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Fire is a dominant factor in the evolution and ecology of Mediterranean-type ecosystems. The effects of wildfires on
the chemical properties of soils beneath the Aleppo pine forest, after recurrent and individual fires, have been studied. The
burned area was located near Montpellier (south-eastern France) where the climate is Mediterranean. In the burned area
30 plots of soils (10 burned in July 1981; 10 burned in September 1996; and 10 burned in July 1981 and reburned in Sep-
tember 1996) were selected and sampled. 

Ten soils were also sampled in an unburned part of the forest as control. All soils (burned and unburned) were sampled
at 0-5 (layer 1) and 5-10 (layer 2) cm depth. The greatest differences were observed in soils burned in 1996 in comparison
with the others; there were also increases of organic matter in the burned soils, as well as in total N and available P, parti-
cularly in layer 2. Levels of Ca were slightly higher in burned than in control soils, but exchangeable Mg and K did not
differ significantly. The pH values did not change after wildfires; but electrical conductivity decreased slightly in layer 1
of the burned soils. Values for exchangeable cations of burned soils were always similar to those in control soils.

Key words: Wildfire, soil chemical properties, Pinus halepensis, Mediterranean forest. 

Resumen: Iglesias, M.T. Efectos del fuego sobre los niveles de nutrients de los suelos de pinares de Alepo en el sur de
Francia. Lazaroa 31: 147-152 (2010).

El fuego juega un papel importante en la evolución de los ecosistemas Mediterráneos. En el presente trabajo se estudian
los efectos de incendios repetidos en suelo bajo Pinus halepensis. La zona de estudio estaba situada en Montpellier (sur-
este de Francia) y el clima es mediterráneo. Se seleccionan y muestrearon 30 muestras de suelo (10 quemadas en 1981, 10
quemadas en 1996 y 10 quemadas en julio de 1981 y requemadas en septiembre de 1996). Diez suelos se muestrearon en
una zona no quemada situada en la proximidad de la zona quemada. 

Se muestrearon los primeros 5 cm del suelo (horizonte 1) y hasta 10 cm (horizonte 2). Las mayores diferencias se apre-
ciaron en los suelos quemados en 1996, en comparación con los otros suelos. También se detectaron aumento del contenido
de materia orgánica en el suelo quemado, así como N y P disponible en el horizonte 2. Los niveles de calcio también fueron
mayores en los suelos quemados, que en el control, sin embargo no se observaron diferencias significativas en los valores
de Mg y K. Los valores de pH no cambian después del paso del fuego y la conductividad eléctrica disminuye en el horizonte
1 de suelos quemados. Los cationes de cambio son similares a los del suelo control.
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INTRODUCTION

The role of fire has been prominent in Medite-
rranean forest ecosystems for thousands of years,
and wildfires induce changes in the nutrient con-

tents and nutrient availability of soils. Fire plays
two major roles in ecosystems, first in shaping
plant community structure and composition, and
second in the effect of phytomass burning on nu-
trient cycling. The direction, magnitude and depth
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of influence of these changes in soils depend on
many factors, including maximum burn tempera-
ture, length of burn, fuel composition, soil texture,
water content and the nutrient dynamics (WOOD-
MANSEE & WALLACH, 1981; JOHNSON & al., 2005;
DE MARCO & al., 2005; MURPHY & al., 2006). KU-
TIEL & SHAVIV (1989) found that an increase in the
temperature of the soil from 250ºC to 600ºC was
followed by a reduction of most of the available
nutrients. KUTIEL & NAVEH (1987a) also observed
that there was a significant difference in soil nu-
trient levels measured after a wildfire in various
patches that are dominated by different species. 

The most significant changes in chemical pro-
perties of the surface soils are likely to result
from the addition of ash and partially burned ma-
terial (ULERY & al., 1993; CERTINI 2005; MURPHY

& al., 2006). When the vegetation and surface lit-
ter are burned, ash usually provides an increase
in the pH of soil, as well as an increase in nu-
trients available to plants (ULERY & al., 1995; DE

MARCO & al., 2004). The main changes in the
characteristics of a soil occur more particularly
in the upper layers (0-5 cm and 5-10 cm) of mi-
neral soil. The magnitude of these effects de-
pends on fuel mass related to the intensity of the
fire, the pre-fire base saturation, the degree of ash
convection from the site, and post-fire weather
events (NEARY & al., 1999).

The objective of the present research was to
determine the possible effect of wildfire (recu-
rrent or not, on the same site and community) on
the chemical composition of a typical Mediterra-
nean soil under an Aleppo pine (Pinus halepensis
Mill.) forest.

MATERIALS AND METHODS

The study was carried out in hilly country 10
km north of Montpellier (3º50 E; 43º40 N), in sou-
thern France. The mean elevation ranges between
120-130 m a.s.l. The climate is Mediterranean
humid according to Emberger's classification.
Mean annual rainfall is 850-950 mm, with a sum-
mer drought (June to August) during which only
135 mm of rain fall. Mean annual temperature is
about 13-14ºC. Bedrock consists of conglomera-

tes and sandstones of lower Oligocene. The soil
is classified as light brown rendzina (lithic xeror-
thent) highly calcareous and clayey; the charac-
teristics for the 1-10 cm depth are: active CaCO3:
2.7%; texture (in %): clay: 39.8, silt: 33.1, sand:
27.0 (unpublished personal data). Vegetation is
an open conifer forest of Pinus halepensis Mill.
about 50 years old, with an understorey domina-
ted by Rosmarinus officinalis L, Cistus monspe-
liensis L, and Quercus coccifera L. One part (630
ha) of the forest was burned in July 1981, another
part (25 ha) in September 1996, and a third part
(50 ha) was burned twice during the fires of 1981
and again in 1996. In each fire all the trees were
totally destroyed. Fortunately a large part of the
area remained unburned and served as a control. 

To determine the effect of one fire and recu-
rring wildfires on soil physico-chemical proper-
ties, soil samples were collected, the same day, 9
months after the most recent fire in 4 different
sites having similar characteristics (same aspect,
same slope), but different fire recurrences. In each
of the four types of sites, ten samples were collec-
ted at random at two depths: layer 1: 0-5 cm; layer
2: 5-10 cm, as fire affects mainly the soil surface.

After removing large stones, the soil samples
were air-dried and passed through a 2 mm mesh
sieve; then they were stored in paper bags prior
to analyses. All analyses were performed on each
sample. Soil pH was measured at a 1:2.5
soil/water ratio, and at a 1:2.5 soil/KCl ratio with
a glass electrode. Electrical conductivity was me-
asured in 1:5 soil/water ratio extract; extractable
cations were determined after extraction with 1
M ammonium acetate at pH=8.2. Calcium carbo-
nate was measured by treating soil samples with
1 N perchloric acid under external heating, and
tritation of the excess acid with NaOH; organic
matter by fire calcination. Total N content was
measured using an automatic CNH analyser
(LECO CNH-600); organic C by Walkley-Black
wet digestion; and available P using the Wata-
nabe & Olsen’s bicarbonate extraction method.

Differences between burned and unburned
soils were tested using an analysis of variance
(ANOVA) at 0.05 levels, with a least significance
(LSD) pairwise comparison of means test bet-
ween treatments (SPSS 15.0).
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RESULTS AND DISCUSSION

Results for layer 1 are reported in Tables 1 and
2; those for layer 2 are reported in Tables 3 and
4. 

Significant difference was found between
water pH values of burned and unburned soil at
0-5 cm (Table 1), in layer 2 there were no signi-
ficant differences in pH (Table 3). Changes in pH
with burning are very dependent on the amount
and nature of the ash, the depth of sampling, time

after fire and the time the ash has been in contact
(liming effect of ash) with the mineral soil (KU-
TIEL & al., 1990; ULERY & al.,1995; HERAS &
al.,1995; ÚBEDA & al., 2004). 

Electrical conductivity decreased, but not sig-
nificantly for layer 1 and layer 2 respectively, to
below the values of unburned soil. This could be
due to precipitation reactions and leaching (KU-
TIEL & SHAVIV (1989), CERTINI (2005), MURPHY

& al. (2006); DLAPA & al. (2008) explain that the
enhancement of hydrophobicity can render the
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Table 1

Mean values (standard error in parentheses) of pH, electric conductivity (EC), % CaCO3, % organic matter (OM),
% total N, and available P in layer 1 (0-5 cm depth) of the study soils.

Fire frequency of soil samples pH H2O E.C.dSm-1 CaCO3 % O.M. % N % P mgkg-1

Control (no fire) 7.75 0.202 19.81 8.41 0.25 6.17
1 fire 1981 8.00 0.117 24.93 6.24 0.22 5.92
1 fire 1996 8.14 0.157 23.81 10.57 0.39 13.63
2 fires 1981/96 8.04 0.139 28.00 9.75 0.35 19.42

* NS NS * * *

NS= not significant.* = p<0.05

Table 2
Mean values (standard error in parentheses) of cation exchange capacity (CEC), exchangeable Ca, Mg, K and Na

(cmol kg-1) in layer 1 (0-5 cm depth) of the study soils.

Fire frequency of soil samples CEC cmolkg--1 Ca cmolkg-1 Mg cmolkg-1 K cmolkg-1 Na cmolkg--1

Control (no fire) 20.94 22.85 1.39 0.58 0.12
1 fire 1981 21.57 20.56 1.64 0.32 0.15
1 fire 1996 28.75 26.89 1.87 0.31 0.17
2 fires 1981/96 27.07 25.60 1.88 0.33 0.16

* * * * NS

NS= not significant* = p<0.05 

Table 3
Mean values (standard error in parentheses) of pH, electric conductivity (EC), % CaCO3, % organic matter

(OM), % total N, and available P in layer 2 (5-10 cm depth) of the study soils.

Fire frequency of soil samples pH H2O E.C.dSm-11 CaCO3 % O.M %. N % P mgkg-1

Control (no fire) 8.02 0.152 21.28 4.28 0.18 4.14
1 fire 1981 8.12 0.118 23.09 4.14 0.18 4.71
1 fire 1996 8.02 0.140 24.94 5.56 0.16 4.92
2 fires 1981/96 8.01 0.134 23.69 5.81 0.19 4.53

NS NS NS * NS NS

NS= not significant* = p<0.05. 
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soil less able to soak up water and more prone to
erosion.

There was no significant difference between
the soil sites with regard to the content of CaCO3. 

We observed a significant increase in organic
matter content after fire. Litter and necromass ac-
cumulation during the post-fire phase increased
soil organic matter in the surface horizon of the
fire-affected soil (KNICKER & al., 2005), and the
values are below pre-fire levels in soils burned in
1981 (Table 1), probably because we observed
different vegetation in this site. In layer 2 signi-
ficant differences were observed, with the soils
separating into two groups: soils with the highest
organic matter content are the most recently bur-
ned (1996) and twice burned (1981 and 1996);
and the other group comprises the control and the
oldest burned (1981) soils. During the period a
part of these nutrients has most likely been trans-
ferred down to the second layer, probably by
translocation in the soil profile (IGLESIAS & al.,
1996, 1997; IGLESIAS, 2008).

Statistically significant differences appeared
in layer 1 for N content between burned and un-
burned soils (Table 1), whereas N content in the
1981 burned soil has returned to pre-fire levels. 

Available P content showed a significant incre-
ase in layer 1 (Table 2) after fire and also in twice-
burned soil; this did not occur with layer 2 (Table
4). An increase in available P may be due to the
combustion of organic P and to mineralisation oc-
curring as a result of the high temperature reached
during the fire (DEBANO & al.,1986; KUTIEL &
NAVEH, 1987b; KUTIEL & KUTIEL, 1989; ÚBEDA

& al., 2004). 
With regard to the cation exchange capacity,

there was significant difference between soils for

layer 1 and no significant difference between
soils in layer 2. This was probably due to the fact
that organic matter has not been totally minerali-
sed, as a consequence of moderate burning inten-
sity (IGLESIAS & al., 1996, 1997; IGLESIAS, 2008;
MURPHY & al., 2006). 

Increases in exchangeable Ca2+ were observed
in layer 1 (Table 2), is consistent with the litera-
ture on Aleppo pine forests, such as KUTIEL &
NAVEH (1987a,b), KUTIEL & INBAR (1993) and
ULERY & al. (1993).The increase in exchangeable
cations as a consequence of the fires was more
obvious shortly after the fires due to a release of
Ca from plant material (IGLESIAS & al., 1997). 

With regard to exchangeable Mg we observed
significant differences in layer 1 and layer 2 bet-
ween burned and unburned soils (Tables 2 and
4), probably due to deposit from ash. For exchan-
geable K, differences among concentrations in
the soils and in layer 1 were statistically signifi-
cant. Potassium increased after fire, but after the
first growing season, subsequent K was ob-
viously lost though leaching, or is strongly bound
at more specific exchange sites (KUTIEL & SHA-
VIV, 1990; LUDWING & al., 1998).

CONCLUSIONS

The chemical changes in the soil are due to
three processes: combustion of soil organic mat-
ter, input of ashes and alteration of nutrient avai-
lability (NEARY & al., 1999; MURPHY & al.,
2006). In the present study the soil characteristics
have not demonstrated significant differences
between burned and unburned sites, and changes
as a consequence of fire have which a small im-
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Table 4
Mean values (standard error in parentheses) of cation exchange capacity (CEC), exchangeable Ca, Mg, K 

and Na (cmol kg-1) in layer 2 (5-10 cm depth) of the study soils.

Fire frequency of soil samples CEC cmol kg-1 Ca cmol kg-1 Mg cmol kg-1 K cmol kg-1 Na cmol kg-1

Control (no fire) 20.45 19.08 0.40 0.47 0.18
1 fire 1981 20.01 17.11 0.46 0.35 0.19
1 fire 1996 26.08 20.49 0.75 0.34 0.19
2 fires 1981/96 25.25 20.93 0.75 0.38 0.19

NS NS * NS NS

NS= not significant*= p<0.05 
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pact in the soil characteristics observed. The in-
creases in elements lasted only a short time after
the fire. 

Nutrient-poor, Mediterranean-type ecosystems
such as pine forests are characterised by the allo-
cation of an important fraction of nutrients in
low-turnover, surface organic pools, above-
ground biomass and litter; a high proportion of
these nutrients are only mobilised after a fire
event which, directly or indirectly, turns them
into mineral forms readily available for a new
growth cycle (KUTIEL & NAVEH, 1987b; MURPHY

& al., 2006). Although fire destroys practically
all the organic matter, the vegetation quickly re-
grows to a state similar to its previous one. The
slight increase in soil nutrients after wildfire may

contribute to the rapid regeneration and germina-
tion of the understorey plants. KUTIEL & SHAVIV

(1990) pointed out that the nutrients in soils are
distributed in the form of a mosaic, which reflects
the differences between the soil type and plant
species and floral cover.

In spite of recurrent fires, the nutrient levels
in the soils of the Aleppo pine forest remained
practically the same and did not differ from the
unburned soils. In the region, the soils of this type
of community present a very high inertia, pro-
bably due to their long history: they have been
cut and grazed several times, abandoned without
any improvement, and then burned from time to
time, leading to an impoverished state that pre-
sent fires do not modify in any way. 
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