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INTRODUCTION

Forest fire is a disaster phenomenon with a
destructive effect on the functioning of forest ecosystems.
It causes death to many plant and animal species as
well as affects soil properties. During fire soil is exposed
to varied thermal conditions and the depth of changes
caused by fire is determined by three major factors:
types of fire (at the ground – lower or at the top-upper),
its duration and intensity (Iglesias et al. 1997).
Immediately after fire a short-term increase in soil
fertility can occur, however, after some time, nutrients,
released by the effect of fire, get leached from it and
this is how fire makes its fertility exhausted (Brais
et al. 2000). A destructive impact of fire results in
a decrease in the number and diversity of soil micro-
and macrofauna and in weakening the enzymatic
activity of soils (Prêdecka et al. 2010). Fire also affects
physical and chemical soil properties; a decrease in
structure, porosity, organic matter content, pH increase
(Iglesias et al. 1997, Januszek et al. 2001, Carter and
Foster 2004, Certini 2005, Ekinci 2006, Gonet et al.
2009, Miesel et al. 2012). The changes can lead to a
number of disturbances in the ecosystems flora and

fauna dynamics development (DeBano 2000, Clark
2001, Bogacz et al. 2013). During fire temperature
deep down the soil increases. If temperature on the
surface is about 438°C, then 3 cm deep temperature
is 25.6°C, and 7 cm deep – 17°C; such a rapid change
in temperature can destroy microorganisms, a source
of enzymes. One of the key enzymes defending
organisms from negative effects of oxidative stress is
catalase. In soil environment catalase is present in
microorganisms cells using oxygen for respiration
processes (Brzeziñska 2006). According to Wang et
al. (2012), the activity of catalase plays an important
role in soil solution chemistry and can change
oxidation-reduction reaction of soil. There are many
reports on the effect of fires mostly on biological soil
properties (Hamman et al. 2008, Olszowska 2009,
Lemanowicz and Bartkowiak 2015), however, few
papers cover the content of  microelements.

The aim of the paper has been to evaluate the effect
of forest fire on the contents of total and available
forms of zinc, copper, lead nickel and cadmium as
well as the activity of catalase in soil immediately
and a year after the fire.
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Abstract: The aim of the paper was to assess the effect of forest fire on the content of total and available forms of zinc, copper,
lead, nickel and cadmium, as well as the activity of catalase in soil. The study was performed directly (2012) and a year after the fire
(2013). The fire had a significant effect on the content of those heavy metals in surface horizons, however, it did not result in their
rapid growth. The concentrations of total forms of metals did not exceed the norms provided for in Regulation of the Polish Minister
of the Environment. The soil samples analysed can be considered unpolluted with those metals. The availability coefficients calculated
showed an unfavourable higher availability of lead and cadmium over zinc and copper. The statistical analysis showed a significant
effect of fire on the activity of catalase. Resistance of soil (RS) for catalase demonstrated lower values in  the year 2012 as compared
with 2013 (except for B soil). The calculated values of time index (TI) pointed to the activation of the enzyme a year after the fire. The
Ward clustering method facilitated determining similarities between the sites in two research years (2012 and 2013) with the selected
soil parameters. With the PCA method a negative effect of fire was identified.
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MATERIAL AND METHODS

The research area covered the site after fire found
in the Fordon forest (53o07’N, 18o06’E) in Bydgoszcz.
The Fordon forest is a pine forest, the composition of
which is dominated by Scots pine (Pinus sylvestris),
on sandy and sandy-loamy soils.

The site after fire occurred in March 2012 and it
covered the area of about 10 ha. Fire lasted about
6 hours. Soil was sampled right after fire in the spring
of 2012 and a year after fire (May 2013). After the
organic layers removal soil samples was from 2
mineral horizons: 0–15 cm (surface horizon) and
15–30 cm (subsurface horizon). Four sampling locations
were defined: stand not caught by fire – control area
(C), border area (E ecotone) and soils caught by fire,
150 m (point A) and 200 m (point B) away from the
border area. The control area was defined in pine tree
stands neighbouring with the site after fire.

The soil sampling locations were determined with
the scattered points method, made up of a few individual
samplings from 27 points (PN-ISO 10381-2:2007P).

In the air-dried soil samples with disturbed structure,
sieved through ∅ 2 mm, some physiochemical
properties: percent of clay fraction; total organic
carbon (TOC); pH were presented in earlier research
(Lemanowicz and Bartkowiak 2015). The total content
of selected heavy metals was assayed with Crock and
Severson’s (1980) method and its available forms
were extracted with 1M HCl – Rinkis method. The
total contents and available forms were determined
applying the method of atomic absorption spectro-
scopy with the PU 9100X spectrometer (Philips).

The activity of catalase [E.C. 1.11.1.6] (CAT) in
soil was determined with the Johnson and Temple
method (1964) with 0.3% hydrogen peroxide solution
as a substrate.  The residual H2O2 was determined by
titration with 0.02 M KMnO4 under acidic conditions.

The results facilitated a calculation of the availa-
bility factor (AF) as suggested by Obrador et al.
(2007), expressed as follows:

where AF – availability factor (%).
To assay the percentage changes in the activity of

catalase, as compared with the control soil, the
coefficient of relative change (RCh) was calculated
compliant with the formula provided by Chaer et al.
(2009):

where: T – mean activity of catalase in the treated
soil sample, C – mean value obtained for the control.

Resistance of soil (RS) determined according to
the activity of catalase in soil was calculated using
the formula proposed by Orwin and Wardle (2004):

where:  D0 = C0 – P0, C0 – parameter value in control
soil over time t0, P0 – parameter value in disturbed
(burnt) soil over time t0. The value of the resistance
and resilience index is bounded by –1 and +1.

Based on the results, the time index was calcula-
ted:

where t1– content of the element in 2012; t2– content
of the element in 2013. TI>1 means an increase, TI<1
means a decrease in content of some heavy metals
and activity of catalase (Lemanowicz and Krzy¿aniak
2015).

Two-way analysis of variance (ANOVA) was used
to determine the effects of samples of burnt soil and
soil depth. The study was carried out in a randomized
design.

Pearson linear correlation coefficients analysis was
used to estimate the relationships between the content
of total and available heavy metals, TOC, pHKCl, clay,
the activity of the catalase.

Principal component analysis (PCA) was applied
using data for soil catalase activities, content TOC
and heavy metals and soil physiochemical properties.
The first two principal components (PC1 and PC2)
were selected for a further interpretation of the
results. Hierarchical cluster analysis (CA) with Ward’s
method (1963) was used to identify the similarity
groups between sampling.

All analytical measurements were performed with
three replications. Arithmetic mean values are shown
in tables. Differences among mean values of content
of the selected chemical and biochemical properties
were analyzed using a factorialdesign analysis of
variance (ANOVA). In these analyses, the least
significant difference (LSD) was calculated using the
Student’s t-test at 0.05 probability. The SD value is
given only in comparison in individual years.

RESULTS AND DISCUSSION

Table 1 presents the results of selected physio-
chemical properties. In the soils covered by fire an
inconsiderable increase in pH value, a decrease in
the content of clay fraction and an increase in organic
carbon were identified (Lemanowicz and Bartkowiak
2015). Literature reports on a high forest fire intensity
resulting in an increase in the soil pH value in surface
horizons, accompanied by a decrease in the content

RS = 1 – [   2D0]
C0+D0

t2

t1

Available content
AF = ((((( )))))

Total content
××××× 100

T
RCh =((((( )))))– 1

C
××××× 100
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of organic carbon and nitrogen (Schafer and Mack
2010, Aref et al. 2011, Verma and Jayakumar 2012).

The analysis of variance has shown that the content
of total and available forms of heavy metals was
significantly modified both by the site and the soil
sampling depth (Tables 2 and 3). There was found
the definitely highest content of total forms of zinc
(38.78 mg·kg–1), copper (13.80 mg·kg–1), lead (47.38
mg·kg–1), nickel (64.53 mg·kg–1) and cadmium (3.08
mg kg–1) as well as available forms (14.09 mg kg–1

Zn, 3.15 mg·kg–1 Cu, 16.43 mg·kg-1 Pb and 11.57
mg·kg–1 Ni) in surface horizons of the sites. The highest
values for total forms Zn, Cu and Pb were noted in
the surface horisons at stand B in year 2012 while for
Ni in stand A only in year 2013. The highest values

TABLE 1. The content of clay fraction, pH and total organic
carbon (TOC) in soils

*stcejbO htpeD
)mc(

)%(yalC Hp lCK g(COT ⋅ gk 1– )

2102 3102 2102 3102 2102 3102

C 51–0 20.1 49.0 10.4 68.3 32.9 92.71

03–51 80.1 77.0 22.4 03.4 09.3 24.4

E 51–0 05.0 52.1 87.4 65.4 77.61 11.32

03–51 60.1 57.0 73.4 25.4 55.4 44.11

A 51–0 30.1 27.0 69.4 52.5 93.31 98.61

03–51 92.1 41.0 45.4 57.4 27.5 51.7

B 51–0 38.0 45.0 99.4 83.4 22.21 65.41

03–51 35.1 25.0 86.4 63.4 45.7 52.3

DS 03.0 13.0 53.0 04.0 16.4 69.6

*C – control, E – ecoton, A – burned forest 150 m away from ecatone,
B – burnt forest 200 m away from ecatone.

TABLE 2. Total content of heavy metals (mg·kg–1)

n.s. – not significant.

TABLE 3. Available forms of heavy metals (mg·kg–1)

stcejbO

rotcafI

htpeD
)mc(

rotcafII

nZ uC bP iN dC

2102 3102 2102 3102 2102 3102 2102 3102 2102 3102

C 51–0 57.21 04.21 52.6 37.5 58.61 58.91 57.31 89.21 87.2 36.1

03–51 06.11 35.01 36.6 05.5 00.41 82.51 05.11 50.21 87.2 03.1

E 51–0 52.62 83.61 58.8 52.7 51.12 85.61 09.31 84.51 80.3 86.1

03–51 57.21 34.21 34.6 59.5 58.21 58.31 09.11 34.21 87.2 04.1

A 51–0 83.12 34.62 82.8 36.6 85.91 96.53 05.31 35.46 49.0 09.1

03–51 02.51 39.21 59.5 59.5 82.21 37.41 56.11 53.22 39.0 37.1

B 51–0 04.81 87.83 04.7 08.31 00.71 83.74 32.31 8.53 92.1 80.2

03–51 34.11 58.11 57.6 57.4 00.71 34.41 50.21 86.7 70.1 89.1

naeM 22.61 01.71 60.7 59.6 73.61 52.22 27.21 99.22 69.1 57.1

DSL 50.0 rotcafI 280.0 656.5 850.0 850.0 931.0 542.0 291.0 851.0 101.0 561.0

rotcafII 240.0 088.2 030.0 920.0 170.0 521.0 890.0 080.0 150.0 480.0

noitcaretnI II/I 511.0 999.7 280.0 280.0 791.0 643.0 172.0 322.0 241.0 .s.n

I/II 380.0 957.5 950.0 950.0 241.0 942.0 591.0 161.0 201.0 .s.n

DS 63.5 09.9 30.1 78.2 41.3 64.21 00.1 49.81 79.0 72.0

stcejbO

rotcafI

htpeD
)mc(

rotcafII

nZ uC bP iN dC

2102 3102 2102 3102 2102 3102 2102 3102 2102 3102

C 51–0 65.2 61.3 35.1 42.1 64.0 55.0 41.9 28.9 18.0 70.1

03–51 04.2 72.2 33.1 21.1 55.0 13.0 37.6 90.8 87.0 81.1

E 51–0 3.01 90.6 33.2 26.1 19.0 78.0 60.21 90.8 98.0 71.1

03–51 39.3 40.3 92.1 89.0 95.0 96.0 07.7 50.7 48.0 72.1

A 51–0 95.7 35.11 92.2 29.1 01.1 34.61 75.11 65.9 36.0 92.1

03–51 86.3 64.3 33.1 54.1 46.0 62.7 28.6 72.7 06.0 93.1

B 51–0 73.5 90.41 75.1 51.3 28.0 50.1 63.9 84.01 38.0 73.1

03–51 76.2 08.2 56.1 42.1 46.0 37.0 98.01 85.5 89.0 54.1

naeM 28.4 38.5 16.1 06.1 37.0 05.3 03.9 52.8 08.0 92.1

DSL 50.0 rotcafI 230.0 202.0 .s.n 570.0 070.0 060.0 541.0 760.0 260.0 740.0

rotcafII 610.0 301.0 182.0 830.0 630.0 130.0 470.0 430.0 .s.n 420.0

noitcaretnI II/I 540.0 682.0 .s.n 601.0 001.0 580.0 502.0 590.0 780.0 .s.n

I/II 330.0 602.0 .s.n 670.0 270.0 160.0 841.0 860.0 360.0 .s.n

DS 28.2 25.4 24.0 07.0 12.0 17.5 81.2 46.1 31.0 31.0

n.s. – not significant.
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of total Cd were also found in the surface horisons
were noted in the soil sampled from the border area
(E) but only in 2012. Bogacz et al. (2011), in the post-fire
areas used as forests and meadows, found a varied
effect of fire on the content of some heavy metals.
The contents of Zn, Pb and Cd increased due to fire,
while the content of Cu did not change. The concen-
tration of metals was observed mostly in surface
horizons. The pools of those metals in forest soils
were lower than in meadow soils and soil reaction
was favourable to metal concentration. In the present
study the relation with the soil pH was found only for
the content of total forms of nickel a year after the
fire (r = 0.748, p< 0.05) (Table 7). The analysis of
correlation, however, confirmed a significant positive
dependence between the content of total forms of Zn,
Cu, Pb and Ni and total organic carbon in the soil
sampled in 2012 (Table 7), which can be due to the
accumulation of metals related to the amount of carbon
in ashes produced during fire. Over the first months
after the fire the concentrations of heavy metals in
soil can exceed the permitted content limits. In this
study the concentration of metals did not exceed the
norms provided for in Regulation of the Minister
Polish of the Environment (Dz.U. No. 165, item. 1359.
2002, Dz. U. item. 1395. 2016). The soil samples
analysed can be thus considered unpolluted.

Mobility and availability of metals is controlled
by many chemical and biochemical processes which
occur in soils. Not all of them are of the same impor-
tance for each metal. Soil reaction is a decisive para-
meter. The analysis of correlation identified only
significant positive dependencies between soil
reaction and the content of available lead forms in
both years of analysis (r = 0.871, p< 0.05 and r =
0.855, p<0.05, respectively) (Table 7). Garcia-Marco
and Gonzalez-Prieto (2008), investigating short- and
medium-term effects of fire in terms of the availability
of microelements in soil, have identified that even an
inconsiderable soil pH increase due to fire was enough
to decrease the availability of some microelements.
In 2012 an increase in soil pH at the sites caught by
fire was related, as for some metals analysed, to
a decrease in the content of their available forms.
However, it was not confirmed by the analysis of
of correlation. Yet the analysis of correlation
demonstrated, similarly as for total forms, significant
positive dependencies between the content of available
forms of Zn, Cu, Pb and Ni, and the content of organic
carbon (Table 7). Determining the admissible limits
of the content of available forms in terms of their
phytotoxicity, it was found that for Zn, Cu and Ni,
they were not exceeded (Korzeniowska and Stanis³aw-
ska-Glubiak 2003). To evaluate the availability of
heavy metals, availability factor (AF) was applied.

stcejbO htpeD
)mc(

nZ uC bP iN dC

2102 3102 2102 3102 2102 3102 2102 3102 2102 3102

C 51–0 80.02 84.52 84.42 66.12 42.45 51.05 53.3 42.4 91.92 58.56

03–51 96.02 75.12 80.02 63.02 70.84 69.25 87.4 75.2 11.82 77.09

E 51–0 42.93 91.73 33.62 43.22 20.75 18.84 55.6 26.5 49.82 58.96

03–51 28.03 74.42 80.02 74.61 74.45 09.05 69.4 55.5 72.03 17.09

A 51–0 15.53 36.34 76.72 89.82 11.95 97.62 51.8 64.52 94.66 98.76

03–51 12.42 77.62 53.22 73.42 65.55 73.94 94.5 84.23 25.46 85.08

B 51–0 81.92 43.63 22.12 38.22 60.55 75.57 02.6 39.2 59.36 20.66

03–51 73.32 36.32 44.42 11.62 60.46 42.35 13.5 15.9 21.19 24.37

TABLE 4. Available factors (AF %)

TABLE 5. Index of changes in time (TI) for heavy metals

stcejbO htpeD
)mc(

nZ uC bP iN dC

.toT .vA .toT .vA .toT .vA .toT .vA .toT .vA

C 51–0 79.0 32.1 29.0 18.0 81.1 70.1 49.0 02.1 95.0 23.1

03–51 19.0 59.0 38.0 48.0 90.1 02.1 50.1 65.0 74.0 15.1

E 51–0 26.0 95.0 28.0 07.0 87.0 76.0 11.1 69.0 45.0 13.1

03–51 79.0 77.0 39.0 67.0 80.1 29.0 03.1 71.1 05.0 15.1

A 51–0 42.1 25.1 08.0 48.0 28.1 38.0 87.4 39.41 20.2 73.1

03–51 58.0 49.0 00.1 90.1 02.1 70.1 29.1 43.11 58.1 94.1

B 51–0 11.2 26.2 68.1 10.2 97.2 21.1 17.2 82.1 16.1 60.1

03–51 40.1 50.1 07.0 57.0 58.0 15.0 79.2 41.1 58.1 63.1

Tot. – total forms, Av. – available forms.
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As for lead and cadmium, the factor values were very
high, irrespective of the soil sampling location and
the year of analysis (Table 4). The calculated values
of the coefficient of availability for the metals analysed
were as follows: Pb >Cd>Zn>Cu> Ni and pointed to
a greater availability of nickel and cadmium than that
of zinc and copper. An unfavourable behaviour of the
metals analysed is related to soil reaction and the
content of organic carbon. Those two parameters are
essential for the control of the availability of micro-
elements, directly affecting their solubility (Obrador
et al. 2007, Diatta et al. 2014).

Time index (index of changes in time – TI) presents
changes in the content of the metals analysed in soil
throughout the year. The highest values for most metals
analysed were reported in surface horizons of site B
(Table 5). Literature reports confirm a slight increase
in the content of total and bioavailable forms of heavy
metals in soils exposed to fires (Stancov Jovanovic
et al. 2011, Mitic et al. 2015).

One of the most important enzymes defending
organisms against negative effects of oxidative stress
is catalase. According to Brzeziñska (2006), catalase
released from cells shows a considerable stability

thanks to sorption by clay minerals and organic
substance thus reducing its activity. The results of the
ANOVA (Table 6) showed a significant effect of both
sites and depth on the changes in activity of catalase
in the soil. The highest activity of CAT 0.402 mg H2O2
g–1 min–1 for 15–30 cm was obtained in the soil
collected from the site (A) (2012) while in 2013 in
site B (0.431 mg H2O2 g–1 min–1 for 15–30 cm).
Gömöryová et al. (2008) also report on a variation in
the activity of the enzyme (cellulase) depending on
how far the location was from fire. There was shown
no effect of heavy metals on the activity of soil catalase,
which must have been related to non-exceeding the
norms of their concentration.

With the positive values of TI index (except for
the soil sampled from location A 0–15 cm) an increase
in activity a year after fire was found, which shows
that soil of both layers received the state of relative
dynamic biological equilibrium, indispensable for the
right operation of forest ecosystem.

The activity of catalase in the soil sampled in 2012
from horizon 0–15 cm of point B got most inhibited
(RCh -12.71%), as compared with the control,
similarly as a year after fire (RCh –13.24%).

TABLE 6. The activity of catalase (mg H2O2 g–1 min–1) and index of changes in time (TI), resistance (RS) and
relative changes (RCh) of activity the catalase in soil

stcejbO
rotcafI

)mc(htpeD
rotcafII

2102 3102 IT SR hCR ]%[

2102 3102 2102 3102

C 51–0 643.0 583.0 01.1 – – – –

03–51 433.0 863.0 91.1 – – – –

E 51–0 013.0 863.0 82.1 18.0 39.0 14.01- 24.4-

03–51 592.0 673.0 02.1 97.0 69.0 76.11- 71.2

A 51–0 823.0 493.0 99.0 09.0 59.0 02.5- 43.2

03–51 204.0 793.0 11.1 66.0 58.0 63.02 88.7

B 51–0 203.0 433.0 12.1 77.0 77.0 17.21- 42.31-

03–51 653.0 134.0 41.1 78.0 17.0 95.6 21.71

naeM 533.0 283.0

DSL 50.0 rotcafI 600.0 600.0

rotcafII 300.0 300.0

noitcaretnI II/I 900.0 900.0

I/II 600.0 600.0

DS 430.0 820.0

TABLE 7. Pearson’s correlation coefficients (p<0.05)

sretemaraP nZ uC bP iN

.toT .vA .toT .vA .toT .vA .toT .vA

2102raeY

COT 209.0 178.0 588.0 798.0 629.0 467.0 198.0 568.0

Hp lCK .s.n .s.n .s.n .s.n .s.n 178.0 .s.n .s.n

3102raeY

Hp lCK .s.n .s.n .s.n .s.n .s.n 558.0 847.0 .s.n

Tot. – total forms, Av. – available forms, n.s. – not significant.
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Resistance of soil (RS) is an effective measure of
activity of some enzymes responses to environmental
stress (Orwin and Wardle 2004, Borowik et. al 2014).
The values of resistance of soil for the activity of
catalase were positive throughout the study. However
they differed depending on the place of sampling,
depth as well as the years in which the research was
conducted (Table 6). The authors of the index
(Orwin and Wardle 2004) report on the RS values falling
within the range from -1 to 1, where 1 stands for a
lack of the effect of human impact on the environment.
Lower RS values in 2012, as compared to 2013, point
to a negative effect of fire on selected parameters (this
does not apply to point B).

To determine the nature and strength of depen-
dencies between the parameters in 2012 and 2013,
the method of principal component analysis (PCA)
was applied. A projection of the variables on the
factor-plane clearly demonstrated correlations between
some soil properties and catalase activity (Fig. 1). In
2012 two principal factors had a significant total

impact (75.9%) on the variance of the variables. It
was found that most variance was included in the first
principal component (PC1). Component 1 (PC1)
accounted for 61.9% of the variance of the properties.
Both TOC, total content of Zn, Cu, Pb and available
form of Zn and Cu content had a major negative
effect on PC1 (> -0.900) (Table 8). Moreover, total
content of nickel and available forms of lead and nickel
had a major negative effect on PC1 (>-0.800). In the
soils sampled right after fire an immobilization of
almost all heavy metals (except for total and available
forms of Cd) was identified. Negative values had a
negative effect on the source of variation in parameters.
That dependence strongly suggests that the variables
have a similar source (fire). Most heavy metals were
strongly positively correlated with the content of
TOC. The share of the second principal component
(PC2) (14.04%) showed only a positive correlation
(0.977) with the total cadmium form. In 2013 there
were found positive correlations with total forms of
most metals analysed (Zn, Cu, Pb, Ni) and available
form of Zn and Cu with the first principal component
(PC1) which accounted for 52.17% of variation, while
the second principal component (PC2) revealed
a positive correlation with clay fraction (0.831), and
a negative correlation for available forms Cd (-0.878).

To determine the similarities between soils sampled
from 4 sites (2 depths) in two research years (2012
and 2013), Ward’s method (1963) was applied, based
on soil properties (clay, pHKCl, TOC), the contents of
total and available heavy metals (Zn, Cu, Pb, Ni, Cd)
and the activity of catalase (CAT). In 2012 the
clustering procedure facilitated differentiating three

FIGURE 1. Projection of the variables on the factor-plane in soils

a

b

TABLE 8. Values of the two extracted factor loadings for 14
elements

sretemaraP 2102raeY 3102raeY

1CP 2CP 1CP 2CP

yalC
COT

Hp
nZ .toT
uC .toT
bP .toT
iN .toT
dC .toT
nZ .vA
uC .vA
bP .vA
iN .vA
dC .vA

TAC

886.0
*769.0-
*497.0-
*339.0-
*569.0-
*129.0-
*608.0-

800.0
*739.0-
*259.0-
*958.0-
*768.0-

160.0
302.0

074.0-
100.0
563.0-
430.0-
940.0
901.0
791.0

*779.0
730.0
630.0-
324.0-
840.0-
645.0
543.0-

470.0-
184.0
746.0

*579.0
*748.0
*369.0
*997.0

366.0
*789.0
*449.0

934.0
357.0
691.0
155.0-

*138.0
226.0
903.0-
900.0
871.0
800.0
932.0-
764.0
410.0
510.0
864.0
394.0

*878.0-
236.0

)%(noitairaV 09.16 40.41 71.25 31.41

eulavnegiE 766.8 569.1 403.7 879.1

Tot. – total forms, Av. – available forms,  * statistically significant.
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clusters of soils with similar properties, content of
heavy metals and CAT (Fig. 2a). Cluster 1 groups
soils from site C0–15cm and B15–30cm. Cluster 2 groups
soils from C, E and A from the depth of 0–15 cm,
while cluster 3 includes soils E, A and B from the
depth of 0–15 cm. In 2013 also 3 clusters were sepa-
rated; however, they were differently clustered than
in 2012 (Fig. 2b). Cluster 1 consisted of soils from
site C0–15cm, E0–15cm, E15–30cm and cluster 2 – soils from
sites C, A and B from the depth of 15–30 cm, where-
as cluster 3 – soils A and B from the depth of 0–15
cm. The clustering analysis demonstrated similarities
of soils of the forest ecosystem sites under study. Dif-
ferences in clustering the sites in years were identi-
fied, which was related to the effect of fire on the soil
parameters.

CONCLUSION

The research has shown a significant effect of fire
on the contents of the heavy metals under study. Both
the distance from ecotone and soil sampling depth
had a significant on changes of the parameters. Fire
did not cause a rapid increase in the content of heavy
metals. The concentrations of total metal forms did
not exceed the norms provided for in Regulation of
the Minister of the Environment. The soil analysed
can be considered unpolluted with those metals. The
calculated availability factor (AF) showed an unfa-
vourable higher availability of lead and cadmium than
zinc and copper. With the calculated values of time
index (TI), no unambiguous changes in the content
of heavy metals were identified. Fire changed the
activity of catalase significantly. Only in surface
horisons of soil the RCh index value showed the
highest inhibition of catalase in soil from the site 200 m
away from the ecotone (only in surface layers of soil).
In the soil a year after fire the enzyme got
activated, which was confirmed by a positive TI
value.
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Oddzia³ywanie po¿aru lasu na zmiany zawartoœci form ca³kowitych
i przyswajalnych wybranych metali ciê¿kich

oraz aktywnoœci katalazy w glebie

Streszczenie: Celem pracy by³a ocena wp³ywu po¿aru lasu na zawartoœæ form ca³kowitych i przyswajalnych cynku, miedzi,
o³owiu, niklu i kadmu oraz aktywnoœci katalazy w glebie. Badania przeprowadzono bezpoœrednio (2012 rok) i rok po po¿arze (2013
rok). Po¿ar wp³yn¹³ istotnie na zawartoœæ analizowanych metali ciê¿kich w poziomach powierzchniowych, ale nie spowodowa³
gwa³townego ich wzrostu. Odnotowane stê¿enia form ca³kowitych metali nie przekroczy³y norm przyjêtych w Rozporz¹dzeniu
Ministra Œrodowiska. Analizowane próbki glebowe mo¿na zaliczyæ do niezanieczyszczonych tym metalami. Wyliczone wspó³czyn-
niki przyswajalnoœci wykaza³y niekorzystn¹ wy¿sz¹ dostêpnoœæ o³owiu i kadmu nad cynkiem i miedzi¹. Analiza statystyczna wyka-
za³a istotny wp³yw po¿aru na kszta³towanie siê aktywnoœci katalazy. WskaŸnik opornoœci (RS) dla katalazy wykaza³ ni¿sze wartoœci
w roku 2012 w porównaniu do roku 2013 (za wyj¹tkiem gleb ze stanowiska B). Obliczone wartoœci wspó³czynnika zmiennoœci
w czasie (TI) œwiadczy³y o aktywacji badanego enzymu rok po po¿arze. Metoda grupowania Warda pozwoli³a na okreœlenie podo-
bieñstw miêdzy badanymi stanowiskami w dwóch latach badañ (2012 i 2013 rok) na podstawie wybranych parametrów glebowych.
Na podstawie metody PCA stwierdzono negatywny wp³yw po¿aru.

S³owa kluczowe: katalaza, metale ciê¿kie, po¿ar lasu


