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Influence of fire on selected physico-chemical properties of forest soil

Abstract: The aim of the research was to determine whether, and to what extent, a surface fire of forest areas determines changes
in physical and chemical properties of the soil. The test material consisted of soil samples taken from soil profiles exposed in a burnt-
out area and in an area unaffected by fire. The samples were analyzed for total organic carbon and total nitrogen contents, and also
selected indicators of soil acidification. As a result of the tests, it was found that there was a decrease in the levels of organic carbon
(by over 75%) and nitrogen (by 50%). A negative effect of the changes was the narrowing of the C/N ratio, a positive one — an
increase in soil pH (from 3.14 to 4.67), and a several-times reduction in hydrolytic and exchangeable acidity.
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INTRODUCTION

In the European Union, Poland is counted among
the countries with medium risk of forest fires. Accor-
ding to the data of the Joint Research Centre in Ispra,
it ranks third (behind Portugal and Spain) in terms of
the average annual number of fires, but in eighth
place when taking into account the area covered by
them (website 1).

The high forest fire risk in Poland is due to, among
other things, the fact that Polish forests are among
the most combustible areas in Central Europe. It is
the result of a high proportion of coniferous forest
habitats and pine dominance in the species composi-
tion, as well as the age of tree stands. According to
the General Directorate of State Forests, forests up to
the age 0f 40 years are the most flammable, constituting
nearly 29% of the forested area of the country. The
forests are located on the poorest soils (podzols,
podzolic and rusty soils) with a low organic matter
content and drying out quickly (website 2). The
majority (about 95%) of forest fires in Poland are
embryonic fires (up to 0.05 ha) and small fires (up to
1 ha) (Szczygiet 2012). Forest fires occur throughout
the year, but the highest incidence of them is
observed from April to September, especially during
prolonged periods with high temperatures, low
humidity, and strong winds (Sawicki 2004, Ubysz and
Szczygiet 2005). In 2011, almost 70% of forest fires
broke out in the April-June period (Szczygiet and Piw-
nicki 2012).
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According to Szczygiet (2012), the number of
fires in Polish forests is systematically increasing from
1.5-2 thousand. in the first half of the twentieth
century, over 10,000 In recent years. In the literature
on the subject, there are few reports on forest fires
and their impact on the habitat in light soils typical of
Poland (Hewelke et al. 2018, Bojarski and Kaczma-
rek 2018; Bartkowiak and Lemanowicz 2017).

The forest fires occurring in Poland are predomi-
nantly low-temperature fires, in which the top layer
of soil reaches a temperature of 200°C-300°C (Pre-
decka 2009). For the normal functioning of forest
ecosystems, the temperature of soil surface horizons,
in which all biological life is concentrated, is very
important. Therefore, even lower temperatures, not
exceeding 100°C, can cause severe damage for envi-
ronment. The first signs of organic matter decompo-
sition appear already at 50°C. Indirectly, through
damage or destruction of soil organic matter, the
physical and chemical properties of forest soils
undergo a change. As a result, such soils are charac-
terized by a negative water balance, total porosity is
reduced, and the organic matter begins to acquire
hydrophobic properties (Hubbert et al. 2012). As a
result of surface fires, the ecosystem is enriched with
nutrients contained in ashes from burnt plants. Value
of soil pH increases and so does the availability of P,
K, Mg and Ca. Fires also lead to the impoverishment
of ecosystems because they become depleted of
nutrients such as N and S, which move to the
atmosphere in a gaseous form or with the smoke in
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the form of dust particles of organic matter. The
cation exchange capacity is also reduced and the
degree of saturation of the sorption complex with
basic cations increases. The greatest intensity of
these changes in forest ecosystems occurs immedia-
tely after a fire, but they are also recorded after
several or even more than a dozen years (Gonet 2010).

The aim of the research was to determine
whether, and to what extent, a forest fire determines
changes in physico-chemical properties of forest
soils.

MATERIALS AND METHODS

The study was conducted in a burnt forest area
near the village of Sierakow, Laski Forest District,
central Poland, Masovia Voivodeship (E 20° 51' 19",
N 52°19'5") (Table 1). The burnt-out site covered
an area of 1.2 ha.

The soil in study area was a Podzol overgrown
with 61-year-old Scots pine and the habitat was
classified as fresh mixed coniferous forest (BMs$w in
Polish classification). Soil profiles were made in a
place covered by fire as well as in the control area —
not covered by a fire. Soil samples were taken from
all genetic levels on three terms. The first sampling

TABLE 1. Morphological properties of the Podzol soil on the
test surface — Sierakow

Burnt area Control

Genetic Depth Genetic Depth
horizon [cm] horizon [cm]
Oh 2-0 Oi 4-3
AEs 0-16 Oe 3-0
Bhs 1640 AEs 0-16
BhsC 40-80 Bhs 16-35
C >80 BhsC 35-60

C >60

Soils were described and classified according to WRB soil classification
(IUSS Working Group WRB 2015).

date was immediately after the fire (term 1), the
second half a year later (term 2), and the third a year
after the fire (term 3). The collected soil samples were
dried until the moisture content had reached the level
of air humidity. They were then sieved through a
2 mm sieve. Chemical analyses of soil samples
included: determination of: pH in 1 mol-dm= KCl
solution by the potentiometric method using a Schott
pH meter, hydrolytic acidity (Hh) according to
Kappen’s method, exchangeable acidity (Hex) accor-
ding to Sokolov method and exchangeable aluminium
(Alex) content after extraction in 1 mol-dm= KCl
solution by atomic emission spectrometry method
(ICP-AES) (IRYS Advantage ThermoElementar),
total nitrogen (TN) according to Kjeldaha method
using a Gerhardt nitrogen analyzer, total organic
carbon (TOC) content with a PC controlled Eltra
CS 530 Carbon / Sulfur Analyzer.

RESULTS AND DISCUSSION

During a forest fire, a significant amount of
organic matter undergoes sudden mineralization, as
aresult of which the content of macro- and microele-
ments in the soil changes. The elements in organic
compounds, such as nitrogen and carbon, may be
converted into volatile products (Borman et al. 2008,
Caldwell et al. 2002, Gonet 2010). In the test areas
unaffected by fire (Table 2), the concentration of
organic carbon in the Oe horizon ranged from 260.3
t0280.1 g-kg™!, whereas that of the total nitrogen from
10.9 to 13.3 g-kg™!. The obtained values are consi-
stent with the literature data presented by many
authors (Januszek et al. 2001, Badia et al. 2017, Al-
caiiiz et al. 2016). The fire significantly reduced the
organic carbon and total nitrogen contents in the
organic horizon of the soil (Table 3).

Immediately after the fire, the organic carbon
content in the burnt horizon was 70.9 g-kg™!, which
was approx. 27% of the value obtained in the sample
taken nearby, from a place unaffected by the fire.

TABLE 2. Organic carbon and total nitrogen contents (g-kg '), and C/N ratio in the Podzol soil from the village of Sierakéw — area

unaffected by fire
Horizon cm Term 1 Term 2 Term 3

TOC ™ C/N TOC ™ C/N TOC N C/N
Oi 4-3 265.5 13.3 19.9 260.3 10.9 23.9 280.1 12.2 23.0
Oe 3-0 324 1.4 23.2 23.1 0.9 25.7 13.0 0.5 26.0
AEs 0-16 9.3 0.5 18.6 7.0 0.3 23.3 9.1 0.4 22.7
Bhs 16-35 52 0.3 17.2 39 0.2 19.5 4.5 0.3 15.1
BhsC 35-60 1.6 0.2 8.2 0.7 0.1 7.3 1.3 0.2 6.3
C >60 0.6 0.1 5.9 0.5 0.1 4.9 1.0 0.2 4.9
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TABLE 3. Organic carbon and total nitrogen contents (g-kg '), and C/N ratio in the Podzol soil from the village of Sierakéw — area

affected by fire
Horizon  cm Term 1 Term 2 Term 3
TOC N C/N TOC ™ C/N TOC N C/N
Oh 2-0 70.9 6.7 10.6 64.8 5.4 12 109.5 7.4 14.8
AEs 0-8 14.2 0.6 23.7 14.8 0.5 29.5 14.1 0.6 23.5
8-16 6.3 0.4 15.7 7.7 0.3 25.7 4.8 0.3 16.0
Bhs 16-40 55 0.4 13.9 2.5 0.2 12.7 2.2 0.2 11.2
BhsC 40-80 1.2 0.1 11.8 1.0 0.1 10.1 0.6 0.1 6.0
C >80 0.5 0.1 4.7 0.7 0.1 7.1 0.5 0.1 4.8

TABLE 4. Selected indicators of acidification of the Podzol soil from the village of Sierakow — area unaffected by fire

Horizon cm Term 1 Term 2 Term 3

pHyy  Hh Hex Alex pHyy  Hh Hex Alex pHyy  Hh Hex Alex
cmol(+)-kg! cmol(+)-kg! cmol(+)-kg!

Oh 3-0 3.14 3237 6.06 1.75 3.44 2995 434 181 3.30 26.82 3.81 0.92
AEs 0-8 3.07 11.82 532 1.15 3.35 942 505 1.08 343 626 347 093
816  3.51 815 473 1.12 433 3.74 123 0.48 3.81 569 241  0.69
Bhs 16-35 420 459 155 0.78 4.40 2.09 0.86 030 4.21 372 1.21 0.26
BhsC  35-60 4.34 234 089 042 4.62 1.34 236 0.12 4.22 198 0.80 0.21
C >60 4.79 1.32 045 0.23 4.51 1.14 051  0.07 4.35 1.55 076  0.19

In the Oh horizon, the total nitrogen content
immediately after the fire was 6.7 g-kg™!, which was
approx. 50% of the content obtained in the soil taken
from the control area. The loss of nitrogen from the
soil caused by the fire was smaller than that of
carbon. This is in line with the data published by,
among others, Caldwell et al. (2002), Bormann et al.
(2008) and Francos et al. (2018).

Measurements performed 6 months and a year
after the fire indicate that the organic carbon content
in the Oh horizon increased in relation to its concen-
tration in the detritus subhorizon (Oe). However, one
year after the fire, its concentration is still lower than
in the Oe horizon. Total nitrogen content was lower
compared with the values obtained immediately after
the fire. At the third sampling time, however, an
increase was recorded in the total nitrogen content of
the soil on the site of the fire.

The research Yildiz et al. (2010) and Dzwonko et
al. (2015) confirm that the action of fire reduces the
TN and TOC contents in the organic soil layer. The
losses recorded by them amount to 30—-80% for
carbon, and from a few to several dozen percent for
nitrogen.

As aresult of the fire, the C/N ratio decreased by
almost half in relation to the control and amounted to
10.6 (Table 3). With time, the value of C/N in the
post-fire soil increased and a year after the fire was
14.8.

The fire had significantly modified the soil pH.
The largest pH changes were observed immediately
after the fire in the top layer of the soil. In the Oh
horizon, the pH value was significantly higher than
in the corresponding layer of the control soil. Measu-
rements made on the subsequent dates indicate a
dynamic nature of the changes. With the passage of
time, the pH value in the ashes layer decreased from
4.67 to 3.41 (Table 5). Similar trends were observed
by Bogacz et al. (2011), who showed that the increase
in soil pH after a fire is of a short-term nature.

In the Oe horizon of the control soil, the value of
hydrolytic acidity (Hh) ranged from 32.37
cmol(+)-kg™! on the first sampling date to 26.82
cmol(+)-kg™! a year after the fire (Table 4).

As aresult of the fire, the hydrolytic acidity of the
organic soil horizon was reduced considerably.
Immediately after the fire, it was 7.20 cmol(+)-kg™!
(Table 5), which was less than a quarter of that in the
control area. On the second and third test dates, the
Hh value was found to have slowly increased (Table
5). The value of exchangeable acidity (Hex) during
the study period was subject to significant changes.
In the post-fire soil (in the Oh horizon), the Hw value
recorded on the first test date was 0.44 cmol(+)-kg™!
(Table 5), which was almost 1/14th of the value
determined in the control soil. Over the research
period, the value of Hex acidity gradually increased,
and a year after the fire was 2.89 cmol(+)-kg".
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TABLE 5. Selected indicators of acidification of the Podzol soil from the village of Sierakow — area affected by fire

Horizon cm Term 1 Term 2 Term 3

pHyy  Hh Hex Alex pHyo  Hh Hex Alex pHyy  Hh Hex Alex
cmol(+)-kg™! cmol(+)-kg™! cmol(+)-kg!

Oh 2-0 4.67 720 044  0.02 4.07 824 186 026 3.41 10.65 2.89  0.37
AEs 0-8 3.08 936 421 1.68 3.25 7.53  6.12  1.07 3.33 7.07 338 0.83
816  3.36 828 434 175 4.24 437 209 0.5 4.16 372 1.08  0.28
Bhs 16-40  4.22 3.81 1.41 0.66 431 225  1.07 046 4.23 365 096 0.19
BhsC  40-80 4.30 1.82 095 041 4.33 1.58 093 0.39 4.37 1.35 0.66 0.15
C >80 4.49 1.11 1.75 0.22 4.36 149 088 025 4.36 1.34 048 0.12

In the fire-affected area, a very considerable
reduction was found in the Al , content in the organic
layer. Immediately after the fire, the exchangeable
aluminum content was 0.02 cmol(+)-kg™' and was
significantly lower in relation to the content in the
control soil, in which it was 1.75 cmol (+)-kg™'. On
subsequent test dates, the exchangeable aluminium
content in the Oh horizon was found to have steadily
increased, and a year after the fire the Al content
was 0.37 cmol(+)-kg ™.

The research results presented in this paper indi-
cate that fire has a significant influence on reducing
soil acidity. The changes mainly affect the top layer,
with mineral horizons being affected to a lesser
extent. This statement is also reflected in the literatu-
re data (Boerner et al. 2009, Predecka 2009, Tufec-
cioglu et al. 2010, Aref et al. 2011).

CONCLUSIONS

1. The surface fire of pine forest, in the fresh conife-
rous forest habitat can lead to strong degradation
by reducing the TOC and TN content in the soil.

2. The fire has a deacidifying effect on the top soil
layer causing the increase of pH, reduction of
hydrolytic and exchangeable acidity and reduction
of exchangeable aluminum content.

3. The fire-induced changes in soil properties affect
mainly the top layer, with deeper mineral horizons
being affected to a lesser extent.
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Wplyw pozaru na wybrane wlasciwosci fizykochemiczne gleby lesnej

Streszczenie: Celem przeprowadzonych badan bylo okres$lenie, czy ina ile pozar powierzchniowy obszaréw lesnych determinuje
zmiany wlasciwosci fizycznych i chemicznych gleby. Materiat do badan stanowity probki gleby pobrane z profili glebowych
z obszaru wypalonego oraz nie objgtego pozarem. W probkach gleby oznaczono zawarto$¢ wegla organicznego i azotu ogdtem oraz
wybrane wskazniki zakwaszenia gleby (pH, kwasowos¢ hydrolityczng i wymienna). Pozar spowodowat znaczna degradacje glebo-
wej materii organicznej przejawiajaca si¢ zmniejszeniem zawartosci w glebie wegla organicznego (o ponad 75%) i azotu ogdlnego
(0 50%). Negatywnym skutkiem powstatych zmian byto réwniez zawegzenie stosunku C/N, a pozytywnym wzrost wartosci pH gleby
(od 3,14 do 4,67) oraz kilkukrotne zmniejszenie kwasowosci hydrolitycznej i wymienne;.

Stowa kluczowe: pozar, lasy, wlasciwosci gleby, wegiel organiczny



