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Biochar and soil nitrous oxide emissions
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Abstract — The objective of this work was to evaluate the effect of biochar application on soil nitrous oxide
emissions. The experiment was carried out in pots under greenhouse conditions. Four levels of ground
commercial charcoal of 2 mm (biochar) were evaluated in a sandy Albaqualf (90% of sand): 0, 3, 6, and
9 Mg ha''. All treatments received 100 kg ha! of N as urea. A cubic effect of biochar levels was observed on the
N,O emissions. Biochar doses above 5 Mg ha'! started to mitigate the emissions in the evaluated soil. However,
lower doses promote the emissions.

Index terms: lignocellulosic residues, greenhouse gases, pyrolysis.
“Biochar” e emissoes de 6xido nitroso pelo solo

Resumo — O objetivo deste trabalho foi avaliar o efeito da aplicac@o de “biochar” nas emissdes de 6xido nitroso
pelo solo. O experimento foi conduzido em vasos, sob condig¢des de casa de vegetagdo. Quatro niveis de carvao
vegetal moido a 2 mm (“biochar”) foram avaliados em um Planossolo Haplico arenoso (90% de areia): 0, 3, 6 ¢
9 Mg ha''. Todos os tratamentos receberam aplicagao de 100 kg ha' de N, na forma de ureia. Observou-se efeito
cubico dos niveis de “biochar” sobre as emissdes de N,O. Doses de “biochar” acima de 5 Mg ha! comegaram

a mitigar as emissdes no solo avaliado. No entanto, doses inferiores promovem as emissoes.

Termos para indexagao: residuos lignoceluldsicos, gases de efeito estufa, pirdlise.

Brazilian timber production results in high waste,
which commonly does not have an appropriate
destination, creating environmental problems, such as
silting and water and air pollution, caused by the usual
burning of the disposed wood. This residue can be used
for other purposes, such as raw material for several
industrial purposes, including the production of energy,
solvents, paints, fibbers, and paper. The alternative
use of lignocellulosic residues can contribute to the
efficient use of forest resources, as economic and
environmental strategies, adding value to by-products,
helping to solve problems of environmental liabilities
and creating jobs.

Biochar is the term used for the solid product
obtained from pyrolysis of lignocellulosic materials
that concentrate carbon in a stable form, in order for
it to be deliberately applied to soils, increasing their
carbon storage and providing agronomic benefits.
Specific physical and chemical properties of biochar,
such as high porosity (Liang et al., 2006), contribute to
water retention (Lehmann et al., 2003). Its particulate
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nature (Skjemstad et al., 1996), combined with a
specific chemical structure (Baldock & Smernik, 2002),
provides great resistance to microbial degradation in
soils (Cheng et al., 2008).

Among the many alternative uses of lignocellulosic
wastes, the utility as feedstock for pyrolysis processes,
producing chemicals, fuels (bio-oil or syngas), and
biochar for soil application, has only recently been
studied, mainly because of the increasing preoccupation
regarding climate change. Besides the potential for
positive effects on soil fertility, when applied to
agricultural soils, biochar may contribute to reduce
nitrous oxide (N,O) emissions, a potent greenhouse
gas (Bruun et al., 2011).

At the meeting under the United Nations Framework
Convention on Climate Change (UNFCCC) held in
Bonn, Germany, in May 2009, the agricultural use of
pyrolyzed materials (biochar), as a strategy to mitigate
emissions of greenhouse gases, was included in the final
document, to be discussed in Copenhagen, Denmark,
in December 2009. However, political aspects were
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prioritized in this last meeting and the discussions on
the topic and, especially, on the strategies and practices
to mitigate the emissions of greenhouse gases were not
debated.

Nitrous oxide, as well as carbon dioxide and methane,
have an important contribution to the anthropogenic
influences on the greenhouse effect. Although CO, is
emitted in greater quantities than the last two, N,O and
CH, have higher global warming potential (GWP) than
CO,. Considering a period of 100 years, the GWP of N,O
is 296 times higher than the GWP of CO, (Forster et al.,
2007).

Another important aspect is the increase of the
atmospheric concentration of N,O, which is in the
order of 0.2 to 0.3% per year due to the growth of
emissions caused primarily by human activities. It is
estimated that 80% of the emissions are derived from
agriculture (Beauchamp, 1997), caused by the intensive
use of nitrogen fertilizers. Several authors have proposed
practices to mitigate the industrial emissions of N,O
(Sanger et al., 2001), but for agro-forestry, studies are still
incipient.

The objective of this work was to evaluate the effect of
biochar application on soil nitrous oxide emissions.

The experiment was carried out during the summer
of 2008/2009, at Embrapa Agrobiologia, RJ, Brazil,
under controlled conditions (greenhouse), using a sandy
Albaqualf and commercial charcoal grounded at 2 mm.
Five kilogram pots were used in a completely randomized
experimental design, with five replicates. Four doses of
biochar were evaluated: 0 (control), 3, 6, and 9 Mg ha™.
Biochar was incorporated into soil by careful mixing, and
the soil water content was adjusted to 80% of field capacity,
being corrected periodically during the experiment.

The soil in the pots was left to rest during the initial
seven days. Then, all treatments received 100 kg ha' of
N, in urea form.

Gas sampling was performed using two overlapping
sealed compartments. The lower compartment contained
the treatments and the upper one the controlling valve
for the entrance and exit of gases. A vacuum pump
(pressure difference of -80 kPa) was used for collecting
gas aliquots.

The sampling for N,O fluxes was performed daily
for 17 days, between 9h30 and 10h30 in the morning,
representing the average daily flow (Alves et al., 2012).

The analyses of N,O concentrations were carried out
at Embrapa Agrobiologia using a gas chromatograph

equipped with a Porapak Q column and an electron
capture detector. The N,O emissions were calculated
by integrating the flows measured during the evaluation
period.

Data were subjected to analysis of variance and linear
regressions. Residual analysis was performed by graphical
methods.

The highest N,O fluxes were observed at the beginning
of the experiment, when the availability of mineral
nitrogen was higher because of the recent fertilizer
application (Figure 1). Afterwards, the N,O fluxes showed
successive peaks with decreasing intensities (e.g.: peaks on
January 11%, January 17", and January 20"). These peaks
were probably due to the water applications for moisture
correction, a factor that stimulates chemical reactions
in the soil. Yanai et al. (2007) had already reported that
biochar effects on soil N,O emissions were dependent on
the initial soil moisture content.

Data significantly fitted to a cubic regression model
(Figure 2). Experimental error was normally distributed
and independent, without heteroscedastic. The 6 and
9 Mg ha' levels showed a mitigating effect on N,O
soil emissions, with values 29 and 49% lower than the
control, respectively. According to the regression model,
it was possible to assume that doses greater than 5 Mg ha!
would probably mitigate N,O soil emissions. However,

[--@--cControl --A--6Mgha' - ®@-3Mgha' —%—9Mgha' |

Figure 1. Daily N-N,O soil emissions in consequence of
the application of biochar doses (Mg ha™') on soil during the
experiment. Bars indicate standard deviation.
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the treatment with 3 Mg ha' showed an increase of 32%
of N,O emission compared to the control, which can be
attributed to the increase in water retention. According
to Yanai et al. (2007), there is no direct evidence to link
biochar addition with N,O suppression. The authors
assumed that biochar addition led to water absorption
and improved soil aeration, reducing denitrification at
73% water-filled pore space (WFPS), while at 83%
WEFPS enhanced N,O fluxes were thought to result from
insignificant improvement in soil aeration and stimulation
of N,O-producing activity. Biochar application might
also decrease N,O emissions by increasing soil pH (Wang
et al., 2012) and soil aeration (Cavigelli & Robertson,
2001).

Bruun et al. (2011) found that the effect of biochar on
N,O soil emissions depends on the used dose, with a low
dose (1% w w) resulting in an increase of the emission
and a high dose (3% w w') in a mitigation effect in the
order of 47% of the total flow. Wang et al. (2012) reported
that biochar application decreased N,O emissions up to
54 and 53% during rice and wheat seasons. However,
Clough et al. (2010) found that biochar application had
no effect on N,O emission.

Under the tested conditions, doses of biochar above
5 Mg ha' started to mitigate N,O emissions from the soil,
although lower doses promote the emissions. Therefore,
the use of biochar may be an alternative to mitigate N,O
soil emissions from soil. However, considering that
N,O emissions have often depended on the inherent
characteristics of biochar, on the addition of exogenous
nitrogen, and on soil properties (Clough et al., 2010), the
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Figure 2. Cumulative N-N,O soil emissions for the
different biochar doses. ** and ***Significant at |1 and 0.1%
probability, respectively.
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mechanisms by which biochar mitigates N,O emissions
still have to be elucidated.
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