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Introduction

Forest fires can occur in almost every ecosystem. Some of these 
ecosystems are highly vulnerable to fire. In the Mediterranean 
basin, fire plays a  main role in shaping the structure of plant 
communities and forests growth; besides, it has been widely used 
by humans to control these ecosystems (Certini, 2005; García-
Orenes et al., 2017). The Mediterranean region is well known for 
its seasonal climate which is characterized by wet winters that 
support vegetation growth and hot, dry summers that increase 
vegetation flammability. Fires are popular especially in summer, 
when the temperature is very high (Pereira et al., 2014; Moreira 
et al., 2020).

The soil degradation after wildfire is a result of the deterio-
ration of soil structure, loss of organic matter and mineral el-
ements (Palese et al., 2004). Actually, various soil physical and 
chemical properties can be changed by burning, including loss of 
soil structure, porosity decrease, reduction of organic matter and 
increase in pH. As a result, the impact of fire on soil properties 
and their severity is highly complex, and no generalized trends 
can be inferred (DeBano, 2000; González-Pérez et al., 2004; Ver-
ma, Jayakumar, 2012).

Over the last century, many efforts and resources were mo-
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Forest fires are part of the natural dynamics of Mediterranean forest ecosystems. In the Mediterranean regions, the ecosystems are shaped by this 
disturbance that they have been subjected to for a long time. This work aimed to study the effect of fire on the superficial soil of the Pinus pinaster 
forest of Jijel, Northeastern Algeria. Soil samples were taken at a depth of 0–5 cm at different dates over a period of 24 months, in a diachronic mode. 
The following parameters have been tested: total carbon (C), total nitrogen (N), pH, cations exchange capacity (C.E.C.) and main exchangeable bases: 
calcium (Ca2+), magnesium (Mg2+), sodium (Na+) and potassium (K+). The results of the study showed a significant soil enrichment during the first 
few months after the fire; this temporary high fertility decreases with time due to ecosystem recovery, which could be interpreted as a return to the 
pre-fire state.
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bilized into studying and managing forest fires. The impact of 
such disturbances on soil properties has become a topic of great 
interest. The interest of this research is in the effect of fire on the 
most mobile elements of the ecosystem, which are permanently 
recycled in the litter to be made available to the vegetation. These 
nutrients are immediately affected by fire, resulting in significant 
changes in their availability in the soil, either through their loss to 
the atmosphere (by volatilization in gaseous form or as fine par-
ticles) or through their input in the ash from burning vegetation 
and litter (Gillon, Rapp, 1989; Trabaud, Gillon, 1991; Pereira et 
al., 2014).

Most studies on fire effects on soils of Mediterranean com-
munities have been conducted in Europe; for example: in Spain, 
Merino et al. (2019) in Pinus nigra and P. pinaster forests; in Italy, 
Palese et al. (2004) in a Mediterranean maquis; in France, Gué-
non et al. (2013) in Quercus suber forest; in Portugal, Fonseca et 
al. (2017) in Pinus pinaster forest. Indeed, various authors agree 
that fire changes the nutrient content of the soil, but their ob-
servations are different and their results are variable (Wan et al., 
2001; Duguy et al., 2007; Santín, Doerr, 2016).

In Algeria, few studies have been done and little is report-
ed about this subject. Rashid (1987), Lounis (1998), Slimani 
(2002) and Bekdouche (1997, 2010) all worked on Quercus su-
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ber communities. This work aimed to study the evolution of bi-
ogenic elements of surface soil over the medium term (2 years) 
after the fire of Pinus pinaster forest in Jijel, Northeastern of 
Algeria; to the best of our knowledge, this study is the first re-
port on P. pinaster forest in Algeria, and the ultimate goal of 
this work is to enrich the scientific literature on the Algerian 
forest ecosystem.

Material and methods

Study area

The study was carried out in a P. pinaster forest located near the 
locality of Kissir (El Aouana), 7 km from the coastal city of Jijel 
(Fig.  1). The understory dominant species are Retama mono-
sperma, Pistacea lentiscus, Erica arborea and Myrtus commu-
nis. Average altitude is about 215 m. According to the nearest 
weather station (Jijel), for the period 2000–2020, the average 
of maximum and minimum temperatures of the hottest month 
(August) and the coldest month (January) is 31.55 and 6.92 °C, 
respectively; the annual average rainfall is 1,008.8 mm. Follow-
ing Emberger (1971), the area is classified under the temperate 
variant of the sub-humid bioclimatic stage.

The region’s soil was classified as raw mineral soils. The 
bedrock consists of flysch and granite formations with a sandy-
loamy texture (Ramdane, 2001; Nehaï, Guettouche, 2020). The 
fire started in the Pine Forest on August 01, 2017, and burned 
a large portion of the area in three days.

Experimental design 

Soil sampling 

Inside the burned area, six permanent plots (1×1 m2) were estab-
lished randomly on a homogeneous surface with the same char-
acteristics with a very low slope in order to reduce the effect of 

water erosion. The fire severity was low in most of the zone and 
medium in a few zones because the trees retained some pine nee-
dles and a large number of branches (Úbeda et al., 2006). The soil 
samples were collected from 0 to 5 cm deep using a steel cylinder 
(Trabaud, 1980; Gillon, 1990), at different dates during a period 
of 24 months after the fire, in diachronic mode. Sampling began 
immediately after the fire according to the following time inter-
vals: 15 days, 1, 3, 6, 9, 12, 18 and 24 months. At every sampling 
date, six samples of 1 kg for each permanent plot were collected.

Laboratory processing

In the laboratory, the samples were air dried at room tempera-
ture for ten days. The samples were crushed using a mortar and 
sieved at < 2 mm. After that, they were carefully homogenized 
and stored in labeled paper bags.

Analytical methods

The soil analyses were carried out mainly in V.  V.  Dokuchaev 
Soil Science Institute in Moscow. Total carbon and total nitrogen 
were determined by Dumas combustion using elemental ana-
lyzer Vario Macro cube. The organic matter rate was obtained 
by multiplying the total carbon value by 2.0 (Baize, 1990). The 
cation exchange capacity (CEC) was obtained by the reaction 
that consists in saturation of the clay-humus with a solution of 
normal ammonium acetate at pH 7, washing with alcohol of the 
excess acetate; the ammonium was then determined by colorim-
etry according to the Berthelot method. Exchangeable cations 
were determined by flame photometry for Na and K, and atomic 
absorption for Ca and Mg (Sarkar, Haldar, 2005).

Statistical analysis

The data are processed by one-way analysis of variance (ANOVA), 
followed by the least significant difference (LSD) test for multiple 

Fig. 1. Location of the study area (Jijel, Algeria). Source: https://fr.wikipedia.org/wiki/Jijeland Google Earth 2021).
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comparisons. The data were subjected to the Shapiro and Wilk›s 
normality test and Levene›s test for homoscedasticity before the 
ANOVA. All analyses were done on Xlstat.2016.02.28451 and the 
results were expressed as means ± SE (standard error). The sig-
nificance level was fixed at P<0.05.

Results and discussion

Organic matter and total organic carbon

Immediately after the fire, an important rate of organic matter 
was recorded (6.33 ± 0.8% at 15 days). After a significant increase 
(P<0.05) during the first month, it falls slightly to stabilize from 
the 6th month (Fig. 2). Similarly, the rate of total organic carbon 

during the first month was significantly important (3.17 ± 0.4% 
at 15 days). After that, it decreased in 3 months (2.64 ± 0.37%) 
and tended to stabilize over time (P<0.05) (Fig. 2).

Our results are comparable to those noted in Spain by San-
roque et al. (1985) and Vega et al. (1987) in Pinus halepensis for-
ests: after an initial increase following the fire, they stated a pro-
gressive decrease in organic matter and total carbon. The same 
result is disclosed by Trabaud (1983, 1990) for the Quercus coccif-
era garrigue in France. The high carbon and organic matter con-
tent during the first few months after the fire can be due either 
to the input of ash and charcoal incorporated into the surface 
soil layer, or to compensations resulting from the decomposition 
of underground plant organs near the surface, which were de-
stroyed during the fire (Raison, 1979; Trabaud, 1990; González-
Pérez et al., 2004). The effect of fire on carbon and organic mat-
ter is highly variable and depends on several factors including 
fire type, duration and intensity, topography, soil moisture, soil 
type and vegetation cover (Caon et al., 2014). This impact can 
range from their total destruction to an increase of 30% over pre-
fire levels (González-Pérez et al., 2004). Studies confirmed that 
organic matter and carbon return to normal after one year fol-
lowing the fire (Bridges et al., 2019). Other researchers (Ahlgren, 
Ahlgren, 1960; Ueckert et al., 1978) suggested that the increased 
heat balance of the burned soil surface stimulated decomposing 
microorganisms, leading to increased carbon levels. Duguy et al. 
(2007) reported a decrease in carbon with fire frequency; this 
can be explained by the decrease in vegetation cover and conse-
quently organic matter. In Italy, in a mixed pine and hardwood 
forest on acidic soil, Vidrich et al. (1977) observed an increase in 
organic carbon immediately after the fire, then returning to the 
initial state after one year (Badía et al., 2014). In a review paper, 
Caon et al. (2014) noted that two as well as three years after the 
fire, different authors reported similar soil organic carbon con-
tents in both burnt and control sites.

In Algeria, Rashid (1987) marked an increase in total carbon 
and organic matter in the burned plots in a Quercus suber forest, 
then a progressive decrease to reach the unburned plot values 2 
years after the fire. This result is in agreement with Bekdouche 
(1997, 2010), Slimani (2002) and Lounis (1998) for different oak 
forests of the Kabylia region.

Total nitrogen

The results illustrated in Figure  3 showed that during the first 
three months after the fire, nitrogen presented at its highest val-
ues at the first month (P<0.05). Thereafter, a decline and stabi-
lization for the rest of the sampling period were noticed. Total 
nitrogen is the sum of nitrate (NO3-), nitrite (NO2-), ammonia 
(NH4+) and organic nitrogen. It should be noted that the results 
for nitrogen can be explained by the composition of the vegeta-
tion, and more particularly of the leguminous plants, following 
the fire. Indeed, several studies have shown that the floristic rich-
ness is maximal during the first year (Bekdouche, 2010). Subse-
quently, the floristic richness decreases mainly due to the extinc-
tion of annual plants following the abundance of the vegetation 
cover by ligneous plants. The annual plants that appear in the 
burned territories are in a great proportion represented by legu-
minous plants that enrich the soil in nitrogen due to the symbi-
otic association with the Rhizobia (DeBano et al., 2000; Duguy 
et al., 2007; Bekdouche, 2010). After the first year, leguminous 

Fig. 2. Post-fire evolution of the organic matter and total carbon 
in the Pinuspinaster forest soil of Jijel (Algeria) during the first two 
years. The results are means and the bars indicate standard errors. 
Different letters indicate significant differences between months 
(LSD test, p < 0.05, n = 6).

Fig. 3. Post-fire evolution of the total nitrogen in the Pinus pinaster 
forest soil of Jijel (Algeria) during the first two years. The results are 
means and the bars indicate standard errors. Different letters indicate 
significant differences between months (LSD test, p < 0.05, n = 6).
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plants become less important, and nitrogen synthesis decreases 
as a result (Bekdouche et al., 2011).

The result of nitrogen is the consequence of a loss by vola-
tilization and an enrichment provided by the ashes, the hydrol-
ysis of proteins and the symbiotic fixation (Duguy et al., 2007; 
Giovannini, 2012). In fact, Gillon, Rapp (1989), Gillon (1990) 
and Fisher, Binkley (2000) revealed that during fire, nearly all 
of the nitrogen in the plant fuel was lost through volatilization. 
As a general rule, the amount of total N that is volatilized dur-
ing combustion is directly proportional to the amount of organic 
matter destroyed (DeBano, Neary, 2005). Caon et al. (2014) who 
reviewed the effects of wildfire on soil nutrients noted that gen-
erally fire tends to decrease the soil total nitrogen content in the 
A horizon. However, an increase in mineral nitrogen in ammo-
nia form was noted (Caon et al., 2014). Therefore, Rapp (per-
sonal communication) cited by Gillon (1990) measured a  few 
hours after a prescribed fire under Pinus halepensis; in the first 
two centimeters of the soil, the amount of inorganic nitrogen in 
the ammonia form was four times greater than it was before the 
fire, while inorganic nitrogen in the nitrate form had decreased. 
However, ashes are poor in mineral nitrogen. Therefore, this im-
mediate and important production of ammoniacal nitrogen at 
the soil surface does not seem to be linked to the ash input but is 
due to the heating of the soil surface layers and the hydrolysis of 
proteins (Raison, 1979; Badía et al., 2014). Covington and Sack-
ett (1986) recorded generally higher NH4

+ and NO3
- concentra-

tions in plots subjected to repeated fires than unburned plots. 
Nevertheless, after four to five years without fire, the burned 
and unburned plots become similar. In the same way, Wan et 
al. (2001) concluded that fire induces an increase in assimilable 
nitrogen (NH4

+ and NO3
-); however, frequent fires with short pe-

riodicity can induce a decrease in nitrogen. In a Pinus pinaster 
forest, Prieto-Fernandez et al. (1993) noted an increase in nitro-
gen concentration in the surface layer of the soil one month after 
the fire. This increased N availability enhances post-fire plant 
growth and gives an impression that more total N is present after 
fire. However, this nitrogen is quickly utilized by plants within 
the first few years after burning (Knoepp et al., 2005). The most 
basic soil chemical property affected by soil heating during fires 
is organic matter. When it is combusted, the stored nutrients, 
in particular nitrogen, are either volatilized or are changed into 
highly available forms that can be taken up readily by microbial 
organisms and vegetation (Busse, DeBano, 2005). In the Quercus 
suber forest under the same climatic conditions as our Pinus pin-
aster forest, Rashid (1987) and Bekdouche (2010) revealed high 
nitrogen levels immediately after the fire, which gradually de-
clined and stabilized after two years.

C/N ratio

The C/N ratio illustrated by Figure 4 is a particularly useful in-
dex for determining a soil›s biological potential (Viro, 1974). The 
organic matter content of the soil provides information on its 
carbon content, whereas the C/N ratio indicates the soil›s nitro-
gen level. Soil nitrogen richness is inversely correlated to the C/N 
ratio; a low C/N ratio indicates a high nitrogen content and an 
important mineralization process.

Depending on carbon and nitrogen, this ratio varies with 
the evolution of these two elements. The ratio values are the 

lowest between one month and six months after the fire (14.18 
± 1.62 at 6 months) but not significant (P<0.05). It is, there-
fore, during the first few months after the fire that the soils are 
biologically more active, which allows a very rapid recovery of 
the vegetation immediately after the disturbance: vegetative re-
growth has been noted in almost all the woody and semi-woody 
taxa of the community and germination of numerous herba-
ceous species at two months after the fire on all the sampled 
plots. Our results are consistent with those of Trabaud (1990) 
and Gillon et al. (1999), who reported a significant decrease in 
the C/N ratio immediately after the fire corresponding to the 
highest N contents. Generally, the C/N ratio is lower after the 
fire than in the pre-disturbance state (Jiménez-González et al., 
2016).

Our results agree with those noted by Bekdouche (2010) for 
the Quercus suber forest of Mizrana (Tizi-Ouzou) and higher 

Fig. 4. Post-fire evolution of the C/N ratio in the Pinus pinaster for-
est soil of Jijel (Algeria) during the first two years. The results are 
means and the bars indicate standard errors. There are no significant 
differences between months (LSD test, p < 0.05, n = 6).

Fig. 5. Post-fire evolution of the pH in the Pinus pinaster forest soil 
of Jijel (Algeria) during the first two years. The results are means and 
the bars indicate standard errors. Different letters indicate signifi-
cant differences between months (LSD test, p < 0.05, n = 6).



216

than those recorded by the same author for the Q. suber forest of 
Bouhatem (Bejaia).

pH

Soil pH is an important parameter for assessing the potential 
availability of nutrients to plants. It gives information on the acid-
ity of the soil and the state of the absorbent complex. The pH of 
our pine forest recorded its highest values during the first month 
after the fire (7.70 ± 0.13 at 1st month and 7.22 ± 0.14 at 15 days) 
and then decreased significantly (P<0.05) from the 3rd month 
to show nearly equivalent values until the end of the sampling 
period (Fig.  5). It is generally accepted that fire stimulates soil 
microorganisms by increasing soil pH with the incorporation of 
ash, mainly by modifying soil microclimatic conditions (Gillon, 
1990). Vidrich et al. (1977) recorded 2 units increase in pH after 
the fire in mixed pine and deciduous forest in Italy. In general, 
the pH of soils tends to rise following fires, though briefly, due 
to the release of alkaline cations (Ca2+, Mg2+, K+, Na+) linked to 

the organic matter (Certini, 2005; Bridges et al., 2019). The heat 
of fire denatures organic acids resulting in a sharp increase in 
soil pH (Guénon, 2010). Pritchett, Fisher (1987) reported that 
pH depends on the ash amount, soil texture and organic matter 
content. 

Cation exchange capacity (C.E.C.) and main 
exchangeable bases 

The cation exchange capacity (CEC) represented in Figure  6 
showed higher values just instantly after the fire (68.86 ± 1.55 
cmol (+)/kg at 15 days and 67.71 ± 2.42 cmol (+)/kg at 1st 
month) and decreased from the 3rd month (47.99 ± 2.09 cmol 
(+)/kg) and stabilized at the end of the observation period 
(P<0.05).

Trabaud (1990) noted generally higher values of CEC in 
burned soils than in soils that have not been subjected to fire. 
Certini (2005) demonstrated a proportional decrease between 
CEC and organic matter, which agrees with our results and those 
of Bekdouche (2010). In normal conditions, mineral elements 
are released continuously and slowly and are available to vegeta-
tion. Fire disturbs this balance and causes a massive release of 
nutrients. One part is made directly accessible to the growing 
vegetation; the other part is rapidly carried into and out of the 
profile by runoff, internal leaching and erosive action of the wind 
(Raison, 1979, 1980).

Calcium

Most of the cation exchange capacity is provided by calcium. 
The quantitative evolution of this cation, represented by Table 1, 
showed its highest values during the beginning of the observa-
tions (32.02 ± 1.95 cmol (+)/kg at 15 days after the fire) and de-
creased in the same time as the decrease of the cationic exchange 
capacity to show its lowest values between 6 and 9 months, to 
recover slightly after that (P<0.05).

Viro (1974) and Gillon (1990) noted that calcium is the least 
affected of all exchangeable cations, because its losses during 
combustion are due solely to particle transport. On the other 
hand, Viro (1974) recorded a three-fold increase in burned soils 
of a coniferous forest. 

Month
Exchangeable cations cmol(+)/kg

Ca2+ Mg2+ Na+ K+ Base saturation
0.5M 32.02 ± 1.95a 19.24 ± 1.23a 2.98 ± 0.24ab 0.339 ± 0.048a 79.26%
1M 29.05 ± 1.34a 18.73 ± 2.06a 3.90 ± 0.65a 0.352 ± 0.052a 76.85%
3M 18.23 ± 1.78bc 13.17 ± 1.10bc 2.71 ± 0.32bc 0.282 ± 0.050ab 71.66%
6M 15.87 ± 1.30c 11.91 ± 0.85bc 1.85 ± 0.39c 0.140 ± 0.024c 69.36%
9M 15.89 ± 0.96c 11.14 ± 0.77c 1.84 ± 0.24c 0.178 ± 0.026bc 74.88%
12M 17.79 ± 1.25c 11.96 ± 0.82bc 2.22 ± 0.31bc 0.212 ± 0.028bc 78.83%
18M 19.96 ± 2.51bc 12.43 ± 1.07c 2.30 ± 0.32bc 0.210 ± 0.045bc 82.66%
24M 22.78 ± 2.25b 13.66 ± 0.82b 1.98 ± 0.34bc 0.191 ± 0.042bc 83.70%

Table 1. Post-fire evolution of the exchangeable cations (Ca2+, Mg2+, Na+ and K+) in the Pinus pinaster forest soil of Jijel (Algeria) during the 
first two years. The results are means ± standard errors. Different letters for the same column indicate significant differences between months 
(LSD test, p < 0.05, n = 6).

Fig. 6. Post-fire evolution of the cation exchange capacity (CEC) in 
the Pinus pinaster forest soil of Jijel (Algeria) during the first two 
years. The results are means and the bars indicate standard errors. 
Different letters indicate significant differences between months 
(LSD test, p < 0.05, n = 6).
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Magnesium

During the first few months after the fire, magnesium values 
were significantly elevated; then, they decreased with time (Table 
1, P<0.05). The results given by various authors concerning this 
cation are divergent. For example, Ahlgren and Ahlgren (1960), 
Viro (1974), Woodmansee and Wallach (1981) and Kutiel and 
Naveh (1987a) stated an increase in magnesium content follow-
ing fire, while Rundel and Parsons (1980) and Kutiel and Naveh 
(1987b) reported a decrease. However, despite the increase, the 
amount of magnesium released immediately after fire decreases 
rapidly due to losses through runoff, leaching and wind erosion 
(Raison, 1979, 1980; Certini, 2005).

Potassium

Among all the exchangeable bases studied, potassium showed 
the lowest values. Overall, the highest values of potassium are 
noted immediately after the fire: 0.352 ± 0.052 cmol (+)/kg in the 
1-st month and only 0.140 ± 0.024 cmol (+)/kg in the 6-th month 
(P<0.05). As for calcium, results from different researchers are 
variable among different ecosystems and fire events (Raison, 
1979; Woodmansee, Wallach, 1981; Trabaud, 1990). Generally, 
after high levels brought by the ashes, there is a return to the pre-
fire state due to losses by runoff and leaching.

Sodium

There are no significant changes for this exchangeable base 
during the observation period (Table 1): it is the most stable 
element except for the values recorded at 1st month after the 
fire, which are statistically the highest (P<0.05). Trabaud (1980, 
1983, 1990) noted a decrease in sodium immediately after the 
fire compared to the state before the fire, but Bekdouche (2010) 
observed a slight increase in sodium at the beginning of the 
observations.

Conclusion

The monitoring for two years of the main biogenic elements of 
the Pinus pinaster forest soil of Jijel (Northeastern Algeria) al-
lows us to conclude that the soils are enriched during the first 
few months following the fire; this temporary high fertility de-
creases with time. Immediately after the fire, the highest rates for 
all the studied nutrients were recorded.

With the recovery of vegetation, the levels of these elements 
decrease. This decrease can be interpreted as a return to the pre-
fire state, which confirms with various researchers that the sur-
face layer of the pine forest soil studied is enriched in the first 
few months following the fire. The inter-plot heterogeneity of the 
soil is reported by various authors as a major constraint to study 
the dynamics of biogenic elements after the fire. In order to be 
able to conclude on the impact of fire, it is essential to establish 
a sampling system that includes controls which permit to con-
trol the different sources of spatial and temporal variation of the 
soil and that is monitored diachronically over a period of time 
sufficient for the complete healing of the site. It seems that only 
experimentation can bring together all the conditions for such 
an approach.

References

Ahlgren, I.F. & Ahlgren C.E. (1960). Ecological effects of forest fires.  Bot. 
Rev., 6(4), 483–533. DOI: 10.1007/BF02940573.

Badía, D., Martí, C., Aguirre, A.J., Aznar, J.M., González-Pérez, J.A., De 
la Rosa, J.M. & Echeverría T. (2014). Wildfire effects on nutrients 
and organic carbon of a Rendzic Phaeozem in NE Spain: changes 
at cm-scale topsoil. Catena, 113, 267–275. DOI: 10.1016/j.cate-
na.2013.08.002.

Baize, D. (1990). Guide des analyses courantes en pédologie. Paris: INRA.
Bekdouche, F. (1997). Evolution de la végétation et du sol superficiel d’une 

subéraie après feu  : cas de la forêt de Mizrana (Tizi Ouzou). Thèse de 
Magister en Ecologie Végétale, Institut de Biologie, Université Mouloud 
Mammeri de Tizi-Ouzou, Algérie. 

Bekdouche, F. (2010). Evolution après feu de l’écosystème subéraie de Kabylie 
(Nord Algérien). Thèse de Doctorat d’Etat en Sciences Agronomiques 
(Option  : Ecologie forestière), Université Mouloud Mammeri de Tizi-
Ouzou, Algérie. 

Bekdouche, F., Sahnoune, M., Krouchi, F., Achour, S., Guemati, N. & Der-
ridj A. (2011). The contribution of legumes to post-fire regeneration of 
Quercus suber and, Pinus halepensis forests in northeastern Algeria. Re-
vue d’Ecologie (Terre Vie), 66, 43‒54.

Bridges, J.M., Petropoulos, G.P. & Clerici N. (2019). Immediate changes 
in organic matter and plant available nutrients of Haplic Luvisol soils 
following different experimental burning intensities in Damak Forest, 
Hungary. Forests, 10(5), 453. DOI: 10.3390/f10050453.

Busse, M.D. & DeBano L.F. (2005). Soil biology. In D.G.Neary, K.C. Ryan 
& L.F. DeBano (Eds.), Wildland fire in ecosystems: effects of fire on soil 
and water (pp. 73–91). Ogden: U.S. Department of Agriculture, Forest 
Service, Rocky Mountain Research Station.

Caon, L., Vallejo, V.R., Ritsema, C.J. & Geissen V. (2014). Effects of wildfire 
on soil nutrients in Mediterranean ecosystems. Earth-Science Reviews, 
139, 47–58. DOI: 10.1016/j.earscirev.2014.09.001.

Certini, G. (2005). Effects of fire on properties of forest soils: a review. Oeco-
logia, 143(1), 1–10. DOI: 10.1007/s00442-004-1788-8.

Covington, W.W. & Sackett S.S. (1986). Effect of periodic burning on soil 
nitrogen concentrations in ponderosa pine. Soil Sci. Soc. Am. J., 50, 
452‒457. DOI: 10.2136/sssaj1986.03615995005000020040x.

DeBano, L.F. (2000). The role of fire and soil heating on water repellency in 
wildland environments: a review. J. Hydrol., 231, 195‒206. DOI: 10.1016/
S0022-1694(00)00194-3.

DeBano, L.F. & Neary D.G. (2005). The soil resource: its importance, charac-
teristics, and general responses to fire. In D.G. Neary, K.C. Ryan & L.F. 
DeBano (Eds.), Wildland fire in ecosystems: effects of fire on soil and wa-
ter (pp. 21‒27). Ogden: U.S. Department of Agriculture, Forest Service, 
Rocky Mountain Research Station.

Duguy, B., Rovira, P. & Vallejo R. (2007). Land use history and fire effects 
on soil fertility in eastern Spain. Eur. J. Soil Sci., 58(1), 83‒91. DOI: 
10.1111/j.1365-2389.2006.00802.x.

Emberger, L. (1971). Tavaux de botanique et d’écologie. Paris: Masson.
Fisher, R.F. & Binkley D. (2000). Ecology and management of forest soils. New 

York: John Wiley & Sons.
Fonseca, F., de Figueiredo, T., Nogueira, C. & Queirós A. (2017). Effect of 

prescribed fire on soil properties and soil erosion in a Mediterranean 
mountain area. Geoderma, 307, 172‒180. DOI: 10.1016/j.geoder-
ma.2017.06.018.

García-Orenes, F., Arcenegui, V., Chrenková, K., Mataix-Solera, J., Moltó, 
J., Jara-Navarro, A.B. & Torres M.P. (2017). Effects of salvage logging 
on soil properties and vegetation recovery in a fire-affected Mediter-
ranean forest: a two year monitoring research. Sci. Total Environ., 586, 
1057‒1065. DOI: 10.1016/j.scitotenv.2017.02.090.

Gillon, D. (1990). Les effets des feux sur la richesse en éléments minéraux et 
sur l’activité biologique du sol. Rev. For. Fr., 42, 295‒302.

Gillon, D., Houssard, C. & Joffre R. (1999). Using near-infrared reflectance 
spectroscopy to predict carbon, nitrogen and phosphorus content in het-
erogeneous plant material. Oecologia, 118(2), 173‒182. DOI: 10.1007/
s004420050716.

Gillon, D. & Rapp M. (1989). Nutrient losses during a winter low-intensity 
prescribed fire in a Mediterranean forest. Plant Soil, 120(1), 69‒77. DOI: 
10.1007/BF02370292.

https://doi.org/10.1016/j.catena.2013.08.002
https://doi.org/10.1016/j.catena.2013.08.002
https://doi.org/10.3390/f10050453
https://doi.org/10.1016/j.earscirev.2014.09.001
https://doi.org/10.2136/sssaj1986.03615995005000020040x
https://doi.org/10.1016/S0022-1694(00)00194-3
https://doi.org/10.1016/S0022-1694(00)00194-3
https://doi.org/10.1111/j.1365-2389.2006.00802.x
https://doi.org/10.1111/j.1365-2389.2006.00802.x
https://doi.org/10.1016/j.geoderma.2017.06.018
https://doi.org/10.1016/j.geoderma.2017.06.018
https://doi.org/10.1016/j.scitotenv.2017.02.090
http://dx.doi.org/10.1007/s004420050716
http://dx.doi.org/10.1007/s004420050716


218

Giovannini, G. (2012). Fire in agricultural and forestall ecosystems: The effects 
on soil. Pisa: Edizioni ETS.

González-Pérez, J.A., González-Vila, F.J., Almendros, G. & Knicker H. 
(2004). The effect of fire on soil organic matter—a review. Environ. Int., 
30(6), 855‒870. DOI: 10.1016/j.envint.2004.02.003.

Guénon, R. (2010).Vulnérabilité des sols méditerranéens aux incendies ré-
currents et restauration de leurs qualités chimiques et microbiologiques 
par des apports de composts. Thèse de Doctorat en Biosciences de 
l’Environnement, Université Paul Cézanne - Aix-Marseille, France. 

Guénon, R., Vennetier, M., Dupuy, N., Roussos, S., Pailler, A. & Gros R. 
(2013). Trends in recovery of Mediterranean soil chemical properties 
and microbial activities after infrequent and frequent wildfires. Land De-
grad. Dev., 24(2), 115‒128. DOI: 10.1002/ldr.1109.

Jiménez-González, M.A., De la Rosa, J.M., Jiménez-Morillo, N.T., Almen-
dros, G., González-Pérez, J.A. & Knicker H. (2016). Post-fire recovery of 
soil organic matter in a Cambisol from typical Mediterranean forest in 
Southwestern Spain. Sci. Total Environ., 572, 1414‒1421. DOI: 10.1016/j.
scitotenv.2016.02.134.

Knoepp, J.D., DeBano, L.F. & Neary D.G. (2005). Soil chemistry. In D.G. 
Neary,  K.C. Ryan & L.F. DeBano (Eds.), Wildland fire in ecosystems: ef-
fects of fire on soil and water (pp. 53‒71). Ogden: U.S. Department of 
Agriculture, Forest Service, Rocky Mountain Research Station.

Kutiel, P. & Naveh Z. (1987a). The effect of fire on nutrients in a pine forest 
soil. Plant  Soil, 104(2), 269‒274. DOI: 10.1007/BF02372541.

Kutiel, P. & Naveh Z. (1987b). Soil properties beneath Pinus halepensis and 
Quercus calliprinos trees on burned and unburned mixed forest on Mt. 
Carmel, Israel. For. Ecol. Manag., 20(1‒2), 11‒24. DOI: 10.1016/0378-
1127(87)90147-2.

Lounis, N. (1998). Impact de l’incendie sur la végétation et sur les caractéris-
tiques de la couche superficielle du sol au niveau des formations à Quercus 
suber L. (cas de la forêt de Mizrana-Tizi-Ouzou). Thèse de Magister, Insti-
tut d’Agronomie, Université Mouloud Mammeri de Tizi-Ouzou, Algérie.

Merino, A., Jiménez, E., Fernández, C., Fontúrbel, M.T., Campo, J. & Vega 
J.A. (2019). Soil organic matter and phosphorus dynamics after low in-
tensity prescribed burning in forests and shrubland. J. Environ. Manag., 
234, 214‒225. DOI: 10.1016/j.jenvman.2018.12.055.

Moreira, F., Ascoli, D., Safford, H., Adams, M.A., Moreno, J.M., Pereira, J.M. 
& Fernandes P.M. (2020). Wildfire management in Mediterranean-type 
regions: paradigm change needed. Environmental Research Letters, 15(1), 
011001. DOI: 10.1088/1748-9326/ab541e.

Nehaï, S.A. & Guettouche M.S. (2020). Soil loss estimation using the revised 
universal soil loss equation and a GIS-based model: a case study of Ji-
jel Wilaya, Algeria. Arabian Journal of Geosciences, 13(4), 1‒13. DOI: 
10.1007/s12517-020-5160-z.

Palese, A., Giovannini, G., Lucchesi, S., Dumontet, S. & Perucci P. (2004). Ef-
fect of fire on soil C, N and microbial biomass. Agronomie, 24(1), 47‒53. 
DOI: 10.1051/agro:2003061.

Pereira, P., Úbeda, X., Martin, D., Mataix Solera, J., Cerdà, A. & Burguet M. 
(2014). Wildfire effects on extractable elements in ash from a Pinus pin-
aster forest in Portugal. Hydrological Processes, 28(11), 3681‒3690. DOI: 
10.1002/hyp.9907.

Prieto-Fernandez, A., Villar, M.C., Carballas, M. & Carballas T. (1993). Short-
term effects of a wildfire on the nitrogen status and its mineralization 
kinetics in an Atlantic forest soil. Soil Biol. Biochem., 25(12), 1657‒1664. 
DOI: 10.1016/0038-0717(93)90167-A.

Pritchett, W.L. & Fisher R.F. (1987). Properties and management of forest soils.
New York: John Wiley & Sons. 

Raison, R.J. (1979). Modification of the soil environment by vegetation fires, 
with particular reference to nitrogen transformations: a review. Plant 
Soil, 51(1), 73‒108. DOI: 10.1007/BF02205929.

Raison, R.J. (1980). A review of the role of fire in nutrient cycling in Aus-
tralian native forests, and of methodology for studying the fire nutrient 
interaction. Aust. J. Ecol., 5(1), 15‒21. DOI: 10.1111/j.1442-9993.1980.
tb01227.x.

Ramdane, M.   (2001). Agro-pedological studies in Algeria.  In  P. Zdruli, 
P. Steduto, C. Lacirignola & L. Montanarella (Eds.),  Soil resources of 
Southern and Eastern Mediterranean countries (pp. 91‒100). Bari: 
CIHEAM.  http://om.ciheam.org/om/pdf/b34/01002087.pdf 

Rashid, G.H. (1987). Effects of fire on soil carbon and nitrogen in a Mediter-
ranean oak forest of Algeria. Plant Soil, 103(1), 89‒93. DOI: 10.1007/
BF02370672.

Rundel, P.W. & Parsons D.J. (1980). Nutrient changes in two chaparral shrubs 
along a fire induced age gradient. Am. J. Bot., 67(1), 51‒58.DOI: 10.1002/
j.1537-2197.1980.tb07623.x.

Sanroque, P., Mansanet, J.M. & Rubio J.L. (1985). Efectos de los incendios 
forestales en las propiedades del suelo, en la composición florística y 
en la erosión hídrica de zonas forestales de Valencia (España). Revue 
d,Ecologie et de Biologie des Sol, 22(2), 131‒147.

Santín, C. & Doerr S.H. (2016). Fire effects on soils: the human dimension. 
Philos. Trans. R. Soc. B Biol. Sci., 371(1696), 20150171. DOI: 10.1098/
rstb.2015.0171.

Sarkar, D. & Haldar A. (2005). Physical and chemical methods in soil 
analysis:fundamental concepts of analytical chemistry and instrumental 
techniques. New Delhi: New Age International Publisher.

Slimani, S. (2002). Evolution de la végétation et de quelques éléments biogènes 
de la couche superficielle du sol de la subéraie littorale de Bouhatem (Be-
jaia), après feu. Mémoire de Magister, Université A, Mira de Bejaia, Al-
gérie. 

Trabaud, L. (1980). Impact biologique et écologique des feux de végétation sur 
l’organisation, la structure et l’évolution de la végétation des zones de gar-
riques du Bas-Languedoc. Thèse Doctorat d’Etat., Montpellier, France. 

Trabaud, L. (1983). The effects of different fire regimes on soil nutrient levels 
in Quercus coccifera garrigue. In    F.J. Kruger,  D.T. Mitchell & J.U.M. 
Jarvis (Eds.), Mediterranean-type ecosystems (pp. 233‒243). Berlin, Hei-
delberg: Springer. DOI: 10.1007/978-3-642-68935-2_13.

Trabaud, L. (1990). Influence du feu sur les propriétés chimiques des couches 
superficielles d’un sol de garrigue. Revue d’Ecologie et de Biologie du Sol, 
27(4), 383‒394.

Trabaud, L. & Gillon D. (1991). Les écosystèmes renaissent de leurs cendres. 
La Recherche, 234, 916‒918.

Ueckert, D.N., Whigham, T.L. & Spears B.M. (1978). Effect of burning on in-
filtration, sediment, and other soil properties in a mesquite-tobosagrass 
community. Rangeland Ecology & Management/Journal of Range Man-
agement Archives, 31(6), 420‒425. DOI: 10.2307/3897199.

Úbeda, X., Outeiro, L.R. & Sala M. (2006). Vegetation regrowth after a dif-
ferential intensity forest fire in a Mediterranean environment, northeast 
Spain. Land Degrad. Dev., 17(4), 429‒440. DOI:  10.1002/ldr.748.

Vega, J.A., Bara, S., Alonso, M., Fonturbel, T. & Garcia P. (1987). Preliminary 
results of a study on short term effects of prescribed fire in pine stands in 
NW Spain. Ecol. Mediterr., 13(4), 177‒188.

Verma, S. & Jayakumar S. (2012). Impact of forest fire on physical, chemical 
and biological properties of soil: A review. Proceedings of the Interna-
tional Academy of Ecology and Environmental Sciences, 2(3), 168‒176.

Vidrich, V., Bossetto, M. & Renzoni M. (1977). Effettidell’incendio su alcune 
caratteristiche chimiche di un suoloboschivo. Italia Forestale Montana, 
32, 93‒104.

Viro, P.J. (1974). Effects of forest fire on soil. In. T.T. Kozlowski & E. Ahlgren 
(Eds.), Fire and ecosystems (pp. 7‒45). New York: Academic Press.

Wan, S., Hui, D. & Luo Y. (2001). Fire effects on nitrogen pools and dynamics 
in terrestrial ecosystems: a meta-analysis. Ecol. Appl., 11(5), 1349‒1365. 
DOI: 10.2307/3060925.

Woodmansee, R.G. & Wallach L.S. (1981). Effects of fire regimes on bioge-
ochimical cycles. In F.E. Clark & T. Ross-Wall (Eds.), Terrestrial nitro-
gen cycles. Processes, ecosystems, strategies and management impacts (pp. 
649‒669). Stockholm: Swedish Natural Science Research Council. 

https://doi.org/10.1016/j.envint.2004.02.003
https://doi.org/10.1002/ldr.1109
https://doi.org/10.1016/j.scitotenv.2016.02.134
https://doi.org/10.1016/j.scitotenv.2016.02.134
https://doi.org/10.1016/0378-1127(87)90147-2
https://doi.org/10.1016/0378-1127(87)90147-2
https://doi.org/10.1016/j.jenvman.2018.12.055
https://doi.org/10.1088/1748-9326/ab541e
https://doi.org/10.1002/hyp.9907
https://doi.org/10.1002/hyp.9907
https://doi.org/10.1016/0038-0717(93)90167-A
https://doi.org/10.1111/j.1442-9993.1980.tb01227.x
https://doi.org/10.1111/j.1442-9993.1980.tb01227.x
https://om.ciheam.org/om/pdf/b34/01002087.pdf
https://doi.org/10.1002/j.1537-2197.1980.tb07623.x
https://doi.org/10.1002/j.1537-2197.1980.tb07623.x
http://dx.doi.org/10.1098/rstb.2015.0171
http://dx.doi.org/10.1098/rstb.2015.0171
https://doi.org/10.2307/3897199
https://doi.org/10.1002/ldr.748
https://doi.org/10.2307/3060925

