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ABSTRACT: Pyrogenic carbon (C) is produced
from different biomass and by different pyroly-
sis processes. These two factors may not only
affect the decomposition of pyrogenic C in soil
but also the decomposition of the native soil
organic matter (SOM). There are some studies
on the decomposition rate of pyrogenic C and
native SOM, however their results are conflict-
ing. This study aimed to investigate the effect
of biomass type on pyrogenic C and native SOM
decomposition rate in a sandy soil. For that three
feedstocks were pyrolysed by the low-tempera-
ture conversion (LTC) pyrolysis process and their
pyrogenic C characterized for elemental (CHN)
and structural ('*C nuclear magnetic resonance
(NMR) spectroscopy) composition. The decom-
position rate was measured by CO, evolution and
each source of CO, released was distinguished
by the CO,-"°C signatures. Our results showed (i)
differences in the C:N ratio and chemical groups
of the three pyrogenic C; (i) differences in CO,
evolution between treatments and control; (iii)
preferential decomposition of compounds pres-
ent in the pyrogenic C against the native SOM in
soil and; (iv) samples richer in amorphous alkyl
groups presented a higher decomposition rate of
pyrogenic C than samples richer in aryl groups,
indicating a preferential decomposition of these
aliphatic compounds. As a main conclusion the
application of pyrogenic C in this sandy soil re-
sulted in an early negative priming effect in the
decomposition of native SOM.
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INTRODUCTION: Pyrogenic carbon (C) has a po-
tential to improve soil quality (Lehmann et al.,
2003) and increase C sequestration (Whitman

and Lehmann, 2009). Depending on the biomass
and pyrolysis process used, the quality of the py-
rogenic C may vary. Differences in chemical and
physical properties may affect the decomposi-
tion rate of pyrogenic C and of native soil organic
matter (SOM). On one hand studies have shown
that pyrogenic C application can lead to stabiliza-
tion of labile organic matter (Keith et al., 2011).
On the other hand, it was shown that addition of
pyrogenic C may promote SOM decomposition
and that this effect may be even more significant
in soils with low C content (Wardle et al., 2008).
Thus, the effect of pyrogenic C addition on SOM
needs to be better understood. This study aimed
to investigate the relation between the chemical
composition of pyrogenic C and its impacts on
pyrogenic C and SOM decomposition.

MATERIALS AND METHODS: Three cakes from
oil extraction (Gl/ycine max - i.e. Soybean; Rici-
nus communis - castor bean and; Jatropha sp.)
were pyrolysed by low-temperature conversion
(LTC), in nitrogen atmosphere (N,), during 3 h
at 380 °C (Vieira et al., 2009). The produced
pyrogenic C were characterized by elemental
analysis (CHN by Dumas method, CHN ana-
lyzer) and '3C NMR spectroscopy. They were
mixed with a sandy soil incubated in sealed jars
in a Biochemical Oxygen Demand incubator at
28 °C during 30 days (700 h). All pyrogenic
C sources were C, and the SOM in the sandy
soil was mainly C,. To evaluate the decompo-
sition rate and importance of each source on
the CO,-C released the CO,-C efflux was deter-
mined and the variations in '°C isotopic signa-
tures were determined by '*C natural abundanc-
es and compared to controls without pyrogenic
C addition. The CO, evolution was estimated
by the respiration product CO, trapped in NaOH
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and titrated with HCI (Fernandez and Cadisch,
2003). The C isotope signature was measured
by C contents and '*C natural abundances in
two moments. First time, in the pyrogenic car-
bons and soil matrix. In the second time, on the
respiration product CO, trapped in NaOH and
precipitated as CaCO,. A simple mixing of two
13C pools was used to estimate the breakdown
of the pyrogenic C and of soil organic matter.
Principal component analysis was carried out
using the full spectra obtained by '*C NMR. The
differences between CO,-C efflux treatments
were analysed by ANOVA.

RESULTS AND DISCUSSION: The Ricinus com-
munis and Jatropha sp. cake had higher C:N ra-
tio than the Glycine max pyrogenic C. The Gly-
cine max and Ricinus communis pyrogenic C
were more enriched with alkyl groups, which is
saturated hydrocarbon. All pyrogenic C were rich
in aromatic groups. Total amount of CO, after
30 days of incubation was 0.0263 g of CO,-C
for Jatropha sp. cake, 0.0664 g of CO,-C for
Glycine max and 0.1112 g of CO,-C for Ricinus
communis. Relative to the initial C content in the
soil, the C lost as CO, was larger for the control
(14.5%) than for the treatments with pyrogen-
ic carbons (11.37 - 2.53%). The '*C signatures
of C, soil matrix was -15.11% and of C, pyro-
genic carbons were -26.51%0 for Glycine max;
-26.60%0 for Ricinus communis; and -27.03%o
for Jatropha sp. After the time of incubation, the
'8C abundance for the CO,-C emitted from all
treatments were around -22%o, despite large dif-
ferences in total CO,-C flux. The final '*C signal
was closer to that of pyrogenic carbon than to
SOM and suggests preferential C degradation of
54 to 68% of the C, pyrogenic carbons against
the 31 to 39% of SOM of the C, soil. Matching
the CO_-flux with the '3C signal indicated that
the decomposition of pyrogenic C and of soil or-
ganic matter were not simple independent addi-
tive processes, but that pyrogenic C reduced the
decomposition of soil organic matter (negative
priming). This effect was strongest for Jatropha
sp. and weakest for Ricinus communis. This
may be due to the preferential substrate utiliza-
tion and/or to the inhibition of microbial activi-
ty (Zimmerman et al., 2011). The differences in
negative priming suggest that the pyrogenic C
that is richer in amorphous alkyl groups results in
less negative priming (and higher substrate utili-
zation of that pyrogenic C) than the pyrogenic C
that is richer in aromatic groups (Jatropha sp.).
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Other studies previously reported that pyrogen-
ic C contain substantial amounts of compounds
that degrade after a short period of weeks to
months (Cheng et al., 2008), and that is relat-
ed with the type of biomass and pyrolysis. The
inhibition of microbial activity can be physical
or chemical. Pyrogenic C could sequester native
SOM within its pores network, protecting it from
degradation. This mechanism has been observed
in other studies and seems to be more relevant
to soils with low C content and in the later in-
cubation stage (Zimmerman et al., 2011). The
toxicity of the pyrogenic C to microorganisms
is another possible inhibitor of microbial activi-
ty. Biomass combustion products may contain
toxic compounds, such as phenols, polyaromatic
hydrocarbons or ethylene, which may reduce mi-
crobial activity.

CONCLUSION: (i) The C:N ratio was not the
main driver of pyrogenic C decomposition; (ii)
The amorphous alkyl compounds seemed to de-
compose faster than aromatic groups; (iii) A pref-
erential decomposition of the compounds that
are present on the pyrogenic C was observed
against the decomposition of the SOM; (iv) The
application of pyrogenic C in a sandy soil matrix
resulted in an early negative priming effect in the
decomposition of the SOM.
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