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Abstract

The sugarcane residue deposited on the soil is an alternative source of nutrients, which can serve as a soil conditioner in soil
conservation. The effects of sugarcane harvest systems, especially with the residue incorporated into, or left on the soil surface, and
the resulting impact on the availability of plant nutrients are little known. The aim of this work was to study the influence of nitrogen
fertilization (0 and 120 kg ha™ of N) and the management of sugarcane residue (surface and incorporated) on the availability of
nutrients in soils incubated at three temperatures (20, 25 and 30° C). It was concluded that there is an increase of 6.89 % N in the soil
with the sugarcane residue incorporation, compared to the surface management. Total soil N increases were obtained with sugarcane
residue, especially when incorporated and associated with nitrogen fertilization. There was no effect of the treatments on soil
microbial biomass carbon content (S-MBC), labile carbon (Labile-C), calcium (Ca*?), magnesium (Mg*?) and phosphorus (P).
Potassium is the nutrient that presents rapid mineralization from the residue into the soil. With the addition of the incorporated and
soil surface residue there occurred increases in the final K* mineralization of 42.05 % and 11.98 %, respectively.
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Abbreviations: Ca*? calcium; Mg*™2_magnesium; K*_potassium; P_ phosphorus; pH_ pH meter of soil; C/N_ ratio carbon and
nitogen; TN_total nitrogen (TN); gCO,_metabolic coefficient; S-MBC_ microbial biomass carbon; Labile-C_carbon labile;
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Amparo a Pesquisa do Estado de Minas Gerais; CAPES_Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior;
CNPQ_Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico.

Introduction

Brazil is the largest producer of sugarcane, as well as sugar potassium (K*) (Oliveira et al., 1999a), besides contributing
derivatives and ethanol (Goldemberg, 2007). In the to carbon storage in the soil, in a process called soil carbon
2008/2009 crop, production for industry had a volume of sequestration (Galdos et al., 2009; Ussiri and Lal, 2009).
approximately 392 million Mg of stalk (Caser et al., 2008). In However, the nutrient liberation rate from the residue
the 2009/2010 crop that amount almost doubled to depends on activity of soil microorganisms (enzyme activity),
approximately 605 million t in 7.4 million ha (Benett et al., for example urease (Balota and Chaves, 2010) and j-
2012). The production is growing due to territorial expansion, glucosidase (Evangelista et al., 2012), and edaphoclimatic
driven mainly by the consumption of ethanol in the domestic factors such as temperature (Almeida et al., 2014), humidity
market and the good sugar prices in the international market (Oliveira et al., 1999b), oxygen (Panosso et al., 2009), pH of
(Marin et al., 2011) increased availability of cultivars .and soil (Fuentes et al., 2006), texture (Dilustro et al., 2005), as
cultivation practices (Souza et al, 2005). Mechanized well as the characteristics inherent in the residue, such as C/N
sugarcane harvesting in Brazil has become one of the main ratio, lignin, cellulose, hemicellulose and polyphenols
crop managements after the reduction of burning and (Johnson et al., 2008). The C/N ratio is related to N
prohibition of the use of fire as a residue removal method and immobilization or mineralization in the soil. The residue from
cutting facilitator in manual harvesting by the year 2021. sugarcane has a high C/N ratio, ranging from 90-120,
Mechanized harvesting provides the deposition of 3.6 to 11.0 promoting immobilization of total nitrogen (TN) in the
Mg ha™ of dry matter (Silva Neto et al., 2013) remaining on absence of N fertilization (Meier et al., 2006; Almeida et al.,
the soil surface (Panosso et al., 2009; Flores et al., 2012) 2014). To meet the need for TN, the application of 120 kg ha"
forming a thickness of 8 to 10 cm (Silva Neto et al., 2013), ! of N per cane plant crop is recommend and in the three
consisting of dry stalks, pointers and green leaves (Oliveira et subsequent ratoons there is a linear response to the nitrogen
al.,1999b). Maintaining this sugarcane residue adds nutrients fertilization with an average productivity of 100 Mg ha™ of
and improves soil fertility, mainly due to increased stalks, about 1.0 kg of N per Mg of stalk expected (Vitti et
availability of calcium (Ca*®), magnesium (Mg*) and al., 2007b). This study aimed to assess the impact of incub-
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Table 1. Nutritional characterization of sugarcane residue and chemical and physical attributes of a dystrophic Red Yellow Latosol

used in the experiment.

Characteristics* Soil Residue
Sand (g kg% 630 -
Silt (g kg™) 140 -
Clay (g kg% 230 -
pH (H,0) 5.6 -
TN (g kg-1) 0.69 1.44
TOC (g kg™ 7.40 142
C/N Ratio - 99.0
P (mg dm?) 2.47 0.8
K* (mg dm™) 208.00 9.0
Mg?* (cmol, dm'®) 0.60 1.3
Ca?* (cmol, dm™®) 2.20 5.4
H+AI (cmol, dm™) 2.20 -
Sum of Bases (SB) 3.33 -

*In table: pH (hydrogenionical potential); NT (total nitrogen); TOC (total organic carbon); C/N (carbon nitrogen ratio); P (phosphorous); K* (potassium); Mg*

(magnesium); Ca*? (calcium); H+Al (potential acidity).
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Figl. Location of soil collection in the sugarcane cultivation area (Area 1) located between the municipalities of Uberlandia -

Uberaba, State of Minas Gerais, Brazil.

ation temperature (20, 25 and 30° C) and nitrogen
fertilization (0 and 120 kg ha™ of N) on the decomposition
rate of sugarcane residue and nutrients when the residue is
incorporated into or ramains on the soil surface.

Results and Discussion
Compartments of carbon

The accumulated metabolic coefficient (qCO,) of the soil
after the incubation period showed an oscillation between
0.47 to 0.72 (Fig 2), a result below that estimated as critical.
According to Anderson and Domsch (1990) qCO, values
greater than 2.0 indicate a less efficient soil microbial
community. Elevated ¢qCO, values are indicative of
ecosystems subjected to some stress condition or disorder
(Moreira and Siqueira, 2006). Thus, in our study, the
metabolic coefficient shows that the soil and the active
microbiota are efficient and environmentally sound.
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Among the treatments, the qCO, grew by 27.27 % in the
management of the residue incorporated into the soil when
compared to maintaining the residue on the soil surface (Fig
2). There was also a 29.85 % qCO, increase with the addition
of nitrogen to the soil compared to that without N. There was
a distinction between the managements with the addition N
and the incorporation of sugarcane residue to the soil due to
high SMB activity throughout the experiment. These results
are in agreement with those obtained by Gomide et al.
(2011), who showed that gCO, decreases in more established
systems, since under stable conditions less energy
consumption is indicated (Cunha et al., 2011). At 79 DAI the
S-MBC, Labile-C and soil TOC did not differ among
treatments. These results are associated with reduced
availability of nutrients in the substrate and at the end of the
incubation period (Step, 2000) because there is an increase in
CO, emissions in the early days of incubation with substrate
and addition of nutrients in the soil, with subsequent decrease
of the biological activity and labile soil (Almeida et al, 2014;
Guillou et al, 2011; Cayuela et al., 2009). The carbon labile



Table 2. Content in soil of labile carbon (Labile-C), total organic carbon (TOC), microbial biomass carbon (S-MBC), accumulated
emission, after 79 days of incubation, of cumulative CO, (CO,) and the biomass C (Cmic) and total organic carbon (C org) ratio in

soil incubated for 79 days.

Labile-C* TOC! MBC! CO,? Cmic: Corg?
----- gkgt----- ng g’

Residue Management
Surface 5.05 12.95 238.30 116.55B 2.58 A
Incorporated 4.77 14.71 289.07 126.22 A 1.63B
MSD: 0.79 1.44 80.32 0.15 0.28
Nitrogen Fertilization
0 kg ha* 5.11 13.68 245.22 103.27B 2.15A
120 kg ha'* 4.72 13.98 282.15 139.50 A 2.06 A
MSD: 0.79 1.44 80.32 0.15 0.150
Temperatures
20°C 4.66 13.02 285.11 85.00 C 2.60 A
25°C 5.25 15.38 29914 121.66 B 1.33B
30°C 4.83 13.09 30681 157.50 A 2.38 AB
MSD: 1.17 2.13 119.08 0.22 0.15
CV: 23.49 21.06 44.28 38.72 43.0

In the table cumulative CO, emission after 79 days of incubation; CV: coefficient of variation and MSD: Minimum significant difference; 2 The variables were significantly
different. Expressed in p mol of CO, m-2 s, For CO, emission and Cmic:Corg, averages accompanied by different upper-case letters in the column are different by the
Tukey test (p< 0.05). * The variables were not significantly different by Tukey test (p< 0.05).
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Fig 2. Metabolic coefficient - qCO, (ug g/ u mol of CO, m2 sY) in soils incubated with sugarcane residue in incorporated and
surface managements, associated with N fertilizer doses of 0 kg N ha™® and 120 kg ha™* at (20°; 25° and 30° C). For qCO, in the
management of residue on the soil, bars identified with different capital letters differ by the Tukey test (P< 0.05). Data: CV: 38.72

and MSD residue- 0-15; MSD Temperature: 0-22; MSD nitrogen fertilization- 0.15.

fractions in the soil are highly correlated with CO, emissions
(qCO,) (Almeida et al., 2014; Panosso et al., 2009; Passos et
al., 2007), and the high influence on the quantity of organic
material present in the soil (Roscoe et al., 2006; Wendling et
al., 2014). The S-MBC showed concentrations between 1.33
to 2.58 % TOC (Cmic:Corg), with higher increases in
systems with the residue maintained on the soil surface,
contributing to lower residue decomposition (cumulative
CO; emission), i.e., maintaining plant material on the soil
surface for a longer period (Table 2). This Cmic:Corg
proportion indicates the contribution of the SMB to the TOC
and also the availability of the substrate to the soil microflora
(Anderson and Domsch, 1990).

Nitrogen in soil and residue

The management sugarcane residue incorporated into the soil
contributed to a 6.89 % increase in soil TN in relation to the
residue maintained on the surface (Fig 3), besides the
availability of 20.68 % and 14.81 % of TN in relation to the
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initial content on the soil surface and that incorporated,
respectively, in the residue managements (Fig 3 and Table 1).
The TN increase in soil with managements with sugarcane
residue addition was also found by Faroni et al. (2003), who
verified increases from 3 to 30 % mineralized N for the next
cycle of the crop under field conditions. According to Vitti et
al. (2008), it is noted that in treatments with N as urea, the
liberation of total N from the residue is similar to the
treatment fertilized with N, whereas in the control treatment
(no N addition) the N liberation from residue is low.Nitrogen
fertilization in consortium with residue incorporation led to
TN immobilization in the residue and N increase of 38.9 %,
when compared to treatment without the addition of 120 kg
haof N (Table 3). There were also increases in TN contents
in the residue at different temperatures when in consortium
with the addition of 120 kg ha™of N, respectively 21.6; 32.9
and 32.0 % at 20, 25 and 30° C (Table 3). The effect of N
addition on the TN content of the residue was expected, since
the sugarcane residue initially presented a C/N ratio of 99.0
(Table 1). However, in field conditions the C/N is increased



Table 3. Total nitrogen (TN) content in g kg™ soil in the sugarcane residue in incorporated and surface soil managements associated
with N fertilizer doses of 0 and 120 kg ha™ at three different temperatures (20, 25 and 30° C), after 79 days in incubated soils.

Nitrogen Fertilization

0 kg ha™ of N 120 kg ha® of N
Residue management
Surface 1.21 Ab 1.49 Ba
Incorporated 1.08 Ab 1.77 Aa
MSD: 0.14
Incubation temperature
20°C 1.12 Ab 1.43 Ba
25°C 1.26 Ab 1.88 Aa
30°C 1.06 Ab 1.59 Ba
MSD: 0.20
CV:10.43

In the table: CV: coefficient of variation and MSD: Minimum significant difference. Averages accompanied with upper-case letters in the
column (Interaction Management of residue with nitrogen fertilization) and lower-case in the line (Interaction Management of residue with

temperatures) when distinct, differ by the Tukey test (P< 0.05).
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Fig 3. Total nitrogen (TN) in the soil (g kg™) with incorporated (Inc) or surface (Sur) managements of sugarcane residue, in
consortium with nitrogen fertilization (0 kg N ha™* and 120 kg N ha™) and different temperatures (20, 25 and 30° C). For N in the
management of residue on the soil, bars identified with different capital letters differ by the Tukey test (P< 0.05). Data: CV: 10.02

and MSD residue- 0-05; MSD Temperature: 0-85; MSD nitrogen fertilization- 0.05.

due to the presence of stem pieces from mechanical
harvesting, which increase the C/N ratio: N, decreasing the
mineralization rate (Vitti et al., 2008) and probably
increasing immobilization of N from the plant material. It is
considered that the C/N ratio in the range from 10 to 12:1
lowers and provides the N release from soil organic matter
and for organic waste, from 25 to 35:1 there occurs
decomposition without immobilization of soil N (Ambrosano
et al., 2011). Residues that have high C/N ratio provide
immobilization of soil N in the residue (Vitti et al., 2008). A
high contact surface between the fertilizer and the residue
contributes to the immobilization of microbial N. Moreover,
the residue, promoting ureolytic activity, also favors the NH;
loss, by functioning as a barrier between the N-fertilizer and
soil, causing the NH; product of the urea hydrolysis to remain
together with the crop debris (Vitti et al., 2007a). With the
immobilization of the soil TN in the residue there occurred
decreases in the residue C/N ratio (Table 4) and negative soil
CIN ratio correlation with S-MBC (r = -0.35 **), Table 5,
thus verifying that the activity of the SMB was affected by
the reduction of soil N availability. These conditions are due
to the TN immobilization in the residue (Oliveira et al.,
1999b) and the C loss via CO, emission from the microbial
respiration (Table 2).
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Enzymatic activity in soil

The urease activity (U) showed a concentration between 0.10
and 0.14 of S-MBC. With the incorporated residue associated
with the addition of 120 kg ha™* there was 39.89 % increase in
enzymatic activity of the urease compared to the same
treatment, but without the N addition (Table 6). The results of
this study were therefore consistent with other studies
reporting that urease activity was significantly affected by
different soil management systems (Balota and Chaves, 2010;
Longo and Melo, 2005). This occurred because the urea
contributed to increase the U activity in the soil (Lanna et al.,
2010), since this enzyme participates in the hydrolysis
reaction of urea to NH3 and CO2, which is a fundamental
process for the supply of nitrogen to plants after the mineral
fertilization (Balota and Chaves, 2010). The B-glucosidase
(BG) activity increased by 37 % in the incorporated residue
management in relation to the surface management, besides
the BG activity decreases with increasing incubation
temperatures. The BG concentration in the SMB also
followed this trend with higher concentrations in the
incorporated residue (Table 6). This occurred because in
residue maintenance systems there is the addition of organic
matter in the soil and BG activity is higher because of the



Table 4. pH (H20), calcium (Ca*?), magnesium (Mg*?) and phosphorus (P) and carbon nitrogen ratio (C/N) in the soil and total
organic carbon (TOC) and C/N ratio of residue after 79 days of incubation of soils with sugarcane residue in incorporated and surface
soil managements associated with N fertilizer rates of 0 and 120 kg ha™ of N at three temperatures (20, 25 and 30° C) after 79 days in

incubated soils.

Soil Residue
pH (H,0)™ Ca*® Mg** pe CIN® ToCc? CIN®
cmol, dm’® mg dm™® gKg?

Residue management
Surface 5.4B 1.9A 0.8 3.0 9.6A 132.0A 84.4B
Incorporated 5.9A 2.0A 0.9 2.9 10.2A 118.1B 101.0A
MSD 0.04 0.32 0.19 42.58 0.98 6.98 10.56
Nitrogen fertilization
OkgN ha't 6.0A 6.0A 0.9 3.0 9.7A 121.1A 106.2A
120kg N ha 5.3B 5.3B 0.8 2.9 10.1A 128.9A 81.1B
MSD 0.01 0.32 0.19 63.13 0.98 6.98 10.56
Temperatures
20°C 5.7A 2.0A 0.8 2.9 10.3A 127.3A 102.7A
25°C 5.6B 2.0A 0.9 3.0 10.8A 127.7A 83.3B
30°C 5.6B 2.0A 1.0 3.0 8.6B 120.1A 102.7AB
MSD 0.06 0.48 0.29 42.58 1.46 7.47 20.56
CV 10.9 23.57 31.49 16.94 14.42 12.5 11.5

In table: CV: coefficient of variation and MSD: Minimum significant difference. @ The variables were not significantly different by Tukey test (p< 0.05).
@The variables were significantly different by Tukey test (p< 0.05). For the residue TOC, C/N (Soil and Residue), Ca*? and pH (H,0) the averages accompanied with
upper-case letters in the column, when distinct, are different by the Tukey test (p< 0.05).
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Fig 4. Soil Potassium (mg dm™) in the soil after incubation of the sugarcane residue in incorporated and surface managements at 20;
25 and 30° C. Bars identified with upper-case letters (residue management) and lower-case (temperature) when distinct, differ by the
Tukey test (P<0.05). Data: CV: 16.94 and MSD (ggigue: 73.75, MSD remperature: 89.28.

higher amount of substrate (Piotrowska and Koper, 2010),
since BG is a widely distributed enzyme in nature and
operates in the degradation of organic matter in the carbon
cycle (Evangelista, 2012). Successive harvests and residue
maintenance in soil with high C:N ratio (Table 1), cane sugar
straw for example, contributed to increase the activity of this
enzyme (Evangelista et al., 2012). In the pulp decomposition
process the BG acts in the final stage promoting the
hydrolysis of the residue, important sources of energy for soil
microorganisms (Silva and Gouveia, 2008). Abiotic factors
such as temperature and humidity affect the BG activity
decreasing the enzyme activity (Zhang et al., 2011). The BG
and U activity are thus considered good indicators, sensitive
to change in crop management and may indicate in soil
alterations (Matsuoka et al., 2003), as observed in the present
experiment (Table 6).

Nutrients in soil

The incorporation of residue contributed to an average K*
increase of 68.43 % in the soil in relation to the surface
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management at all incubation temperatures, except 30° C
(Fig 4). With the addition of the incorporated and soil surface
residue there occurred increases in the final K* availability of
42.05 % and 11.98 %, respectively, compared to the initial
K" quantity in the soil (Table 1). Our results corroborate
those reported by Oliveira et al. (1999a) and Oliveira et al.
(1999b), who found a K* liberation of around 93 % with
surface management in one year of cultivation. Rapid K*
cycling is due to this element not being part of any plant
structure and it being in an ionic form, which facilitates its
release into the soil after plant tissue disruption (Malavolta et
al., 1989). In addition, sugarcane has a high amount of K*,
since it is the nutrient most extracted by this species. There
was no effect of the treatments on Ca*?, Mg* and P (Table
4). However, they presented increases of 9.09; 31.14 and
16.47 %, respectively (Table 4) when compared to the
existing initial contents in the soil (Table 1) and a negative
correlation of Mg*? with the labile C (r = - 0.37) and positive
correlation of Mg*? with Ca* (r = 0.88), Table 5. This
correlation was verified by Coletto et al. (2015). The low
amount of these elements available 79 days after incubation



Table 5. Correlation coefficient among the soil variables: Phosphorus (P), calcium (Ca*?), magnesium (Mg*?), C/N, nitrogen (N),
total organic carbon (TOC), labile carbon (LC), soil microbial biomass (SMB), B-glucosidase (B), and urease (U).

K P Ca" Mg*? CIN N TOC LC SMB B u

pH  0.41* 0.18 0.04 0.31 0.03 0.08 0.08 0.01 -0.19 -0.00 -0.59*
K - 0.28 0.06 0.4* -0.06  0.18 0.17 -0.03 -0.33 0.53* 0.01
P - - -0.09  0.02 016  0.03 0.17 -0.05 -0.23 0.19 0.09
Ca*? - - - 0.88* 0.02 0.04 0.13 -0.43 -0.06 -0.07 -0.03
Mg*? - - - - -0.00 022 0.25 -0.37* -0.15 0.15 -0.08
CIN - - - - - -0.30  0.07 -0.17 -0.35%* -0.19 -0.02
N - - - - - - 0.20 0.22 -0.09 0.23 0.10
TOC - - - - - - - -0.07 -0.03 0.22 0.13
LC - - - - - - - - -0.21 -0.02 -0.09
B - - - - - - - - - -0.04 0.07
U - - - - - - - - - - 0.04

Variables are considered significant with p< 0.05. *Significant positive correlations. **Significant negative correlations.

Table 6. Urease (U) and B-glucosidase (BG) activity and their relationship to the microbial biomass (SMB) (U/SMB and BG/SMB)
in soils with sugarcane residue in incorporated and surface managements, associated with N fertilizer rates of 0 kg N ha™* and 120 kg
N ha at three different temperatures (20, 25 and 30° C) after 79 days in incubated soils

Ut BG U/SMB BG/SBM
0kgha' 120 kg ha™
Residue management
Surface 14.00 Bb 38.66 Aa 106.66 B 0.10 A 0.45B
Incorporated 23.11 Aa 29.77 Ba 169.43 A 0.14 A 0.84 A
Nitrogen fertilization
0 kg ha* - - 123.03 A 0.14 A 0.68 A
120 kg ha™* - - 153.06 A 0.14 A 0.61 A
Temperatures
20°C - - 171.67 A 0.11 A 0.78 A
25°C - - 155.79 B 0.14 A 0.85A
30°C - - 86.67 C 0.10 A 0.31B

In the table: Urease (U) expressed in ug NH,* g™ dry soil h™ and (BG) in pug PNF g dry soil h? "Dual interaction for urease variable (Residue management and nitrogen
fertilization). Averages accompanied with upper-case letters in the column and lower-case in the line when distinct differ by the Tukey test (P< 0.05). For BG, U/SMB and
BG/SMB averages accompanied by upper-case letters in the column, when distinct, are different by the Tukey test (p< 0.05).

of the soils is related to their function within the plant, as they
are found bound to ionic and molecular compounds
(Malavolta et al., 1989). The mineralization/liberation of Ca*2
and Mg*? to the sugarcane residue soils in a crop cycle is
about 44 % and 39 %, respectively (Oliveira et al., 1999a),
and may reach 60 % of the total existing in the newly
harvested cane residue for Ca*? as well as Mg*® (Oliveira et
al., 1999b). The pH (H,0) was negatively correlated with the
urease activity (r = -0.59), Table 5, and the lower pH of the
soil contributed to the increased urease activity. Lower pH
values were obtained in soils with N fertilizer addition, while
the highest occurred with the incorporated residue (Table 4).
A reduction in soil pH with the addition of nitrogen fertilizers
also observed by Mantovani et al. (2007). The correlation
between pH and U is due to the hydrolysis reaction of
nitrogen that consumes protons (H*) which leads to the pH
increase around the particles (Cantarella et al., 2007)
Furthermore, in the soil with nitrogen fertilizer addition, the
ammonium into nitrate transformation process also releases
H* ions into the soil solution (S&, 1999; Cantarella et al.,
2007; Malavolta, 2006). With the incorporation of residue to
the soil, biological activity is accelerated due to the larger
contact area with the microorganisms, favoring higher base
mineralization rates (Ca* and Mg*?) for the soil solution and
by the base cations promoting the increase in pH.
Concurrently, in the initial organic matter decomposition
phase the liberation of water-soluble, low molecular weight
organic compounds occurs, which contributes to soil
neutralization (Diehl et al., 2008).
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Materials and Methods
Characterization of soil

The incubation experiment was conducted in the Pedology
laboratory, LAPED, at the Federal University of Uberlandia.
The soil in this study was collected on April, 2012, in a
sugarcane cultivation area with dystrophic Red-Yellow
Latosol with medium texture according to the Embrapa soil
classification (2013) and located between the cities
Uberlandia and Uberaba, Minas Gerais state, Brazil
(19°13'00,22" S and 48°08'24,80" W), Fig 1. In area 1 with
sugarcane (Fig 1), soil samples were collected in the 0 - 20
cm layer, at 5 different points, and in the laboratory the
samples were mixed, air-dried and sieved (< 2 mm) to obtain
the FADS (Fine Air-Dried Soil) and moistened up to 60 % of
the water retention capacity (WRC) to start the experiment.
The cut sugarcane residue was randomly collected in the
same place as the soil samples, from 5 different points. The
area was in its 3rd year of cultivation with plants at 1.5 m of
height in April 2014. The residue was then dried at room
temperature and fractionated to an average size of 1 cm? in
the laboratory of LAPED.  Part of soil and residue was
targeted for chemical and physical attributes characterization
in the Fertility laboratory at the Federal University of
Uberlandia. For determining the soil texture we used the
pipette method (Ruiz, 2005), for potassium (K*), calcium
(Ca*®, magnesium (Mg*?), potential acidity (H + Al), pH
(H,O) and available phosphorous (P), determination was
according to Embrapa (1997). The total soil nitrogen (TN)



and that of the residue was determined according to the
Kjeldahl (Embrapa, 1997) and total organic carbon (TOC) by
Yeomans and Bremner (1988), Table 1.

Incubation of soil

The experiment was established in a completely randomized
design (CRD) with a factorial 2x2x3, with three replicates,
referring to 2 residue managements (surface and
incorporated), two nitrogen doses (0 and 120 kg ha™ of N)
and three incubation temperatures (20, 25 and 30° C). The
treatment with 0 kg ha® of N was control treatment. An
amount of soil (700 g), reaching 13 cm were packed in a
column in a PVC vase (polyvinyl chloride); height 15 cm,
diameter 10.5 cm and a total volume of 1298.2 cm3, which
was fixed on a polystyrene base properly insulated to prevent
soil water loss. The treatments were added and incorporated
to the soil in the amount corresponding to the
recommendation of 120 kg ha® of N in the form of
granulated urea. Subsequently, 17 g of sugarcane residue cut
into pieces of about 1 cm? were added, corresponding to 20
Mg halof residue, incorporated in the soil in its respective
vases, while in the surface management, the residue was
placed on the soil surface. The standard dose of 120 kg ha™
of N is recommended for cover fertilization for ratoon cane.
The nitrogen fertilization can result in high crop productivity
(Vitti et al., 2007b). Subsequently the assemblies were
incubated in chambers at 20, 25 and 30° C. The majority of
the soil microorganism activity is concentrated between 20-
30° C, which provides growth and activity conditions for the
mesophilic microorganisms, between 20-40° C (Moreira and
Siqueira, 2006). The soil was maintained at 60 % of the water
retention capacity (WRC) during the experiment by total
weight difference because the soil water availability favors
higher sugarcane crop production and microbial activity
(Barros et al., 2012).

Variables analyzed

For P, Ca* and Mg*? availability and pH in water (active
acidity) in the soil, the methodologies recommended by
Embrapa (1997) were used. To determine soil and residue
total nitrogen (TN), the Kjeldahl method was used (Embrapa,
1997), and for the TOC the methodology described by
Yeomans and Bremmer (1988). The microbial biomass
carbon (S-MBC) was determined using the method described
by Vance et al. (1987), using a microwave oven for
irradiation of the samples (Islam and Weil, 1998).
Meanwhile, the Labile C was determined according to
Mendonc¢a and Matos (2005). The cumulative CO, emission
was obtained by the sum of the CO, collections on the 1st,
2nd, 3rd, 4th, 6th, 8th, 10th, 13th, 16th, 19th, 22nd, 25th,
28th, 31st, 34th, 37th, 44th, 51st, 58th, 65th, 72nd and 79th
days after incubations (DAI) in incubator type BODs, using
an Li-Cor 8100A infrared gas analyzer (IRGA). The Irga has
a closed system with an internal volume of 854.2 cm® and
soil contact area of 83.7 cm? (Li-Cor Inc. Linclon, NE, USA).
The system chamber quantifies the CO, concentration within
it by infrared absorption spectroscopy. Having the daily
emission values, the total cumulative CO, emission at 79
DAI was obtained. We then calculated the qCO,, through the
ratio of CO, emissions and the S-MBC in the same period,
following the recommendations of Anderson and Domsch
(1990). The B-glucosidase enzymatic activity was measured
in PNG solution (nitrophenyl-p-D-glucopyranoside) and
calcium chloride (Eivazi and Tabatai, 1988) and the urease
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activity in KMnQ, solution (Guan, 1986). Both activities
were quantified by spectrophotometry.

Statistical analysis

Variable variability was calculated by first determining
descriptive statistics such as mean, standard deviation,
minimum, maximum and median. Normality assumptions
were evaluated by the Shapiro-Wilk test (SPSS Inc., USA)
and variance homogeneity by the Bartlett test (SPSS Inc.,
USA). Based on these, the HO hypothesis was accepted
without data transformation. Next, the data was tested by the
F-test with analysis of variance. When the HO hypothesis was
rejected and H1 accepted, the means were compared by the
Tukey test at 5 % probability (Sisvar Inc., Brasil). The
variables were correlated by the Pearson linear correlation
test (Sigma-plot In., USA) considering the correlations
significant (p< 0.05).

Conclusions

The incorporation of sugarcane residue to the soil contributes
to increase total N in the soil and immobilization in the
residue. With the addition of the incorporated and soil surface
residue caused increases in the final K™ mineralization of
42.05 % and 11.98 %, respectively. While for Ca™ Mg*? and
P, there is no meaningful distinction in relation to the
treatments. Higher CO, emissions occur with lower Cmic:C-
org in the soil.
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