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1. Aim and objectives of the IHSS Grant
Forest fires are a frequent and recurrent phenomenon in Mediterranean ecosystems, and produce
important ecological and environmental impacts. These impacts are, to an important extent, due to
the heating-induced changes in soil properties (González-Pérez et al., 2004; Shakesby, 2011). The
direct effects of wildfires involve the full range of soil characteristics, i.e. physical, chemical,
mineralogical as well as biological properties (Giovannini, 1994; Certini, 2005; Shakesby, 2011). To
this end, the overall aim of this grant was to study the effects (direct and indirect) of wildfire on the
quality of in-situ soil organic matter (SOM) of eucalypt plantations, one of the prevailing and, at the
same time, most fire-prone forest types in north-central Portugal. The specific objectives of the grant
were to:
1. Quantify the Refractory Organic Matter (ROM) and Black Carbon (BC) contents in a rather
unique set of recently burnt soil samples, which were collected immediately after a wildfire and
subsequently at regular 1- to 6-monthly intervals in the Ermida study area (Aveiro District, northcentral Portugal) of the FIRECNUTS project.
2. Assess the wildfire effects on ROM and BC contents by comparing the recently burnt
samples mentioned under point 1. with concurrent samples from nearby long-unburnt sites.
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3. Characterize the composition of ROM and BC forms by means of analytical pyrolysis and
C NMR Spectroscopy.

4. Estimate the carbon sequestration potential and the average residence time of labile SOM
and ROM in the soils sampled in the Ermida study area.
2. Overview of activities
To attain the proposed objectives, two neighboring eucalypt plantations were selected and sampled
at 5 occasions with roughly 6-month intervals, starting immediately after a wildfire in August 2010,
and continuing until August 2012. One of the study sites was located within the 2010-burnt area and
the other just outside it. During these three months, a set of 20 soil samples were collected, on which
it was necessary to carry out different treatments and analyses, including chemical oxidation,
removal of mineral fractions by hydrofluoric acid, water holding capacity, pH and carbon
sequestration potential. The performed activities are described below.
2.1. Sample analysis using solid-state 13C NMR spectroscopy and py-GC/MS
2.1.1. Pre-treatment: demineralization of soil samples with hydrofluoric acid (HF)
This process was performed in two steps. In the first phase, the soil samples (6-10g) were centrifuged
with 50ml of deionized water for 10 min at 3000rpm. The supernatant was filtered, dried and
weighted (Figure 1).The second step consisted in adding 50 ml of
10% (w/w) HF and shaking for 2 h at 250 rpm. The samples were
subsequently centrifuged during 10 min at 3000rpm. The
supernatant was removed and discarded and the residue was
again submitted to HF treatment. The second step was repeated
five times. After that, the remaining fraction was washed five
times with 50ml deionized water and freeze-dried. The
Figure 1 - Demineralization treatment.
application of this process is important to eliminate the mineral
fraction and the paramagnetic compounds.
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2.1.2. Pre-treatment: chemical oxidation with acid dichromate
After the demineralization of soil samples, 1g of HF treated soil was
oxidized with 20ml of 0.1 M K2Cr2O7/2 M H2SO4 solution at 60 °C in
an ultrasonic bath for 6h (Figure 2). Afterwards, the oxidation
residues were washed four times with deionized water and freezedried. With this pre-treatment it is possible to isolate the most
refractory soil organic matter fraction.
Figure 2 - Ultrasonic bath.
2.1.3. Analysis
Py-GC/MS was performed using a double-shot pyrolyzer (Frontier Laboratories, model 2020i) at
500°C attached to a GC/MS system Agilent 6890N. Soil samples 1–2mg in weight were placed in small
crucible capsules. The individual compounds were identified by comparing mass fragments with
published mass spectra libraries (NIST and Wiley); figure 3 shows an example of Py-GC/MS total ion
chromatogram of burnt and unburnt soils under Eucalyptus plantations after one month after fire.

Figure 3- Py-GC/MS total ion chromatogram of burnt and unburnt Mediterranean soils under Eucalyptus
plantations at 500°C.

2.2. Determination of pH and water holding capacity (WHC)
The pH of the original samples was measured in soil suspension obtained
after mixing 10g of soil with 50 ml of deionized water, with duplicate
experiments per sample. Dry soil samples were first saturated with water in
excess, after which the excess of water was removed (2h). WHC was
determined as the absorbed humidity during this period (Figure 4).

Figure 4 – WHC
measurement.

2.3. Carbon sequestration potential by IRNAS’ Respicond Apparatus IV
The relative carbon sequestration potential is being estimated by means of
the IRNAS’ Respicond Apparatus IV, which monitors the potential CO2 release
from soil samples during a laboratory incubation experiment of 2 months
(Figure 5). The Respicond Apparatus IV is a sophisticated, computerized
respirometer that is based on the principle of using the change in
conductivity of an electrolyte (KOH) to detect CO2. The CO2-release will be
monitored at 2h-intervals for the 2-month duration of the experiment.
Figure 5- Respicond
Apparatus IV.
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3. Preliminary results
During these three months it was possible to make all the analyses proposed but it wasn’t possible to
treat all the dataset obtained from the studied soils. The results analyzed so far were for the PyGC/MS total ion chromatogram (TIC) of burnt and unburnt soil in the first month after fire (Figure 3).
TIC was characterized by the presence of complex mixtures of compounds that are typical pyrolitic
products from soil organic matter, i.e.: n-alkanes; aromatic structures; polysaccharides-derived
compounds; fatty acid methyl esters (FAMEs); lignin-derived products; triterpenoids and sterols
(derived from plant material). For example, the relative abundance of n-alkanes in the burnt and
unburnt samples for the first month is showed in Figure 6. González-Pérez et al. (2008) found these
compounds to be particularly useful as molecular markers for detecting environmental changes,
including fire, in soils.

Figure 6- relative abundance (vertical) vs carbon distribution (horizontal) of n-alkanes
after pyrolysis at 500ºC of soil samples after one month after fire

The n-alkanes ranged from C9 to C33 and revealed biomodal distributions with maxima at C15 and C21
or C22 in both samples. An enrichment in homologues of low molecular weight was observed in the
burnt sample (as evidenced by a decrease in the average chain length – ACL) as well as decrease in
the even-number of homologues (evidenced by the Carbon Preference Index-CPI), which has been
previously reported (Almendros et al., 1988) (Table 1).
Table 1 - Values of n-alkanes ratios for burnt and unburnt samples.
∑C9-C22/∑C23-C33

CPI total
(odd/even)

CPI short
(odd/even

CPI long
(odd/even )

ACL

Burnt

5.93

1.13

1.05

1.72

16.77

Unburnt

2.46

1.41

1.20

2.14

19.10

ACL- average chain length

CPI carbon preference index
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4. Future collaboration with the host institution
As mentioned above, all the analyses proposed was completed during the 3 months visit but it is
necessary analyzed all date obtained. In this way, a new visit to IRNAS is programmed for early 2014
to complete this work. Furthermore, the analysis of the obtained results will be done in collaboration
with IRNAS researchers in order to prepare a joint publication. Finally, the framework for the midterm collaboration of IRNAS with my PhD workplan was agreed, especially by officially including an
IRNAS researcher (José Maria de la Rosa) as PhD co-supervisor.
5. Projected publications / articles resulting or to result from the grant
Faria, S. R, De la Rosa, J. M., Knicker, H, González-Pérez, J. A., González-Vila, F.J., Keizer, J.J.
Characterization of wildfire effects on Mediterranean eucalypt stands. (In preparation for submission
to SCI journal)
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