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EFFECT OF FIRES ON CERTAIN PROPERTIES OF FOREST SOILS
IN WESTERN ALGERIA

Ayoub ALLAM™, Amine Habib BORSALI', Abdelkrim KEFIFA', Mohamed ZOUIDI', Raphael GROS?

'University of Dr Moulay Tahar, Saida, Algeria
’Aix-Marseille University, Marseille Cedex, France

Natural disturbances, such as forest fires, cause significant changes in the structure and functioning of semi-arid ecosystems. After
such disturbances, the impact on the soil ecosystem in its entirety is misunderstood. In this study, two years after the last fire,
changes in the physicochemical and biological properties of Aleppo pine forest soils in the semi-arid zone were observed. Among
all physical properties analysed, only the soil moisture remained significantly lower in the burnt zone in contrast to control zone.
Considering the chemical properties, the only negatively affected parameter is the rate of organic matter. In terms of biological
properties, results showed that the fire caused a significant decrease in soil microorganisms by decreasing basal respiration and
microbial biomass. Conversely, the metabolic quotient recorded higher values in the fire zone than in the control zone. These
results indicate that microbial communities in semi-arid soils, already stressed by climatic hazards, are very sensitive to the passage

of even low-intensity fires.
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The forest ecosystems of the Mediterranean basin contain
remarkable biodiversity, providing important economic
resources in terms of sylvo-pastoral production, as well as
tourism and leisure areas. Furthermore, they also provide
essential ecosystem services, e.g. water erosion reduction
by the retention of water in the soil (Eamus et al., 2005).
Drought is one of the most unfavourable and most common
constraints in arid and semi-arid regions (Sabaghnia and
Janmohammadi, 2014), and the presence of pyrophyte
species in these regions, such as Cistus (Cistus ladaniferus)
or Aleppo Pine (Pinus halepensis Mill), can promote fires
(Borsali, 2013). Soil degradation by any means represents
one of the most significant issues in terms of maintaining
the soil quality (Nouraein et al., 2020).

Numerous authors confirm that the origins of fire
are mainly related to humans and directly depend on
imprudence and insouciance of people, especially in
terms of the agricultural and pastoral utilization of land
(Meddour, 2014). According to the statistics provided by the
Direction General of Forests, Algeria is seriously affected by
fires, especially the north of the country. In 2017, the total
area burnt by fires was 51,908 ha. Due to the significant
evolution of this disaster and observed damage on the
forest ecosystem, it is highly recommendable to investigate
the changes in properties of these burnt soils.

Certini (2005) synthesizes the effects of fire on the
properties of forest soils and shows that the main factor is
the severity of fire, which depends on the environmental
factors involved in the combustion processes: quantity;
nature and moisture of the dead and living combustible;

Contact address:

wind speed; and site topography. This severity depends
on two factors: the intensity and duration of the fire. High
intensity combined with a long duration of fire would cause
the greatest damage to vegetation and soil. The decline
in soil protection leads to lower stability and, as a result,
increased vulnerability to erosion risk (Hart et al., 2005).

The increase in the number of fires and their frequency
have reduced the time between the two successive fires to
less than 20 years (Vennetier et al., 2008). Their effects on
soil biology are both direct - instantaneous destruction of
organisms living on the surface — and indirect — environment
modification (soil, vegetation cover) (Uroz et al., 2014). In
addition to their effect on physicochemical parameters,
fires also directly or indirectly affect the soil organisms.
Direct effects induce short-term changes that modify
species composition and abundance of taxonomic groups
(Gongalsky et al., 2012).

Algerian soils are naturally vulnerable, sometimes highly
degraded, especially in the semi-arid zone. These soils are
highly affected by the issue of forest fires and their impact
on soils is not very investigated by scientists. In addition,
the difficulty of returning to an optimal performance level
after fire must be enlightened by an objective evaluation
of the short-term return dynamics of these soil properties.
In order to answer the most significant questions related
to the state of Algerian post-fire soils, a comparative study
of selected physicochemical and biological parameters of
a soil after two years of the last fire and a control soil that did
not undergo fire for twenty years was carried out.
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Study area

The study area is in the semi-arid
bioclimatic stage of Ouled Khaled
Saida. This private forest, known as
Keroua, is located between (34° 54
55.00,N 0°729.14" E). It covers an area
of 760 ha (Fig. 1).

This bioclimatic domain receives
34516 mm of precipitation with
a seasonal rainfall regime of winter,
spring, summer and autumn (WSSA).
According to the Saida Meteorological
Station (SMS, 2017), the maximum
average temperature is 24.6 °C; the
minimum average temperatureis 11 °C
and the thermal average amplitude
is 19.9 °C. In the observed area, the
number of fires for the period from 1999
t0 2016 is 190 in total, which destroyed
a total forest area of 3,355.25 ha. This
corresponds to an annual average of
10.56 fires and 186.40 ha of burnt area.
The number of fires varies from year to
year — in 2007, fires burnt the smallest
area of 9 ha, and in 1999 an absolute

maximum of 1,160.5 ha, while in 2015,
only a small number of fires (9) was
recorded, yet a total forest area of
720.75 ha was destroyed as a result.

The plots wused for control
measurements are in the same area but
were not affected by fires for at least
twenty years. This zone is characteristic
with good density of vegetal cover
dominated mainly by the Aleppo Pine
and different plant strata.

Methodology and soil sampling

The study of the fire effects on the soil
properties required determination of
an appropriate methodology with the
thematic, for that, the following criteria
were respected:

1. the forest cover in observed zone
was to predominantly compose of a
monospecific population of Aleppo
pine;

2. the control zone must be at least by
50 m away from the fire border;

3. the analysis is conducted two years
after the fire that was recorded in
2015. Thus, the plots were visited in

Fig.1 Location of the observed zone

spring of 2017 for the collection of

soil samples.

In each zone (burnt and control),
five plots were randomly selected.
Soil samples were taken from the
first horizon with a depth of 0-10 cm,
sieved to particle size of 2 mm at
maximum and conditioned in cold for
biological analysis.

Physical analysis

Soil moisture content (d.b.) was
determined by weighing a certain
amount of soil before and after drying
in an oven at 105 °C for 24 h. The soil
mass loss represents the mass of water
evaporated during drying (Mathieu
and Pieltain, 1998). The soil moisture
content was determined as follows:

u:(wjmo (%) M

Mgz — M,

where:

u - soil moisture content (%); mg, -
mass of empty breaker (g); mgz, — mass
of breaker + fresh soil (5 g); mg; — mass
of breaker + dried soil (g)

Soil permeability is given by
the height of water measured per
centimetre of infiltration per unit of
time (Mathieu and Pieltain, 1998).

The samples were placed in
graduated cylinders up to 100 ml,
which are then filled with distilled
water up to 200 ml. Subsequently, it
is left resting for 12 h, and after it, the
water height is measured. Permeability
is defined as follows:

K=0.857-h )

where:
K — permeability (cm-h™); h — water
height (cm)

The soil sample is moistened for
12 h by capillary rise in a sintered
glass Buchner filter. Then, the filter is
placed on a vacuum flask connected
to a water pump to remove water in
pores with a diameter less than 8 um.
The retention capacity (RC) is defined
as the water content remaining in the
soil after 24 h (Saetre, 1998). It was
calculated according to the following
formula:

Rcz{(mn ~my)~(m, ""m)}oo %) (3)
(msa _mB1)
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where:

RC - retention capacity (%); mg, — empty filter mass (g);
mg, — filter mass with moistened soil for 12 h (g); mg; - mass
of (filter + moist soil) after drying for 24 h at 105 °C (g)

The bulk density (pv) corresponds to the dry mass of
a soil volume, the structure of which has not been disturbed,
knowing the constant dry mass of the sample at 105 °C and
the volume of the cylinders used (Blake and Hartge, 1986).
Bulk density was calculated according to the following
formula:

pv=—>=t (4)

where:
pv - bulk density (g-cm™); m; - dry soil mass (g); V - cylinder
volume (cm?3)

V=n-r*-h

where:
1 - 3.14; r — cylinder radius (cm); h - cylinder height (cm)

The measurement of the real density (p) was determined
by the pycnometer method, which consists of determining
the volume of benzene displaced by the solid phase of
sample with a known mass in a known volume (Pétard,
1993). The real density was obtained as follows:

p=—>= (5)

(6)

where:

p - real density (g-cm™); m, — 10 g of soil dried in oven at
105 °C (g); V - volume of used soil (cm?); mg, - mass of
pycnometer filled with benzene up to the mark (g); mg, -
mass of pycnometer with 10g of soil filled with benzene
up to the mark after the disappearance of air bubbles (g);
pg — benzene density (g-cm?)

The porosity was determined by the following formula:

p= [M} 00 (%) )
p

where:
p - porosity; p — real density (g-cm?®); pv - bulk density
(g-cm™)

The soil electrical conductivity measurement was
performed by a conductivity meter HI2300, (HANNA
Instruments, Italy) using a ratio of 20 g of dried fine soil in
the open air and 50 ml of distilled water (Paycheng, 1980).
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Chemical analysis

The measurement of the pHy o and pHy, of the soil is an
empirical measurement. For the measurement of PHH20r
20 g of fine soil dried in the open air were mixed in a beaker
with 50 ml of distilled water. For the measurement of pHKCI,
20 g of soil and 50 ml of potassium chloride were mixed in
separate beaker (Paycheng, 1980). The measurements were
conducted using a pH meter HI2210 (HANNA Instruments,
Italy).

Total limestone (CaCO,) was estimated by the Bernard
calcimeter. This method allows the measurement of the
volume of CO, released by the soil samples under the action
of hydrochloric acid (HCI). The total limestone was calculated
using the following expression:

TL= KV‘J(”’BHWO (%) @8)
Mg, Vv
where:

TL - total limestone (%); mg - reference sample mass
(CaCO; =1 g); mg; — mass of soil samples (1 g); V - volume
generated by reference sample (V = 225 cm?); V, - volume
generated by soil samples (cm?)

The organic matter (OR) was determined by mass loss of
dry sample after the calcination at 550 °C for 16 h. It was
calculated using the following formula:

OR = (mB1 _mB)_(mBZ _mB)
(mB1 - mB)

}1 00 (%) 9)

where:

OR - organic matter (%); m; - empty breaker mass (g);
mg, — breaker mass with dried soil (g); mg, — breaker mass
with calcined soil (g)

Biological analysis
Basalrespiration (BR) was measured accordingtothe protocol
described by Anderson and Domsch (1978) to assess the
physiological status of soil microbial communities. Ten grams
(dry equivalent) of fresh soil kept at 4 °C were weighted in
a glass phial (117 ml). The phials were hermetically sealed
with a plug immediately after the replacement (4 min) of
their internal atmosphere by a stable CO, concentration
atmosphere and incubated for 4 h at 25 °C. After incubation,
an aliquot of phial atmosphere (1 ml) was injected using
a syringe into a gas chromatograph (Chrompack CHROM3 -
CP 9001). Ambient CO, concentrations were subtracted
from the CO, concentrations measured after incubation to
obtain the amount of CO, produced by the heterotrophic
microorganisms contained in the sample.

Microbial biomass (MB) was estimated using substrate-
induced respiration (SIR) rates (Anderson and Domsch,
1978).Ten grams (dry mass equivalent) of sub-samples were
placed in 117 ml glass jars and amended with powdered
glucose (1,000 pgC-g™). One millilitre of air was sampled
in the head space with a syringe and injected into a gas
chromatograph (Chrompack CHROM 3 - CP 9001). SIR
rates were converted to microbial biomass value using the
equation given by Beare et al. (1990).
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The metabolic quotient (gCO,) was calculated as follows
(Anderson and Domsch, 1978):

BR

co, - BR
KRRV

(10)

where:

gCO, - metabolic quotient (mg C-CO,(g Cmic)"h™);
BR - basal respiration (ugC-CO,-g”' DM-h™"); MB - microbial
biomass (ugCmic-g™' DM)

Statistical analysis

Collected data were analysed using the Minitab 17 software
(Minitab, LLC, company, United States). The 5% threshold
comparison test was used to compare the averages
(student’s test). The thresholds of significance considered
are: (* Significant: P <0.05; ** Very significant: P <0.01; ***
Highly significant; P <0.001; NS: Not significant).

The results obtained by the chemical properties evaluation
show that the organic matter content of burnt soils (7.73%)
was significantly lower compared to the control zone
(16.08%) (P <0.001). However, the statistical tests of the
other properties do not indicate a significant difference,
only a slight decrease was noticed for total limestone in the
burnt soil in contrast to control zone. The average values of
PHy,0 and pHyg approach each other in both zones.

The fire did not significantly affect the physical
parameters except soil moisture. Here, a decrease of 4.89%
between the burnt zone and its control zone (P <0.05) was
observed. In terms of permeability, retention capacity,
porosity and electrical conductivity, a slight decrease
was observed in burnt soils compared to control zone.
Considering the bulk density and real density, an increase in
both parameters was observed in the burnt zone in contrast
to control zone (Table 1).

The results obtained for the biological analyses show
that the basal respiration and microbial biomass were
significantly lower in burnt area than in control zone
(P <0.001) despite the passing of two years since the
fire. decrease was approx. 1.09 (ug C-CO,g" DM-h™) for
basal respiration and 0.19 (ugCmic-g” DM) for microbial
biomass.

Considering the metabolic quotient, there was
a significant increase (P <0.05) in burnt zone compared to
control zone - values 14.59 and 8.02 (mg C-CO,-(g Cmic)-1 -h,
respectively (Fig. 2).

Two years since the fire, results show that organic matter
decreased significantly in the burnt soil compared to control
zone. According to Verma and Jayakumar (2012), high
intensity fires can result in a total loss of soil organic matter.
Similarly, Annabi et al. (2009) recorded critical organic
carbon values for forest soils in the semi-arid zone eight
years after the last fire.

The role of organic matter as a cementing agent for soil
aggregates is extremely important after a fire (Granged et
al., 2011). Therefore, the higher the organic matter content
in soil, the better the cohesion between soil particles, and
thus higher resistance to erosion.

This deficit in organic matter is a direct result of the
combination of total vegetation burning in this area and
the water erosion phenomenon. Van der Werf et al. (2010)
and Guenon et al. (2011) reported that fires eliminate large
quantities of organic matter from ecosystems by vegetation
burning and complete oxidation of soil organic matter.
Furthermore, Knicker (2007) concluded that erosion and
burning progressively deplete organic matter and nutrients
of soil. Wind and water erosion of ash is a significant risk
in recently burnt areas. In general, the wind carries them
to gullies, where they accumulate and from which they
are leached by runoff, causing a net loss of soil fertility
(Vennetier et al., 2014).

In terms of the rest of chemical properties, the average
values of the two zones (burnt and control) were getting
closer, showing the absence of a significant difference.
This means that either these soil properties have not been
affected by the fire from the beginning, or the impact was

Table 1 Physicochemical properties of burnt and control soils

Properties Burnt Control Signification

Chemical PHy0 7.64 7.64 NS

PH ¢ 7.40 7.38 NS

organic matter (%) 7.73 16.08 e

total limestone (%) 15.80 20.98 NS

Physical bulk density (g-cm?) 1.23 1.05 NS

real density (g-cm™) 242 239 NS

total porosity (%) 49.17 56.07 NS

moisture (%) 333 8.22 *

retention capacity (%) 61.20 79 NS

permeability (cm-h™) 263 274 NS

electrical conductivity (dS-m™) 0.18 0.22 NS
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Fig.2 Variation in biological properties in burnt and control
soils

particularly significant during the first months after the
fire, and over time, the differences between the two zones
gradually disappeared.

Study results indicate that after two years since the
last fire, the physical properties of these soils were not
significantly affected with exception of the moisture - there
was a decrease in this value in the burnt zone compared
to control zone. The results obtained corroborate those
obtained by Mabuhay et al. (2006), who reported that after
thirteen months, the soil moisture content was significantly
higher in the unburnt site in contrast to the burnt site.
Moreover, Holden et al. (2013) reported a decrease in soil
moisture after the fire.

The decrease in soil moisture is due to absolute
destruction of trees protecting the soil against the direct
effect of solar radiation, and their replacement by the
herbaceous stratum, which increases the use of water in the
superficial horizon. This will accentuate evapotranspiration
in burnt soils. Mulumba and Lal (2008) demonstrated the
relationship between the soil organic matter and moisture:
they observed that moisture increases in soils containing
higher amount of organic matter, which comes from plant
residues.

Considering the other physical properties, there were
only slight differences between the two areas, but these
were not statistically significant. Bulk density and real
density increased in burnt soils in contrast to control zone;
this increase in density reduced the porosity, permeability
and retention capacity in burnt soils.

After two years since fire, basal respiration and microbial
biomass in burnt soils remained lower in all cases compared
to the control zone. Therefore, the effect of this constraint on
the soil biological properties can persist for multiple years
after the fire passage. According to the results obtained
by Holden and Treseder (2013), microbial reactions were
significantly negative after fires, a reduction in microbial
biomass was positively correlated with low values of
microbial respiration. After the fires, Smith et al. (2008)
observed a reduction in microbial biomass and diversity
of microorganisms. Furthermore, Barcenas et al. (2011)
reported that soil respiration decreased to lower values in
contrast to unburnt reference site thirty-two months after
the fire.

This decrease in basal respiration and microbial biomass
was due to low rate of organic matter and moisture in these
burnt soils, which prevented the rapid maintenance of
microbial communities. Papa et al. (2008) suggested that
a low moisture and high temperatures can be considered
the most important factors affecting soil biological activities
in Mediterranean ecosystems.

The metabolic quotient is used as an indicator of the
physiological state of soil microorganisms. It shows how
efficiently microorganisms use the available carbon in
soil for their biosynthesis (Anderson, 2003). FlieBbach et
al. (2007) suggested that high values of qCO, reflect the
growing microbial communities with high energy needs
to sustain themselves, while low values of qCO, indicate
less disturbed soils, harbouring communities, more
diversified communities with more prominent mutual

interactions.



Ayoub Allam et al.

Statistical analysis shows that the metabolic quotient
in the burnt zone was significantly higher compared to the
control zone. Therefore, the fire has a negative impact on the
microbial community metabolic efficiency. This confirms our
results (decrease of basal respiration and microbial biomass)
and shows that the microbial population of these soils is still
stressed and affected by the fire even after two years of its
passage.

Conclusion

Forest fires are one of the most widespread factors
responsible for the degradation of forest ecosystems in the
world, especially their frequency poses a permanent threat
to the already fragile biodiversity in the Mediterranean
basin. In this study, changes in the physicochemical and
biological properties of forest soils after two years since the
last fire were evaluated.

The results of the physicochemical properties show
that, after two years since the last fire, only the soil organic
matter content and soil moisture are significantly affected
with lower rates in the burnt area in contrast to control
zone. A slight decrease in permeability and water retention
capacity is caused by a reduction in porosity resulting from
the increase in bulk and real density. Considering the rest
of the chemical properties, the recorded values were almost
similar, indicating the absence of a significant difference
between the two zones.

In terms of biological properties, the burnt zone showed
lower rates of basal respiration and microbial biomass
compared to unburnt zone. The metabolic quotient was
significantly higher in the burnt zone in comparison to
control zone, indicating persistent disturbance of the
microbial community in these soils.
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