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WILDFIRES IN THE EARTH SYSTEM



In average 90 to 95 % of forest fires at the EU
occured in Mediterranean countries. Of these, c.
30 % corresponds to Spain and c. 65 % to the
Iberian Peninsula.

Characteristics (Almendros & González-Vila, 2012):
• Dry and warm summers
• Noticeable water deficiency in soil
• Fire-adapted vegetation

• Socioeconomic factors:
• Abandonment of rural areas
• Intentionality of forest fire (provoked)
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WILDFIRES IN EUROPE



SALVAGE LOGGING

TILLAGE

REFORESTATION

The post-fire restoration activities
may produce a significant
alteration of:

• Ecosystem functions
• Vegetation regeneration
• Plant and animal 

diversity
• Watershed runoff and 

erosion
• Nutrient cycling

POST-FIRE MANAGEMENT ACTIVITIES AND 
IMPACTS



Direct effects

Physical properties Chemical properties Biological properties

Water repellency Quantity of organic matter Microbial biomass

Structure stability Quality of organic matter Microbial community

Bulk density Availability of nutrients Biomass productivity

Particle-size distribution Exchangeable capacity

Mineralogical assemblage Base saturation

Colour Acidity

Temperature regime

Indirect effects

Loss pf plant cover

Deposition of ash and charred litter

Hydrological consequences

Increased erosion risk

EFFECTS OF FOREST FIRES AND POST-FIRE RESTORATION 
ACTIVITIES ON SOILS



Soil organic matter is the main determinant of 
soil health.

Soil health refers to the biological, chemical, and physical 
features of soil that are essential to long-term, sustainable 

agricultural productivity with minimal environmental impact.

The SOM composition represents a molecular record of 
biogeochemical information which quantitatively and 

qualitatively reflects the effect of natural and anthropic 
factors. 

SOIL ORGANIC MATTER



Quantity of SOM
◦ Dramatic decrease (high-intensity

combustion)

◦ Increase:
◦ Mineral soil incorporation of litter or

unaffected residue, therefore, are better
protected form decomposition (Johnson & 
Curtis, 2001).

◦ Fresh organic matter transformation in 
recalcitrant forms (Almendros et al., 1984).

◦ Decrease in the rate of mineralization
(Fernández et al., 1999).

Quality of SOM
◦ Overall loss of external oxygen groups

favoring the appearance of materials
with a relatively low solubility.

◦ Reduction of chain length alkyl
compounds, such as n-alkanes, fatty
acids and alcohols.

◦ Flavoring carbohydrates and lipids.

◦ Formation of heterocyclic nitrogen
compounds.

◦ Condensation of humic substances.

◦ Production of an almost unchanged
component, black carbon, which
originates at temperaturas between 250 
and 500 oC as a result of incomplete
combustion of the waste.

FIRE EFFECTS ON ORGANIC MATTER



In the study, we hypothesize that, after a forest fire in
particularly vulnerable ecosystems, anthropic restoration
activities involving mechanical disruption of the topsoil,
may cause additional impacts on soils leading to more
severe effect than that directly caused by fire.
Consequently, this work describes the effects of fire on
the chemical composition of SOM and main size
fractions, before and after rehabilitation actions.

AIMS



Localization: 
“Las Madres”, Doñana National Park (Southern 
Spain)

Type of Soil:
Arenosol (> 99 % of sand)

Dominant vegetation:
Pine (Pinus pinea “PP”)  and shrubs (e.g. Halimium

halimifolium, Daphne gnidium, Ulex europaeus, 
Rosmarinus officinalis, etc).

Restoration actions:
Salvage logging, removing burnt trees, tillage 
(plough) and reforestation with nursery pine 
species.

Sampling:
October 2014
Topsoil (0–3 cm)
Composite sample (5 sampling points)

Fractionation (mm): 
> 2, 1–2, and <0.05

Unburnt area

Unpaved road

”Las Madres” Pinewood was affected by a wildfire in 
August 2013, burning 80 ha.

Restored area

Burnt area

Doñana National Park (SW-Spain)

STUDY AREA AND SAMPLING SCHEME



MATERIAL AND METHODS



TOTAL ORGANIC CARBON CONTENT (TOC, %) IN BULK SOIL AND 
PARTICLE-SIZE SOIL FRACTIONS



SURFACE DENSITY PLOTS DISPLAYING CUMULATIVE ABUNDANCES OF PYROLYSIS PRODUCTS 
PLOTTED IN THE SPACE DEFINED BY THEIR ATOMIC H/C AND O/C RATIOS



PRINCIPAL COMPONENT ANALYSIS OF UB, B AND BR SAMPLES



SUBTRACTION OF DENSITY MAPS SHOWING THE PERCENTAGES OF PYROLYSIS PRODUCTS REPRESENTED IN 
THE SPACE DEFINED BY THE H/C AND O/C ATOMIC RATIOS OF THE CORRESPONDING COMPOUNDS

2D contour van Krevelen plot



• Fire and restoration are factors with a significant effect on the SOM.

• The restoration, produces a general decrease in SOM levels, to a large extent
attributed to the mixing and turning of topsoil materials with deeper soil layers, with
lower organic carbon content.

• The non-restored soil samples consist of three different types of organic matter:

• Alkyl compounds from a possible microbial activity
• Thermally altered lignin
• Heavily condensed, aromatic organic matter of pyrogenic origin.

• The organic matter contained in the restored fine fraction shows a remarkable
proportion of fresh material (lignin, carbohydrates and fatty acids).

• A better knowledge of the effect of fire and of rehabilitation practices in SOM and its
evolution with time may help decision-makers in choosing the best practices to
optimize soil post-fire management and rehabilitation strategies.

CONCLUSIONS
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