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IX
EMISSAO DE GASES DE EFEITO ESTUFA E SUA RELACAO COM ATRIBUTOS
DO SOLO EM AREA DE CANA-DE-ACUCAR

RESUMO — A producao dos principais gases de efeito estufa (GEE: CO2, CHa4
e N20) é influenciada por praticas agricolas que causam alteragdes nos atributos fisi-
cos, quimicos e biolégicos do solo, afetando diretamente sua emissdo para a atmos-
fera. O objetivo deste estudo foi investigar a emissédo de CO:2 do solo (Fco,) em con-
dicdes de campo e a producao potencial de CO2, CH4 e N20 do solo (Pco,, PcH, €
Pn,O, respectivamente) em condigBes de laboratorio, além de suas relagcdes com os
atributos do solo em uma area de cana-de-acglcar colhida mecanicamente. A area
experimental constituiu-se de um gradeado simétrico radialmente de 50 x 50 m con-
tendo 133 pontos espagados em distancias minimas de 0,5 m no centro da malha
amostral. Foram conduzidas oito avaliagdes para Fco,, temperatura e umidade do
solo durante um periodo de 19 dias. Os atributos fisicos e quimicos do solo foram
determinados por meio de amostragem na profundidade de 0—10 cm. A quantificagcéo
de Pco,, PcH. € Pn,o consistiu de incubagdo em laboratério e determinacdo da con-
centracao dos gases por meio de cromatografia gasosa. Fco, apresentou um valor de
emissdo média de 1,19 umol CO2 m~2 s7%, enquanto a producdo de GEE em laboraté-
rio foi de 2,34 ug C—CO2 g™t d* e 0,20 ng N-N20 gt d! respectivamente para Pco,
e Pn,o. Nao foi observada producéo ou oxidacao significativa de CHa. A analise de
fatores mostrou a formacgao de dois processos independentes que explicaram quase
72% da variancia total observada nos dados. O primeiro processo foi relacionado ao
transporte de Fco, em campo e sua relacdo com atributos fisicos do solo, tais como
microporos, macroporos, relagcao C/N, umidade e densidade, mostrando a dependén-
cia entre Fco, e a porosidade do solo. O segundo processo foi relacionado a producao
potencial de CO2 e N20 do solo em condi¢bes de laboratorio e sua relagédo com atri-
butos quimicos do solo, tais como soma de bases, pH e fésforo disponivel, os quais
afetam a atividade microbiana e contribuem para a producdo de GEE. Embora apre-
sentados como independentes, esses processos estao relacionados e ocorrem simul-
taneamente no solo, fornecendo informacgdes sobre sua variabilidade e mostrando se
as emiss6es em campo sao devidas aos processos de transporte de gas ou aos niveis
de carbono no solo e sua qualidade. Além disso, a dependéncia espacial de Fco, esta
relacionada a porosidade do solo, assim como a dependéncia espacial de Pco, € Pn,o
estéa relacionada aos atributos quimicos do solo. Adicionalmente, foi observada aniso-
tropia principalmente em condi¢cBes de campo, principalmente para os atributos rela-
cionados a porosidade do solo, ja que o solo pulverizado utilizado no laboratério perde
sua estrutura e, consequentemente, o efeito do manejo encontrado em condi¢cdes de
campo.

Palavras-chave: dioxido de carbono, metano, 6xido nitroso, producao potencial, res-
piracédo do solo, transporte gasoso



SOIL GREENHOUSE GAS EMISSIONS AND THEIR RELATIONS TO SOIL
ATTRIBUTES IN A SUGARCANE AREA

ABSTRACT - The production of the main soil greenhouse gases (GHG: COz,
CHa4 and N20) is influenced by agricultural practices that causes changes in soil phys-
ical, chemical and biological attributes, directly affecting their emission to the atmos-
phere. The aim of this study was to investigate the infield soil CO2 emissions (Fco,)
and the soil CO2, CH4 and N20 production potentials (Pco,, PcH, and Pn,0, respec-
tively) in laboratory conditions, and their relationship to soil attributes in a mechanically
harvested sugarcane area. The experimental area consisted of a 50 x 50-m radially
symmetrical grid containing 133 points spaced at minimum distances of 0.5 m in the
center of the sample grid. It was carried out eight evaluations of Fco,, soil temperature
and soil moisture over a period of 19 days. Soil physical and chemical attributes were
determined by sampling at a depth of 0-10 cm. The quantification of Pco,, PcH, and
Pn,o consisted of laboratory incubation and determination of gas concentration by gas
chromatography. Fco, presented an infield average emission value of 1.19 pmol CO:2
m~2 s71, while GHG production in laboratory was 2.34 ug C—CO2 gt d™* and 0.20 ng
N-N20 g~ d™* for Pco, and Pp,0, respectively. No significant production or oxidation
was observed for CH4. The factor analysis showed the formation of two independent
processes that explained almost 72% of the total variance observed in the data. The
first process was related to the transport of Fco, and its relation to soil physical attrib-
utes, such as microporosity, macroporosity, the C/N ratio, soil moisture and soil bulk
density, showing the dependence between Fco, and soil porosity. The second process
was related to the soil CO2 and N20 production potentials in laboratory conditions and
their relation to soil chemical attributes, such as sum of bases, pH and available phos-
phorus, which affects the microbial activity and contributes to the GHG production.
Although presented as independent, these processes are coupled and occur simulta-
neously in the soil, in addition to provide information about their variability, showing if
the infield emissions are due to the gas transport processes or to soil carbon levels
and their quality. Furthermore, the spatial dependence of Fco, is related to soil poros-
ity, as well as the spatial dependence of Pco, and Pn,o is related to soil chemical
attributes. In addition, anisotropy occurred mainly under infield conditions, mostly for
the attributes related to soil porosity since disturbed soils used under laboratory con-
ditions lose their structure and hence the effect of the management found under infield
conditions.

Keywords: carbon dioxide, methane, nitrous oxide, production potentials, soil respira-
tion, gas transport



1 INTRODUCTION

Anthropogenic emissions of carbon dioxide (COz2), methane (CHas) and nitrous
oxide (N20) have increased since the preindustrial era. These greenhouse gases
(GHG) are mainly related to the burning of fossil fuels, land use and land use change,
especially in agriculture, being mostly responsible for climate change (SCHNEIDER et
al., 2001). The concentration of COz in the atmosphere increased from 278 ppm in
1750 to 390.5 ppm in 2011; during the same period, there was an increase in the at-
mospheric concentration of CHa, increasing from 722 ppb to 1,803 ppb; it was also
observed in the concentration of N2O, which increased from 271 ppb in 1750 to 324.2
ppb in 2011 (CIAIS et al., 2013).

In Brazil, in 2005, the total CO2 emissions were estimated to be 1,638 Tg, es-
pecially in the sector of land use change and forestry, which accounted for 77% of
these emissions (BRASIL, 2010). It should be noted that this total includes the emis-
sions related to lime use in soils, which accounted for 7.5 Tg of CO2. The CH4 emis-
sions were estimated to be 18.1 Tg, primarily attributed to the agricultural sector, which
accounted for 70% of the total CH4 emission (BRASIL, 2010). Similarly, N2O emissions
were estimated to be 546 Gg, with the agricultural sector accounting for 87% of the
total N2O emission (BRASIL, 2010).

Agricultural activities, such as soll tillage, influence GHG emission from soil to
the atmosphere (LA SCALA; BOLONHEZI; PEREIRA, 2006; CORRADI et al., 2013;
MOITINHO et al., 2013; SILVA-OLAYA et al.,, 2013; TEIXEIRA et al., 2013a;
IAMAGUTI et al., 2015) since agricultural management practices in the production sys-
tems result in significant physical changes in the soil, altering the gains and losses of
soil organic matter (EPRON et al., 2004; SARTORI et al., 2006; LAL, 2009). In agricul-
tural areas, such variations occur mainly in the 0-30-cm soil layer, and are mostly due
to mechanized soil disturbances and induced changes in quantity and quality of or-
ganic matter (JENKINSON et al., 1992; CHAN, 2001). In tropical soils, the set of all
those variations could represent up to 50% of the initial carbon stock in the first 20 cm
of the soil (FELLER; BEARE, 1997).

Similarly, soil porosity is also influenced by agricultural activities, directly affect-
ing the transport of GHG in the soil (XU; QI, 2001; JASSAL et al., 2004; EPRON et al.,
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2006; BALL, 2013). In this case, gas exchange between soil and the atmosphere is
regulated by the oxygen entry into the soil and the escape of GHG, which is directly
related to the number and interconnectivity of pores in the soil, which could also limit
soil oxygenation and thus microbial activity (FANG et al., 1998; BALL, 2013). In the
same way, in a study conducted in Australia, in a sugarcane area under burning man-
agement and nitrogen fertilization, it was observed elevated rates of soil N2O emissions
for five months, which were related to increased soil porosity, frequent soil wetting and
high content of soil organic carbon (DENMEAD et al., 2010).

Sugarcane is produced commercially worldwide and it is an important source of
biomass used for the production of the ethanol, which is an alternative to fossil fuels.
Brazil has a sugarcane crop area of approximately 9 million hectares and it is expected
to produce in the 2015/2016 cropping season approximately 663 million tons of this
culture (CONAB, 2015). The large amounts of crop residues left on the soil surface
after harvest in mechanically harvested sugarcane areas have tremendous impact on
the production processes and on the biogeochemical cycling of carbon and nitrogen,
affecting soil organic matter dynamics and consequently GHG emissions (CERRI et
al., 2013). In addition to influencing the carbon and nitrogen cycles, the environmental
conditions and soil management practices adopted during the sugarcane crop cultiva-
tion may result in changes in soil physical, chemical and biological attributes, directly
affecting microbial activity and thus the production of CO2, CH4 and N20 and their
exchanges between soil and the atmosphere (BLAIR, 2000; SARTORI et al., 2006;
CERRI et al., 2007, 2013; DENMEAD et al., 2010; ALLAIRE et al., 2012; BALL, 2013;
SIGNOR; CERRI, 2013; SIGNOR; PISSIONI; CERRI, 2014; TAVARES et al., 2015).

Considering that the sugarcane production could play an important role in soll
GHG emissions because soil management may interfere with the fluxes of carbon and
nitrogen between terrestrial ecosystems and the atmosphere, the aim of this study was
to investigate the infield soil CO2 emissions and the soil CO2, CH4 and N20 production
potentials in laboratory conditions, and their relationship to soil attributes in a mechan-

ically harvested sugarcane area.
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5 CONCLUSION

The production and emission of soil greenhouse gas in a mechanically har-
vested sugarcane area located in southern Brazil, evaluated infield and in laboratory
conditions, have been associated with two processes: the production in the soil and its
transport to the atmosphere. Under infield conditions, only the process related to the
transport of CO2 was more easily observed, showing the correlation between soil CO2
emission and soil porosity; under laboratory conditions, soil chemical attributes have a
greater importance in the process of production potentials of CO2 and N20. Although
presented as independent, these processes are coupled and occur simultaneously in
the soil, in addition to provide information about their variability, showing if the infield
emissions are due to the gas transport processes or to soil carbon levels and their
quality, i.e., the gas production processes.

Furthermore, the spatial dependence of soil CO2 emission showed similarities
to soil physical attributes related to soil porosity, as well as the spatial dependence of
soil CO2 and N20 production potentials showed similarities to soil chemical attributes.
In addition, the anisotropy occurred mainly under infield conditions, mostly for the at-
tributes related to soil porosity since disturbed soils used under laboratory conditions
lose their structure and hence the effect of the management found under infield condi-

tions
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