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a b s t r a c t

The aim of this study is to determine the short-term effects of fire on nitrogen and phospho-

rus soil concentration in heathland sites dominated by Calluna vulgaris in the Cantabrian

Mountain range (NW Spain). Three C. vulgaris heathlands sites (San Isidro, Riopinos I and

Riopinos II) were selected. In June 2005, one plot (20 m × 20 m) per site was subjected to an

experimental fire and the other was used as a control. Immediately after the fire, ten ash

samples and ten soil samples (at a depth of 5 cm) were collected and thoroughly mixed. Soil

moisture, temperature, total N, NH4
+, NO3

−, total P, available P and pH were determined in

each sample. The quantity of ashes deposited was 300 g/m2, with a pH of 9, low N content

but higher P concentrations. Significant differences in temperature and soil moisture were

detected between the fire-treated and control plots. No significant differences for soil pH,

total and available P, total N and NO3
− concentration were found between the treatments.

However, the concentration of ammoniacal-N indicated a significant increase 11 months

post-fire and was produced by the changes in environmental soil conditions after the fire.

Our results show that low intensity fires do not modify the concentration of N and P in the

soil. However, post-fire conditions favour an increase in ammoniacal-N one year later.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

One of the characteristic communities in the Cantabrian
Mountains (NW Spain) is heathland dominated by Calluna
vulgaris. It is a shrub up to 60 cm in height. It is widely
distributed in Europe and Russia and often dominant in north-
west Europe, from western Scandinavia to northern Spain
(Gimingham, 1960, 1972). These ecosystems in Spain repre-
sent the most southerly examples of this type of heathland in
Western Europe. Heathlands were recognised as an important
habitat at a European level by the European Union Habitats
Directive in 1992 (Anon., 1992). The conservation of heathland
is important because rare plant, bird and invertebrate species
depend on the habitat for their survival (Evans et al., 1994).
This has contributed to making these habitats the subject of

∗ Corresponding author. Fax: +34 987 29 1501.
E-mail address: elena.marcos@unileon.es (E. Marcos).

many research studies to help to conserve them (Marcos et al.,
2003; Dorland et al., 2004; Niemeyer et al., 2005; Calvo et al.,
2007).

Generally, heathlands occur on nutrient-poor acidic soils
and are limited by nitrogen and phosphorus (Gimingham,
1972; Groves, 1981); any increase in soil resources is likely
to lead to changes in soil functioning and vegetation char-
acteristics. The Cantabrian Mountain range where Calluna
heathlands occur is characterised by podzolized soils with
few nutrients, phosphorus being the most limited element
(Fernández, 2002). Traditionally, these areas in NW Spain were
used to graze sheep, goats, cattle and horses in transhu-
mant pastoral systems. Burning and cutting were regularly
used to provide pasture as a part of management (Fernández,
2002; Calvo et al., 2007). Traditional land use has perpetuated

0925-8574/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
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Fig. 1 – Geographical location of the study areas (RI: Riopinos I; RII: Riopinos II; SI: San Isidro). The hatched area indicates
the location of the study areas in León province.

ecosystems of a low nutrient status in which plant succes-
sion is arrested (Webb, 1998). However, at present traditional
management has nearly disappeared in most countries as well
as in the Cantabrian Mountains due to changes in agricul-
tural practices and for socio-economic reasons. As a result of
these changes, patches characterised by C. vulgaris and other
dwarf ericaceous species, such as Erica tetralix L., are scarce in
the Cantabrian Mountains (Calvo et al., 2002, 2005). Also, the
increasing amount of nutrient input by atmospheric deposi-

tion can produce changes in soil fertility (Mitchell et al., 1999)
and increase the ability of grasses to compete with the Calluna
vegetation (Kristensen and McCarty, 1999).

In order to preserve this type of ecosystem, the employ-
ment of management practices to remove nutrients has
increased in importance (Power et al., 2001). Prescribed burn-
ing is still the predominant measure in the management of
lowland heaths (Pakeman et al., 2003). The burning of heather
and other vegetation has been practised on both lowland and
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upland heaths in Britain since at least the seventeenth century
(Tubbs, 1974). Small and superficial burnings, as occurring on
military training areas, seem to be useful as tools in regenera-
tion of heathlands (Wanner and Xylander, 2003). Together with
other traditional methods of heathland management, such as
grazing (Gallet and Roze, 2001), turf-stripping and cutting of
scrub and bracken, burning prevents tree and scrub coloni-
sation, halts degeneration of the shrub layer and maintains
low soil nutrient concentrations (Webb and Haskins, 1980).
Fires are generally used on dryer heaths dominated by C. vul-
garis, where the aim is to burn off ageing growth of the dwarf
shrubs to allow their regeneration (particularly to provide food
for grouse or livestock), to kill invading scrub and, on a larger
scale, to create a mosaic of heathland of different ages (Khoon
and Gimingham, 1984; Gimingham, 1992; Michael, 1993).

There has been no burning in the Cantabrian Mountains
for some time due to the decrease in livestock grazing. This
has caused the present heathlands to degenerate (>40 years).
We based our work on the hypothesis that the use of burning
is an appropriate measure for eliminating nutrients from the
system whilst allowing to maintain the plant community in
a young, non-degenerative state. As N and P are known to be
the most important nutrients limiting growth of heathlands,
we focused on the effects of burning on these nutrients. So
the aim of this study was to determine the short-term (one
year) effects of fire on nitrogen and phosphorus soil concentra-
tion in heathlands dominated by C. vulgaris in the Cantabrian
Mountain range.

2. Materials and methods

2.1. Study area

The study site is located on the León (south) side of the
Cantabrian Mountain range (NW Spain) (Fig. 1). This area has
a Eurosiberian climate characterised by a dry period of less
than 2 months in summer and usually presents late snow
which remains until the end of May. Mean annual precipita-
tion is 1319.5 mm and the mean annual temperature is 5.5 ◦C.
Three C. vulgaris heathlands sites (2–4 ha) at least 2.5 km apart
were selected. Each site was considered a replicate. San Isidro
(1636 m a.s.l., 43◦03′N, 5◦21′W) represents a flat, continuous
heathland area facing north and exposed to winds. Riopinos I
(1653 m a.s.l., 43◦02′N, 5◦24′W) is characterised by a discon-
tinuous heathland area with a high proportion of bare soil
and north exposure on a steep slope. Riopinos II (1567 m a.s.l.,

Table 1 – Weather data and average fuel loading at the
time of ignition.

Riopinos
I

Riopinos
II

San
Isidro

Relative moisture (%) 40 56 62
Wind speed (m s−1) 2.4 1.6 –
Ambient temperature (◦C) 20 17 16

Average fuel loading (kg m−2)
Calluna vulgaris 2.02 2.10 1.95
Erica tetralix 0.00 0.17 0.10

43◦02′N, 5◦26′W) is north-facing and exposed to winds but
with a less steep slope. The study zone presents a high degree
of geological complexity although the sites are characterised
by shales and sandstones (San Isidro) of Carboniferous and
Ordovicic quartzite rocks (Riopinos I and Riopinos II). Prevail-
ing soil types are acidic soils of low fertility, and often sandy
that suffers podsolitation process. Vegetation is represented
by C. vulgaris as a dominant species, E. tetralix and Vaccinium
mirtyllus as accompanying ones.

2.2. Sampling and monitoring

We placed two permanent plots (20 m × 20 m) in each heath-
land site. In June 2005, one plot per site was subjected to an
experimental fire and the other was used as a control. During
the fire, the Forestry Service measured environmental data
such as air temperature, relative moisture and wind speed
(Table 1). Average fuel loading was also estimated in each study
site for the two most representative species (C. vulgaris and
E. tetralix). So, five plots (1 m2) per site were established and
the above-ground biomass was harvested. Then, biomass was
dried (40 ◦C-48 h) and weighed in the laboratory.

Initial measurements were made in order to establish the
baseline characteristics of the soils at the experimental sites.
In every site, ten soil samples were taken at a depth of 5 cm and
the following properties were measured: particle size analy-
sis of the fraction <2.0 mm; bulk density; total organic carbon;
total N, NH4

+, NO3
−, total P, available P and pH.

Immediately after the fire, ten ash samples (10 cm × 10 cm)
were taken to determine the level of nutrient input as a result
of ash deposition. Then ten soil samples (at a depth of 5 cm)
were collected in each plot and thoroughly mixed (from this
sample we analysed three subsamples). Litter was removed
prior to sampling. This procedure was repeated 4, 11, 14 and
17 months after treatments. Soil total N, NH4

+, NO3
−, total

P, available P and pH were determined in each sample. Ash
samples were characterised for total N, NH4

+, NO3
−, available

P and pH.
One part of the soil samples was dried, sieved to remove

material of a diameter >2 mm and stored until analysis. Total
organic carbon in these samples was measured with a TOC
5000 analyser. Particle size analysis was carried out with
the Bouyoucos densimeter (MAPA, 1994). The soil pH was
determined potentiometrically at a 1:2.5 ratio in H2O. Avail-
able P was determined by the Bray–Kurtz method (Kalra and
Maynard, 1991) and total P was dissolved in HNO3/HCl/H2O2

solution using microwave digestion. Digests were analysed
with ICP–AES. Total N was determined with the Kjeldahl
method (Bremner and Mulvaney, 1982). The rest of the soil
samples were frozen at −18 ◦C until extraction. Soil samples
were shaken in 2 M KCl (soil:solution ratio 1:10) for 1 h, cen-
trifuged at 3500 rpm and passed through a rinsed GF/F filter.
The filtrate was stored for a maximum of one week at 4 ◦C until
mineral N analysis. Then NH4

+ and NO3
− were distilled with

MgO and Devarda’s alloy, respectively, and valued with H2SO4

0.005N in a Büchi.
In addition, from May to October 2006 the variation in

temperature and soil moisture was measured at monthly
intervals. The TDR (Time Domain Reflectometry) technique
was used for this (Tapias Pantebre et al., 2001).
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Table 2 – General soil characteristics in the study sites. Standard deviation is shown in parentheses.

Riopinos I Riopinos II San Isidro

Sand (%) 92.40 (2.97) 82.80 (3.63) 74.80 (1.79)
Silt (%) 7.60 (2.97) 17.20 (3.63) 24.80 (2.28)
Clay (%) 0.00 (0.00) 0.00 (0.00) 0.40 (0.89)
Texture Sandy Sandy Loamy-sand
Bulk density (mg cm−3) 0.87 (0.22) 0.55 (0.12) 0.67 (0.12)
pH 4.09 (0.31) 3.77 (0.11) 4.21 (0.19)
TOC (g kg−1) 116.62 (95.46) 143.90 (90.55) 68.73 (23.70)
TOC (g cm−3) 92.72 (68.00) 86.02 (63.97) 44.62 (17.45)
Total N (g kg−1) 0.85 (0.51) 1.96 (0.89) 1.14 (0.40)
Total N (g cm−3) 0.69 (0.34) 1.14 (0.65) 0.74 (0.31)
NH4

+ (mg kg−1) 12.45 (1.64) 10.15 (0.98) 17.16 (7.05)
NH4

+ (mg cm−3) 10.67 (2.76) 5.78 (1.26) 11.06 (4.94)
NO3

− (mg kg−1) 0.00 (0.00) 0.00 (0.00) 7.74 (2.52)
NO3

− (mg cm−3) 0.00 (0.00) 0.00 (0.00) 5.03 (2.07)
Total P (mg kg−1) 206.20 (55.26) 764.60 (368.89) 578.70 (160.26)
Total P (mg cm−3) 177.51 (72.15) 446.99 (267.21) 368.83 (112.86)
Available P (mg kg−1) 5.33 (6.08) 5.20 (1.89) 20.55 (18.82)
Available P (mg cm−3) 4.10 (3.43) 2.91 (1.13) 13.78 (15.61)

2.3. Data analysis

Data from soil variables were analysed by means of fac-
torial ANOVA. For statistical analysis, data expressed as a
percentage were first arcsine-square root transformed. The
logarithmic transformation y = log x + 1 was used for the rest
of the variables. Soil data were submitted to two-way ANOVA,
factor one: time as the repeated measures, and factor two:
experimental treatments (burn and control). If a repeated
measures test detected significant interactions between time
and treatment for each dependent variable, one-way ANOVA
tests were carried out for each sample date separately. Post
hoc Tukey tests were carried out to determine the significance
of the differences. Statistical tests were carried out using the
STATISTICA 6.0 program from Statsoft 1984-2001.

3. Results

3.1. Pre-treatment characteristics of soils

The soils in Riopinos I and Riopinos II are characterised by
their loamy sand texture, whilst that in San Isidro is sandy
loam (Table 2) due to its lower sand content. They were gener-
ally very permeable soils, as can be seen by the low apparent
density values. The available nutrient content always had the
highest values in the San Isidro mountain pass, whilst the
total nitrogen and phosphorus content was always higher in
Riopinos II. Riopinos II had a larger reserve of organic nutrients
but very little available for plants, whilst the characteristics of
Riopinos I were between the other two.

3.2. Ash composition

The quantity of ashes settled in the study areas was approxi-
mately 300 g/m2 (Table 3). These ashes came mainly from the
herbaceous, litter and woody species such as E. tetralix, Vac-
cinium myrtillus and thinner branches of C. vulgaris, since the
rest of the vegetation was not consumed. The ashes were char-
acterised by a basic pH of around 9. This increase in the pH

reflects an important quantity of soluble cations present in
the ashes. Total and mineral nitrogen content was very low in
all sites. However, the available P content was high in all the
study zones, above all in Riopinos I. These results indicated
that the experimental fire was of low intensity and vegetation
combustion was not complete.

3.3. Temperature and moisture after burning

During the sampling period the soil temperature varied
between 7 ◦C and 23 ◦C in the control plots and between 6 ◦C
and 26 ◦C in the burned ones (Fig. 2). The temperature in
the burned plots was always higher than that in the controls
(F1,4 = 15.08; P < 0.05). The highest temperatures were recorded
between May and August with September and October show-
ing significantly lower ones (F5,20 = 29.41; P < 0.01), due to a
decrease in environmental temperature. As regards soil mois-
ture, it is of note that it was always greater in the burned plots
than the controls, with significant differences being detected
between treatments (F1,4 = 10.20; P < 0.05). These differences
were accentuated in July and August (Fig. 2) when the vege-
tation had higher water demands. The soil moisture followed
the same trend in both treatments over time so the high-

Table 3 – Weight and chemical characteristics of the
ashes in the study areas. Standard deviation is shown in
parentheses.

Riopinos
I

Riopinos
II

San
Isidro

Weight (g m−2) 337.60 (218.70) 302.00 (92.30) 354.80 (138.90)
pH 8.56 (0.15) 9.47 (0.03) 9.10 (0.20)
Total nitrogen

(g kg−1)
9.0 (0.2) 8.9 (0.4) 10.5 (0.5)

NH4
+-N (mg kg−1) 1.11 (1.92) 0.00 (0.00) 0.00 (0.00)

NO3
−-N

(mg kg−1)
0.00 (0.00) 0.00 (0.00) 5.34 (9.24)

Available P
(mg kg−1)

233.08 (121.85) 24.25 (21.12) 32.67 (1.01)
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est moisture content appeared in September and October
(F5,20 = 46.12; P < 0.01) and the lowest in July and August.

3.4. Effects of burning on pH and phosphorus forms

Although the soil pH increased slightly 4 months post-fire
(Fig. 3), no significant differences were observed between the
burned and control plots (F1,4 = 0.01; P > 0.05). The pH-values of
the control and treatment plots did not change significantly
(F4,16 = 2.83; P > 0.05) throughout the sampling period.

The total P concentration was not significantly affected
(F1,4 = 0.05; P > 0.05) after the fire, although it decreased slightly
in the burned plots (Fig. 3) due to organic P combustion during
the fire. An increase in total P was observed in both treat-
ments and reached its maximum value after 14 months, with
significant differences when it was compared with the first
two samplings (F4,16 = 4.97; P < 0.01). In contrast, the available
P content was greater in the burned plots than in the con-
trol, although the differences were not significant (F1,4 = 0.008;
P > 0.05). Fig. 3 shows a different temporal response between
the treatments: the phosphorus in the burned plots tended to
decrease until the last sampling, whilst the control plots var-
ied more over time. No significant differences were detected
between the different samplings (F4,16 = 1.92; P > 0.05).

3.5. Effects of burning on nitrogen forms

No significant changes were observed in the total N content
after fire (F1,4 = 0.001; P > 0.05); this could be related to the

Fig. 2 – Mean values and standard error of the temperature
and moisture in the soil in the burned and control plots
during the vegetative activity period in 2006.

Fig. 3 – Mean values and standard error of soil pH and
available and total phosphorus in the soil of the burned
and control plots throughout the study period.

deposition of partially burned vegetation on the soil surface.
Three months after fire, total nitrogen decreased in the con-
trol and burned plots (Table 4). However, a significant increase
(F4,16 = 9.48; P < 0.05) was observed in the year after burning in
both the burned and control plots.

No differences were detected between the burned and con-
trol plots in NH4

+ concentration immediately after the fire
(F1,4 = 2.75; P > 0.05) or in the first few months (Table 4). How-
ever, when comparing control and burning separately for every
sampling period, there was a significant increase in NH4

+ in
the burned plots after 11 months (F1,16 = 10.99; P < 0.01) and
14 months (F1,16 = 25.97; P < 0.05), although there was a clear
decrease after 17 months with values similar to those of the
initial sampling. The NH4

+ concentration in the control plots
remained lower than in the burned ones during the study
period; although a slight increase was detected over time.
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Table 4 – Means and standard errors (n = 3) for concentrations (p/p and p/v) of total nitrogen, NH4
+ and NO3

− in control
and burned plots.

Total N (g kg−1) NO3
− (mg kg−1) NH4

+ (mg kg−1)
Total N (g cm−3) NO3

− (mg cm−3) NH4
+ (mg cm−3)

Control Burned Control Burned Control Burned

0 months 4.66 (1.16)ab 4.18 (1.10)ab 3.67 (1.47)a 0.64 (0.52)a 29.85 (18.46)a 26.46 (14.08)a
2.98 (0.51)a 2.90 (0.61)a 2.17 (1.47)a 0.34 (0.52)a 16.78 (18.00)a 15.74 (15.60)a

4 months 2.48 (0.58)a 2.58 (0.52)a 8.21 (2.45)a 6.89 (5.35)a 15.36 (6.36)a 21.04 (8.91)a
1.58 (0.18)b 1.75 (0.26)b 4.90 (3.04)a 3.71 (5.37)a 9.16 (5.89)a 14.20 (8.16)a

11 months 5.28 (1.13) b 5.329 (1.63)b 6.78 (3.69)a 1.33 (0.55)a 16.29 (5.02)a 72.53 (23.65)a
3.40 (0.36)a 3.49 (0.79)a 4.79 (2.65)a 0.88 (0.55)a 12.45 (10.47)a 46.84 (23.92)a

14 months 6.53 (2.01)b 5.51 (1.73)b 1.01 (0.21)a 4.22 (2.16)a 21.36 (7.66)a 79.07 (15.63)a
4.12 (0.71)a 3.64 (0.88)a 0.68 (0.13)a 3.41 (3.73)a 16.33 (13.84)a 52.94 (4.29)a

17 months 6.10 (2.02)b 7.17 (1.98)b 6.58 (5.18)a 0.80 (0.28)a 27.80 (11.35)a 41.68 (6.75)a
3.78 (0.80)a 4.78 (0.97)a 5.74 (8.51)a 0.62 (0.29)a 19.63 (9.40)a 28.34 (2.49)a

Different letters in the same column indicate significant differences (P < 0.05) between sampling periods.

Except for the sampling carried out 14 months post-fire,
the NO3

− concentration was always lower in the burned plots
than in the controls (Table 4), although these differences were
not significant (F1,4 = 0.001; P > 0.05). No trend was detected
in the burned plots throughout the study period, although
a tendency to increase their NO3

− content in autumn and
decrease in summer was observed in the controls. No signifi-
cant differences were detected among the different samplings
(F4,16 = 0.45; P > 0.05).

4. Discussion and conclusions

Fire characteristics depend on the type of vegetation as well
as the weather conditions at the time of burning. Post-fire
changes in soil nutrients are closely related to the energy
released during fire and to the amount of ash deposited on
the soil (Romanyá et al., 2001; Härdtle et al., 2007). Accord-
ing to Gimingham (1972) C. vulgaris burns produce higher
temperatures than other dwarf shrubs and grasses. However,
this experimental fire can be considered low intensity, due
to the environmental conditions present at the time of burn-
ing, which propitiated moderate temperatures. The low fire
intensity was reflected in the type of ashes deposited, which
presented a large quantity of partially carbonised debris, and
in their chemical composition. These ashes had slightly lower
pH-values than those detected in other studies (Giovannini,
1994; Marcos, 1997). Nevertheless, the N and P content was
similar to that recorded by Soto and Díaz-Fierros (1993) in
ashes derived from burning Ulex in north-west Spain, obtained
by heating in a laboratory.

The changes produced after a fire in the soil moisture and
soil temperature were closely related to the degree of alter-
ation in the soil surface layer and the reduction in plant cover
(Pritchet, 1991; Vermeire et al., 2005). One year after the fire we
found that burned plots were generally warmer than controls
in all the sampling months, with the difference being more
marked in May, June and July. Warming of the soil following
fire is well-supported and widely accepted (Viro, 1974; Sharrow
and Wright, 1977; Bremer and Ham, 1999; Vermeire et al., 2005;

Mohamed et al., 2007). This temperature increase is a conse-
quence of the alteration suffered by the litter after burning
and the greater solar energy input to the soil, which results in
the deposition of dark ashes (Pritchet, 1991). In contrast, the
effects of fire on soil moisture were not well defined as there is
disagreement on this aspect among researchers. Thus, some
authors found important decreases of soil moisture in burned
plots (Martínez-Fernández and Díaz-Pereira, 1994; Josa et al.,
1994). Others, like González-Pelayo et al. (2006), detect higher
values of water content in samples after fire treatments than
those of control samples, or simply find no differences (Soto
and Díaz-Fierros, 1997; Vermeire et al., 2005). Our results show
an increase in soil moisture in the burned plots in compari-
son with the control throughout the sampling period, which is
accentuated in July and August. This increase could be due to
the fact that reduced plant cover allowed more precipitation to
reach the soil and, given that the fire was of low intensity, the
surface organic layer was not completely destroyed, thus per-
mitting greater retention of the water reaching the soil. On the
other hand, the fact that there is no woody vegetation means
that transpiration of water the deepest soil layers decreases
(Soto and Díaz-Fierros, 1997).

The concentration of nutrients observed after burning fol-
lowed very different trends according to the observed variable.
Although one would expect elevated pH-values owing to the
deposition of basic ash (Marcos, 1997; Arocena and Opio, 2003),
we have found that soil pH-values showed no significant
change and this coincides with the results of Mohamed et al.
(2007). The fact that there is no significant increase in the soil
pH may be due to an incomplete incorporation of ash into the
soil and to the low temperatures reached during the fire, thus
not increasing it (Giovannini, 1994; Marcos et al., 2007; Terefe
et al., 2008). No significant changes were observed in the con-
centration of total and available P between the burned plots
and the control. Total P in burned plots decreased slightly in
comparison with the control plots the first year post-fire, as
recorded by Kutiel and Shaviv (1989) in Mediterranean soils,
to then present values similar to those of the control. Like-
wise, a non-significant increase in available P occurred in this
period of time on comparison with the control plots. This
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coincides to a greater or lesser extent with most authors car-
rying out studies on burned soils (Giovannini, 1994; Sánchez
et al., 1994; Ilstedt et al., 2003; Gimeno-García et al., 2004;
Johnson et al., 2007; Mohamed et al., 2007), who attribute it
to the release of P fixed in the burned biomass, which is then
deposited with the ashes (Niemeyer et al., 2005) and whose
quantity depends on fire intensity (Gimeno-García et al., 2000).
The available P increase was produced after moderate fires
(Dimitrakopoulos et al., 1994; Marcos et al., 2007), and with
higher temperatures it even decreased. In a soil heating pro-
gramme Giovannini (1994) recorded a decrease in available P at
above 460 ◦C. The increase detected in this study is small due
to the low temperatures reached during the fire, the limited
incorporation of ashes and the maintenance of low pH-values
(De Jong and Klinkhamer, 1983). When the concentration of
available P is compared over time, a clear tendency to decrease
was observed, above all in the burned plots. These phosphorus
losses are common in very sandy soils (Mitchell et al., 2000),
as in this case. In addition, the decrease in available P in the
burned plots after 14 months coincided with the high losses
by washing detected on lysimeters (unpublished data) placed
in those plots. These losses were also recorded by Johnson et
al. (2007) two years post-fire.

Immediately after burning no significant changes were
detected in total N concentration. The fact that no changes
occur in total N concentration or even that it increases after
the fire is typical of low intensity fires (Martínez-Fernández
and Díaz-Pereira, 1994; Sánchez et al., 1994; Gimeno-García et
al., 2004; Del Moral et al., 2007), due to the increased organic
matter content. However, other studies have found that the
post-fire increase in ammoniacal-N is closely related to fire
intensity (Romanyá et al., 2001; Gimeno-García et al., 2004). In
contrast to what was found by most authors (Raison, 1979;
Prieto-Fernández et al., 2004) no changes in ammoniacal-N
concentration were detected in the first few months after the
fire (Ilstedt et al., 2003). However, high values of ammoniacal-N
were detected 11 months after the fire and reached a maxi-
mum after 14 months, coinciding with the higher temperature
values recorded in the soil and the higher moisture content
when compared with the control plots. Prieto-Fernández et
al. (2004) also found the highest ammoniacal-N values 12
months post-fire in September and suggest that the rise in
soil temperature during the summer increases ammonifica-
tion. Mohamed et al. (2007) found that after prescribed fires in
winter in Germany the most important rise in ammoniacal-N
occurred in summer and one of the reasons was the increase in
soil temperature. As in this study Prieto-Fernández et al. (2004)
detected small quantities of nitrate in burned and unburned
soils in Galicia, and, in addition, the fire did not favour an
increase in nitrate. These authors attribute this to reduced
nitrification and to the scarce number of nitrifying microor-
ganisms, which are, besides, harmed by burning, particularly
if the soil pH does not increase. The soils in this study are sim-
ilar to those in Galicia and very low and even zero nitrification
rates have been observed; no losses of nitrate due to washing
have been recorded (unpublished data).

Our results showed that low intensity fires practically do
not modify total N or P concentration in the soil, since the
temperatures reached during combustion are low and even,
in most cases, have left part of the organic horizon uncon-

sumed. However, the post-fire conditions allowed an increase
in ammoniacal-N concentration to occur in the year following
the fire at the time when the environmental conditions were
more favourable. If we took into consideration the changes
in total nutrient content at ecosystem level, nutrient losses
would occur due to vegetation combustion, when fire temper-
ature is high and thus significant N losses would be produced
by volatilization. Although the fires may be of low intensity,
most of the light fuel with high N content is burnt, whilst
coarser parts are less affected (Härdtle et al., 2007). For this
reason, experimental burning has the potential to remove
nutrients from the ecosystem. It would be interesting to estab-
lish the short-term nutrient balance after an experimental fire
and carry out longer-term studies to evaluate the ecosystem
recovery capacity. So, studies carried out in these areas, com-
paring different management measures (burning, cutting and
ploughing) showed that burning is a good measure to main-
tain heathlands (Calvo et al., 2002). In these areas Calluna is
too old to regenerate by vegetative sprouting, only can germi-
nate. Cutting favoured E. tetralix which becomes the dominant
woody species and it did not germinate because of competi-
tion from herbaceous species. Regeneration after ploughing
was very slow. In burning treatment a good response was
observed, probably due to germination being stimulated by
increase in temperature (Calvo et al., 2002). According to dif-
ferent studies (Calvo et al., 2005, 2007) in these areas, burning
is the most appropriate management measure to maintain
dwarf shrub dominated heaths.
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