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Abstract

Forest fires cause immediate and lasting environmental impacts in soil organic matter (SOM)
by modifying existing chemical structures, forming new ones, or adding/removing materials
such as fresh or charred biomass. In this paper, the information provided by analytical
pyrolysis (Py-GC/MS) of whole soil samples and two particle-size fractions (coarse and fine) is
analysed in a sandy soil from a typical Mediterranean oak forest close to Dofiana National Park
(Southwest Spain) that was affected by a severe wildfire. The pyrograms from unburnt whole
soil samples show a prevalence of compounds derived from polysaccharides, proteins and
lignin, whereas in pyrograms from burnt soils lignin markers prevail followed by proteins,
alkylaromatic and polycyclic aromatic hydrocarbons. In fact, it seems clear that fire
preferentially removes thermolabile biogenic materials with a concomitant selective
preservation of lignin. Concerning particle size fractions, SOM in the unburnt coarse fraction
had a major impact on vegetation, whereas the fine fraction consisted of comparatively
humified SOM with lignin degradation and microbial-derived compounds. The pyrolysis
products from the burnt soil coarse fraction revealed post-fire litter inputs from stressed
vegetation, whereas the fine fraction shares chemical characteristics with those from the
unburnt soil, with additional signs of fire alteration (less labile carbohydrate structures and
higher relative abundance of PAHs). Alkane changes observed in the carbon preference index
indicate that fire affected SOM mostly in the fine fraction, whereas the short/long chain ratio
points to the cracking of long-chain alkanes. In addition , when plotting O/C and H/C values in a
Van Krevelen diagram, additional information about the main chemical modifications
produced by fire in SOM are described, including condensation (oxidation and hydrogenation
paralleling) and dealkylation (associated with oxidation and dehydrogenation) processes. This

is the first time that Py-GC/MS molecular information from soil samples is analysed using a Van
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Krevelen graphical approach and together with other classic geochemical proxies it proves to

be a valuable and intuitive tool in facilitating the interpretation of complex geochemical data.

1. Introduction

Forest fires represent a recurrent disturbance factor in the Mediterranean basin and they are
the cause of immediate and lasting environmental impacts (Naveh, 1990). This is in part
caused by changes in the soil organic matter (SOM), which is the most reactive and functional
soil fraction. These changes include the transformation of biogenic chemical structures,
accumulation of newly-formed structures, as well as a complex balance between the input and
diminution of materials with differential resistance to thermal degradation, i.e. fresh or
charred biomass (Gonzalez-Pérez et al., 2004, 2008; Knicker, 2007; Atanassova and Doerr,
2011; Faria et al., 2015). The pyrogenic signature in SOM is in the focus of research, not only in
the Mediterranean area, but also in other parts of the world (Dyrness et al., 1989; Fernandez
et al., 1997; Neff et al., 2005; Dymov and Gabov, 2015). One out of the major alterations
exerted by fire to SOM chemical composition is the formation of recalcitrant structural
domains which are believed to include severely defunctionalized condensed aromatics in
addition to fire-surviving alkyl structures probably including cross-linked lipid compounds. Such
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recalcitrant core, show characteristic ‘bimodal, protokerogen-like’ "CNMR spectra, and in
general is resistant to drastic chemical hydrolysis (Almendros et al., 1988; Gonzalez-Pérez et
al., 2008; De la Rosa et al., 2012). Apart from the ‘fire-induced structural stabilization’, fire may
also produce the removal of volatile structures and the transformation of labile compounds. A
common example of this is the modification of polysaccharides to pyrogenic compounds, i.e.
from levoglucosan and furans to benzenic compounds (Simoneit et al., 1999; Templier et al.,
2005; Fabbri et al., 2009).

Nowadays, there is a wide array of analytical techniques available for the study of
complex matrices, such as SOM. Among these, Fourier -Transform infrared (FT-IR) and nuclear
magnetic resonance (NMR) spectroscopies, gas chromatography-mass spectrometry (GC/MS)
or analytical pyrolysis (Py-GC/MS), have successfully been used to characterise the effects of
fire on SOM (Almendros et al., 1988; Tinoco et al., 2006; Gonzalez-Pérez et al., 2008; De la
Rosa et al., 2011; Knicker, 2011; Atanassova et al., 2012; Aznar et al., 2013; Badia et al., 20143;
Wiedemeier et al., 2015).

Analytical pyrolysis, defined as the thermochemical decomposition of organic
materials at elevated temperatures in the absence of oxygen (Irwin, 1982), is a fast and useful

‘fingerprinting’ tool for the direct structural characterisation of SOM. The products of pyrolysis



71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

(pyrolysate) are amenable to GC/MS separation and identification, yielding detailed molecular
information about the complex mixtures of natural macromolecular substances (Gonzélez-
Pérez et al., 2013). Other well-known advantages of the technique include the requirement of
small sample sizes and little to no sample preparation needs.

The products released by pyrolysis of SOM can be related to its biogenic origin;
methoxyphenols from lignin, furans from polysaccharides and certain Nitrogen-containing
molecules from proteins (Leinweber and Schulten, 1995; Gonzalez-Vila et al., 2001; Arias et al.,
2005 and references therein). Long-chain n-alkanes are derived from the epicuticular waxes of
plants (Eglinton et al., 1962; Eglinton and Hamilton, 1967) and indexes such as n-alkane
average chain length (ACL) and carbon preference index (CPIl) are used as surrogates for source
and evolution of organic matter (Cranwell, 1973). In fact, after deposition, n-alkanes are
affected by factors such as decay from microbial activities or fire, which normally reduce ACL
values in soils (Bull et al., 2000; Gonzalez-Pérez et al., 2008, 2004).

The complex molecular assemblages released from SOM by pyrolysis are often
explored by multivariate data methods, but can also be analysed with the help of graphic tools,
such as the classic Van Krevelen diagram (Van Krevelen, 1950). This was initially intended to
study the degree of maturity of coal by comparing the relationships between H/C and O/C
ratios of samples. Nowadays, an extended Van Krevelen approach is being used by researchers
who are working with large chemical data matrices, such as those produced by ultrahigh
resolution techniques, such as Fourier Transform ion cyclotron resonance mass spectrometry
(FT-ICR-MS) (Kim et al., 2003; Kramer et al., 2004; Waggoner et al., 2015). In this case the
atomic ratios (H/C and O/C) are calculated from the chemical molecular formulas that are
inferred from the mass spectrometry data.

The majority of studies undertaken to evaluate the effect of fire on SOM have been
undertaken in fine earth soil samples (<2 mm) or in the main textural soil fractions (sand, loam
and clay). Although it is known that SOM differs among particle-size fractions (Nocentini et al.,
2010; Jimenez-Morillo et al., 2014, 2015), the information available is still scarce. Therefore,
the present study is focused on the information provided by the direct analytical pyrolysis of
whole soil and two sieve size fractions (coarse and fine) with the aim of shedding light on the
alterations that SOM undergoes after a fire episode. To accomplish this, the main goals of this
study are: i) to assess the chemical composition of organic matter in whole soil and in size
fractions before and after a wildfire; and ii) to assess the alterations and processes undergone

in each of the fractions impacted by fire.
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2. Material and methods

2.1 Study area and sampling

During a forest fire, apart from the heat itself, there are a number of interconnected
variables of different nature (biological, environmental, physicochemical) acting at different
levels (atmosphere, vegetation and fuels, soil) that eventually influence the way in which a fire
affects SOM. Those variables may include factors such as pH, texture, conductivity, fuel
availability, soil water/atmosphere, climatic conditions, etc. (Pyne et al., 1996). In order to
simplify our natural experimental setting, the effect of a wildfire on SOM is studied in low
complexity soils that are located in a well-known environment at Dofiana National Park
(Southwest Spain), where fire is a known recurrent factor and is the cause of changes in its
geomorphology and vegetation (Granados, 1985).

A sandy soil showing relative spatial homogeneity and properties was selected at the
site known as “Matasgorda”, having a typical Mediterranean climate with an oceanic influence,
which produces mild temperatures, and relatively high humidity and rainfall compared to the
inland climate (Siljestrom and Clemente, 1990). The average annual rainfall is 830 mm with
77% of precipitation (between October and March) and a mean air temperature of 16.9 °C. The
soil pH is slightly acid to neutral (pH 6-7.0). The soil was classified as Arenosol (WRB 2006) with
more than 99% sand from aeolian sediments (Holocene) covering gravels and other sandy
sediments (Pliocene-Pleistocene). The study area was affected by a wildfire in the summer of
2012 that affected more than 300 ha. The fire severity could be considered severe as assessed
de visu just after the fire.

Composite soil samples were taken in October 2014 under Cork oak (Quercus suber)
“QS” canopy. Burnt soil “B” was affected by the wildfire (Burnt: 37° 7°21.95”N; 6° 26°53.44”W)
and a nearby control of unburnt soil “UB” (Unburnt: 37° 7°23.69”N; 6° 26°51.53”W), with the
same vegetation cover, soil type, physiographic characteristics, and no recent histories of
forest fires, were sampled. Each sample was made by combining five to six sub-samples taken
within a circular area of ca. 20 m? under a well-developed cork oak stand. The samples were
taken from the first 3 cm of soil after removing the litter layer. Earlier studies demonstrated
that no effects are detected at deeper depths in the soil (Aznar et al., 2013; Badia et al.,
2014a,b). The soil material was then transported in glass containers, air-dried under laboratory
conditions (at 25 °C and approximately 50% relative humidity) during a 1-week period and
sieved to fine earth (<2 mm) to remove gravel and litter fragments. Each combined fine earth
sample (total sample) was further divided by dry sieving in six fractions (1-2 mm “coarse”, 0.5-

1, 0.25-0.5, 0.1-0-25, 0.05-0.1 and <0.05 mm “fine”).
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2.2 Elemental analysis

Total Carbon (C) and Total Nitrogen (N), in the total samples and in each one of its sieve size
fractions, were analysed using a Flash 2000 HT (C, H, N, O and S) elemental micro-analyser
coupled to a thermal conductivity detector (TCD) (Thermo Scientific, Bremen, Germany). Each
sample (weight range of 1-1.5 mg) was measured in triplicate. The calibration curve was made
for each element using recommended standard materials, acetanilide, nicotinamide and

aspartic acid (Thermo Scientific, Bremen, Germany) in triplicate.

2.3 Analytical pyrolysis (Py-GC/MS)
Pyrolysis-gas GC/MS was performed using a double-shot pyrolyser (Frontier Laboratories,
model 2020i) attached to an Agilent 6890N gas chromatograph. Soil samples (1-2 mg) were
placed in small crucible capsules and introduced into a pre-heated furnace at 500 °C for 1 min.
The evolved gases were directly injected into the GC/MS for analysis. The GC was equipped
with a low-polarity fused silica capillary DB-5 column (J&W Scientific) of 30 m x 250 um x 0.25
pum film thickness. The oven temperature was held at 50 °C for 1 min and then increased to
100 °C at 30 °C min™, from 100 °C to 300 °C at 10 °C min™, and stabilised at 300 °C for 10 min.
The carrier gas was helium at a controlled flow of 1 mL min™. The detector consisted of an
Agilent 5973 MSD (mass selective detector), and mass spectra were acquired with a 70 eV
ionising energy. Compound assignment was achieved via single ion monitoring for various
homologous series, via low-resolution MS and via comparison with published and stored (NIST
and Wiley libraries) data.

From the relative abundances of the chromatographic areas for n-alkane peaks, a
number of molecular markers were inferred:

S/L (Short/Large ratio) is an estimation of the relative abundance of short to long C
length in a hydrocarbon chain and was calculated according to the following the formula:

S/L=3[Cnl10.23/2[CN)24.31

Where n is the number of carbon atoms and [Cn] is the concentration of each alkane
or alkene.

CPI (24-31) (carbon preference index ) is an estimation of the relative abundance of
odd to even C chain numbers. In this research, CPl was calculated in the range from 24 to 31
carbons. This index allows us to know the original source of SOM; CPI>1 means that odd C
chain numbers prevail over even C chain numbers and that the main input of organic matter to
the soil is of plant origin. In this research, CPl was calculated as:

CPI (24-31)=Z[Cn Odd]24_31/Z[Cn even]24_31
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Where [Cn odd] is the hydrocarbon abundance with odd-numbered C chain and [Cn
even] is the hydrocarbon abundance with even-numbered C chain (Bray and Evans, 1961).

Finally, the molecular information obtained by analytical pyrolysis was studied using
Van Krevelen diagrams. The atomic ratios (H / C and O / C) were calculated from the chemical
molecular formulas inferred from the mass spectra. Only compounds identified with a
chromatographic area >0.2% of the total ion chromatographic area were included in the

analyses.

3. Results and discussion

3.1 Elemental Analysis

Elemental C and N contents and C/N ratios are shown in Table 1. The whole (total) B soil shows
a 4.1% higher C content than the whole UB soil. We found that, in general, higher C contents
are found in the burnt soil fractions, but the 1-0.5 mm fraction has a 4.4% lower C content
than the corresponding fraction from the UB soil. This is in line with previous findings where
the carbon content on burned topsoil usually decreases immediately after a wildfire (Badia et
al., 2014b). Higher C contents found in the burnt size fractions have been previously observed
and could be caused by an additional input of particulate biomass including partially charred
materials, particularly adding to the coarse (>2—1 mm) fractions (Chandler et al., 1983; Bird et
al., 2000; Nocentini et al., 2010) and to the smaller (<0.5 mm) size fractions where fine char
particles accumulate (Skjemstad et al., 1996). The total N content in the whole (total) burnt
soil (B =1 .3%) was higher than that in the unburnt soil (UB = 1.0%). As regards the different
size fractions, no significant differences were found for total N content.

The C/N ratio shows the same tendency with that for total C content with higher
values for B soil. In general, this C/N trend is not in agreement with the results obtained by
other researchers (Almendros et al., 1984 a,b; Badia et al., 2014b; Viro, 1974; Vega, 1986), who
observed that after a fire, there is usually a decrease of C and in turn a decrease of C/N ratio.
The decreasing of C may be due to a loss of humified material by fire (Gonzalez-Pérez et al.,
2004) and this effect, while still present, can be also masked by black carbon additions to the

B soil from charred biomass.

3.2 Pyrolysis-GC/MS
Total ion current (TIC) chromatogram from the whole and sieve size fractions of B and UB soils
with an indication of the origin of the major pyrolyisis compounds is shown in Fig. 1. The

pyrograms from whole soil samples showed conspicuous differences between B and UB sites.
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The higher intensity peaks in the B soil pyrogram appear in the range of 4-10 min of retention
time showing unimodal normal distribution, whereas for the total UB soil, the compound
distribution is biased towards compound with low MW, and shows the highest total
abundance in the range of 2—6 min retention time. When screening the pyrolysates produced
by the different soil size sieve fractions, we were able to clearly differentiate two main
contrasting patterns corresponding with the coarse (2—1 mm) and fine (< 0.05 mm) fractions,
respectively, whereas the intermediate fractions showed pyrograms with intermediate
characteristics between both fractions. Therefore, these two fractions together with the bulk
fraction were chosen for further study in detail.

The pyrogram from the coarse fraction, in both scenarios, showed a normal
distribution of the high intensity peaks, which are mainly lignin-derived methoxyphenols,
unspecific aromatic compounds and carbohydrate-derived compounds. In contrast, in the fine
fraction, major peaks distribution shifts towards the low MW compounds tailing to the high
MW compounds, with alkyl compounds, peptide-derived and unspecific aromatic compounds
being dominant in this fraction. In addition, there were differences between B and UB soil
samples in each fraction with the main differences in the range of 23—30 min of retention time;
whereas no chromatographic peaks are found in this region in the B samples, several peaks are
clearly seen in this region in the UB samples. These peaks corresponded to high molecular
weight alkane/alkene chains, the lack of which being consistent with a thermal cracking of high
molecular weight hydrocarbon chains into smaller compounds, as usually observed in fire-
affected SOM (Almendros et al., 1988; Tinoco et al., 2006; Gonzalez-Pérez et al., 2008; De la
Rosa et al., 2013: Aznar et al., 2013; Faria et al., 2015).

The differences between samples can be best seen when studying the abundances of
the main pyrolysis compound relative to the total chromatographic area (Fig. 2). In the UB
total soil sample the majority of structures detected in the SOM pyrolysates correspond to
carbohydrate (polysaccharide)-derived compounds (22.7%), aromatic compounds of unspecific
origin (17.2%, mainly alkyl phenols and alkyl benzenes), peptide-derived N-compounds (20.8%)
and ignin methoxyphenols (17.7%, mainly guaiacol and alkyl derivatives). Also, lipids (alkane
alkene pairs and fatty acids) and N-compounds of unknown origin were detected but at low
relative abundance (<10% total chromatographic area). In the B soil samples the pyrograms
are dominated by lignin-derived compounds (40.1%), followed by N compounds from peptides
(15.9%) and aromatics of unspecific origin (12.9%). Further, a number of polycyclic aromatic
hydrocarbons (PAHs 1.2%, mainly derived from naphthalene) were detected. The latter
distribution, with a general depletion of carbohydrates and proteins and enrichment in lignin-

derived compounds, indicates that fire effectively affected SOM, and preferentially removed



243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277

thermolabile biogenic materials alongside a selective preservation of the more fire-resistant
lignin moieties. In fact, carbohydrate moieties are known to be thermolabile components in
soils (Almendros et al., 1990, Pastorova et al., 1994, Knicker et al., 1996; Baldock and Smernik,
2002; De la Rosa et al., 2008). Soil lignin has been reported to be particularly resistant to fire
(De la Rosa et al., 2008), to the point that additional char particles containing methoxyphenol
from partially burnt lignin could add to the observed increase (Skjemstad et al., 1996).
However, a decrease in the relative abundance of lignin markers and in other typical
vegetation markers (terpenes, resinic acids) with fire has also been observed (Badia et al.,
2014a). It is suggested that the chemical changes observed in burned SOM may play important
roles in the colloidal properties and the water-repellency observed in the post-fire soil area
(Almendros et al., 1992; Atanassova et al., 2012).

The chemical compositions of the two (coarse and fine) soil size fractions studied were
different and, as with the whole soil samples, fire was able to induce chemical changes in the
SOM of the different fractions (Fig. 2). The coarse fraction (2—1 mm) of UB soil showed a clear
chemical signature for fresh plant biomass; high abundance of lignin-derived compounds
(30.7%), carbohydrate (19.7%) and peptides (12.3%) and a proportion of fatty acids (5.5%) and
alkyl compounds (8.6%), probably derived from epicuticular waxes (Eglinton et al., 1962;
Eglinton and Hamilton, 1997). This indicates that the SOM in this fraction retains a major
influence from the vegetation litter. In contrast, SOM in the UB fine (<0.05 mm) soil fraction
shows the lowest relative amount of lignin-derived compounds (12%), being mainly composed
of protein (24.7%) and carbohydrates (22.1%) with a substantial proportion of unspecific
aromatic compounds (22.9%), pointing to the presence of microbial-derived compounds, i.e.
glycoproteins such as glomalin, that are known to be abundant in mineral soils with low
organic content (Lozano et al., 2015 and references therein), and to high microbial activity.
This activity is prone to produce humic-type SOM and lignin degradation. In fact, the
abundance of unspecific aromatic compounds could also have an origin in the fungal alteration
of plant lignins (Kellner et al., 2014).

The B coarse fractions showed the highest relative proportion of lignin-derived
compounds (51.9%) in comparison with the rest of the studied samples. This points to inputs
of new litter, probably from the standing vegetation that is affected by fire (De la Rosa et al.,
2008). This is further supported by the observed high relative proportion of carbohydrate-
derived structures (17.3%). This fraction also showed the lowest amount of unspecific aromatic
compounds and alkyl compounds (alkane/alkene pairs and fatty acids). The low proportions of
alkyl compounds may be a direct effect of fire that is known to produce thermoevaporation of

free lipid, in addition to thermal cracking producing shorter chain length compounds
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(Gonzalez-Pérez et al., 2008). The B fine fraction shares chemical characteristics with the UB
fine fraction, viz., low lignin (16.6%) and high protein (25.1%)-derived compounds, mainly
pyridine and indole derivatives (see supplementary material) and unspecific aromatic
structures (19.9%), suggesting that SOM in this fraction may be more evolved and subjected to
alteration by microorganisms. However, the pyrolytic signature also indicates that this SOM
has been affected by fire in different ways. First, it is noteworthy that this fraction shows the
highest relative amount of PAHs (1.7%) that, besides a direct condensation effect of fire on this
SOM fraction (Gonzalez-Pérez et al., 2014), could be also explained in part as inherited SOM
from soot or charred inputs from the coarse SOM fractions or by past wildfire episodes
(Jiménez-Morillo et al., 2014). Note that a small proportion of PAHs were detected in all burnt
soil samples but also, with a very small contribution, in the U fractions that were unaffected by
the studied fire episode (coarse 0.43%; fine 0.58%). These PAHSs are robust surrogate measures
of fire intensity in fire episodes (De la Rosa et al., 2012, Gonzdlez-Pérez et al., 2014) and their
presence in the control soil may indicate past fires or aeolian transport of black carbon
aerosols from the nearby burned site. The existence of fine char fine particles was also
confirmed by optical microscopy (data not shown). Second, there is a substantial reduction of
labile carbohydrate-derived compounds (12.7%) that are known to be responsive to fire (De la
Rosa et al., 2008). However, polysaccharide-derived compounds, i.e. levoglucosan, glycosides
and mono-saccharides, have been previously found to be abundant in the soluble SOM
fractions of heated soils (Atanassova and Doerr, 2011), that could have resulted from their de
novo formation, volatilisation from particulate organic matter, or from the breakdown of
polysaccharides. The fact that we find a reduction of these compounds may also respond to a
loss by lixiviation and/or to the fast turn-over after the fire of the easily available C source,

represented by the soluble saccharides from the activity of heterotrophic organisms.

3.3. Alkane CPI and S/L ratios

Informative biogeochemical proxies for the effect of fire in SOM are provided by the
alkyl series that are easily identified by analytical pyrolysis. It is known that after a forest fire
the aliphatic compounds undergo a thermal cracking, producing hydrocarbon chains that are
shorter in length (Gonzalez-Pérez et al., 2008; Badia et al., 2014a; De la Rosa et al., 2012;
Eckmeier and Wiesenberg, 2009; Tinoco et al., 2006). Also, in addition to the shortening in the
average length of alkyl chains, conspicuous changes in the C preference index (ratio of alkyl
molecules with odd-to-even number of C atoms) also represent a valid surrogate of the
damage levels of soils affected by fires (Almendros and Gonzdlez-Vila, 2012 and references

therein). In fact, these effects have also been observed under laboratory conditions
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(Almendros et al., 1988; Almendros et al., 1992; Gonzalez-Vila et al., 2001) and a
predominance of short-chain and even carbon numbered n-alkanes, as a result of thermal
degradation of biomass, and has been found to be a valid molecular marker in archaeological
or palaeoenvironmental research (Eckmeier and Wiesenberg, 2009). In the current study, we
use this proxy to assess the impact of fire on SOM, i.e. the indexes tentatively used were: i)
chain carbon preference index (CPI (C,s—Cs1)) and ii) short to long chain ratio (S/L).

For CPI (C,4—Cs,) (Fig. 3A), the values obtained were always higher than one, indicating
SOM that are mainly of plant origin. Higher plants waxes contain hydrocarbon chains,
preferentially with odd-over-even carbon preference number (Eglinton et al., 1962). Shifts in
this biogenic trend indicate alteration to SOM. Our results point to the fact that fire-affected
SOM were mostly in the fine fraction where CPI was almost lost and the value shifted from 1.7
to 1.1. There were no clear differences in CPI for the total or for the coarse fractions. Post-fire
CPl values are affected by inputs of biomass enriched in long-chain and odd-numbered alkane
chains, hiding the effect of fire. This may be the reason why the differences in the total soil and
coarse fractions were not high.

For all burned samples the S/L (Fig. 3B) ratios were higher than for the unburned
samples, indicating cracking of long-chain alkanes. This effect was very clear for the coarse
fraction (UB = 2.04 and B = 3.24). As previously described, it seems that there was a post-fire
input of litter adding to the B coarse SOM fraction and was probably including, not only fresh
biomass with a high CPI, but also char or partially-charred particles with a high proportion of
short-chain alkanes, that may explain in part the finding that no substantial difference in S/L

values between B and UB for the total and fine fractions were found.

3.4 Van Krevelen diagram

Here we used a Van Krevelen graphical approach to gain information about main
chemical modifications produced by fire in SOM. The plot interpretation in relation to possible
SOM transformation processes used here is based on that proposed by Kim et al. (2003).
Figure 4 represents the Van Krevelen diagram with the average (centroid) O/C and H/C values
of the pyrolysis compounds released from the total sample and the coarse and fine size
fractions selected for this study. The values were inferred from the structural (molecular)
information obtained by Py-GC/MS (Table S1 and S2).

The samples show only small differences with values plotted close together in a
narrow area. However, when zooming in on this region, a similar behaviour is observed for the
total soil and fine fractions that show an increase in O/C and H/C ratios, indicating the

occurrence of a condensation process in the change from UB to B samples. When
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decomposing the imaginary UB-B linking line into X- and Y-axes the condensation process
occurring when burning could be further separated into two sub-processes: i) oxidation and ii)
hydrogenation. This result is in agreement with a higher relative abundance of lignin-derived
methoxyphenols in the B (total and coarse) soils compared with the UB soils and to a lesser
extent to fatty acids (increasing of oxygen atoms) and the comparatively lower proportions of
unspecific aromatic compounds, and PAHs (increasing of hydrogen atoms) to a lesser extent as
seen in Fig. 2.

The transition from the coarse UB to the B sample shows an increase in O/C values and
a decrease in H/C values which indicate demethylation/dealkylation processes. Decomposing
the imaginary UB-B linking line, as with the total samples, the two principal processes induced
by fire would be: i) oxidation, as for the total and fine B fractions, and ii) dehydrogenation. This
shift that is observed in the coarse fractions could be best explained by an input of new litter
and partially charred particles after a fire, which is also in agreement with the high relative
contribution of methoxyphenols in the coarse B sample that may be in part responsible for the
observed increase of O/C ratio. On the other hand, the observed H/C ratio decrease could be
explained by a low relative contribution of alkane/alkene pairs in the B coarse fraction and to a
lesser extent to demethylation of lignin-derived methoyphenols and a higher relative
contribution of PAHs with lower number of hydrogen atoms due to their condensed structure.

Although the total sample and the fine fraction show a similar trend when burned, the
global value for O/C ratio was minor for the fine fraction, reflecting a lower relative proportion

of plant derived methoxyphenols.

4. Conclusions

Forest fires cause qualitative impacts in SOM either by transforming existing chemical
structures or by forming new chemical structures, but forest fires also quantitatively modify
the balance between the addition and removal of materials in the course of, or after, the fire
event. In this research, the information provided by the direct analytical pyrolysis (Py-GC/MS)
of whole soil and sieve size samples under a Quercus suber cover showed that fire caused an
increase in the C and C/N ratio, both in total soil and in coarse and fine fractions, which is
interpreted as an input of new biomass after the fire, i.e. ashes and charred material from the
scorched canopy.

When studying total soil, major chemical differences were found between the unburnt
(UB) soil and the burnt (B) soil. In the UB soil the organic compounds are found to derive

mainly from polysaccharides, proteins and lignin, whereas for the B soil the organic
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compounds are found mainly derived from lignin and the presence of pyrogenic polycyclic
aromatic hydrocarbons. This allows us to make an assessment, in the different particle size-
fractions, of the extent to which fire-induced depletion of thermolabile biogenic materials
resulted in the concomitant selective preservation of more heat-resilient lignin moieties. In
fact, the UB coarse (2—1 mm) fraction SOM was found to have a major influence on the
vegetation, whereas the chemical structure of the fine (<0.05 mm) fraction points to SOM with
higher proportions of humic substances, evidenced by a high degree of lignin demethoxylation
and accumulation of microbial compounds. The organic signature for the B coarse fraction
indicates new litter inputs after the fire, probably from stressed vegetation, and the
corresponding fine fraction, share chemical characteristics with the UB fine fraction, but with
additional signs of fire alteration: a reduction of labile carbohydrate structures, and a higher
relative abundance of PAHs.

In this study, and for the first time, the high amount of molecular information that is
usually obtained with direct analytical pyrolysis of environmental samples is analysed using a
classical Van Krevelen graphical-statistical approach. This is an intuitive approach that is
routinely being used to simplify the interpretation of a very large number of compounds that
are detected by modern ultrahigh resolution mass spectrometry, i.e. Fourier Transform ion
cyclotron resonance mass spectrometry (FT-ICR-MS) (Kim et al., 2003; Sleighter and Hatcher,
2007; DiDonato et al., 2016 and references therein). Here, we used a Van Krevelen diagram
representing atomic H/C and O/C ratios of the pyrolysis compounds in the basal plane (x,y
axes), together with the use of classic geochemical proxies like the alkane carbon preference
index (CPI) and a short/long chain ratio (S/L) proved to be a valuable tool in enlightening upon
relevant chemical processes and a transformation that occurs in SOM due to heat or fire.

Under the natural conditions studied here, we found that fire affected most SOM in
the fine soil fraction and, in general, exerted significant cracking of long-chain alkyl SOM
components in addition to other SOM modifications, fire-exerted oxidation in all samples

studied and condensation and demethylation processes in the coarse fraction.

Acknowledgements

This study is a part of the results of the GEOFIRE Project (CGL2012-38655-C04-01)
funded by the Spanish Ministry for Economy and Competitiveness. N.T Jiménez-Morillo is
funded by a FPI research grant (BES-2013-062573). Dr. J.M. de la Rosa thanks the Marie
Sktodowska-Curie actions (REA grant agreement n° PCIG12-GA-2012- 333784 —Biocharisma



417
418
419
420
421
422
423
424

project). Alba Carmona Navarro and Desire Monis Carrere are thanked for their invaluable

technical assistance in Py/GC-MS analysis.

Appendix 1. Supplementary data

List of compounds released by Py-GC/MS.



425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458

References

Almendros, G., Gonzalez-Vila, F.J. 2012. Wildfires, soil carbon balance and resilient organic
matter in Mediterranean ecosystems. A review. Spanish Journal of Soil Science 2, 8-33. DOI:
10.3232/SJSS.2012.V2.N2.01.

Almendros, G., Polo, A, Ibafiez, J.J., Lobo, M.C. 1984a. Contribucién al estudio de la influencia
de los incendios forestales en las caracteristicas de la materia organica del suelo. I:
Transformaciones del humus en un bosque de Pinus pinea del centro de Espafia. Rev. Ecol.
Biol. Sol. 21, 7-20.

Almendros, G., Polo, A., Lobo, M.C., Ibafiez, J.J. 1984b. Contribucion al estudio de la influencia
de los incendios forestales en las caracteristicas de la materia organica del suelo: Il.
Transformaciones del humus por ignicidon en condiciones controladas de laboratorio. Rev. Ecol.
Biol. Sol. 1984b. 21, 154- 60.

Almendros, G., Martin, F., Gonzalez-Vila, F.J. 1988. Effects of fire on humic and lipid fractions in
a Dystric Xerochrept in Spain. Geoderma 42, 115-127. DOI: 10.1016/0016-7061(88)90028-6.
Almendros, G., Gonzalez-Vila, F.J., Martin, F. 1990. Fire-induced transformation of soil organic
matter from an oak forest. An experimental approach to the effects of fi re on humic
substances. Soil Science 149, 1 58-168.

Almendros, G., Gonzalez-Vila, F.J., Martin, F., Frund, R., Ludemann, H.D. 1992. Solid-state
NMR-studies of fire-induced changes in the structure of humic substances. Sci. Total Environ.
118, 63-74. dD0I:10.1016/0048-9697(92)90073-2

Arias, M.E., Polvillo, O., Rodriguez, J., Hernandez, M, Gonzalez-Perez, J.A., Gonzalez-Vila, F.J.
2005. Thermal transformations of pine wood components under pyrolysis/gas
chromatography/mass spectrometry conditions. J. Anal. Appl. Pyrol. 77: 63-67. DOI:
10.1016/j.jaap.2005.12.013

Atanassova, |. and Doerr, S. H. 2011. Changes in soil organic compound composition associated
with heat-induced increases in soil water repellency. Eur. J. Soil Sci. 62, 516-532. DOI:
10.1111/j.1365-2389.2011.01350.x.”

Atanassova, ., Doerr, S. H., Bryant, R. 2012. Changes in organic compound composition in soil
following heating to maximum soil water repellence under anoxic conditions. Envir. Chem 9,
369-378. DOI: 10.1071/EN11122

Aznar, J. M., Gonzalez-Pérez, J. A., Badia, D., Marti, C. 2013. At what depth are the properties
of a gypseous forest topsoil affected by burning?. Land Degrad. Dev. DOI: 10.1002/Idr.2258
(first published online: 28 NOV 2013).



459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493

Badia, D., Gonzdlez-Pérez, J.A., Aznar, J.M., Arjona-Garcia, B., Marti-Dalmau, C. 2014a. Changes
in water repellency, aggregation and organic matter of a mollic horizon burned in laboratory:
Soil depth affected by fire. Geoderma 213, 400-407.

Badia, D., Marti, C., Aguirre, A.J., Aznar, J.M., Gonzalez-Pérez, J.A., De la Rosa, J.M., Ledn, J.,
Ibarra, P., Echeverria, T. 2014b. Wildfire effects on nutrients and organic carbon of a Rendzic
Phaeozem in NE Spain: Changes at cm-scale topsoil. Catena 113, 267-275.

Baldock, J.A., Smernik, R.J. 2002. Chemical composition and bioavailability of thermally altered
Pinus resinosa (Red pine) wood. Organic Geochemistry 33, 1093—1109. DOI: 10.1016/50146-
6380(02)00062-1

Bird, M.I.,Veenendaal, M. E., Moyo, C., Lloyd, J., Frost. P. 2000. Effect of fire and soil texture on
soil carbon in a sub-humid savanna (Matopos, Zimbabwe). Geoderma 94, 1, 71-90. DOI:
10.1016/5S0016-7061(99)00084-1

Bray, E.E., Evans, E.D. 1961. Distribution of n-paraffins as a clue to recognition of source beds.
Geochimica et Cosmochimica Acta 22, 2-15. DOI: 10.1016/0016-7037(61)90069-2.

Bull, I.D., van Bergen, P.F., Nott, C.J., Poulton, P.R., Evershed, R.P. 2000. Organic geochemical
studies of soils from the Rothamsted classical experiments-V. The fate of lipids in different
long-term experiments. Organic Geochemistry 31, 389-408. DOI: 10.1016/S0146-
6380(00)00008-5

Chandler, C., Cheney, P., Thomas, P., Trabaud, L., Williams, D. 1983. Forest fire behavior and
effects. Fire in Forestry Vol. I. New York: Wiley.

Cranwell, P.A. 1973. Chain-length distribution of n-alkanes from lake sediments in relation to
post-glacial environmental change. Freshwater Biology 3, 259-265. DOI: 10.1111/j.1365-
2427.1973.tb00921.x

De La Rosa, J.M., Gonzalez-Pérez, J.A., Gonzalez-Vila, F.J., Knicker H. 2013. Medium term
effects of fire induced soil organic matter alterations on Andosols under Canarian pine (Pinus
canariensis). Journal of Analytical and Applied Pyrolysis 104, 269-279. DOI:
10.1016/j.jaap.2013.07.006

De la Rosa, J.M., Knicker, H., Lépez-Capel, E., Manning, D.A.C., Gonzalez-Pérez, J.A., Gonzalez-
Vila, F.J. 2008. Direct detection of black carbon in soils by Py-GC/MS, 13C NMR spectroscopy
and thermogravimetric techniques. Soil Science Society of America Journal 72, 258—-267. DOI:
10.2136/ss55aj2007.0031

De La Rosa, J.M., Sanchez Garcia, L., de Andrés, J.R., Gonzalez-Vila, F.J., Gonzalez-Pérez, J.A.,
Knicker, H. 2011. Contribution of Black Carbon in recent sediments of the Gulf of Cadiz.
Applicability of different quantification methodologies. Quaternary International 243, 264—
272.DOI: 10.1016/j.quaint.2011.01.034



494 De la Rosa, J.M,, Varela, M.E., Faria, S.R., Gonzalez-Vila, F.J., Knicker, H., Gonzalez-Pérez, J.A.,
495 Keizer, J. 2012. Characterization of wildfire effects on soil organic matter using analytical

496  pyrolysis. Geoderma 191, 24-30. DOI: 10.1016/j.geoderma.2012.01.032

497 Di Donato, N., Chen, H., Waggoner, D., Hatcher, P.G. 2016. Potential origin and formation for
498 molecular components of humic acids in soils. Geochemical and Cosmochimical Acta 178, 210—-
499 222.D0I: 10.1016/j.gca.2016.01.013

500 Dymov, A. A., & Gabov, D. N. 2015. Pyrogenic alterations of podzols at the North-east

501 European part of Russia: morphology, carbon pools, PAH content. Geoderma, 241, 230-237.
502 DO0I:10.1016/j.geoderma.2014.11.021

503 Dyrness, C.T., Van Cleve, K., Levison, J. 1989. The effects of wildfire on soil chemistry in four
504  forest types in interior Alaska. Canadian Journal of Forest Research 19, 1389-1396. DOI:

505  10.1139/x89-213

506 Eckmeier, E., Wiesenberg, G.L.B. 2009. Short-chain n-alkanes (C16-20) in ancient soil are useful
507 molecular markers for prehistoric biomass burning. Journal of Archaeological Science 36,
508  1590-1596.

509 Eglinton, G., Gonzalez, A.G., Hamilton, R.J., Raphael, R.A. 1962. Hydrocarbon constituents of
510 the wax coatings of plant leaves: a taxonomic survey. Phytochemistry 1, 89—-102. DOI:

511  10.1016/S0031-9422(00)88006-1.

512 Eglinton, G., Hamilton. R.J. 1967. Leaf epicuticular waxes. Science 156, 1322—-1335. DOI:

513  10.1126/science.156.3780.1322.

514 Fabbri, D., Torri, C., Simonei, B.R.T., Marynowski, L., Rushdi, A.l., Fabianska, M.J. 2009.

515 Levoglucosan and other cellulose and lignin markers in emissions from burning of Miocene
516 lignites, Atmospheric Environment 43, 2286-2295. DOI: 10.1016/j.atmosenv.2009.01.030
517 Faria, S. R., De La Rosa, J.M., Knicker, H., Gonzalez-Pérez, J.A., Villaverde, J., Keizer, J.J. 2015.
518 Wildfire-induced alterations of topsoil organic matter and their recovery in Mediterranean
519 eucalypt stands detected with biogeochemical markers. Eur. J. Soil Sci. 66, 699-713. DOI:
520 10.1111/ejss.12254.

521 Fernandez, |., Cabaneiro, A., Carballas, T. 1997. Organic matter changes immediately after a
522 wildfire in an Atlantic forest soil and comparison with laboratory soil heating. Soil Biology and
523  Biochemistry 29, 1-11. DOI: 10.1016/S0038-0717(96)00289-1

524 Granados, M. 1985. Causas histdricas de la estructuracién de los ecosistemas del Parque

525 Nacional de Dofiana. Tesis Doctoral, Universidad de Sevilla.

526 Gonzalez-Pérez, J.A., Gonzalez-Vila, F.J., Almendros, G., Knicker, H. 2004. The effect of fire on
527 soil organic matter—a review. Environment International 30, 855-870. DOI:

528  10.1016/j.envint.2004.02.003.



529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561

Gonzalez-Pérez, J.A., Gonzdlez-Vila, F.J., Gonzalez-Vazquez, R., Arias, M.E., Knicker, H. 2008.
Use of multiple biogeochemical parameters to monitor the recovery of soils after forest fires.
Organic Geochemistry 39, 940-944. DOI: 10.1016/j.orggeochem.2008.03.014

Gonzalez-Pérez, J.A., Gonzalez-Vila, F.J., Almendros, G., Knicker, H., De La Rosa, J.M,,
Hernandez, Z. 2013. Revisiting structural insights provided by analytical pyrolysis about humic
substances and related bio-and geopolymers, in Functions of Natural Organic Matter in
Changing Environment, ed. by J Xu, ] Wu, Y He. Zhejiang University Press and Springer Science
+ Business Media, Dordrecht, pp. 3-6. (ISBN 978-94-007-5633-5)

Gonzdlez-Pérez, J.A., Almendros, G., de la Rosa, J.M., Gonzdlez-Vila, F.J. 2014. Appraisal of
polycyclic aromatic hydrocarbons (PAHs) in environmental matrices by analytical pyrolysis (Py—
GC/MS). Journal of Analytical and Applied Pyrolysis 109, 1-8. DOI: 10.1016/].jaap.2014.07.005
Gonzalez-Vila, F.J., Tinoco, P., Almendros, G., Martin, F. 2001. Py-CG-MS analysis of the
formation and degradation stages of charred residues from lignocellulosic biomass. Journal of
Agricultural and Food Chemistry 49, 1128—31. DOI: 10.1021/jf0006325

Irwin, W.J. 1982. Analytical Pyrolysis—A Comprehensive Guide. In: J. Cazes (Ed.)
Chromatographic Science Series, 22: Chapter 6. Marcel Dekker, New York.

IUSS Working Group. 2006. World Reference Base for Soil Resources.World soil resources
reports no. 103,. FAO, Rome.

Jiménez-Morillo, N.T., Gonzédlez-Pérez, J.A., Jordan, A., Zavala, L.M., de la Rosa, J.M., Jiménez-
Gonzalez, M., Gonzdlez-Vila, F.J. 2014. Organic matter fractions controlling soil water
repellency in sandy soils from the Dofiana National Park (SW Spain). Land Degradation and
Development. DOI: 10.1002/ Idr.2314 (First published online: 05.08.14)

Jimenez-Morillo, N.T., Gonzalez-Vila, F.J., Leal, O.A., Gonzalez-Pérez, J.A. 2014. Chemical
composition and origin source of soil organic matter under four vegetation in Dofiana National
Park. In: Deligiannakis Y, Konstantinou | editors. 17th Meeting of the International Humic
Substances Society. loannina, Greece 1-5 September 2014. p 206-207

Kellner, H., Luis, P., Pecyna, M.J., Barbi, F., Kapturska, D., Kriiger, D., Zak, D.R., Marmeisse, R.,
Vandenbol, M., Hofrichter, M. 2014. Widespread Occurrence of Expressed Fungal Secretory
Peroxidases in Forest Soils. PLoS One 9, e95557. DOI: 10.1371/journal.pone.0095557

Kramer, R.W., Kujawinski, E.B., Hatcher, P.G. 2004. Identification of black carbon derived
structures in a volcanic ash soil humic acid by fourier transform ion cyclotron resonance mass
spectrometry. Environmental Science and Technology 38, 3387—3395. DOI:
10.1021/es030124m



562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595

Kim, S., Kramer, R.W., Hatcher, P.G. 2003. Graphical Method for Analysis of Ultrahigh-
Resolution Broadband Mass Spectra of Natural Organic Matter, the Van Krevelen Diagram.
Analytical Chemistry 75, 5336-5344 DOI: 10.1021/ac034415p

Knicker, H. 2007. How does fire affect the nature and stability of soil organic nitrogen and
carbon? A review. Biogeochemistry 85, 91-118 DOI: 10.1007/s10533-007-9104-4

Knicker, H. 2011. Pyrogenic organic matter in soil: Its origin and occurrence, its chemistry and
survival in soil environments. Quaternary International 243, 251-263. doi:
10.1016/j.quaint.2011.02.037.

Knicker, H., Almendros, G., Gonzélez-Vila, F.J., Martin, F., Liidemann, H.-D. 1996. 13C- and 15N-
NMR spectroscopic examination of the transformation of organic nitrogen in plant biomass
during thermal treatment. Soil Biology and Biochemistry 28, 1053—-1060. DOI: 10.1016/0038-
0717(96)00078-8

Leinweber, P., Schulten, H.R. 1995. Composition, stability and turnover of soil organic matter:
Investigation by off-line pyrolysis and direct pyrolysis-mass spectrometry. Journal of Analytical
and Applied Pyrolysis 32, 91-110. DOI: 10.1016/0165-2370(94)00832-L

Lozano, E., Jiménez-Pinilla, P., Mataix-Solera, J., Arcenegui, V., Mataix-Beneyto, J. 2015.
Sensitivity of glomalin-related soil protein to wildfires: Immediate and medium-term changes.
Science of The Total Environment (In press). DOI: 10.1016/j.scitotenv.2015.08.071

Naveh, Z. 1990. Fire in the Mediterranean — a landscape ecological perspective. In:
Goldammer, J.G., Jenkins, M.J. (Eds.), Fire in Ecosystems Dynamics: Mediterranean and
Northern Perspective. SPB Academic Publishing, The Hague.

Neff, J.C., Harden, J.W., Gleixner, G. 2005. Fire effects on soil organic matter content,
composition, and nutrients in boreal interior Alaska. Canadian Journal of Forest Research 35,
2178-2187. DOI: 10.1139/x05-154

Nocentini, C., Certini, G., Knicker, H., Francioso, O., Rumpel, C. 2010. Nature and reactivity of
charcoal produced and added to soil during wildfire are particle-size dependent. Organic
Geochemistry 41, 682-689. DOI: 10.1016/j.orggeochem.2010.03.010

Pastorova, |., Botto, R.E., Arisz, P.W., Boon, J.J. 1994. Cellulose char structure: A combined
analytical Py-GC-MS, FTIR, and NMR study. Carbohydrate Research 262, 27-47. DOI:
10.1016/0008-6215(94)84003-2

Pyne, S.J., Andrews, P.L., and Laven, R.D. 1996. Introduction to Wildland Fire. John Wiley &
Sons, Inc. New York. 769 p.

Siljestréom, P., Clemente, L. 1990. Geomorphology and soil evolution of a moving dune system

in SW Spain (Doflana National Park). Journal of Arid Environments 18, 139-150.



596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624

Simoneit, B.R.T., Schauer, J.J., Nolte, C.G., Oros, D.R,, Elias, V.O., Fraser, M.P., Rogge, W.F.,
Cass, G.R. 1999. Levoglucosan, a tracer for cellulose in biomass burning and atmospheric
particles. Atmospheric Environment 33, 173 — 182. DOI: 10.1016/51352-2310(98)00145-9
Skjemstad, J.0., Clarke, P., Taylor, J.A., Oades, J.M., McClure, S.C., 1996. The chemistry and
nature of protected carbon in soil. Australian Journal of Soil Research 34, 251-271. DOI:
10.1071/SR9960251

Sleighter, R.L., Hatcher, P.G. 2007. The application of electrospray ionization coupled to
ultrahigh resolution mass spectrometry for the molecular characterization of natural organic
matter. Journal of Mass Spectrometry 42, 559-574. DOI: 10.1002/jms.1221

Templier, J., Derenne, S., Croue, J.F., Largeau, C. 2005. Comparative study of two fractions of
riverine dissolved organic matter using various analytical pyrolytic methods and a 13C CP/MAS
NMR approach. Organic Geochemistry 36, 1418-1442. DOI:
10.1016/j.orggeochem.2005.05.003

Tinoco, P., Almendros, G., Sanz, J., Gonzalez-Vazquez, R., Gonzélez-Vila, F.J. 2006. Molecular
descriptors of the effect of fire on soil under pine forest in two Mediterranean soils. Organic
Geochemistry 37, 1995-2018. DOI: 10.1016/j.orggeochem.2006.08.007

Van Krevelen, D.W. 1950. Graphical—statistical method for the study of structure and reaction
processes of coal. Fuel 29, 269— 84.

Vega, J.A. 1986. La investigacion sobre incendios forestales en Espafia. Revisién bibliografica,
Proceedings Symposium. Bases Ecoldgicas para la Gestion Ambiental (Diputacion de Barcelona)
17-24.

Viro, P.J. 1974. Effects of forest fires on soil. In: Kozlowski, C.E., Ahlgren, C.E., editors. Fire and
ecosystems. New York: Academic Press. p. 7 —45.

Waggoner, D.C., Chen, H., Willoughby, A.S., Hatcher, P.G. 2015. Formation of black carbon-like
and alicyclic aliphatic compoundsby hydroxyl radical initiated degradation of lignin. Organic
Geochemistry 82, 69-76.

Wiedemeier, D.B., Brodowski, S., Wiesenberg, G.L.B. 2015. Pyrogenic molecular markers:

Linking PAH with BPCA analysis. Chemosphere 119, 432-437.



625 Tables
626

627  Table 1. Percentage of total carbon (C) and total nitrogen (N) with standard deviation (SD) for
628  the whole soil (Total) and sieve fractions from unburned (UB) and burned (B) soils under
629 Quercus suber cover.

630
Scenario  Sieve fraction (mm) % C SD %N SD C/N
uB Total 6.7 1.3 1.0 0.1 6.8
2-1 15.7 2.7 1.5 0.2 10.3
1-0.5 14.0 2.0 1.4 0.1 10.3
0.5-0.25 6.5 0.3 1.0 0.0 6.8
0.25-0.1 5.8 0.1 0.9 0.0 6.3
0.1-0.05 6.3 0.4 1.0 0.0 6.5
<0.05 7.3 0.0 1.1 0.0 6.9
B Total 10.8 1.1 1.3 0.1 8.3
2-1 27.9 0.9 1.3 0.0 214
1-0.5 9.6 0.1 1.2 0.0 8.2
0.5-0.25 7.7 1.0 1.1 0.1 7.2
0.25-0.1 7.4 0.1 1.1 0.0 6.9
0.1-0.05 7.5 1.1 1.1 0.1 6.9
<0.05 9.6 0.3 1.3 0.0 7.4
631

632
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Figure captions

Fig. 1. Py-GC/MS Total ion current chromatogram from the total and sieve size fractions of
unburned (UB) and burned (B) soils. Labels on the peaks indicate the origin of major pyrolyisis
compounds: A: Aromatic; S: sugar; P: polypeptides; Lg: lignin; Isop: Isoprenoid; number on
peaks indicates C number alkene/alkane chains.

Fig. 2. Relative percentage of the main chemical families identified by Py/GC/MS from
unburned (UB) and burned (B) total soil (Total) and two main sieve size fractions; coarse (1-0.5
mm) and fine (<0.05 mm).

Fig. 3. Geochemical markers for unburned (UB) and burned (B) soils in the total sample (Total)
and two main soil sieve size fractions; coarse (2—1 mm) and fine (<0.05 mm): A) CPI (24-31):
Carbon Preference Index for chains with 24 to 31 carbons. B) S/L: Alkane short to long chain
length ratio.

Fig. 4. Van Krevelen diagram for unburned (UB) and burned (B) soils in the total sample (Total)
and two main soil sieve size fractions; coarse (2—1 mm) and fine (<0.05 mm).



*Highlights (for review)

SOM molecular alterations after a wildfire are studied using Py-GC/MS

Van Krevelen plots & Alkane CPI, S/L indicated about fire mediated
transformations

*  Fire exerted oxidation, chain cracking, polysaccharide removal and lignin
preservation
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Figure 2
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