solubility
technique (SWIFT, 1996), adapted and presented by
Benites et al. (2003). After fractionation, the organic
carbon fractions in the fulvic acid (FA-C), humic
acid (HA-C) and humin (HU-C) were quantified.
A mass of soil with 30 mg of organic carbon was
weighed and placed in contact with 20 ml of 0.1
NaOH mol L' for 24 hours. The separation of
the alkaline extract (AE = HA-C + FA-C) and the
residue was accomplished by centrifugation at 5000
g for 30 minutes. The residue was reserved for the
determination of humin (HU). The pH of the alkaline
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extract (AE) was adjusted to 1.0 with 20% H,SO,,
followed by decanting for 18 h. The precipitate
(HA) was separated from the soluble fraction (FA)
and filtered, and both volumes were increased to 50
ml with distilled water. The carbon fractions in the
FA and HA were determined in 5.0 ml aliquots of
extract, in which 1.0 ml of potassium dichromate
(0.042 mol L") and 5.0 ml of concentrated H SO,
were added in a digester block heated to 150 °C
(30 min). Subsequently, the mixture was titrated
with ferrous ammonium sulfate (0.0125 mol L)
and the HU-C was measured in the residue. After
the material was oven dried (65 °C up to complete
drying), 5.0 ml of potassium dichromate (0.1667
mol L) and 10.0 ml of concentrated H, SO, were
added and the solution was placed in a digester
block heated to 150 °C (30 min). Then, the solution
was titrated with ferrous ammonium sulfate (0.25
mol L") (YEOMANS; BREMNER, 1988).

The resulting data were submitted to normality
(Lilliefors) and homogeneity
(BARTLETT) tests.
were analyzed for variance using F-test, and the
average values compared by Duncan’s test at 5%
probability, using SAEG 9.1 (Sistema de Analises
Estatisticas e Genéticas — UFV) statistical package.
Additionally, the Pearson correlation method was
used to evaluate influence of the treatments on soil
chemical attributes of the 0-0.1 m layer.

of wvariances
Subsequently, the results

Results
Soil chemical attributes

At the depths of 0.0-0.1, 0.1-0.2 and 0.2-0.4 m
there was a significant difference in the TOC (Figure
1A) and Ca*" + Mg?* levels (Figure 1B) between the
soil tillage systems. The MT showed an increase in
the TOC content of approximately 100% compared

with the CT in all evaluated layers. MT increased
Ca** + Mg* by 33%, 30% and 38% in the 0.0-0.1,
0.1-0.2 and 0.2-0.4 m layers, respectively (Figure
1B). Differences in K* levels between soil tillage
systems (Figure 1C) were observed only in the 0.1-
0.2 m layer, and the MT resulted in an increase of
more than 5 times than the CT.

The greatest amount of K" in the MT (Figure
1C) is related to the higher content of TOC (Figure
1A), which increases the cation exchange capacity
(CEC). Unlike K*, P has a low mobility in the
soil; however, the soil tillage management (STM)
showed significant differences in the available P
(Figure 1D) in the 0.2-0.4 m layer. The levels of
available P were low in all the soil layers (Figure
1D) (values ranging from 0.35 to 5.15 mg kg), as
commonly observed in Xanthic Udults. There was
significant difference in the levels of available P in
the 0-0.1 m layer with different sugarcane residue
management treatments; the area with the burnt
sugarcane increased 59% the values compared with
the unburned sugarcane. There was no influence
of the residue management system in other soil
chemical properties.

Significant difference was verified for TOC in
the 0.2-0.4 m layer, where the unburned sugarcane
presented mean values 8% higher compared with
the burnt treatment (Figure 1A). The interaction
between soil tillage and residue management was
not significant for the variables evaluated, with the
exception of the TOC in the 0.1-0.2 and 0.2-0.4 m
soil layers (Figure 1A). The MT did not influence
residue management in the 0.1-0.2 and 0.2-0.4 m
soil layers. However, the residue management
associated with CT showed significant differences,
with TOC 68 and 62% in the 0.1-0.2 and 0.2-0.4
m soil layers, respectively more in the unburned
sugarcane compared to the burnt treatment.
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Figure 1. Mean soil chemical properties in different soil tillage and residue management treatments in the sugarcane
crop. MT: minimum tillage, CT: conventional tillage; BS: burnt sugarcane, US: unburned sugarcane. Means followed
by the same capital letter for soil tillage management and lowercase letters for the residue management did not differ
significantly by the Duncan test at 5%.
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Soil organic matter fractions The particle size fractionation of SOM (Table 3)

The distribution of carbon in the humic in the 0.0-0.1 m layer showed that in all treatments,

fractions (Table 2) showed larger amounts of HU-C
compared to FA-C and HA-C for all treatments. In
general, the comparison of residue management

the majority of the organic matter was associated
with the soil minerals (MOM higher than POM).
This result confirms the predominance of C in the
humin fraction (Table 2). Among the tillage systems,
the content of MOM was significantly different; the
MT exhibited 144% more than the CT treatment.
There were no differences in the particulate organic

treatments (unburned and burnt treatments) did not
show significant differences among fractions for the
0.0-0.1 m layer (HU, HA and FA). For soil tillage
management, there was a difference in the C in all
humic substance fractions (Table 2); MT showed
the highest levels in comparison to CT, with values
82, 24 and 90% lower for the HU, HA and FA,
respectively in the CT.

matter (POM) between the sugarcane management
systems.
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Table 2. Carbon in the humic substance fractions (humin = HU-C; fulvic acid = FA-C; humic acid = HA-C) in the
0.0-0.1 m layer under sugarcane management systems in a Xanthic Udult soil in Linhares (ES), Brazil.

HU-C FA-C HA-C
Treatments US BS Mean US BS Mean US BS Mean
(gkg)
CT 5.15Ba 432Ba 474B 133Ba 097Bb 1.15B 0.70Ba 0.76Ba 0.73B
MT 841 Aa 885Aa 863A 135Aa 149Aa 142A 149Aa 1.19Aa 134A
Mean 6.78 a 6.59 a 1.34a 1.23 a 1.09a 097 a

Means followed by the same capital letter in the lines for soil tillage management and lowercase letters in the columns for the
residue management did not differ significantly by the Duncan test at 5%. Treatments: CT = Conventional Tillage; MT = Minimum

Tillage; US = Unburned Sugarcane; and BS = Burnt Sugarcane.

Table 3. Particle size fractions of SOM (POM = particulate organic matter and MOM = organic matter associated
to the mineral fractions) in the 0.0-0.1 m soil layer under sugarcane management systems in a Xanthic Udult soil in

Linhares (ES), Brazil.

MOM POM
Treatments US BS Mean US BS Mean
...................................... (gkg)
CT 5.92 Ba 4.18 Ba 5.05B 2.53 Aa 2.45Aa 249 A
MT 11.56 Aa 13.09 Aa 1232 A 2.86 Aa 2.26 Aa 2.56 A
Mean 8.74 a 8.64 a 270 a 236a

Means followed by the same capital letter in the lines for soil tillage management and lowercase letters in the columns for the
residue management did not differ significantly by the Duncan test at 5%. Treatments: CT = Conventional Tillage; Minimum
Tillage = MT; US = Unburned Sugarcane; and BS = Burnt Sugarcane.

Comparisons of chemical attributes and organic
matter fractions

The correlation analyses showed different
patterns among fertility properties and soil organic
fractions (Table 4). There was a negative correlation
between the values of pH and AI**, AI** and Ca*

+ Mg*, and FA-C and POM. The opposite was

observed for values of pH and Ca?"+ Mg*", pH and
assimilable P, assimilable P and Ca’>" + Mg?>*, TOC
and Ca™ + Mg*?, HU-C and Ca* + Mg*, and HA-C
and Ca?'+ Mg?" that were positively correlated. The
values of TOC, HU-C, FA-C, HA-C, and MOM
were positively correlated as well.
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Table 4. Pearson correlation (r) between soil fertility properties and SOM fractions in the 0.0-0.1 m soil layer.

2+
MOM  pH (f\’l‘ng Al P K TOC HU-C FA-C HA-C
pH -0.18™
Ca " +Mg" 034™ 044"
Al 0.18™ 064" -042°
P 021™ 0657 041 -020"
K 0.11™  024™  004™ -0.12™ 022"
TOC 099" -0.18™ 040  -0.15™ -0.19™ -0.14™
HU-C 0937 -022™ 037 -0.16™ -025™ -020" 0.94°
FA-C 0637 -023™ 023" -0.11™ -005™ 0.16™ 065 052"
HA-C 077" -0.02™ 048" -027™ 0.09™ -0.19"™ 0797 069" 054"
POM 0.19™ 0.03™ 033™ 0.15™ 0.14™ -0.11™ -0.02™ -001™ -047" 001"

P = assimilable P; TOC = total organic carbon; HU-C = humin fraction carbon; FA-C = fulvic acid fraction carbon; HA-C = humic
acid fraction carbon; POM = particulate organic matter; MOM = organic matter associated to the minerals fractions. *: p < 0.05,

**: p <0.01, ns: not significant, t-test.

Discussion

The MT treatment provided greater protection of
the soil TOC compared with the CT, and this effect
may have influenced the greater availability of
nutrients such as Ca*" and Mg*, as well as leading
to greater sum of bases and base saturation values.
The process of immobilization of nutrients in soil
organic pools in the MT treatment associated with
the annual addition of residue after harvesting,
plus the roots of previous cycle of sugarcane that
are renewed in every cutting, may have favored
the dynamic of potassium. This result is due to K*
dynamics, since this element is not incorporated
into the carbon chains of soil organic matter but,
rather, quickly returns to soil in a form readily
available to plants, converting the residue into an
important short-term reservoir of K+ (ROSOLEM
et al., 2007). Thus, the potential for K* leaching is
decreased, which is even more important in sandy
soils, where the texture favors high nutrient losses
(ROSOLEM et al., 2010). The higher amount of
available P below the topsoil under CT compared
with MT is explained by incorporation of crop
residues and phosphate fertilizers to a greater depth
with the tillage (CALEGARI et al., 2013). This
explanation was presented by Mendoza et al. (2000)
studying in the same area and at the beginning of

this experiment evaluating burnt and unburned and
CT original treatments.

A greater availability of P in areas where residues
were removed (by burning) instead of retained on the
soil, especially in the surface layer, was verified by
Correia and Alleoni (2011), Thorburn et al. (2012)
and Torres et al. (2013). The result was related to
the formation of calcium phosphate, present in the
ashes from the residue deposited on soil surface
(BALL-COELHO et al., 1993). In systems where
the residue is not burned, an increase in P available
is not expected because the sugarcane residue has a
high C:P ratio and there is a relatively low amount
of this element.

Mendoza et al. (2000) also reported greater
availability of Mg* and TOC in the unburned
sugarcane plots. In Paraguagu Paulista — SP, in
a Dystrophic Red Latosol (Oxisol), Souza et al.
(2012) reported higher values of pH, TOC, Ca*,
Mg?**, K* and lower values of AI** and H+Al in the
area with the unburned sugarcane compared to the
burned cane and native forest. These results show
the positive effect of maintaining the residues on the
soil surface, and with adoption of minimum tillage
there is potential for a positive effect on sugarcane
management system.
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The study showed a poor contribution of CT-BS
management in terms of preserving and increasing
SOM. Therefore, in areas of sugarcane production
with sandy surface texture, as in the studied soils,
the content of SOM gradually decreases and the
practices of conventional tillage plus burning prior
to harvest greatly further reduce the sustainability
of this system.

In the same experimental site, Mendoza et
al. (2000) observed that in the 0.0-0.05 m layer,
the maintenance of the residue on soil surface
increased the levels of HU-C and FA-C; this was
also corroborated by Canellas et al. (2003) in
areas with and without residue burning over a long
period of time and with vinasse application. The
MT management of sugarcane areas in the coastal
tableland soils provides greater protection and/
or increased C in humic substance fractions. In
contrast, in conventional tillage systems, plowing
and harrowing turn the soil and increase aeration,
favoring the growth of microbial and soil fauna that
participate in SOM decomposition (ROSSETTO
et al., 2008), generally resulting in lower organic
carbon content in the CT systems.

Some studies have shown that most of the C
accumulated in minimal tillage and no-till systems,
relative to CT, is stored in the mineral-associated
fraction, emphasizing the importance of the organo-
mineral interaction as a stabilization mechanism in
these systems (CAMPOS et al., 2011; PINHEIRO
et al., 2015). In contrast, soil organic C associated
with sand fractions was the most sensitive C
fraction responding to soil tillage systems in a short
period of time in areas cultivated with sugarcane
in Australia (THORBURN et al., 2012) and with
a rotation of vegetables, including tomato, green
pepper and beans, in Rio de Janeiro State, Brazil
(PINHEIRO et al., 2015). The absence of a response
for POM in this study may be related to the soil
sampling period because the largest amount of
residues is observed immediately after harvesting.
Additionally,
experimental area and the sandy soil texture favor

environmental conditions of the

the rapid mineralization of the most labile OM
fractions.

The influence of sugarcane residue management
on organic matter was studied by Razafimbelo et al.
(2006) in a clayey Oxisol from southern Brazil, and
the results indicated that residue retention resulted
in carbon enrichment mainly in the MOM fraction,
whereas POC fractions were not enriched. These
findings are completely contrary to those reported by
Silva et al. (2006) in an Argissolo Amarelo coeso, a
common soil in coastal tableland environment. The
authors reported that 25 years of cultivation with soil
tillage, using disking operations in the renovation of
cane fields and burning sugarcane before harvesting,
caused reduction in the carbon content of POM
and MOM in the layer of 0-0.2 m. These negatives
effects indicate the importance of residue retention
and reduction of tillage for soil carbon storage, and
reinforce the importance of fractions of the organic
matter to assess soil management practices.

The correlation analysis indicated that the
management system that provides the highest
TOC also provides higher levels of C in the humic
substance fractions and a greater potential to provide
the nutrients Ca?*, Mg?", K*, and assimilable P. This,
in turn, increases pH and reduces levels of AI** in
the soil. These results corroborate those obtained
by Correia and Alleoni (2011), Loss et al. (2010)
and Siqueira Neto et al. (2009). In sugarcane
production, management systems that lead to an
addition and/or preservation of SOM positively
influence the maintenance of soil exchangeable
bases and increased cation exchange capacity, thus
benefiting the soil-plant system.

Conclusion

The results showed the importance of assessing
the impact of soil tillage and residue management to
ensure adequate sugarcane production systems. The
minor soil disturbance in the MT treatment resulted
in increased levels of Ca*" + Mg** by about 34% and
TOC of 100%, in all soil layers; and for the K™ more
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than 5 times in the 0.1-0.2 m layer compared to the
CT. The CT treatment associated with the burnt
sugarcane management negatively influenced the
TOC content, especially in the 0.1-0.2 and 0.2-0.4 m
layers. Most of the C accumulated in the MT system,
relative to the CT system, was in the humin fraction
(HU-C) and in the mineral-associated fraction
(MOM); which points to the importance of organo-
mineral interaction as a stabilization mechanism that
is ensured in the MT system. However, the residue
management treatments showed no differences in
the HU-C and in particle size fractions of SOM in
the conditions of this study.
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