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ABSTRACT

This study aimed to evaluate changes in selected physicochemical properties of soil resulting from a forest fire and
subsequent suppression activities. The research was conducted in the Majonski Grove in Lubon (Greater Poland
Voivodeship, Poland), where controlled burning of forest litter was performed to simulate fire. Soil samples were
collected from three depth intervals (0-50 mm, 51-100 mm and 101-150 mm) before and after burning. Labora-
tory analyses included grain-size distribution, pH, electrical conductivity (EC), calcium carbonate content, cation
exchange capacity (CEC), organic carbon content and magnetic susceptibility. The results indicated pronounced
alterations in surface soil layers, particularly increases in pH, EC, organic carbon and oxidizable carbon, confirm-
ing that fire effects were largely confined to the soil surface. Thaese findings contribute to a better understanding
of post-fire soil processes and may support the assessments of forest ecosystem recovery, as well as operational
planning for the State Fire Service.
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INTRODUCTION

Fire is a natural and global phenomenon that
has been shaping terrestrial ecosystems since the
emergence of land vegetation. It plays a signifi-
cant role in regulating vegetation patterns, bio-
geochemical cycles, and climate-related process-
es (Bowman et al., 2009). In recent years, howev-
er, the frequency and spatial extent of forest fires
have increased in many regions, intensifying their
environmental impacts.

Statistical data from the State Fire Service
indicate an upward trend in the number of for-
est fires in Poland, including the Greater Poland
Voivodeship, particularly between 2017 and
2021. This increase poses a growing threat to for-
est ecosystems and adjacent areas, highlighting
the need for a better understanding of fire-induced
environmental changes.

Among the components of forest ecosystems,
soil is particularly sensitive to fire disturbance.
Elevated temperatures and combustion of organic
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material can modify the physicochemical prop-
erties of soil, including pH, salinity, organic car-
bon content, and cation exchange capacity. These
changes directly affect post-fire ecosystem regen-
eration and nutrient cycling.

Previous studies have shown that fire impacts
are usually concentrated in surface soil layers,
while deeper horizons remain less affected (Cer-
tini, 2005). Nevertheless, the magnitude and di-
rection of these changes depend on fire intensity,
duration, fuel type, and suppression activities. In
particular, controlled burning experiments pro-
vide valuable insight into the fire—soil interac-
tions under reproducible conditions.

The aim of this study was to evaluate changes
in selected physicochemical properties of forest
soil caused by a surface fire simulated by controlled
litter burning. The research focused on the vertical
variability of soil properties before and after fire
exposure, with special attention given to pH, elec-
trical conductivity, organic carbon content, cation
exchange capacity, and magnetic susceptibility.
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STUDY AREA

The study was conducted in the Majonski
Grove, located in the south-eastern part of Lubon,
within the Greater Poland Voivodeship (western
Poland), in the Warta River valley. The investi-
gated forest complex covers approximately 60 ha
and represents a typical lowland forest ecosystem
of the region.

The area is dominated by mixed forest stands
with a prevalence of birch, accompanied by a
well-developed herbaceous understory and for-
est litter layer. The soils are classified as leached
brown soils developed from loose and slightly
loamy sands, which are common in central-
western Poland and particularly susceptible to
thermal disturbance as well as post-fire chemical
transformations.

Soil sampling was carried out in May 2022
on a 25 m? experimental plot where controlled
burning of forest litter was performed to simu-
late a surface fire. The burning process lasted
approximately 10 minutes. Fire suppression was
conducted using a water stream, reflecting typical
firefighting practices applied during low-intensity
forest fires.

Soil samples were collected from three depth
intervals: 0—-50 mm, 51-100 mm, and 101-150
mm. Prior to burning, three control samples were
taken from each depth. After burning, nine sam-
ples were collected from the same depth intervals
(three replicates per layer). Mean values obtained
from replicate samples were used in subsequent
analyses to improve result reliability and reduce
the influence of local heterogeneity.

MATERIAL AND METHODS

After collection, the soil samples were air-
dried at room temperature to constant mass, ho-
mogenized, and sieved through a 2 mm mesh to
separate the fine earth fraction. Laboratory analy-
ses were performed using standard soil science
procedures. Grain-size distribution was deter-
mined using the Casagrande aerometric method,
combining sieve and sedimentation techniques.
Soil reaction was measured potentiometrically in
distilled water (H20) and in 1 N KCI. Electrical
conductivity (EC) was determined conductomet-
rically in soil extracts.

Calcium carbonate (CaCOs) content was
measured using the Scheibler volumetric method.

Cation exchange capacity (CEC) was determined
by the Kappen method. Oxidizable carbon content
was analyzed using the modified Tiurin method.
Organic matter content was calculated based on
oxidizable carbon determined using the modi-
fied Tiurin method. Magnetic susceptibility was
measured with a Bartington MS2B sensor and ex-
pressed as mass-specific magnetic susceptibility.

For organic soil material, pH (H20 and KCI)
and electrical conductivity (EC) were measured
using the soil-to-water ratios recommended for
organic samples. Soil color was assessed visually
using the Munsell Soil Color Charts (Kabata et
al., 2017). All analyses were conducted in trip-
licate for each depth interval. Mean values were
used for further interpretation to minimize ana-
lytical uncertainty and local variability.

RESULTS

Laboratory analyses demonstrated clear
changes in selected physicochemical properties
of soil following the controlled surface fire. The
magnitude of these changes depended strongly on
soil depth and was most pronounced in the sur-
face layer (0—50 mm), while deeper layers exhib-
ited progressively weaker responses (Table 1).

Control samples were collected only from
the surface soil layer (0-50 mm); therefore,
no control data are available for deeper lay-
ers, and depth was treated as a categorical vari-
able due to discrete sampling intervals. A visible
change in soil color was observed after burning,
from 7.5YR 6/1 in control samples to predomi-
nantly 10YR 5/1 in burned samples. This shift
was recorded across all analyzed depth intervals.
Soil pH remained acidic in all samples; however,
differences in pH were observed between control
and burned soils across discrete depth intervals.

In the surface layer (0—50 mm), mean pH
(H20) increased from 5.27 in control samples to
5.49 after burning. In burned soils from deep-
er layers, the pH values ranged from 5.23 to
5.30, indicating smaller differences compared
to the surface layer (Fig. 1). Calcium carbon-
ate (CaCOs) content was low in all samples
and showed only minor variation, ranging from
0.12% to 0.16%, with no distinct differences be-
tween depth intervals.

Electrical conductivity (EC) increased mark-
edly in the surface soil after burning, reaching
a mean value of 99.65 uS/cm compared to 56.12
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Table 1. Mean values of selected physicochemical soil properties in control and burned samples at different depths

- . Magnetic
?:ﬂ:;‘ Treatment | pH (H,0) | CaCOs (%) ;Tgi;a(tzz Organ(loc/O;natter (mmof(:f)% 00 g) (sxu1s(():_espr:i§/il|(i;y)
0-50 Control 5.27 0.13 2.92 5.04 9.6 88.3
0-50 Burned 5.49 0.16 5.0 8.61 12.55 118.8
51-100 Burned 5.23 0.12 2.89 4.99 71 66.07
101-150 Burned 5.3 0.14 1.77 3.06 6.0 45.3

uS/cm in control samples. In deeper burned lay-
ers, the EC values were lower, indicating a re-
duced response relative to the surface layer.
Oxidizable carbon content differed clearly
between depth intervals. In the surface layer,
oxidizable carbon increased from 2.92% in
control samples to 5.00% after burning. In
burned soils from deeper layers, the values de-

A similar pattern was observed for organic
matter content, which increased from 5.04% in
surface control soil to 8.61% after burning and
declined to 4.99% and 3.06% in the deeper lay-
ers (Fig. 2). Cation exchange capacity (CEC) also
varied between discrete depth intervals.

In the surface layer, CEC increased from 9.6
mmol(+)/100 g in the control samples to 12.55

creased to 2.89% at 51-100 mm and to 1.77%

at 101-150 mm.

0-50 mm

mmol(+)/100 g after burning. In burned soils
from deeper layers, the CEC values decreased
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Fig. 1. Mean soil pH (H20) in control and burned samples across discrete soil depth intervals
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Fig. 2. Cation exchange capacity (CEC) of control and burned soils across discrete soil depth intervals
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Fig. 3. Magnetic susceptibility ()) of control and burned soils across discrete soil depth intervals

to 7.1 mmol(+)/100 g at 51-100 mm and to 6.0
mmol(+)/100 g at 101-150 mm (Fig 3). Magnet-
ic susceptibility showed the strongest response to
burning.

In the surface layer, values increased from
88.3x10°* m*kg in control samples to 118.8
x107® m*/kg after burning. In burned soils from
deeper layers, magnetic susceptibility decreased
to 66.07x107® m*kg and 45.3x107® m3/kg, indi-
cating limited penetration of thermal effects into
the soil profile.

Overall, the controlled surface fire caused
measurable changes in soil physicochemical
properties primarily within the upper soil layer,
while deeper horizons remained relatively stable.

DISCUSSION

The results of this study demonstrate that
controlled surface fire exerts a pronounced influ-
ence on the physicochemical properties of forest
soils primarily within the uppermost layer, while
deeper horizons remain only marginally affected.
This vertical differentiation is a well-recognized
characteristic of low-intensity and short-dura-
tion fires, in which the heat transfer into the soil
profile is rapidly attenuated with depth (Certini,
2005; Neary et al., 1999). In the present study,
the burning duration was approximately 10 min-
utes, which significantly limited the penetration
of elevated temperatures and associated physico-
chemical transformations into deeper soil layers.

The increase in soil pH observed in the
0-50 mm layer after burning reflects a typi-
cal post-fire alkalization process. During

combustion, organic acids are volatilized and
alkaline ash is deposited on the soil surface,
leading to the release of base cations, such as
Ca?", Mg?*, and K" into the soil solution (Certini,
2005; Ubeda and Pereira, 2019). Similar post-
fire increases in pH have been reported for the
forest soils subjected to surface fires, particularly
when fire severity is low and ash remains largely
in situ. The absence of substantial pH changes in
deeper layers confirms that the influence of ash
inputs and heat-induced reactions was confined
mainly to the soil surface.

A comparable depth-dependent pattern was
observed for electrical conductivity (EC). Ele-
vated EC values in the surface layer indicate an
increased concentration of soluble salts derived
from ash and partially combusted organic resi-
dues. Previous studies have shown that the post-
fire increases in EC are typically short-lived and
restricted to surface horizons, as soluble ions
are either leached downward or removed during
subsequent precipitation events (Certini, 2005;
Bodi et al., 2014). In the present case, firefight-
ing suppression using water may have facili-
tated partial redistribution of ions; however, the
limited response in deeper layers suggests that
these processes did not substantially alter sub-
soil chemistry.

The increase in organic carbon and organic
matter content in the surface soil layer following
burning may appear counterintuitive, as fire is
often associated with organic matter loss. How-
ever, similar observations have been documented
for low-intensity surface fires, where incomplete
combustion results in partial carbonization, rather
than complete mineralization of organic material
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(Certini, 2005; Santin et al., 2017). Fine charcoal
particles and thermally altered organic residues
may become incorporated into the mineral soil,
leading to an apparent increase in measured or-
ganic carbon. These processes can also contribute
to changes in soil sorption properties.

This interpretation is supported by the ob-
served increase in cation exchange capacity (CEC)
in the surface layer. Fire-altered organic matter
and ash-derived mineral phases may provide ad-
ditional exchange sites, enhancing the ability of
soil to retain base cations (Bodi et al., 2014). The
lack of significant changes in CEC in deeper soil
layers further indicates that the exchange com-
plex below 50 mm remained largely unaffected
by the fire event, consistent with the limited ther-
mal penetration associated with short-duration
surface burning.

Magnetic susceptibility proved to be a sensi-
tive indicator of fire-induced thermal alteration
in the studied soils. The marked increase in
susceptibility values in the surface layer after
burning can be attributed to the thermal trans-
formation of iron-bearing minerals, resulting
in the formation of ferrimagnetic phases, such
as magnetite or maghemite (Strzyszcz et al.,
2005; Jordanova et al., 2019). Such transfor-
mations occur when soil temperatures exceed
critical thresholds during combustion and are
commonly reported in fire-affected soils. In
contrast, the substantially lower susceptibility
values recorded in deeper layers indicate that
the temperatures sufficient to induce miner-
alogical changes were not reached below the
surface horizon. This finding is consistent with
the experimental and field observations show-
ing that soil temperatures decrease rapidly with
depth during short-duration fires (Neary et al.,
1999; Szuszkiewicz et al., 2020).

Overall, the clear differentiation between
surface and subsurface soil layers highlights the
importance of fire duration and intensity in con-
trolling the extent of soil alteration. In the case
of controlled surface burning, physicochemi-
cal changes were largely confined to the upper
50 mm of soil, leaving deeper horizons structur-
ally and chemically stable. From an ecological
perspective, such surface-limited disturbances
may temporarily modify nutrient availability,
microbial activity, and sorption processes in the
topsoil without compromising the overall integ-
rity of the soil profile. Consequently, low-inten-
sity surface fires, such as the one investigated in
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this study, are unlikely to cause long-term deg-
radation of soil functions and may be compatible
with the natural post-fire recovery processes in
forest ecosystems.

CONCLUSIONS

Controlled surface burning caused measurable
changes in selected physicochemical properties of
forest soil, with effects clearly confined to the upper
soil layer. The most pronounced post-fire changes
were observed within the 0-50 mm layer and in-
cluded increases in soil pH, electrical conductivity,
oxidizable carbon, organic matter content, cation
exchange capacity, and magnetic susceptibil-
ity. Subsurface soil layers (51-100 mm and 101-
150 mm) exhibited considerably smaller changes in
all analyzed parameters, indicating limited vertical
propagation of thermal and chemical effects.

Grain-size distribution remained unchanged
after burning, confirming that low-intensity surface
fires do not significantly affect the physical struc-
ture of mineral soils. The increase in magnetic sus-
ceptibility in the surface layer highlights its useful-
ness as a sensitive indicator of thermal impact and
fire-induced mineral transformations in forest soils.
Overall, the results demonstrate that controlled sur-
face fires primarily modify the chemical properties
of topsoil, while deeper horizons remain relatively
stable, which is important for the post-fire soil as-
sessment and management in forested areas.
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