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Abstract. The article deals with the ground wild fire impact on physical and chemical and ecological and
biological condition of cespitose and podsolic soils on binomial deposits of the Meshcherska province of
Gus-Khrustalny district, the Vladimir region under different forest cultures type. In the course of the study,
a clear differentiation of changes in the microbiological pool of sod-podzolic soil on bicompartmental
deposits under different types of forests was established. The quantitative composition of ammonia factors
after exposure to pyrogenic exposure decreased on the sod-podzolic soil of coniferous forests, while the
number of photographers, mushrooms, and oligotrophs sharply decreases in the area of pyrogenic exposure
in the mixed forest. Within the territory exposed to fire, there is a decrease in the content of organic matter,
as well as the content of other biophilic elements. The physical properties of sod-podzolic soil on
bicompartmental deposits are also subject to change, in the direction of significant deterioration.

1 Introduction

The research object in this research is the sod-podzolic
soil spread on the territory of Meshchora province, Gus-
Khustalny District, Vladimir Region after direct fire-
induced influence of the dead wood caused by
unregulated dead wood burning near the village of
Shabanovo (the central lake Meshchora, coniferous
forest, the fire on April 29. 2017) grass litter burning on
the area of 0.01 hectares 52 km to the southwest of
Nikulino  settlement in Gus-Khrustalny forestry
(Meshchora in Gus-Khustalny District (Meshchora
Gusevsko-Kolpskaya), the coniferous and broad-leaved
(mixed) forest, the fire on May 2. 2017) grass litter
burning on the area of 0,02 hectares.

According to a soil properties research after the fire
control soil cuts were made on the background and fire-
induced soils which allowed to establish type accessory
of the explored soils: Near the village of Shabanovo (the
fire on April 29. 2017) the soil cover is represented by
sod-podzolic sandy loam gley soil on binomial deposits
(on sand spread on moraine loam), and sod-podzolic
sandy loam soil on binomial deposits (on thin loam,
spread by sand) in Nikulino settlement in Gus-
Khrustalny forestry (the fire on May 2. 2017)
respectively.

The research program included determination of the
key agrochemical, physical and chemical as well as
ecological and biological parameters of the soil
according to the standard procedures. The soil acid value
(pH) was determined in KCI extract (GOST 26483-85).
Content of the labile phosphorus (P,Os) and potassium
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(K20) was determined by Kirsanov's technique in
modification of CINAO (Central research Institute of
agrochemical service of agriculture) (GOST P 54650-
2011). Content of organic matter (C, %) by Tyurin's
technique in modification of CINAO (GOST 26213-91).

Ammonifiers seeding and growing were carried out
on meat-and-peptone agar (MPA), those of prototrophs
on starch-and-ammonia agar (SAA), fungi — on Capek's
agar, oligotrofs — on a selective medium. Soil samples
gathering was carried out by a soil cane drill to the depth
of 0-20 cm. Sampling was made from the center in view
of accurate fire impact on a soil cover. For the research
carrying out 160 soil samples were taken from each the
analyzed sites and the composite samples were made for
a further research.

2 Methods and objects of researches

The research object in this research is the sod-podzolic
soil spread on the territory of Meshchora province, Gus-
Khustalny District, Vladimir Region after direct fire-
induced influence of the dead wood caused by
unregulated dead wood burning near the village of
Shabanovo (the central lake Meshchora, coniferous
forest, the fire on April 29. 2017) grass litter burning on
the area of 0.01 hectares 52 km to the southwest of
Nikulino settlement in Gus-Khrustalny forestry
(Meshchora in Gus-Khustalny District (Meshchora
Gusevsko-Kolpskaya), the coniferous and broad-leaved
(mixed) forest, the fire on May 2. 2017) grass litter
burning on the area of 0,02 hectares.
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Table 1. Soil cover chemical properties change of different forest biotopes types under the influence of a fire-induced factor.

Province Smolensk and Moscow province of a zone of the mixed woods (subtaiga) of East European Plain
Landscape area Central lake Meshchora Meshchora in Gus-Khustalny District
(Meshchora Gusevsko-Kolpskaya)
Soil Sod-podzolic sandy loam gley soil on Sod-podzolic sandy loam soil on binomial deposits
binomial deposits
Forest type Coniferous forest Mixed forest
Index/option Monitoring After the fire To Monitoring After the fire To
pH KC1 5.43 6.45 5.72 6.64
C, % 1.32 1.01 1.99 1.14
P20s mg/kg 130 184.1 194.4 216.3
K20 mg/kg 94.0 139.4 101.0 183.6
Hr, mg-ekv/100g. 1.38 1.47 1.96 2.19
Ca,mg-ekv/100 g. 2.8 2.94 24 2.51
Mg,mg-kv/100g. 2.1 2.32 2.2 2.39
V, % 81.0 83.0 74.0 76.0

According to a soil properties research after the fire
control soil cuts were made on the background and fire-
induced soils which allowed to establish type accessory
of the explored soils: Near the village of Shabanovo (the
fire on April 29. 2017) the soil cover is represented by
sod-podzolic sandy loam gley soil on binomial deposits
(on sand spread on moraine loam), and sod-podzolic
sandy loam soil on binomial deposits (on thin loam,
spread by sand) in Nikulino settlement in Gus-
Khrustalny forestry (the fire on May 2. 2017)
respectively.

The research program included determination of the
key agrochemical, physical and chemical as well as
ecological and biological parameters of the soil
according to the standard procedures. The soil acid value
(pH) was determined in KCl extract (GOST 26483-85).
Content of the labile phosphorus (P>Os) and potassium
(K20) was determined by Kirsanov's technique in
modification of CINAO (Central research Institute of
agrochemical service of agriculture) (GOST P 54650-
2011). Content of organic matter (C, %) by Tyurin's
technique in modification of CINAO (GOST 26213-91).

Ammonifiers seeding and growing were carried out
on meat-and-peptone agar (MPA), those of prototrophs
on starch-and-ammonia agar (SAA), fungi — on Capek's
agar, oligotrofs — on a selective medium. Soil samples
gathering was carried out by a soil cane drill to the depth
of 0-20 cm. Sampling was made from the center in view
of accurate fire impact on a soil cover. For the research
carrying out 160 soil samples were taken from each the
analyzed sites and the composite samples were made for
a further research.

3 Results and their discussion

The analysis of the selected soil samples allowed to
reveal changes in soil properties not only as a result of
the fire impact on different types of the forest and but
also in the soil uniformity. During the primary
investigation phase of soil properties change the soil acid
value change was conducted which in many respects
causes formation and developing of all ecological and
biological processes of the soil.

Thus it was established that average soil acid value
change in all the analyzed fire-induced soils equals 0.97
pH units. However changes of reaction size of the soil
medium in the conditions of different biotopes (forests)
should be noted. The soil cover of the coniferous forest
where sod-podzolic sandy loam gley soil on binomial
deposits was investigated is characterized by subacidic
medium reaction; pH is equal to 5.43 pH units. After
direct fire-induced influence there is a sharp soil medium
alkalizing towards a neutral reaction, pH makes 6.45
units. Thereby the change is 1.02 units pH. In the broad-
leaved forest on sod-podzolic sandy loam soil on
binomial deposits soil medium reaction makes 5.72 pH
units whereas after the influence of fire-induced factor
there is a noticeable change from 0.92 pH units up to
6.64 pH units. Thus, it becomes apparent that at the level
of different forests types and the same soil type there is
sharply expressed soil medium reaction change towards
the neutralizations.

As a fire byproduct there is the formation of huge ash
amount caused by the mineralization of the litter and
other combustible materials with a significant change in
structure and organic matter quality, which in turn
causes persistent changes in plant communities.

In regard to organic matter changes, it is established
that its significant reduction is primarily due to the
influence of fire-induced factor due to high temperatures.
Since the analyzed fires are the ground fires, the
temperature of burning above the soil surface and
subsurface parts of the fire-induced site about 700°C. So
according to the data obtained during the research on the
territory subject to the fires there is a significant
reduction in the organic matter content. Average
decrease in organic matter content for both types of
forests and soils analyzed is 0.58%. In coniferous forest
on sod-podzolic soil the average organic matter content
is 1.32 %, whereas after exposure to fire-induced factor
there is a noticeable change from 0.31% to 1.01%, which
makes the already poor soil fertility less favorable in
ecological and biological terms. The soil cover of mixed
forest is also characterized by organic matter decrease in
by 0.85% from 1.99% to 1.14%. In the post-fire period
the organic substances mobility increases, the number of
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Table 2. Soil cover physical properties changes in forest biotopes of different type under the influence of a pyrogenic factor,

g/em?.
Province Smolensk and Moscow province of a zone of the mixed woods (subtaiga) of East European Plain
Landscape area Central lake Meshchora Gusevsky Meshchora (Gusevsko-Kolpskaya)
. Soddy strongly podsolic sandy gley on . . . .
Soil binomial deposits) Soddy strongly podsolic sandy on binomial deposits
Wood type Coniferous forest The mixed wood
Index/option Monitoring After the fire To Monitoring After the fire To
Soil solid phase 2.64 2.71 2.54 2.74
density
Soil density 1.2 1.32 1.12 1.38

the most aggressive fractions represented by fulvic acids
in their composition also grows up.

As a result of forest materials combustion the ashes
containing available forms of a number of nutritious
elements (calcium, magnesium, potassium, phosphorus)
are formed. Their maximum quantity according to the
conducted research falls on the first months after the fire,
but then the content of substances gradually decreases
owing to features of the explored soil genesis, type of the
water regime and a complex of soil migration processes.
At the same time, according to the literature data, it is
found that under certain conditions, with a large number
of these elements, there is their preservation in the period
in 2 — 4 years.

The phosphate regime change is on average
characterized by increase in level of security by 38.2
mg/kg. However in soils of different woods types the
changes have differentiated character. So in soddy-
podzolic soils of the coniferous forest an average
increase in phosphorus (P2Os) is 54.4 mg/kg of the soil
whereas in the mixed forest the increase was 21.9 mg/kg
of the soil. At the same time an average potash state
change increase is by 6.0 mg/kg, and unlike phosphorus
increase the greatest increase in potassium (K,O) takes
place in soddy-podzolic soils of the mixed forest where
the increase is 82.6 mg/kg whereas in of the coniferous
forest soils increase in the contents was 45.4 mg/kg.

As a result of a direct pyrogenic influence the
hydrolytic acidity value in soddy-podzolic soils
increases, the average increase is 0.11 mg-eq/100. In
soddy-podzolic soils of the mixed forest the size of
increase was 0.14 mg-eq/100 whereas in the coniferous
forest of 0.09 mg-eq/100. Increase of calcium and
magnesium on average was 0.13 mg-eq/100 and 0.21
mg-eq/100 respectively. As follows from the data
provided in Table 1 the increase in contents are almost
singular, but the greatest increase of Ca 0.14 mg-eq/100
and Mg 0.22 of mg-ekv/100 falls within soddy-podzolic
soils of the coniferous forest. And it is slightly less 0.11
mg-eq/100 and 0.19 mg-eq/100in the mixed forest.
Degree of soil saturation the bases increases on average
by 2 per cent and in soddy-podzolic soils of both forest
taxons types it is identical on average to 2 per cent.

The fire can influence a soil condition from different
aspects. First, the harmful influence of excessively high
temperatures on a solid soil phase (tab. 2.) the size of
which on average increases by 0.14 g/cm?®. However on
soddy-podzolic soils of the mixed forest the size of the

increase is 0.2 g/cm® which substantially exceeds similar
increase in the coniferous forest — 0.07 g/cm?.

In addition the fire’s cause steady changes in the soil
in terms of its physical and chemical properties,
mechanical structure, the water-air and hydrothermal
regime as well as soil density value. In soddy-podzolic
soils which undergone pyrogenic influence, the in soil
compaction increase by 0.19 g/cm® is observed.
Moreover on soddy-podzolic soils of the mixed forest
the increase value is 0.26 g/cm’ and in the coniferous
forest it is 0.12 g/cm?.

Further the impact of pyrogenic influence on soils
microbiological activity has been studied since
microbiological characteristic traditionally is considered
the most important method of biodiagnostics on the
ground that microorganisms sensitively react to the
changes happening in a surrounding environment. High
temperature of the soil superficial horizons during and
after flame passing causes a sharp increase in the content
of chemically important soil properties, particularly in
those of phosphorus and potassium.

It is established that pyrogenic influence sharply
changes the numerical ratio of the basic microbic groups
in soil complexes, so, fungi mycelium practically
disappears, the number of ammonifiers and oligotrofs
decreases that is connected first of all with the processes
of nitric balance violation of which is necessary for these
groups of microorganisms functioning. At the same time
fire causes some processes activization, and promotes
the  Dbiological circulation  strengthening  and
improvement of plants nutrition in terms of the
agrochemical nutrition and soil provision with ash
elements.

In spite of the fact that the total number of
microorganisms in the soil right after the fire decreases,
nevertheless, after some time period the increase in their
quantity is observed that is caused by the rapid microbic
growth.

The soil microbiocenosis pool represents numerous
groups of microorganisms connected by the complex
system of trophic relationships. So continuous
monitoring and studying the structure and variety the
ecologo-trophic microorganism groups number allows to
judge about the intensity and susceptibility degree of the
biogenic soil horizons as well as about rate of the post-
fire processes of soil forest vegetation properties renewal
and the trophic conditions changes in the soil biocenosis.
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Table 3. The change of microbiological structure of different type of forest biotopes under the influence of a pyrogenic factor
colony forming unit (CFU) of the soil.

. Smolensk and Moscow province of a zone of the mixed woods (subtaiga) of East European
Province .
Plain
Lar;(:::ape Central lake Meshchora Gusevsky Meshchora (Gusevsko-Kolpskaya)
Soil Soddy strongly podsolic sandy gley Soddy strongly podsolic sandy on binomial
on binomial deposits) deposits

Wood type Coniferous forest The mixed wood

Index/option Monitoring After the fire To Monitoring After the fire To
Ammonifiers 494.0 87.0 393.0 64.0
Prototrophs 596.0 26.0 817.0 117.0

Fungi 1726.0 44.0 2127.0 58.0

Oligotrophs 740.0 480.0 1015.0 518.0

An average ammonifiers quantity of soddy-podzolic
soils affected by the fire influence decrease on average
decreases by 368.0 colony forming unit (CFU) in 1g of
the soil or 83.1 per cent. Proceeding from the data
provided in Table 3 it is established that all like forest
biotopes are subjected to changes. In the coniferous
forest CFU content decrease makes 407.0 CFU in 1g of
the soil or 82.4 per cent, whereas in the mixed forest it is
329.0 CFU in 1g of the soil or 83.7per cent. In
percentage terms the ammonifiers number change is
identical. Numerous groups of aerobic and anaerobic
microorganisms among which there are bacteria, fungi,
actinomycetes take part in the ammonification process.
This particular fact causes that the soil ammonification
process occurs both in the presence and absence of
oxygen and in conditions of different environment
reaction. The ammonification process sharply decreases
only in anaerobic conditions and in the conditions of the
strong acidity and a causticity of soils. The
ammonification speed also depends on the temperature
and humidity factors of the soil.

The prototrophs number on average decreases by
585.0 CFU in 1g of the soil or by 90.2 per cent. Their
reduction in the coniferous forest is 470.0 CFU in 1g of
the soil or 94.8 per cent, and 700.0 CFU in 1g of the soil
or 85.7 per cent in the mixed forest. Fungi on average
decrease by 1876.0 CFU in 1g of the soil or by 97.4 per
cent. In the coniferous forest their reduction is 1682.0
CFU in 1g of the soil or 97.5 per cent, in mixed the
wood it is 2069.0 CFU in 1g of the soil or 97.3 peer cent.
It is also noted that the oligotrophs number changes,
however their decrease is not so vividly expressed and is
on average 378.5 CFU in 1g of the soil or 42.1 per cent.
The same tendency remains in the coniferous forest —
497.0 CFU in lg of the soil or 49.0 per cent, and in the
mixed forest the decrease is 260.0 CFU in 1g of the soil
or 35.1 per cent. It connected with the fact that
oligotrophs are the microorganisms making a majority of
a soil cenosis, which can inhabit the soils with the low
content of nutrients, and therefore in case of the analyzed
fires there is the probability of their elimination lack.

4 Conclusion

Forest fires destroy the soil, an important component of
the nature. Their complex and ambiguous influence is
estimated by the whole range of factors from beginning
from the specific fire characteristics and vegetation
peculiarities up to the relief and structure of the soil.
Changes of properties after the fire are caused by the fast
mineralization of organic matter the soil, the forest floor
and litterfall. Combustion products are somewhat
absorbed and acquired by vegetable roots, the rest of
them in the form of compounds dissolution as alkalis
goes the soil rhizosphere. Within the territory subject to
the fire there is the organic matter content decrease
owing to the high temperature influence and increase of
ash elements content (P,Os, K>0). In the soils of forests
subject to the fire, the solution alkalinization occurs due
to the penetration and saturation of ash water-soluble
compounds into the absorbing soil complex, which
causes the shift in the environment reaction to the neutral
range. The direct pyrogenic influence results in the soil
physical properties change towards compaction with an
increase in specific and volumetric mass. Due to the fire
influence, the ecological state of soddy-podzolic soil is
disturbed; there is a sharp decrease in the number of
surface-active groups of micro and mesofauna, such as
ammonifiers, prototrophs, fungi, oligotrophs.
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