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ABSTRACT. Wildfires may produce several changes in the short- and long-
term in the landscape and in the soil system. The magnitude of these changes 
induced by fire in the components of ecosystems (water, soil, vegetation and 
fauna) depends on fire properties (fire intensity and severity) and environmental 
factors (vegetation, soil, geomorphology, etc.). The most important impacts on 
soils in the short-term are the reduction of vegetation cover (which increases soil 
erosion risk), the deposition of ash after combustion of biomass, the induction 
of enhancement of water repellency and changes in the structure and soil 
components. Combustion of biomass and soil organic matter also results in the 
release of gases and other pollutants into the atmosphere. Similarly, the changes 
induced by fire on the biological soil components (vegetation, animals and soil 
microorganisms) may occur rapidly and produce a large-scale response. The 
long-term effects of fire on soils and water may well persist for relatively short 
periods (hours, days or months), long (years or tens of years), or be permanent 
depending on the severity of fire and fire regime. Some of these effects are a 
consequence of the relationship between fire, soil, hydrology and nutrient cycling.

Cómo afectan los incendios a las propiedades del suelo. Una breve revisión

RESUMEN. Los incendios forestales pueden producir varios cambios a corto y lar-
go plazo en el paisaje y en el sistema suelo. La magnitud de estos cambios inducidos 
por el fuego en los componentes de los ecosistemas (agua, suelo, vegetación y fauna) 
depende de las propiedades del incendio (intensidad y severidad del fuego) y am-
bientales (vegetación, suelos, geomorfología, etc.) Los impactos más importantes de 
los suelos en el corto plazo son la reducción de la cubierta vegetal (que aumenta el 
riesgo de erosión del suelo), la deposición de cenizas después de la combustión de 
la biomasa, la inducción de la mejora de la repelencia al agua y los cambios en la 
estructura y componentes del suelo. La combustión de la materia orgánica del suelo 
y la biomasa también se traduce en la emisión de gases y otros contaminantes a la 
atmósfera. Del mismo modo, los cambios inducidos por el fuego en los componen-
tes biológicos del suelo (vegetación, animales y microorganismos del suelo) pueden 
ocurrir rápidamente y producir una respuesta a gran escala. Los efectos a largo 
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plazo de los incendios en los suelos y el agua y pueden persistir durante períodos re-
lativamente cortos (horas, días o meses), largos (años o decenas de años), o ser per-
manente dependiendo de la severidad del fuego y el régimen de incendios. Algunos 
de estos efectos son una consecuencia de la relación entre el fuego, la hidrología y 
el ciclo de nutrientes.
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1.  Introduction

Fire is one of the most important causes of impacts in ecosystems (Eiten, 1992; 
Neary et al., 1999; Bond and Keeley, 2005; Certini, 2005; Neary et al., 2005; Kutiel, 
2006). In Mediterranean areas, fires are recurrent and frequent during summer. 
Mediterranean climate is characterized by dry and high temperatures exceeding 40oC 
(Moreno and Oechel, 1995; De la Rosa et al., 2008). Concerns about forest fires and their 
impacts in the Mediterranean region began in the 1960s, when an exponential increase 
in the number of fires was observed (Moreno et al., 1998; Pausas, 2004) as a result 
of abandonment of marginal areas and land use change, usually in mountainous areas 
(Margaris et al., 1996).

Fire can induce physical, chemical and biological impacts on soil properties. 
Sustainability and recovery of fire-affected soils depend both on the chemical, physical and 
biological as fire severity (Neary et al., 1999). Fire impacts on the soil are basically of two 
types (Neary et al., 1999): direct, as a result of the combustion of organic matter and the 
temperatures reached in the soil, and indirect, as a result of changes in other components of 
the ecosystem, such as reduced vegetation cover, charred litter or the deposition of partially 
burned plant residues and ash (Cerdà and Doerr, 2008) or changes in flora (Trabaud, 
2000; Pausas and Verdú, 2005). The severity of these impacts depends heavily on fire 
intensity, duration and frequency (Inbar et al., 1998; Flannigan et al., 2000; Robichaud 
et al., 2000). Low intensity fires, during which high temperatures are not reached and 
that will not unduly affect vegetation cover, do not cause major impacts, and, in most 
cases, will affect only the very few first millimeters of soil depth. Prolonged, recurrent, 
or high-intensity fires, in which high temperatures consume most of the vegetation 
cover, may result in differences in the soil functioning (Doerr et al., 2006). In these 
cases, the period of time required for soils to turn back to the initial conditions may be 
very long, or changes become permanent. In this article we review the effects of fire on 
[i] biological, [ii] chemical [iii] and physical properties of Mediterranean forest soils.



How wildfires affect soil propierties. A brief review

CIG 40 (2), 2014, p. 311-331, ISSN 0211-6820 313

2.  Fire intensity and fire severity

In studies on the effects of fire on ecosystems, it is common to use the terms fire 
“intensity” and “severity”. However, these two terms are not the same (a very interesting 
review of both concepts was conducted by Keeley, 2009). Fire intensity refers to the 
fuel consumption rate on the ground and therefore the energy release rate (Albini, 1976; 
Alexander, 1982; Chandler et al., 1983). Although the rate at which energy is transmitted 
through the soil depends on its intrinsic properties, the residence time of high temperature 
has a great importance for the extent of changes induced in the soil (Campbell et al., 
1977; Frandsen and Ryan, 1986).

Even when fire affects soil directly (which does not occur during a crown fire, for 
example), only a small portion of the thermal energy released by the fire is transmitted to 
the ground (Packham and Pompe, 1971). Therefore, fire intensity is not necessarily a good 
measure of the amount of energy transmitted to soil, not a good indicator of physical, 
chemical and biological changes, as fire may cause little or no impact on the soil surface. 
However, the combustion of organic matter or vegetation allows increased residence time of 
high temperatures and transmitting a high amount of energy to the ground.

Because the amount of heat energy released or transmitted to soils cannot be measured 
in the case of natural fires, fire intensity is a parameter difficult to study. For this reason, some 
authors have proposed the use of fire severity (Simard, 1991; Agee, 1993; DeBano et al., 1998; 
Ryan, 2002). In general, fire severity is an indirect measure of the magnitude of changes in 
the soil or the ecosystem as a result of a fire. Evaluating fire severity should not take into 
account only the effect on soils, since the intensity of the disturbance in the ecosystem may 
be very high despite a low impact on soil (Vasander and Lindholm, 1985; Frandsen and Ryan, 
1986; Hartford and Frandsen, 1992; Ryan, 2002). Most systems for classifying fire severity 
are arbitrary, but are selected from previous experience, and implicitly recognize that even 
in the case of high severity fires, large spatial variability exists due to the irregularity of the 
medium or influencing factors (fuel, weather variables or spot morphology). Fire severity can 
be classified according to certain criteria such as the amount of fuel consumed, the properties 
of these fuels (height, diameter of non-consumed branches or stems, water and mineral 
contents) the effect of these fuels in fire during different stages of burning or heat transfer 
and its subsequent effects (color soil and ash textural changes and loss of organic matter, for 
example).

Moreover, the effect of fire is usually very limited in depth because of poor thermal 
conductivity, being negligible from the first few inches in most cases. The thickness of 
the layer of soil affected by the fire is directly related to the amount of exposed mineral 
soil, the depth of penetration of thermal energy, the depth to which a hydrophobic layer 
is formed or the depth at which other chemical alterations occur, as well as the depth to 
which the microbial population is affected.

3.  Effects of wildfires on Mediterranean soils

Geological evidence such as the presence of carbon in sediments, show that fire has been 
present since 400 million years ago (early Devonian), with changing frequency and intensity 
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according to atmospheric oxygen levels and climate (Scott, 2000, 2009; Bodí et al., 2012a). 
The human impact on the fire regime became significant in the Neolithic (approximately 
between 10 200 BC and 2000 BC), with the beginning of farming, and when fire was used as 
a tool for the management of large areas. It is estimated that this practice was established about 
7000 years ago, as proved by archaeological and palynological analysis from different areas 
in Europe, and has continued until very recently in the Mediterranean basin (Pausas et al., 
2008; Pausas and Keeley, 2009). Previously to farming activity, the Mediterranean forest was 
formed mainly of oaks, and conifers were less abundant and stayed confined to the hillsides. 
The settlement of farming populations induced the rapid disappearance of oak forests in the 
most fertile areas, while, in contrast, conifers spread through abandoned agricultural areas 
and were favored by reafforestation. Until the mid-twentieth century in Spain, Portugal and 
other Mediterranean countries, forest management consisted of a sometimes abusive use 
of forest resources, burning vegetation for growing cereals, fruit or olives. The result was a 
patched and diverse landscape with low risk of fire, which was quickly suppressed by the 
people who lived and worked in rural areas (Bodí et al., 2012a). In the 1960s, industrialization 
and rural migrations in the European Mediterranean caused the abandonment of rural areas 
and traditional practices (grazing, maintenance of fences and forest roads or vegetation 
management), increasing the risk of fire (Bodí et al., 2012a). Land use changes and reforestation 
with fast-growing but highly flammable species (such as pines or eucalyptus) have clearly 
contributed to increased risk of fire (Fernández et al., 2004; Shakesby, 2011).

3.1.  Effects on soil biotic components

One major effect of forest fires is the strong reduction of vegetation cover. 
Although most wildfires show a low severity (Agee, 1993), recurrent high-severity fires 
can occasionally be observed in many ecosystems (Paine et al., 1998; Pérez-Cabello 
et al., 2010). Recurrent fires can affect vegetation in the short-term (Bond and van 
Wilgen, 1996), but their effects may vary greatly depending on the characteristics of 
the species and reproductive strategies (Noble and Slatyer, 1980; Bond and van Wilgen, 
1996). According to this, four major groups of plants can be found: resprouting, 
seeders, facultative resprouting and, finally, species unable to sprout, or with seeds 
which cannot withstand high temperatures. The latter may disappear temporarily after 
a wildfire, but may recolonize the burned area from the unaffected borders (Pausas, 
2004; Lloret and Zedler, 2009; Bodí et al., 2012a). Resprouting is one of the best pyro-
resistance mechanisms. Resprouting plants have developed low-flammable thick bark 
structures which act as thermal insulators protecting aerial parts (as in Quercus suber) 
or protects the underground parts able to resprout (as in Erica australis). Species such 
as Quercus coccifera show a great capacity for resprouting after fire and a large root 
system that allows rapid recovering. There are non-resprouting shrubs with persistent 
soil seed banks which resist intense heating, as Cistus or Ulex species. In other cases, 
seeds are stimulated to germinate by products of combustion like smoke or ash (e.g., 
Rhamnus alaternus, Alnus glutinosa, Cistus incanus, Clematis vitalba) (Crosti et al., 
2006; Paula et al., 2006). However, if the period between consecutive fires is not enough 
for individuals to reach adulthood, or if fires are highly recurrent, the seed bank may 
become exhausted (Pausas, 2004). After fire, short-life herbaceous plants may cover the 
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burned area quickly, together with resprouting shrubs. Herbaceous cover may peak in 1-5 
years, and then growth rate slows (Ferran and Vallejo, 1992; Ferran and Vallejo, 1998). 
Resprouting shrubs usually grow very fast due to well-developed root systems, able to 
capture water and nutrients.

The recurrence of the fires has favored the formation of ecosystems very different 
from those expected under the climatic conditions of the Mediterranean area. As a 
consequence, species with fire resistance mechanisms endure and different morphologies 
and reproductive strategies adapted to fire are developed (Pyne, 2001; Pausas and Verdú, 
2005; Pausas et al., 2008; Pérez-Cabello et al., 2010). This is the case of some pyrophytic 
plants, as species of Ericacea or Fabaceae.

Post-fire high biological activity and abundance of symbiosis between plants, fungi 
and bacteria are observed in hardly damaged areas, which denotes certain compatibility 
and ease of recolonization. Chemical changes (increased pH and release of nutrients 
from ash) stimulate the increase of microbial population, even higher than before burning 
(Mataix-Solera and Guerrero, 2007). High biological activity and symbiotic relations 
between plants and algae occur during the first rains after burning (Mataix-Solera and 
Guerrero, 2007; Bodí et al., 2012a).

Soil fauna is also affected by fire, which may be drastically disturbed (Cairney 
and Bastias, 2007; Metz and Dindal, 1980) at the soil surface and, occasionally, at 
deeper soil layers by combustion of root structures. Food sources are drastically reduced 
immediately after fire, limiting the available resources for soil fauna (Gongalsky et al., 
2006; Moretti et al., 2006; Gongalsky et al., 2008; Malmström et al., 2009), although not 
all animals are affected equally (Bengtsson, 2002). The recovery of soil organisms after 
fire is probably related to the density of the plant cover and the thickness of the organic 
layer remaining after the fire (Gongalsky and Persson, 2013). Recovery can occur from 
neighboring unburned areas (Bezkorovainaya et al., 2007), or from low-severity burned 
patches (Gongalsky and Persson, 2013).

Different groups of microorganisms show different strategies against disturbances. 
Fungi, for example, often show greater resistance than bacteria (Dunn et al., 1985), 
although bacteria can recover faster (Guerrero et al., 2000; Guerrero et al., 2005; Bárcenas-
Moreno and Baath, 2009; Ponder et al., 2009; Bárcenas-Moreno et al., 2011). However, 
if fire intensity is sufficiently high, soil may become partially sterilized (Pietikäinen and 
Fritze, 1995). After this phase, the increased nutrient pool allows the rapid proliferation 
of bacteria. When the substrate becomes limiting again, microbial activity decreases, but 
biomass continues to increase, until population stabilizes progressively after revegetation 
(Bárcenas-Moreno et al., 2011).

3.2.  Effects of fire on physical soil properties

3.2.1.  Colour

Color changes caused by fire may be very significant and are caused either to 
accumulation of ash (which can display a color range from black to white depending on 
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the greater or lesser severity of the fire), the redness produced by alteration of the iron 
oxides, to blackening or combustion of organic matter. As a rule, it has been observed 
under laboratory conditions the redness increases with temperature, primarily in the 
range of 300 to 500oC, due to the transformation of iron oxides into hematite and 
maghemite (Terefe et al., 2005, 2008).

Carbonized materials affecting the color of soil for long time periods (Schmidt 
et al., 1999). For these reasons, changes in the color of soil can be used as an indicator 
of fire severity. In iron-rich soils, Ketterings et al. (2000) observed that Munsell hue 
became more yellow, while value and chroma decreased after short-term exposure to 
temperatures of 300-600oC, or redness does not appear until after 45 minutes of exposure 
to temperatures of 600oC.

Several authors (Hajdas et al., 2007; Eckmeier et al., 2010, 2013; Pereira et al., 
2013a, 2013b) have shown that black colour in burned soils is a consequence of charred 
litter and black char (black ash produced by incomplete combustion; Robinson, 1991). 
The dark color reduces the albedo of the soil surface, so burned soils have a high tendency 
to heat and therefore increase the evaporation rate. 

3.2.2.  Ash

The chemical composition of ash sedimented after a wildfire commonly includes 
Ca, Mg, K, Si and P. In some cases, ash may also include significant amounts of Al, 
Mn, Fe and Zn (Etiègni and Campbell, 1991; Khanna et al., 1994). The exact proportion 
of each element depends mainly on the composition of fuel and temperatures reached 
during burning (Misra et al., 1993; Demeyer et al., 2001).

Different conditions of combustion and fuel generate a variable pattern of ash 
distribution. This variability increases with time due to wind and runoff erosion, 
especially in steep slopes. A heterogeneous pattern of soil protection is obtained after 
fire, which varies with compaction and redistribution of ash. This means that soil is 
differentially exposed to erosion agents and other processes (Pérez-Cabello et al., 2012; 
Pereira et al., 2013b). The thickness of the ash layer depends on fire severity: thin ash 
layers are observed after low-severity fire, while thick ash layers are observed after high-
severity fire due to the consumption of larger amounts of fuel. The amount of charred 
litter and ash released after fire seems to be a key factor in reducing post-fire soil erosion 
risk in a short period ranging between hours and months (Cerdà, 1998; De Luis et al., 
2003; Cerdà and Doerr, 2008; Zavala et al., 2009). The time period during which ash 
remain on the soil surface may vary depending on external agents as rainfall, runoff or 
wind and properties of ash (Cerdà and Doerr, 2008). Properties of ash vary according to 
the plant species burned, the amount of fuel, fuel moisture content, temperature peaks 
reached and residence time of soil temperatures (Ulery et al., 1993; Pereira et al., 2009; 
Úbeda et al., 2009).

The effects of ash on postfire runoff and erosion depend [i] on its physical and 
mineralogical properties: particle size, porosity, calcium carbonate content, or water 
repellency (Larsen et al., 2009; Woods and Balfour, 2010; Bodí et al., 2012b), [ii] on 
physicochemical changes in ash after the interaction with the atmosphere and water 
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(Etiegni and Campbell, 1991), the thickness of the ash layer (Woods and Balfour, 2010), 
and [iii] lithology and soil type of the area affected by the fire (Bodí et al., 2012b; Larsen 
et al., 2009; Woods and Balfour, 2010).

After fire, ash is an important source of nutrients. High-severity fires reduce fuel on 
the surface to small particles that are easily transported and incorporated into the soil 
profile. Therefore, it is very probable that ash produced at higher temperatures during 
burning induce effects on soil properties, because the smaller particles are more easily 
incorporated into the soil deeper layers. This process is also conditioned by the soil 
properties, especially the texture (Woods and Balfour, 2010).

Frequently, the effect of this input of nutrients is ephemeral or short-termed (Pereira 
et al., 2009), as soluble minerals are quickly leached or lost with runoff flow, especially 
in steep slopes or in areas where the uptake of nutrients by vegetation is poor or soil 
properties do not allow the retention of nutrients after a rapid saturation of the cation 
exchange complex, for example (Neary et al., 1999; Cerdà and Bodí, 2007). Studies 
carried out by Pereira et al. (2013a, 2013b) in Lithuania show that the greatest loss 
occurred in the first days after fire, as a result of rainfall. They also found that loss of 
ash was more important in high-severity burned areas, and was caused by erosion and 
compaction ash layer (Pereira et al., 2013b). In Mediterranean areas, a significant ash 
layer has been observed during periods ranging between a few days (Cerdà and Doerr, 
2008; Zavala et al., 2009) and some years (Ruiz del Castillo, 2000).

The ash capacity to protect soil will depend on the topography of the burned area, 
weather conditions during the post-fire and thick of ash (Cerdà and Doerr, 2008; Pereira 
et al., 2010). The study of the thickness of the ash layer shows the degree of soil protection 
in the period immediately after the fire, and how it changes in space and time (Pereira et 
al., 2013c). Several studies have been conducted on the effects of ash on soil properties 
in burned areas which consider the thickness of the ash layer as a key to understand the 
impact on soil fertility on the evolution of ecosystems in the post-fire (Mallik et al., 1984; 
Leighton-Boyce et al., 2007; Cerdà and Doerr, 2008; Gabet and Sternberg, 2008; Onda 
et al., 2008; Woods and Balfour, 2008, 2010; Larsen et al., 2009; Zavala et al., 2009; 
Pereira et al., 2013b, 2013c). The spatial variability of the thickness of the ash layer may 
be affected by factors such as soil properties and ash texture. These factors depend on the 
temperature and severity of the fire, the moisture content of fuel, the amount and type of 
biomass and fuel distribution.

3.2.3.  Soil water repellency

Water repellency is a property of some soils which reduces its affinity for water, 
reducing the rate of infiltration of water during periods of hours, days or weeks (Jordán 
et al., 2013). By reducing the rate of infiltration, increases runoff generation rate and 
volume of surface flow, which has other important consequences, as a significant increase 
in risk of erosion (Doerr et al., 2000; Shakesby and Doerr, 2006), irregular patterns of 
infiltration (Ritsema and Dekker, 1994; Leighton-Boyce et al., 2005) or a decrease in soil 
fertility by reducing the volume of soil available for roots (Blackwell, 2000). It is also 
have been observed increases in structural stability (Mataix-Solera and Doerr, 2004; 
Mataix-Solera et al., 2011) or carbon sequestration rate (Piccolo and Mbagwu, 1999).
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Forest fires are a major cause of water repellency and are widely considered a 
triggering factor in some cases. Several authors (DeBano and Krammes, 1966; Savage, 
1974; DeBano, 1996) have described the process in which burning induces water 
repellency. According to these authors, the hydrophobic organic substances in litter and 
surface soil are volatilized during the fire. A small portion of this amount of material 
is displaced in depth, following the thermal gradient to condense back to a few inches 
below the surface. DeBano (1991) suggested that heating water repellent soils that 
contained more than 2-3% organic matter always induce water repellency. Soil water 
repellency is induced or enhanced at temperatures of 200-250oC. If temperature is 
greater than 300oC, it can be destroyed. Robichaud and Hungerford (2000) and Zavala 
et al. (2010) found that by exposing different soil types in the laboratory to different 
heating temperature gradients impact water repellency, enhancing or reducing it 
depending on temperature reached. Other factors such as the amount and type of litter 
consumed and soil moisture immediately before burning can intensify or reduce the 
water repellency in the soils. 

In general, soil is considered a poor conductor of heat. Consequently, thermal 
changes in deeper soil layers are usually unappreciable, despite flames occasionally 
exceed 1400oC (DeBano et al., 1998). Numerous studies show that temperatures between 
500 and 800oC are reached during burning at the soil surface. In depth, however, 
the variability of records is very large, from an irrelevant variation at 5 cm deep to 
100-300oC. After studying the effects of temperature in a laboratory experiments 
DeBano and Krammes (1966) found that temperatures between 480 and 540oC during 
25-minutes periods may destroy water repellency at the topsoil, whereas it may be 
enhanced at temperatures around 200oC during 10 minutes. In laboratory experiments, 
several authors have found that temperatures between 250 and 350oC are sufficient 
to induce soil water repellency (DeBano et al., 1966; Robichaud and Hungerford, 
2000; García-Corona et al., 2004; Zavala et al., 2009). DeBano and Krammes (1966) 
observed that, after 5 minutes at 60 oC, soil showed extreme repellency. At 800oC, 
water repellency begins to diminish after only 10 minutes and is completely destroyed 
after 20 minutes, while soil renders completely wettable after only 10 minutes at 900oC 
(DeBano and Krammes, 1966). Field studies have shown that rock fragments on the 
soil surface cause an heterogeneous pattern of temperature gradients, which contribute 
to enhance and/or destroy water repellency (Gordillo-Rivero et al., 2013).

Some authors have suggested that fire-induced water repellency is the result of 
chemical reactions that occur during burning, which intensifies the interaction between 
hydrophobic substances and soil particles (Savage et al., 1972), and makes them even 
more hydrophobic due to pyrolysis (Giovannini, 1994), rather than the volatilization-
condensation mechanisms. In addition, factors such as the accumulation of ash, 
volatilization of organic compounds during combustion and subsequent condensation 
around soil aggregates, can induce or increase hydrophobicity. 

3.2.4.  Changes on soil texture, structure and porosity

Partial or complete combustion of soil organic matter after moderate- or high-
severity burning induce changes in soil aggregation (Mataix-Solera et al., 2011). 
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Consequently, changes in related properties as porosity or water retention capacity may 
occur (Neary et al., 1999). High-intensity fires may cause thermal fusion of clay-size 
particles, increasing silt and sand percentages (Dyrness and Youngberg, 1957; Nishita 
and Haug, 1972; Ulery and Graham, 1993) due to thermal changes in aluminosilicates 
and iron oxides and hydroxides (Betremieux et al., 1960; Giovannini et al., 1990). Also, 
post-fire increased erosion rates may select coarser particles or aggregates and favor the 
loss of fine materials.

Major factors conditioning soil aggregation are the content and type of clay, cations, 
attractive and cohesion forces between the components of aggregates, microbial activity, 
Fe and Al oxides and organic matter (Mataix-Solera et al., 2011). After a wildfire, 
combustion of organic matter is the major cause of destruction of aggregates. If heavy 
rainfall (summer and autumn storms in Mediterranean climate) occurs before vegetation 
cover is reestablished, the impact of raindrops on bare soils may contribute to the 
development of surface crusts, reducing the infiltration rate, increasing runoff generation 
and velocity and favoring the loss of nutrients (Mataix-Solera et al., 2011). 

There are certain factors that induce an increase of the structural stability after 
burning, according to Mataix-Solera et al. (2011). Firstly, the type of fire. In the case of 
crown fire, where fire does not directly affect soil, burning can result in an increment 
of soil organic matter content due to the incorporation of residues from semipyrolized 
vegetation. This hypothesis cannot explain an immediate increase, but it facilitates 
medium or long-term relatively high organic matter content in burned soils. Secondly, 
the mineralogy of the clay fraction, which can be modified by heating and forms more 
stable aggregates. Third, the combustion of organic matter, which destroys some soil 
aggregates. In this case, the most resistant aggregates are selected. Fourth, the presence 
of hydrophobic compounds may increase the stability of aggregates. In general, low-
intensity fires do not induce important changes in soil aggregate stability, although in 
some cases, increased stability has been attributed to the development of water repellency 
after burning. Overall high severity fires cause major changes, but different trends are 
observed depending on the type of soil affected. If the temperature is high enough, 
there may be a stronger aggregation due to recrystallization of Fe and Al hydroxides. 
Although this increase is positive for soil protection against erosion, it means no benefit 
for soil-system functioning, as this increased stability is promoted by melting clays and 
similar causes, in the case of aggregates with a very small amount of organic matter. 
This deficit directly affects the regeneration of vegetation and indirectly the soil erosion 
of the burned area (Mataix-Solera et al., 2011).

3.3.  Effects on soil chemical properties

3.3.1.  Soil acidity

Soil acidity usually decreases after fire due to the destruction of organic acids and 
the contribution of carbonates, bases and oxides from ash (Kutiel et al., 1990; Ulery 
et al., 1995; Granged et al., 2011a, b). After high-intensity fire and reduction of soil 
organic matter by combustion, pH can increase significantly in 4 or 5 units (Ulery et 
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al., 1995) mainly due to the loss of OH- groups from clay minerals, the formation of 
oxides (Giovannini et al., 1988, 1990), release of cations (Giardina et al., 2000; Arocena 
and Opium, 2003; Dikici and Yilmaz, 2006) or replacement of protons in the cation 
exchange complex (Arocena and Opio, 2003; Terefe et al., 2008). Some authors have 
observed decreased pH in soils exposed to high temperatures in the laboratory (Terefe et 
al., 2008), although soil heating experiments under laboratory conditions usually do not 
take into account the effect of ash.

In general, the increase of pH is ephemeral due to the formation of new humus and 
leaching of bases, although up to 50 years have been required to recover pre-fire soil 
pH in some cases (Viro, 1974; Khanna and Raison, 1986; Etiégni and Campbell, 1991). 
This period of time also depends on the soil buffer capacity. Sometimes, pH may recover 
very quickly after removal of ash by erosion processes (Zavala et al., 2009; Pereira et 
al., 2013).

3.3.2.  Cation exchange capacity

Fire directly affects the cation exchange capacity (CEC) by combustion of soil 
organic matter and the transformation of clay minerals. Organic materials are altered at 
temperatures between 100 and 500oC (Knoepp et al., 2005), while minerals are altered 
at much higher temperatures. Consequently, CEC decreases after fire especially in the 
first few centimeters of soil depth. This decline can be more or less important depending 
on fire intensity, pre-fire organic matter content, soil mineralogy and the proportion of 
clay (Gil et al., 2010). Because of this, sandy soils show the greatest decrease in CEC 
after fire.

3.3.3.  Soluble salts content

After exposure to moderate temperatures, soil electrical conductivity (EC) may 
increase significantly after the incorporation of soluble salts released by the combustion of 
organic matter (DeBano et al., 1977; Carballas, 1993; Kutiel and Inbar, 1993; Hernández 
et al., 1997). In the short term, cations contribute to an improvement of fertility in most 
cases, but the intake of soil nutrients may become limited by antagonistic interaction 
of minerals. In any case, changes in EC are usually ephemera, since salts are quickly 
leached or transported by runoff.

EC may also decrease in soils exposed to temperatures of about 500oC, due to 
the destruction of clay minerals, the formation of oxides and the formation of coarse 
particles (Terefe et al., 2008).

3.3.4.  Nitrogen

Nitrogen is one of the nutrients most affected by fire (Mataix-Solera and Guerrero, 
2007). During combustion, most N is lost by volatilization at 200oC (Chandler et 
al., 1983; Prichett and Fisher, 1987; Fisher and Binkley, 2000; Turner et al., 2007). 
However, some authors have shown increases by the addition of partially pyrolyzed 
materials (Giovannini et al., 1988; Prieto-Fernández et al., 1993; Grogan et al., 2000). 
Volatilization of N during combustion is directly related to the temperatures reached in 
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soil and the amount of organic matter consumed, but nitrification conditions usually are 
improved after burning (Mataix-Solera and Guerrero, 2007). Inorganic N concentrations 
tend to increase in burned areas more than in unburned control areas in the first years 
after fire (Smithwick et al., 2005; Turner et al., 2007; Boerner et al., 2009). Fire-induced 
changes in soil inorganic N content can be attributed to a combination of direct and 
indirect effects of fire, N release from dead roots and compounds where it was previously 
immobilized (Smithwick et al., 2005; Rivas et al., 2012). Nitrification is improved 
especially in burned acid soils, since decreased acidity enhances microbial activity and 
induces the germination of nitrogen-fixing legumes, such as Ulex parviflorus (Neary et 
al., 1999; Pastor-López and Martin-Martin, 1995; Raison et al., 2009), so that N levels 
are restored quickly (Kutiel and Naveh, 1987; Gimeno-García et al., 2000; Giovannini 
et al., 1990). Death of burned trees causes the loss of mycorrhizal associations and the 
uptake of nutrients decreases, increasing soil N content (Smithwick et al., 2005). Active 
resprouting plants prevent the alteration of the N cycle in soil, but N may be leached 
if vegetation is severely affected (Rivas et al., 2012). Although different impacts of 
fire on N availability have been observed by scientists, prediction is limited by a low 
understanding of the post-fire processes (Smithwick et al., 2005).

3.3.5.  Organic carbon

Combustion causes a decrease in soil organic C content, but fire impacts may be 
much more complex depending on fire intensity and soil processes. After low-intensity 
fires, organic C content may increase from partially pyrolyzed plant residues. In contrast, 
medium- or high-intensity fire causes a decrease in soil organic C content (Mataix-
Solera et al., 2002). According to Knoepp et al. (2005), more than 99% organic matter 
content may be destroyed by heating soil at 450°C during two hours or at 500oC during 
30 minutes. However, the loss of organic matter can be balanced by contributions 
from partially burned residues and charred leaves falling in the hours or days after fire 
(Gimeno-García et al., 2000; Terefe et al., 2008; Granged et al., 2011a, b).

Medium- or low-intensity fires may induce structural changes in aliphatic 
compounds, while humic acids may remain unchanged (Giovannini, 1994; Pardini 
et al., 2004; Badía et al., 2014). At higher temperatures, soil organic matter suffers 
modifications; the degree of stability and condensation of humic fractions induce a 
greater resistance to microbial degradation (Bodí et al., 2012a).

Organic matter concentrates on the surface of mineral soil, where it is particularly 
vulnerable to erosion when the vegetation cover and litter are removed by burning. The 
C/N ratio is altered, increasing with temperature. Fire-affected soils show low free 
organic matter content, low polymerization of fulvic acids and increased content of humic 
acids and proportion of insoluble humins. However, these apparently beneficial changes 
do not last long and, if fire frequency increases, soil may become an inert medium, 
as carbonized plant residues (black carbon) are very difficult to transform (Knoepp et 
al., 2005; González-Vila et al., 2009). Black carbon is produced in large amounts and 
accumulated on the soil surface, where it may constitute 30-40% of soil C in fire-prone 
ecosystems. This long-term C sequestration is a significant part of the global C cyle 
(Forbes et al., 2006; Mataix-Solera and Guerrero, 2007; Bodí et al., 2012a).
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4.  Conclusions and future insights

Wildfires are a natural ecological factor in Mediterranean ecosystems and have 
contributed to model the landscape that we know, together with its use as a tool for land 
use management for millennia. Scientific research over the last 20 years has confirmed 
that fire is necessary for proper functioning of the ecosystem in the Mediterranean forests.

Plant communities and soils from Mediterranean ecosystems have been selected and 
shaped by fire, and show a great capacity to regenerate after a burning. But it must be kept 
in mind that Mediterranean systems may suffer great impacts after man-induced changes 
and disturbance of the natural fire regime. Although fire should be considered a natural 
component of ecosystems, socio-economic changes in recent decades have contributed 
to an increment in forest fires, altering fire regimes and promoting the emergence of 
serious effects on soil, water and vegetation. This new situation requires an investment, 
not only in the prevention and suppression of forest fires, but also in research. In fact, in 
the last two decades, the scientific community has leaded research efforts on the effects 
of fire on physical and chemical soil properties in the short-, medium- and long-term. 
Due to the damage caused by forest fires in our ecosystems, it is necessary to know 
what are the changes that wildfires induce in soils, the causes and consequences of these 
alterations in soil functioning, and the natural ability of soils to recover. Future research 
should aim to investigate the degree of protection of soils after fire, the importance and 
evolution of impacts in the long-term and at basin or regional scales, and the main factors 
influencing this evolution.

There are also unanswered questions regarding the dynamics of physical properties 
of fire-affected soils. For example, the implications in terms of soil fertility and hydrology 
of increased aggregate stability due to thermal fusion clay, or how many time the soil 
system needs to form aggregates similar to those of the pre-fire situation. This topic 
should also take into account the evolving microbiology and microfauna of the area 
affected and the impact on soil structure.

Currently there is a great understanding of the impacts of fire on physical and 
chemical properties of the soil. However, very few studies have addressed the study 
of these impacts more comprehensively. An interdisciplinary and holistic approach 
is needed to study the impact of fire on soils that facilitates the understanding of the 
complexity of interactions between the physical, chemical and biological properties of 
the soil, as well as hydrological and geomorphological consequences at different scales. 
This will contribute to develop adequate strategies for the restoration of fire-affected 
areas.
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