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THE INFLUENCE OF UNCONTROLLED GRASS BURNING ON BIOCHEMICAL
QUALITIES OF SOIL

Summary

Measurements of soil enzymatic activity enable determination of the rate of regeneration of soils destroyed by fire. The aim
of the study was to assess the influence of uncontrolled grass burning in spring on soil enzymatic activity. The object of the
study was soil in the grassland ecosystem located in Turowola Kolonia near the town of Leczna, Poland. Every year in
spring uncontrolled grass burning is practised there. Soil samples for investigations were collected in May, July and Octo-
ber 2015, from depths of 0-5 and 5-10 cm, from three places: burnt soil, ecotone and area without fire. The activity of the
following enzymes was measured in the samples: dehydrogenases, phosphatases, urease and protease. Grass burning had
negative influence on the biological state of the soil under study, which was manifested by reduced activity of the enzymes
catalysing the most important processes of transformation of organic matter. The investigations conducted 6 months after
grass burning revealed that both in the ecotone and in the soil with burnt surface the enzymatic activity was similar to the
activity in the control soil sample. This observation shows that soil with burnt surface achieves the state of relative biologi-
cal balance, which is necessary for normal functioning of a grassland ecosystem.
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WPLYW NIEKONTROLOWANEGO WYPALANIA TRAW NA WELASCIWOSCI
BIOCHEMICZNE GLEBY

Streszczenie

Pomiary aktywnosci enzymatycznej gleb dajq mozliwosé¢ okreslenia tempa regeneracji gleb zniszczonych przez pozar. Celem
pracy byta ocena wplywu niekontrolowanego, wiosennego wypalania traw na aktywnos¢ enzymatycznq gleby. Obiektem
badan byta gleba w obrebie ekosystemu takowego zlokalizowanego w miejscowosci Turowola Kolonia k. Lecznej. Na lqce
tej corocznie stosowane jest niekontrolowane, wiosenne wypalanie traw. Probki glebowe do badan pobrano w maju, lipcu i
pazdzierniku 2015 roku, z glebokosci 0-5 i 5-10 cm, z trzech miejsc. z gleby spalonej, ekotonu i z miejsca poza pozarem. W
pobranych probkach oznaczono aktywnosé¢ nastepujqcych enzymow: dehydrogenaz, fosfataz, ureazy i proteazy. Wypalanie
traw miato negatywny wplyw na stan biologiczny badanej gleby, wyrazajqcy sie obnizeniem aktywnosci enzymow katalizu-
Jjacych najwazniejsze procesy przemiany substancji organicznej. Badania przeprowadzone 6 miesiecy po wypaleniu traw,
wykazaly, ze zarowno w ekotonie, jak i glebie na powierzchni spalonej aktywnos¢ badanych enzymow dorownywata ich ak-
tywnosci oznaczonej w glebie kontrolnej. Swiadczy to, ze gleba na powierzchni spalonej uzyskuje stan wzglednej dynamicz-
nej rownowagi biologicznej, niezbednej dla prawidlowego funkcjonowania ekosystemu tgkowego.

Stowa kluczowe: gleba, ekosystemy tgkowe, wypalanie traw, aktywnos¢ enzymatyczna

1. Introduction ess, play a key role in biogeochemical cycles of many
macro- and microelements. Thanks to the presence of mi-
croorganisms, soil can regenerate its resources which are

necessary for the growth and development of plants and

Although uncontrolled grass burning is forbidden by law in
Poland [6, 7, 9], it is a common procedure applied in agricul-

ture and forestry [16]. In Polish farmers’ opinion, burning
grass and crop residues in spring is a specific type of soil fer-
tilisation [26]. The European Union joined the struggle to
eliminate this practice as the assumptions of the EU agricul-
tural policy also regulate the issues of environmental protec-
tion in agriculture [16]. The farmers who burn grass and waste-
land may have restricted access to direct payments and agri-
environmental subsidies from the EU [8, 10, 11, 19].

Grass burning in spring destroys biological life in soil
and considerably inhibits natural humification processes,
which guarantee maintenance of soil fertility. Direct influ-
ence of high temperature reduces the count of soil microor-
ganisms considerably. Populations of microorganisms are
an integral part of soil and their activity is very important
for its normal functioning [2, 13, 19, 22]. Microorganisms
and the enzymes they produce are decisive to the transfor-
mation of organic matter, influence the humification proc-
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other organisms existing in it. Changes in soil enzymatic
activity reflect environmental disorders affecting both soil
and plants [1]. Measurements of enzymatic activity enable
determination of the rate of regeneration of soil destroyed
by fire [2, 3, 18]. The aim of the study was to assess the in-
fluence of uncontrolled grass burning in spring on soil en-
zymatic activity in a used grassland ecosystem.

2. Material and methods

The object of the study included soil in the grassland
ecosystem located in Turowola Kolonia near the town of
Legczna, Poland. Every spring uncontrolled grass burning is
practised there. The soil collected for analysis was typical
podzolic soil with granulometric composition similar to silt
loam. Table shows the essential chemical properties of the
soil collected from the area under study.
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Table. Characteristics of the soil from the area under study
Tabela. Charakterystyka gleby z obszaru badan

Object pHic C (gkg | N(gkgh C:N

N-NH, (mgkg") N-NO; (mgkg™

Grassland 6,65 9,12 0,84 10,86

18,56 17,64

Soil samples for investigations were collected in May,
July and October 2015, from depths of 0-5 and 5-10 cm,
from three places: burnt soil, ecotone (border area) and area
without fire. The soil sample subjected to analysis was a
mean of 5 samples collected from each place. The activity
of the following enzymes was measured in the samples: de-
hydrogenases [25], phosphatases [24], urease [27] and pro-
teases [15]. These enzymes directly participate in minerali-
sation and circulation of carbon, nitrogen and phosphorus in
soil and exhibit noticeable reactions to environmental fac-
tors. The activity of dehydrogenases, phosphatases and
urease was analysed in soil of natural humidity and the re-
sults were converted into dry weight of soil with measure-
ment of soil humidity. All measurements were made in
three parallel replications. The results were analysed statis-
tically. The significance level assumed in the analysis was
typical of life science investigations, i.e. a = 0.05 (the prob-
ability of occurrence p = 0.95).

3. Results and discussion

During the first research period (May 2015) the enzy-
matic activity in the soil on the burnt surface and in the
ecotone was significantly lower than in the soil without fire
(Fig. 1-4). Very low enzymatic activity in the burnt soil
must have been caused by destruction of higher plants and
their rhizosphere as well as the microflora inhabiting super-
ficial soil layers. This suggestion is confirmed by the find-
ings of studies conducted by Hamann et al. [13] Rau et al.
[23] Lemanowicz & Bartkowiak [16] and Bielinska et al.
[2]. The study by Pradecka & Russel [20] proved that the
counts of bacteria, actinobacteria and fungi were reduced
both in the burnt area and on the border between this area
and the place without fire. Predecka et al. [19] observed an
inversely proportional relationship between the flame tem-
perature and enzymatic activity — the lowest enzyme activ-
ity was in the centre of fire, whereas the highest was in the
ecotone. Variation in the flame temperature and speed of
fire caused by diversified soil humidity may influence the
range of variations in the content of soil nutrients [12]. The
inactivation of soil enzymes by fire may cause a deficit of
essential nutrients, especially mineral phosphorus [16].
Boerner & Brinkman [4] and Olszowska [17] observed a
similar dependence in their studies on forest soils. They at-
tributed this effect to the influence of high temperature on
the destruction and reduction of soil microorganisms. Si-
multaneously, it reduced the intensity of microbiological
processes of organic matter decomposition, including re-
duction of the activity of soil enzymes [5].

In May 2015 at the depth of 0-5 cm the activity of de-
hydrogenases, phosphatases and protease was about 1.5
times greater, whereas urease activity was more than 3
times greater than in the subsuperficial layer (5-10 cm).
High urease inactivation which could be observed in the
subsuperficial layer of soil was caused by grass burning and
resulted in inactivation of urease of plant origin or urease
connected with the rhizosphere of higher plants. This ob-
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Source: own work / Zrédlo: opracowanie wiasne

servation was confirmed in the study conducted by Hauke-
Pacewiczowa and Trzcinska [14].

May July | Oclober| May July  |Ovlober| May July | Oclober
2015 2015 | 2015 20015 | 20015 | 2015 | 2015 | 2015 | 2015
Bumil area Feolone Comirol arca

@i-5 cm B5-10 cm LSDy,s 072

Source: own work / Zrédto: opracowanie wlasne

Fig. 1. Dehydrogenase activity [cm® Hy'kg™'+d™]
Rys. 1. Aktywnos¢ dehydrogenaz [em® Hykg'-d']
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Fig. 2. Phosphatase activity [mmol PNP-kg"-h™]
Fig. 2. Aktywnos¢ fosfataz [mmol PNP-kg'-h™']

At the next study period (July 2015) the enzymatic ac-
tivity in the burnt soil was noticeably lower than in the soil
beyond the range of fire. However, the enzymatic activity
in the ecotone was similar to the value noted in the control
soil sample (Fig. 1-4). The investigations conducted 6
months after grass burning (October 2015) revealed that
both in the ecotone and in the soil with burnt surface the
enzymatic activity in both soil layers under study was com-
parable to the activity measured in the control sample (Fig.
1-4). It shows that the soil with burnt surface achieved a
state of relative dynamic biological balance, which is nec-
essary for normal functioning of the grassland ecosystem.
On the other hand, Predecka et al. [21] proved that the
process of regeneration of enzymatic activity in grassland
ecosystems on burnt surfaces and in ecotones of peat-muck
soils and pseudogley soils was completed after one year.
According to Predecka et al. [19], favourable changes in
soil enzymatic activity are directly proportional to an in-
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crease in the biomass of microorganisms on a surface de-
stroyed by fire.

May July  October, May July  |October| May July | Qctober
215 25 2m5 2015 ams ams 2ms ms ms

Control arca
1810 ps= 147

Burml arca Ecolene

mi-5cm B35-10 em

Source: own work / Zrodlo: opracowanie wlasne

Fig. 3. Urease activity [mg N-NH,"kg"-h]
Rys. 3. Aktywnosé ureazy [mg N-NH, kg"-h']
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Fig. 4. Protease activity [mg tyrozyny-kg"'-h™]
Rys. 4. Aktywnosé proteaz [mg tyrozyny-kg'-h™']

4. Conclusions

1. Grass burning had negative influence on the biological
state of the soil under study because it reduced the activity
of the enzymes catalysing the most important processes of
transformation of organic matter.

2. Six months after the fire the soil with burnt surface
achieved a state of relative dynamic biological balance,
which is necessary for normal functioning of the grassland
ecosystem.

3. Observations of enzyme reactions gave a possibility to
identify and specify temporary trends in transformations of
the soil environment.

4. Measurements of soil enzymatic activity enable deter-
mination of the rate of regeneration of soils destroyed by
grass burning.
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