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Effects of fire on the functioning of the soil microbial community are largely unknown. In this study, we
addressed the charcoal mineralisation potential of microbial inocula extracted from burned and
unburned soil. The mineralisation of charcoal was analysed during a 1 month incubation experiment
under controlled conditions with and without substrate addition. The aim of the study was to elucidate
(1) the indirect effect of fire on the functioning of the soil microbial community in terms of charcoal
degradation and (2) the possibility to stimulate this degradation by addition of two substrates of
increasing complexity. Our conceptual approach included the monitoring of CO2 emission from micro-
cosms containing laboratory-made charcoal and microbial inocula from burned and unburned soil with
and without 13C labelled glucose and cellulose.

Our results showed higher charcoal mineralisation without substrate addition in microcosms with the
inocula from unburned soil compared to burned soil. Charcoal mineralisation was stimulated by the
addition of glucose, whereas cellulose addition did not induce a priming effect. We observed a higher
stimulation of charcoal mineralisation induced by glucose for the inoculum from burned soil compared
to the inoculum from unburned soil. We concluded that fire did affect the functioning of the soil
microbial community in terms of charcoal degradation and that the important priming effect induced by
glucose may be explained by an increase of the overall microbial activity, rather than selective stimu-
lation of charcoal degrading microbial communities.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Charcoal is produced during forest wildfires as result of the
incomplete combustion of plant material. The many chemical
transformations that occur in plant biomass during charring,
including the removal of functional groups and cyclization as well
as dehydration reactions, increase the recalcitrance of the charred
material (Knicker et al., 1996; Czimczik et al., 2002; Baldock and
Smernik, 2002). Generally, charcoal has been considered to be
part of the stable carbon pools of soils, with mean residence times
of up to several centuries (Skjemstad et al., 1996). However, the
quality of the charredmaterial that is left on soil followingwildfires
is heterogeneous. Some fractions of charcoal were found to be
enriched in nitrogen and reactive towards oxidising chemicals
þ33 1 30815497.
. Rumpel).

All rights reserved.
(Rumpel et al., 2007; Nocentini et al., 2010). The fate of this material
in the environment has yet to be elucidated (Czimczik andMasiello,
2007).

The effects of forest wildfires on the soil microbial community
depend on fire intensity, and duration, soil moisture and fire history
(Certini, 2005). Generally, a marked decrease of soil microbial
biomass is observed immediately after wildfire (Prieto-Fernández
et al., 1993), mainly due to heat, since the temperatures devel-
oped during fires are generally sufficient to kill most living micro-
organisms in the first few centimeters of soil (Debano and Conrad,
1978). In the months or years after wildfires, soil microorganisms
are influenced by large availability of nutrients. Burned soils often
have higher pH values, and are enriched inmineral nutrients due to
ash addition, representing a favourable habitat for bacteria (Baath
and Arnebrant, 1994). Contemporarily, fire destroys most of the
organic matter in the first few centimeters of soil and adds recal-
citrant charcoal (Fernández et al., 1999). Fire is therefore driving the
availability of carbon to the soil microorganisms. These profound
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alterations of environmental conditions influence the microbial
community physiology and structure (Acea and Carballas, 1996;
Pietikainen et al., 2000). Nevertheless, few analyses have been
performed on the fire-induced changes of the functional structure
of soil microbial populations. One of the issues that need to be
addressed is, if the microbial community of burned soil is able to
use charred organic matter.

Several short term incubation studies showed that the miner-
alisation of charcoal by soil microorganisms is possible. Neverthe-
less, during these incubations with charcoal as the sole C source,
great decrease of microbial activity was noticed (Baldock and
Smernik, 2002). Mineralisation of charcoal in the presence of soil
microbial inoculates could be enhanced by addition of labile
substrates (Hamer et al., 2004; Kuzyakov et al., 2009). These
experiments evidenced that positive as well as negative priming
effects may be possible for charcoal. Priming effect was defined by
Jenkinson (1966) as a change of mineralisation rate of stable carbon
compounds induced by the addition of labile organic matter. The
mineralisation rate of stable compounds can increase (i.e. positive
priming effect) or decrease (i.e; negative priming effect). By the
addition of an easy degradable substrate, like glucose, degradation
of charcoal may be enhanced due to an increase in global microbial
activity. Recently, it has been suggested, that the intensity of
priming might be driven by competition for labile and energy-rich
substrates between two microbial communities: the decomposers
of simple compounds and the decomposers of more complex
material (Fontaine et al., 2003). The decomposers of more complex
material have lower specific growth rates as compared with the
decomposers of easily available C. Therefore, the decomposers of
low available substrate fail in the competition with the decom-
posers of easily available substrate which do not have such limi-
tation (Andrews and Harris,1986). As a result they would not access
to energy, and not induce a priming effect. Thus, the addition of low
available substrates may be more adapted to stimulate the degra-
dation of complex substrates such as charcoal. No study has been
carried out so far, which used different substrates for priming of
charcoal by stimulation of different microbial communities.
Moreover, none of the studies about charcoal mineralisation took
into account the changes that might have occurred in microbial
community composition during fire.

In this study we assessed the possibility of stimulating the
microbial degradation of laboratory produced and chemically well-
characterised charcoal by the addition of two different substrates.
We used glucose and cellulose to provide the microbial inocula
with substrates of different complexity. Moreover, we performed
the experiment with two different microbial inocula: one was
extracted from burned and the other from unburned soil. The
objectives of the study were: 1) to evaluate if fire alters the func-
tioning of the soil microbial community in terms of charcoal min-
eralisation and 2) to study the possibility of stimulating charcoal
mineralisation by the addition of 13C labelled glucose and cellulose.

2. Materials and methods

2.1. Soil sampling and inoculum production

The sampling site was located in Migliarino in Tuscany, Central
Italy, on a flat area covered by a 14 years old Pinus pinea forest
partly affected by wildfire that occurred two weeks before. The fire
was an intensive wildfire that lasted several days and burned all of
the plant biomass (a forest of about 8 m height and
4000 trees ha�1). Twenty soil samples were collected from the top
0e5 cm in two areas of 300 m2 in the burned and unburned forest
respectively. Soil microorganisms were extracted from 500 mg of
soil in 20 ml of a 9 g l�1 NaCl solution. Two microbial inocula were
obtained from pooled soil samples from burned and unburned
sites. Microbial populations were obtained from the two soils by
vortexing with normal saline (at 1:40 soil: solution ratio) for 2e3
cycles of 30 s each (Hamer et al., 2004) and subsequent sedimen-
tation (24 h), in order to limit fungi sampling from the top of
supernatant (Faegri et al., 1977; Lindahl and Bakken, 1995). To
assure the viability and activities of the inocula on charcoal,
a reactivation step of microbial growth was performed by incu-
bating (under strictly controlled condition) 100 ml of the soil extract
over a period of 1 month with inorganic nutrients, glucose 0.5 g l�1

and the same laboratory charcoal used in the successive
experiments.

At the end of incubation period direct counts of planktonic
bacteria were carried by staining cells from liquid phase with
Acridine Orange (AO), followed by enumeration by epifluorescence
microscopy after filtration onto polycarbonate filters as described
previously (Di Mattia et al., 2002). Briefly, bacterial colonization in
both charcoal inoculum (water washed) were examined by visual
inspectionwith an oil immersion objective at�1000magnification.
The microbial biomass was estimated from the AO cell counts
assuming a biovolume of 0.34 mm3 for bacterial cells. We used
a mean conversion factor of 239 fg C mm�3, indicating that for
100,000,000 AO cell biomass C is about 7.8 mg ml�1.

2.2. Charcoal production and characterization

Artificial charcoal was produced in the laboratory starting from
pine needles and pine wood taken from living plants at the study
site. The plant material was ovendried at 105 �C overnight; then
pine needles were broken and wood pieces were cut with a saw
into little fragments (<0.5 cm). These were put into ceramic cups
and burned under oxic conditions in a muffle furnace at 350 �C for
20 min. This short time for producing standard charcoal was
reported by Knicker (2007) and the production of charcoal in the
presence of O2 is plausible, because during wildfires in Mediter-
ranean pine stands the fire moves fast and anoxic conditions occur
during limited time only. Prior to incubation, the charcoal was
fractionated by size into fractions comprised between 50 and
250 mm by gently grinding the charcoal by hand and by filtering
various times a charcoal:deionized water suspension by nylon filter
tissues (Nitex by Sefar), first with a mesh size of 250 mm and then
with a mesh size of 50 mm. At the end of the fractionation process
10 g of charcoal were obtained.

The chemical composition of the laboratory-made charcoal was
analysed by solid-state 13C NMR spectroscopy and analytical pyrol-
ysis. Solid-state 13C NMR spectra were recorded with a Bruker
DSX-200 NMR spectrometer. Cross polarization with magic angle
spinning (CPMAS) (Schaefer and Stejskal, 1976) was applied at
6.8 kHz. The 13C chemical shiftswere referenced to tetramethylsilane.
A contact time of 1 ms was used and the pulse delay was 400 ms.

Curiepoint pyrolysis was carried out with a pyrolysis unit (GSG
Curiepoint Pyrolyser 1040 PSC) coupled to a gas chromatograph
(Hewlett Packard HP 5890) and a mass spectrometer (Hewlett
Packard HP 5889; electron energy 70 eV). Approximately 0.5e1 mg
of sample were loaded in tubular ferromagnetic wires and induc-
tively heated to their Curie temperature of 650 �C in 0.15 s in the
pyrolysis unit. The pyrolysis products were transferred to the GC
system using splittless mode with He as carrier gas. The pyrolysis
products were separated on a 60 m fused silica capillary column
with a wax stationary phase (SolGelWax, SGE, 0.32 mm i.d., film
thickness 0.5 mm). We chose a polar column, because we were
interested in the relative quantification of polysaccharide-derived
and lignin-derived compounds as well as N-containing compounds
from the GC traces. These compounds may be indicative of charcoal
compounds, which could potentially be used by the soil microbial



Fig. 1. Solid-state 13C NMR spectrum of laboratory-made charcoal used for incubation.
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community. In fact, such compounds were found to yield broad
peaks when separated on a non-polar column (Dignac et al., 2006).
The temperature of the GC oven was programmed from 30 �C to
280 �C at 2 �C/min. The final temperature was hold for 15 min.

2.3. Charcoal incubation with and without substrate addition

The charcoal produced in the laboratory was incubated to test
the degradation capacity of the two inocula from burned and
unburned soil. The incubation was carried out in microcosms
consisting of glass flasks (50ml) with 100mg of charcoal and 10 g of
sterilised sand. The sand was sterilised by calcination at 600 �C for
12 h in a muffle furnace. Mineral nutrients were added to each
flask: 5 ml of 0.3 g l�1 MgSO4$7H2O, 80 ml of (NH4)2SO4 0.4 g l�1 and
100 ml of a KH2PO4 þ K2HPO4 3 g l�1 solution. To create optimal
conditions for microorganisms, the flasks with charcoal and sand
were incubated at 50% of WHC at 20 �C in an incubation chamber.
100 ml of the two microbial communities that had been pre-incu-
bated with charcoal were added. The number of the cells in the
inoculate was estimated by cell counts after staining with Acridine
Orange as described above, and resulted to be 0.6 � 108 AO cells in
0.1 ml of mixed liquid-charcoal phase, corresponding to 4.65 mg-C
of microbial biomass inoculated in each sand-charcoal microcosm.

Two substrates with contrasting availability were added inde-
pendently to enhance mineralisation (Kuzyakov et al., 2000): 13C
labelled cellulose and 13C labelled glucose. The samples received
12 mg glucose-C per mg of charcoal and 30 mg cellulose-C per mg of
charcoal, respectively. Glucose was added in lower amounts
compared to cellulose, because we did not want to over stimulate
glucose degraders. 13C labelled glucose (D-Glucose 13C 99 atom %)
was diluted to an atomic abundance of 3.6% corresponding to a d13C
of 2329& by mixing 4 mg of 13C-glucose with 196 mg of non-
labelled glucose. 13C-cellulose (U 13C Cellulose from Solanum
tuberosum 98 atom % 13C Isolife B.V. Wageningen) was diluted to
the isotopic atomic abundance of 0.030 corresponding to a d13C of
1788& by mixing 1 mg of 13C labelled cellulose to 47 mg of non-
labelled cellulose.

In total, 18 flasks were incubated, representing 3 replicates of
two treatments and their controls for the two microbial inocula
(fromburned (B) andunburned (U) soil): Charcoalþ SandþGlucose
(G) and Charcoalþ Sandþ Cellulose (C). After inoculation the flasks
were sealed and incubated for 30 days.

2.4. Carbon mineralisation

Charcoal mineralisation was monitored by measuring the CO2
concentration in the flask’s headspace with a micro gas chro-
matograph (Agilent 3000A, Qplot column). Gas samples were
extracted from the headspace with a glass syringe. The measure-
ments were carried out at day 1, 2, 5, 8, 13, 16, 22, 26, 29. At each of
these dates the headspace was flushed with synthetic air without
CO2 to impede CO2 saturation.

2.5. Monitoring of substrate use

To assess the microbial use of the added 13C labelled substrates
(glucose and cellulose) and charcoal, the d13C of the evolved CO2

was analysed at the same dates in addition to the CO2 concentra-
tion. For the isotopic measurement, gas samples, varying from 25 ml
to 1 ml, were injected into a chromatograph coupled to an isotope
ratio mass spectrometer (IsochromOptima, Micromass), yielding
a d13C referenced to the international VPDB standard. The fraction
of C originated from the added substrate (F) was calculated using
13C abundance (A ¼ 13C/(12C þ 13C)) of glucose and cellulose, of the
samples and of the control without substrate addition, following
the formula reported by Fontaine et al. (2004):

F ¼ (Aglucose � Asample)/(Aglucose � Acontrol)

The CeCO2 produced by charcoal mineralisation during the
incubation was:

Charcoal CeCO2 ¼ F � CeCO2 total

A possible priming effect induced by glucose and/or cellulose
additionwas calculated using the unlabelled CeCO2 and the CeCO2
evolution from the control samples with the formula reported by
Fontaine et al. (2004):

PE ¼ unlabelled CO2 sample � CO2 control

2.6. Statistics

Significant difference between the treatments was tested using
ANOVA. Because of non-normality of the data and/or hetero-
scedasticity all datawere rank transformed. All statistical tests were
performed by the software R 2.7.1.
3. Results

3.1. Characteristics of the charred material

The charcoal produced in the laboratory had a carbon content of
656.4 � 12.7 g kg�1 (Fig. 1). It contained some nitrogen resulting in
a C/N ratio of 82 � 7. For this material an atomic H/C ratio of
0.65 � 0.01 was recorded. Solid-state 13C NMR spectroscopy
showed, that the charcoal used in the incubation experiment
consisted mainly of aromatic carbon with a dominant signal at
130 ppm (Fig. 1). However, additional signals (a shoulder at
150 ppm and a peak at 53 ppm) could be due to the contribution of
lignin (Knicker and Lüdemann, 1995). In the alkyl region of the
spectra (0e45 ppm) an important signal may be related to the
contribution of lipids, cutin, suberin and other aliphatic biomole-
cules (Kögel-Knabner, 1997). A small signal at 72 ppm in the
O-alkyl-C region (45e110 ppm) of the spectra of charred material
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Fig. 2. Pyrogram of laboratory-made charcoal.

C. Nocentini et al. / Soil Biology & Biochemistry 42 (2010) 1472e1478 1475
may be due to the formation of furan-like materials due to trans-
formation of cellulose (Baldock and Smernik, 2002).

The presence of polysaccharides and lignin in laboratory-made
charcoal was confirmed by results from analytical pyrolysis (Fig. 2).
Furfural, furans and cyclopentene-1-one are typical pyrolysis
products from slightly charred polysaccharides (Kaal and Rumpel,
2009), while methoxyphenol may be derived from guaiacol
lignin. Next to unspecific compounds we also detected N-contain-
ing compounds, such as pyrroles, which are pyrolysis products of
proteins and/or heterocyclic nitrogen compounds in the original
sample.
3.2. Carbon mineralisation from charcoal with inoculates
from burned and unburned soil

During the 30 days of incubation the amount of charcoal-C
mineralized in the samples without substrate addition ranged
between 4.7 and 5.7 mg CeCO2 g�1 C charcoal (Table 1). We
observed a significant interaction between the incubation time and
the inoculate type (Fig. 3; p < 0.05) indicating an acceleration of
charcoal mineralisation after 8 days in the samples inoculated with
microorganisms extracted fromunburned soil. This acceleration led
to a higher charcoal mineralisation for themicrobial inoculum from
unburned soil at the end of the incubation. Charcoal mineralisation
in this treatment amounted to 1 mg CeCO2 g�1C charcoal, which is
21% more charcoal mineralized compared to the microbial inoc-
ulum from burned soil.
3.3. Effect of addition of two different substrates
on charcoal mineralisation

Themineralisation of charcoal was stimulated by the addition of
glucose. In the glucose-amended microcosms with microbial
inocula extracted from burned and unburned soil 7.7 � 1.2 and
Table 1
Total amount of carbon released from charcoal, glucose and cellulose (n ¼ 3, mean � sd

Inoculum Control Glucose addition Glucose mineralisation Priming

CeCO2/C charcoal
mg/g

CeCO2/C charcoal
mg/g

CeCO2/C glucose
mg/g

CeCO2/C cha

Burned 4.7 � 0.3 7.7 � 1.2 74.5 � 1.7 3.0 � 1.2
(þ64% of bas

Unburned 5.7 � 0.01 7.4 � 0.3 80.7 � 0.7 1.7 � 0.3
(þ30% of bas
7.4 � 0.3 mg CO2eC g�1 Charcoal-C were mineralized during the
incubation period (Table 1). This corresponds to a PE of þ64 and
þ30% for both treatments (BeG and UeG respectively). We
observed a significant interaction between the incubation time and
the inoculum type on PE induced by glucose (Fig. 4a; p < 0.01)
indicating an acceleration of PE after 13 days in the samples inoc-
ulated with microorganisms from burned soil. Indeed, we observed
in Fig. 4b that after 13 days the daily PE increased after 13 days in
the samples inoculated with microorganisms from burned soil.
However the higher PE observed with the microorganisms from
burned soil was not the result of a higher charcoal mineralisation
with glucose. It was the result of a lower mineralisation in the
control without glucose compared to the microorganisms from
unburned soil. In contrast, during the first 13th days the PE inten-
sity was not significantly different between the two microbial
communities (Fig. 4a and b). The addition of cellulose induced no
significant PE (Table 1). A trend towards negative priming was
observed after cellulose addition. We noted that cellulose was
poorly mineralized in those treatments whereas glucose mineral-
isation was almost complete at the end of the incubation without
significant differences between the twomicrobial inocula (Table 1).
4. Discussion

The charred material produced in the laboratory consisted
mainly of aromatic C, reflecting the general trends reported in
experiments on charcoal production from wood and other lig-
ninocellulosic materials (Baldock and Smernik, 2002; Czimczik
et al., 2002). However, other functional groups and molecules
related to the presence of polysaccharides, lignin and aliphatic
compounds were still detectable with 13C CPMAS NMR and
analytical pyrolysis (Figs. 1 and 2). The presence of these
compounds was found by other authors in natural charcoal after
low intensity fires (Knicker, 2007; De la Rosa et al., 2008).
) after 30 days of incubation. NS ¼ Non-significantly different from 0.

Cellulose addition Cellulose mineralisation Priming

rcoal mg/g CeCO2/C charcoal
mg/g

CeCO2/C cellulose
mg/g

CeCO2/C charcoal
mg/g

al mineralisation)
4.3 � 0.4 0.6 � 0.08 �0.4 � 0.4 (NS)

al mineralisation)
4.7 � 0.9 0.9 � 0.3 �10.04 � 0.9 (NS)



Fig. 3. Trend of charcoal mineralisation in glucose-amended microcosms with
microbial inocula from burned (BeG) and unburned (UeG) soil, in cellulose-amended
microcosms with microbial inocula from burned (BeC) and unburned (UeC) soil and in
the controls with inocula from unburned (U) and burned (B) soil (n ¼ 3, mean � se). To
facilitate understanding, values from sample with burned microorganisms were
slightly shifted on the right.
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The presence of O-alkyl-C attributable to carbohydrates and
methoxyl groups of lignin is the result of incomplete charring of
plant material (Knicker, 2007). In the pyrograms the presence of
N-containing compounds was evidenced, in particular the presence
Fig. 4. Cumulated (a) or daily (b) Priming Effect (PE) in glucose-amended microcosms
with microbial inocula from burned (BeG) and unburned (UeG) soil and in cellulose-
amended microcosms with microbial inocula from burned (BeC) and unburned (UeC)
soil (n ¼ 3, mean � se). To facilitate understanding, values from sample with burned
microorganisms were slightly shifted on the right.
of pyrrole, pyridine and acetonitrile. These compounds have been
found in the pyrolysates of charred organic matter (Kaal and
Rumpel, 2009) and also in the pyrolysates of non-charred organic
matter, such as green waste compost (Dignac et al., 2006). Overall
the analyses showed, that this laboratory-made charcoal is just
slightly charred and, as a consequence may be prone to microbial
decomposition.

Indeed, during the incubation experiment, we observed char-
coal mineralisation occurring in all microcosms with and without
amendments, in the presence of microbial communities from
burned and from unburned soils. The mineralisation of charcoal in
the control treatments ranged from 0.47 to 0.57% of the initial
charcoal-C (Table 1). Our observations are in accordance with those
of Hamer et al. (2004), who reported mineralisation ranging from
0.17 to 0.53% for charcoal from herbal and wood precursors during
short term laboratory incubations. It was interesting to note, that
the microbial inoculum from burned soil did not seem to have lost
its ability to degrade charcoal (Table 1). This is striking, considering
that wildfires generally strongly decrease the abundance and
activity of the soil microbial biomass in the short term (Song et al.,
2004; Dumontet et al., 1996) and change its community structure
as well as its substrate utilization pattern (Pietikainen et al., 2000).
In the present study the glucose amounts added in the reactivation
step in inoculum productions are realistic for rhizospheric soils
(Bremer and Kuikman, 1994) and were highly effective in inducing
quick microbial growth responses (stationary growth phase after
50e55 h) in both soil microbial communities, partially sampled
from burned and unburned sites (data not shown). Fontaine et al.
(2003) reported that in presence of non-limiting glucose supplies
r-strategist bacteria, characterised by high growth rates become the
dominant active microbial fractions in soil microbial population.
Interestingly, in the context of microbial survival after fire in forest
soils, spore forming bacteria constitute an r-strategist population
that represent a typical microbiological model of growth and
survival responses (Andrews and Harris, 1986; Song et al., 2004).
Because the bacterial spores may remain viable for long periods
after fire (Song et al., 2004) the most active (growing) bacteria in
burned inocula, may be spore forming bacteria as dominant pop-
ulation. Incidentally at the end of the pre-incubation step
a preliminary characterization (unpublished data), of r/K eco-
physiological diversification in burned and unburned inocula,
suggested that an r-selection may have happened and may be the
dominant phenotypic traits of the burned microbial inoculum. This
study, therefore indirectly underlines the possible role of r/K
bacterial selections on charcoal utilization after fire.

Our data show, that the functioning of the soil microbial
community in terms of degradation of recalcitrant substrates such as
charcoal does not seem to be strongly affected by wildfire. However,
charcoal mineralisation was accelerated after 8 days in the micro-
cosms amended with an inoculum from unburned soil. This led
higher charcoalmineralisation at the endof the incubation compared
to microcosms amended with an inoculum from burned soil.

Glucose addition greatly accelerated unlabelled CeCO2-miner-
alisation, which is probably due to enhanced mineralisation of
charcoal since the release of unlabelled CO2eC from the micro-
cosms exceeded the amount of microbial C and DOC introduced
with the inocula and may therefore not be explained by an
apparent priming effect due to microbial turnover (Fontaine et al.,
2003). Glucose greatly improved charcoal mineralisation to 64
and 30% after 29 days of incubation for inocula from burned and
unburned soil (treatments BeG and UeG respectively, Table 1).
These values were low compared to those recorded in similar
charcoal incubation studies by Kuzyakov et al. (2009), while they
are in line with the results of Hamer et al. (2004). The discrepancies
may be due to the different quality of the charcoals used during the
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different incubation experiments. Unfortunately, chemical charac-
teristics of charcoal used for incubation studies are rarely reported.
This information is however crucial for comparison between
studies. Nonetheless we can state that compared to other studies,
charcoal mineralisation was greatly improved by glucose addition.
Glucose has been largely used in laboratory incubations to stimu-
late positive priming effects (Dalenberg and Jager, 1981; Hamer and
Marschner, 2002; Blagodatskaya et al., 2007). The quantity of
glucose added to each flask in this experiment corresponded to
2.95 mg of Glucose-C per mg of charcoal-C. It was rather small
compared to the glucose-C addition in the incubation experiment
by Hamer et al. (2004). In the experimental phase of charcoal
mineralisation the rather small amounts of glucose-C additions,
were aimed to limit abundant growth of r-strategists bacteria.
Blagodatskaya et al. (2007) compared different levels of glucose-C
and N addition to soil microcosms in order to measure the priming
effect. They found that an excess of glucose caused no growth of soil
bacteria and even resulted in a negative priming effect since
microorganisms switched from SOM decomposition to glucose
uptake. Hamer and Marschner (2002) tested the low concentration
of 2.7 mg of Glucose-C per mg of SOM-C in an experiment on peat
degradation but they had no observable effects. In our case, we
observed that a priming effect was evident with similar amounts of
glucose added to charcoal. Moreover, we observed a higher PE in
the glucose treatment with the microbial inoculum from burned
soil (BeG) compared to those from unburned soil (UeG, Fig. 4). This
higher PE in the first 30 days was not due to a higher mineralisation
of charcoal when glucose was added but was the result of a lower
charcoal mineralisation in the control without glucose (B). Conse-
quently microorganisms enriched from burned soil may not
mineralise more charcoal than microorganisms from unburned soil
but they could better increase their charcoal degrading enzymes
synthesis in the presence of glucose. This result may, however, be
influenced by the short period of our experiment. In view of the
curve’s shape, it is likely, that if the incubation continued much
higher amounts of extra CO2 would be released by microorganisms
of burned compared to the added glucose C and compared to
microorganisms from unburned soil. We conclude, that in the short
term the charcoal degrading activity for the microbial inoculum
from burned soil may be more limited by the energy contained in
glucose than the charcoal degrading activity for the inoculum from
unburned soil. Fire is known to largely affect the microbial
community structure in the short term (Song et al., 2004;
Dumontet et al., 1996). Our results suggest that fire may not elim-
inate the microbes able to use charcoal but may generate a more
energy-limited community. Nevertheless, the accelerated priming
after addition of glucose may have resulted from an increase in
overall microbial activity due to a higher availability of energy
(Sorensen, 1974; Kuzyakov, 2002).

To induce microbial enzyme production for charcoal degrada-
tion, we hypothesised that the addition of a polymerised substrate
(cellulose) would be more efficient, as it could stimulate another
type of microbial population, able to use more complex substrates
(Bingeman et al., 1953; Fontaine et al., 2003). However, in our
experiment, the use of cellulose did not stimulate charcoal miner-
alisation, but resulted in the absence priming effect (Table 1).
Additionally, we noted that cellulose was almost not degraded
during the incubations. Consequently, the absence of PE induce by
cellulose may be the result of the absence of microbial activation by
the cellulose. Very contrasted microbial communities are able to
decompose cellulose (Fontaine et al., 2004, 2007) and we were
largely surprised by the inability of the two microbial communities
to decompose cellulose. Filamentous fungi are the main cellulose
decomposers (Moorhead and Sinsabaugh, 2006) and the extraction
technique we used combined to the one-month pre-incubation we
performed may have eliminated filamentous fungi able to produce
cellulase. Indeed, we extracted the microbial inocula with sodium
chloride and this technique may not allow for the extraction of the
whole microbial community (Riis et al., 1998). Extinction of small
populations due to stochastic effects is a well-known phenomenon
in ecology, the so called ‘Allee effect’ (Begon et al., 2006). Moreover,
the pre-incubation of charcoal may have induced a strong selection
on the microbial inocula leading to the elimination of a large part of
the initial microbial community. In our case, an Allee effect
combined to a strong selection may have occurred and induced the
extinction of the filamentous fungi able to decompose cellulose in
the microbial inoculum used for the incubation.
5. Conclusion

This experiment aimed at analysing the effects offire onmicrobial
charcoal mineralisation. Microbial communities extracted from
burned and unburned soil mineralized charcoal and we observed an
acceleration of charcoal mineralisation after 8 days for the inoculum
of unburned soil.We conclude thatfire did not eliminate the charcoal
mineralisation capabilities of the microbial community in the soil of
the fire prone Mediterranean ecosystem, but fire could decrease the
rate of charcoal mineralisation of the burned soil microbial
community in the long run.

Charcoal mineralisation may be stimulated by addition of
glucose, a very simple substrate, as a result of energy addition,
whereas more complex substrates such as cellulose may not induce
PE. This suggests that the microorganisms that are responsible of
charcoal mineralisation are different from those performing cellu-
lose degradation. Other complex substrates, more similar to char-
coal should be tested with and without additional nutrient supply,
to completely understand the mechanism of charcoal priming.
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