Ecological
Comnqunlcatlon

Biosci. Biotech. Res. Comm. 12(1): 7-16 (2019)

BBRC

Bioscience Biotechnology
Research Communications

Evaluation of soil biological activity by a vertical
profile and erosion catena

Fedor LisetskiiT*, Denis Vladimirov2and Vladimir Cherniavskih3

IFederal and Regional Centrefor Aerospace and Surface Monitoring ofthe Objects and Natural Resources,
Belgorod State National Research University, Belgorod, Russian Federation

Anstitute of Earth Sciences, Belgorod State National Research University, Belgorod, Russian Federation
Pepartment ofBiology, Belgorod State National Research University, Belgorod, Russian Federation

ABSTRACT

The differentiation of soil fertility vertically and its territorial distribution on the slopes have a genetic origin. The main
aim of the study was to establish a link between the level of effective soil fertility and its biological activity in two
dimensions. The degree interaction between the cellulose decomposition activity and the yield of barley on separate
layers of the southern Chernozem was established. The erosion catena demonstrates that the cellulose decomposition
intensity in non-eroded and moderately eroded soils was determined by the differences in magnitude and variation soil
water reserves in individual soil layers. The results showed that the microbiological activity of the soil reflecting the
intensity of the transformation process of organic matter and the degree of nutrients availabilitﬁ in the yield is likely
to act as the sensitive indicator of hydrothermal conditions. In addition, according to the research results, the effective
fertility of individual soil layers both in the vertical dimension and in the topographic gradient was evident.
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INTRODUCTION

Most abiotic factors and, particularly, air and soil
humidity and temperature, concentration and migra-
tion of chemical elements and compounds in the soil
and ultimately soil fertility tends to change regularly
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along hillslope gradient. Studies of vegetation patterns
along a vertical gradient have shown that microtopog-
raphy driven soil moisture has an important role in the
formation of vegetation patterns (Deak et al., 2014) and
soil-plant cover (Lisetskii et al., 2014a). Effective fertility
is mostly materialized through microorganism activity;
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therefore, there is a direct link between soil fertility and
its biological activity. This applies to natural changes
in fertility and microbiota activity conditions both hy
vertical measurement in profile and by topographic gra-
dient. About 65% of the world’s land is subject to water
erosion and 28% - to deflation (Webb et al., 2006). In
intensive agriculture in semi- arid regions the area of
eroded soils increased, on the slopes with eroded soils,
the humus content decreased (Prudnikova and Savin,
2015, Haddad et al., 2018; Upton et al., 2018).

Erosion on slope soils changes not only soil profile
morphologiy, the OM content (Lisetskii, 2008), the tex-
ture of soils at different degrees of erosion on slopes with
free runoffbecame coarser by one gradation (Gabhasova
et al., 2016), but also the complex of physico-chemi-
cal properties, (Volungevicius et al., 2018) and content
chemical elements useful for plants (Zelenskaya et al.,
20188, which ultimately affects soil formation speed and
soil foss tolerance value %Shtompel et al., 1998). During
prolonged ploughing of chernozems as compared with a
pasture or virgin, the number, size, and biomass of bac-
terial cells and microfungi biomass decrease (Polyans-
kaya et al., 2016). The aim of this study was to determine
changes in the morphological, physical and chemical
properties of soils caused by their agrogenic transforma-
tion.

The main soil fertility factor is the organic matter (OM)
contained in it. The intensity of plant residues decom-
position OM in the soil can be judged by its biological
activity, which reflects the related complex of biological
processes. For the entire life of soil, the main source of
energy is cellulose, which, for example, amounts to 57%
in winter wheat straw. Cellulose mineralization synthe-
sizes compounds, which are essential for plant growth,
humification processes and soil microorganism vital
activities. The cellulose-decomposing group of bacteria
decomposing plant residues release oxidative enz%mes
into the environment, which causes humus synthesis
to run more intensively using decay Froducts of these
residues (Zakharov, 1978). It is not always possible to
assess the level of fertility of individual layers of soil
profile by number of nutrients available to the plants.
Therefore, it is necessary to search for such indicators of
soil fertilitﬁ/ that correlate with yields. It was previously
found (Tikhomirova, 1970; Zakharov, 1978; Yemtsev
and Mishustin, 2005; Ulrich et al., 2008; Widhiya et al.,
2016; Haddad et al., 2018; Upton et al,, 2018), that the
complex of soil conditions required for the vital activity
of aerobic microorganisms, which decompose cellulose,
coincide with the conditions of crop formation.

CeIIquIYtic soil activity can be used as an indicator
of the vital functions of cellulose decomposing micro-
organisms, and conditions for formation of cultivated
plant yield. It is known that cellulose constitutes the
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bulk of plant residues, and the role of cellulose-destroy-
ing microorganisms is significant, since they are pro-
ducers of blolofglcally active substances, which replen-
ish the pool of these compounds in the OM soil. For
exami)le, many t?/p_es_of cellulolytic bacteria (genus
Cellulomonas, Cellvibrio, Bacillus, Myxacoccus, Pseu-
domonas, Flavobacterium and others) synthesize amino
acids, growth agents, vitamins, pigments and oxida-
tive enzymes which are involved in redox processes of
plant residue humification (Kozlov et al., 2017). When
cellulose is decomposed, the cellulolytic microorgan-
isms release a significant amount of mucus involved in
soil conditioning as well as pigments of various nature
directly involved in humus synthesis (Zavarzin, 2014).

The need for environmental conditions varies in dif-
ferent cellulose-destroying microorganisms; therefore, it
is common for different types of soils to have certain
groups of cellulose-destroying microorganisms (Yemt-
sev and Mishustin, 2005). Semiarid regions with obvious
shortage of sediments are characterized by formation of
soil conditions in the presence of moisture redistribu-
tion along hillslope gradient, and they are significantly
changed when using irri%ation. The aims of the study
were to establish a link between the level of effective
fertility based on irri?ation soils profile and cellulolytic
activity and to identity differences in the rate of organic
matter destruction in soils with varying erosion index
on erosion catena.

MATERIALS AND METHODS

Study area: The study area is a part of the southern
stepEe subzone located seaside and characterized by a
weakly dissected surface. Here landscapes are formed in
the conditions of hot summer, dry warm autumn and
moderately warm wet winter. Average annual air tem-
perature (at the nearest weather station (Odessa)) is10.2
°C. The average air temperature in summer varies from
19.4 °C (June) to 22.2 °C (July). The average annual
amount of precipitation (since 1894) was 386 mm.
Evaporation value is 800 mm, humidity factor is 0.48
and 1.e. the correction exceeds precipitation 1.5-2 times.
The century-old precipitation trend is characterized by
alternation of wet and dry periods (with a reduction to
310-320 mm per year). Heliothermal cycles with major
periods of 11 and 10years which are part of a lower-fre-
quency natural periodicity (Ivanov and Lisetskii, 1995),
consist in the region covered by our study of 3-4 year
phases of change in the amount of heat and moisture.
The studies were carried out on the following two test
areas: irrigation land on a relatively flat watershed (Pir)
and non-irrigated agrolandscapes (boghara) with slopes
characterized by active soil erosion fboh). The Pir test
area is a Loess Plateau with a slight eastward slope.
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Belyaevka region (Ukraing). Medium-steppe subzone.
Lower Dniester irrigation system (Shkodogorsky array).
It was built in 1964. The irrigation area exceeds 37 thou.
ha. Groundwater occurs at a depth of 2-5 m. The source
of irrigation is the water of the Dniester River. Dominat-
ing soils are Southern heavy loam solonetz Chernozem.
Humus horizon thickness is 55 cm. Corg is 1.79%. It
boils from HCI starting with 70 cm and demonstrates
vigorous boiling from 78 cm.

The Phoh test area is a gently undulating loess plain
(slopes of steepness<2Boccupy 39%) which belongs to a
very d(rjy and moderately hot agro-climatic zone. Share
of eroded soils (Southern heavy loam Chernozem) is
28%, including moderately eroded soils, which occuEy
29% of the total area of eroded soils. We examined the
erosion catena on the slope of western exposition with
average slope of 2'(experience 3).

Data used: Problem-solving was based on the research
program, which included four experiments.

Experiments 1A and 1B included a field experiment
on assessment of biological activitK with southern irri-
gation (1A) Chernozem layers (within the genetic hori-
zons) and avegetation experiment with the same layers
to assess the level of effective fertility S}B). The results
of these experiments complemented each other. Experi-
ment 1A was carried out in the field to determine dif-
ferences in the rate of cellulose (%) decomposition in
individual layers of irrigated southern Chernozem. Oats
and peas planting. Oat phase gives rise to booting (fifth
sheet, height 47 cm). A cellophane film of 3x6 cm in
size was put into a nylon mesh with mesh size of 0.25
mm and vertically attached to the soil (3-fold repeat-
ability). Experiment 1B was conducted in a phytotron
with sedparate soil layers. We cultivated Odessa-82, a rec-
ognizea spring barley variety, by 14 plants Fer_a vessel
with capacity of 2520 ¢cm3. Since individual soil layers
had different moisture content (from 43 to 62%), the
moisture in the soil was maintained using gravimetric
method at from 25.9% to 37.4%.

The phytotron-maintained average temperature and
relative humidity values (according to thermograph and
hygrograph records) were 21-25° and 55-65% respec-
tively between seeding and barley earing periods (90
days{. We equalized the illumination conditions by peri-
odic vessel rearrangement. For the vegetation experi-
ment, we followed the previous recommendation that
for options with transitional horizons (AB, BC) a suf-
ficient number of repetitions at a Frobabilitg level of
0.95 should be considered as 4-6-fold repeatability, and
for options with other horizons reliable results can be
obtained when using 3-4 vessels. This made it possi-
ble to conduct more reasonable analysis of the mean
options with due account for marginal error of differ-
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ence of the means. Due to different option repeatability
in the experiments, the non-equivalence of contrast of
means was taken into account when assessing signifi-
cance of particular differences.

Experiment 2 was carried out in the field to assess
differences in linen fabric decomposition for 2 periods
of biotest exposure in layers 0-10 and 10-20 ¢cm under
fallow conditions. As for the experiment location, it was
the western exposure ravine slope near water divide,
where the southern unwashed Chernozem (depth of
horizon A is 32 cm, humus horizon thickness is (A+AB)
50 cm? was present. Experiment 3 was conducted in
the field on the erosion catena. Objects under study: 1)
Medium loamy non-eroded at the water divide Southern
Chernozem, depth of horizon A is 32 ¢cm, humus horizon
thickness is (A+AB) is 53 ¢cm; 2) Medium-eroded Cher-
nozem 270 m down the S|0ﬁe. Soil moisture and bulk
density were monitored at the depths of 10 and 20 cm
for 459 days using 22 observation periods. The experi-
ment was carried out for two calendar years in the same
periods of exposure (August - October). The initial phase
of the experiment ran under the stubble of winter wheat
(minor cultivationg, and since September processes took
place in winter wheat rhizosphere, then after the wheat
was plowed in May corn was sown and harvested for
silage, and in September the plowing was done.

Methods: Activity of microflora destroying cellulose in
individual layers of the ploughing horizon was deter-
mined by the rate of pure linen fabric decomposition
since flax fibers consist of cellulose for 80% and impuri-
ties in the form of minerals and lignin for 20%. Decom-
posing cellulose with simple communities of microor-
ganisms (1-2 species) is significantly more sensitive to
the soil conditions than plant residues, and its usage pro-
vides more accurate results due to uniformity of chemi-
cal composition of biotests. The method of “applications”
IS objective enough to assess the intensity of microbio-
logical activity in different layers of the soil profile and
to compare agricultural technologies, including the use
of irrigation. The method of applications use is modified
(Mirchink, 1988), but it is based on the assessment of
Intensity of linen fabric decomposition by the difference
in dry weight before and after exposure. Biotesting was
carried out using squares of linen fabric size 10x 10 cm,
which was covered with a nylon mesh with mesh size of
0.25 mm and laid horizontally in the soil at depths of
10 and 20 cm in order to preserve defragmented mate-
rial after decomposition. In addition, we used chemi-
cally pure cellulose film in the applications method. The
bags removed with films were washed from soil parti-
cles first with tap water and then with distilled water.
The loss of film weight was determined using analyti-
cal scales, and then we calculated the average percent-
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age (%) of decomposition for each examined layer and
computed the average percentage for examined layers
in each option of the experiment. We used the Euclidean
distance calculation to make cumulative comparison of
soil layers by parameters, such as humidity (%), bulk
density (t m-3) and soil moisture reserve (mm). Chemi-
cal analyses of soils included the following standard
Brocedures: Corg content, by Tyurin’s method and CO2
y acidometry. The determination of cation exchange
capacity (CEC) in calcareous soils was performed using
EDTA-Na2

RESULTS AND DISCUSSION

Microbiological activity of irrigation soil

Soil irrigation results in increased number of certain
grouBs of microorganisms: algae, nitrifiers, denitrifi-
ers, but less actinomycetes, aerobic organisms, which
decompose cellulose (Table 1).

An Increase in erosion resistance of steppe soils during
irrigation is explained largely due to ?rowth by higher
numbers of algae, fungi, aerobic cellulose-degrading
microorganisms, and oligonitrophiles, in particular
(Lisetskil et. al., 2018). Our results (Table 1z)showed that
irri%ation had maximum effect on the number of groups,
such as denitrifiers, eutrophic Blants, anaerobic bacteria
and nitrifiers. Under comparable conditions, sunflower
and wheat have no advantages due to irrigation in terms
olfthe) number of microorganisms (with the exception of
algae).

During three periods of vegetation it was natural in
MaK-June for biological activity to show a decrease
within meter-deep layer in certain layers of irrigation
Chernozem, except for the upper part of carbonate hori-
zon BL (Table 2), which is associated with its chemical
properties.

Due to increased duration of irrigation reclamation
in seven arid zones of Ukraine, it becomes relevant to
study transformation tendencies in soil fertility profile
distribution under irrigation impact. In response to 35
years of irrigation the soil is reported to have humus
profile extension by 9 cm as compared to bogharic soil
(Lisetskii, 1988), and increased humus reserve within
one meter thick layer. The experiment revealed the
existence of more clear horizon-oriented differences
in effective fertility than in the non-irrigated Southern
Chernozem. For example, the subsurface layer fertil-
ity decreased dramatically (F2¥34 is 0.49). The results of
dispersion analysis of barley grain yield obtained from
individual Iaﬁers of Southern Chernozem in experiment
1B showed that at the level F there were proven dif-
ferences of effective fertility between all layers, except
for layers to 50-64 and 64-75 cm that can be combined
(Table 3). The relative (%) evaluation of effective fertility
Is determined by the ratio of grain yield for each tested
layer (i) to ploughing layer yield (denoted by Fi).

Features of effective fertility profile distribution in
irrigated soil are closely interrelated with microbiologi-
cal activity. As shown by our two-year observations in
the most important vegetation period (May-July), this
is facilitated b% absence of significant horizon-oriented
differences in the moisture content of a meter-thick layer
of soil. On average, over three periods of microbiological
tests exposure §I\_/Iay-June), the subsurface and underly-
|n(]1 horizons of irrigated Chernozem showed decreased
cellulolytic activity of soils in proportion to the reduced
level of effective fertility (Fi%ure 151. It is noteworthy that
as for potential fertility (Table 3), the 75-100 cm layer
is less fertile than layers to 50-64 and 64-75 cm, but it
appeared that this layer demonstrated higher cellulolytic
activity and yield.

The results in Fi?ure 1 show that the statistical
dependence is virtually proportional: cellulolytic activ-

Table 1. The change in the number of microorganisms in the soil with irrigation in a layer of 0-20 cm

With irrigation

No irrigation

Indicators Units of measure . :
sunflower winter wheat sunflower winter wheat

Soil moisture % 2053 1832 1521 1nn
Eutrophic plants, total  million /1 g. soil 1230 13.80 13.20 135
Actinomycetes million /1 g. soil 350 4.80 540 550
Fungi thousand / 1¢. soil ~ 57.80 68.90 54.30 70.40
Nitrifiers million /1 g. soil 246 207 2.26 170
Denitrifiers million /1 g. soil 0.85 130 0.64 1.05
Decompose cellulose:

- aerobic thousand / 1g. soil 193 2.85 346 313
- anaerobic 13 0.93 1.00 0.92
Algae thousand / 1¢. soil ~ 98.40 S NIF NIF

Note: N/F, Not Found; S, Sporadic.
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Table 2. The degree of transformation of cellulose (%) in separate layers of southern
(irrigated) Chernozem (experiments 1A)

. Periods of transformation of cellulose*
Horizon Layers, cm

1 2 3 Average
Aar 0-20 2401£166  32.38t3.13  40.37+465  32.26£5.03
A 20-34 2319£1.07  29.16£#2.67  3512:272  29.16£3.58
ABL 34-50 2045:080  2251#1.09  2159:0.54  21.5240.89
Bla 50-75 9271028 1874102  19.60£0.78  15.87+2.94
B2aCa  75-100 1505¢.025  21.74+108  17.38:092  18.06+1.84

Note: *Periods: 1- 14.05-29.05 (the beginning of tabulation heading stage, fruiting peas); 2 - 29.05-13.06
(heading-flowering stage, fruiting peas); 3 - 13.06-28.06 (flowering-kernel milk stage, fruiting- wither peas).

Table 3. Chemical properties of individual layers of irrigation Southern Chernozem and the results
of vegetation experience (1B)

CEC, cmol kg4 share Ca  Grain harvest (G), F 0
’ [

Horizon  Layers, cm  Humus,% in CEC% glvessela

Aar 0-20 2.86 5.11 85.8 1.677+0.05 100
A 20-34 2.03 25.21 871 0.827£0.17* 49
ABL 34-50 215 2421 84.9 0.448+0.15* 2
Bla 50-64 162 22.45 87.0 0.148+0.06* 5
Bla 64-75 151 2115 86.5 0.089£0.02

B2 Ca  75-100 115 2057 84.1 0.277£0.06* 1

Note: aAn asterisk indicates significant differences in grain yield between two adjacent variants (*P <0.01).

CA=0.9873Y 0513
CA R2=0.918

FIGURE 1 The dependence of the normalized values of cellulolytic activity (CA) on the yield
of barley (Y) on separate layers of the southern Chernozem (figures are relative to the arable
horizon). The numbers 1, 2, 3, 4, 5 denote layers 0-20, 20-34, 34-50, 50-75, 75-100 cm,
respectively
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Table 4. Chemical properties of individual layers of fallow southern Chernozem

Lavers. e Humus  CaCO3
YErs, %
2.59 463
o
10-20 2.56 593

ity tends to grow by 18% with increased yield by each
20%. Therefore, microbiological soil activity can act as
an indicator of effective fertility of individual layers
of soil profile. It shows the intensity of organic matter
transformation process and the degree of possible mate-
rialization of available nutrients in the crop. However,
the microbiota activity is ahead of those pedogenesis
processes, which determine effective soil fertility.

Biotesting of in layer 0-20 cm fallow land

Fallow lands can significantly restore the lost soil fertil-
ity even for a short period. The results of experiment 2
showed that in fallow condition the chemical parameters
of virgin soil were virtually achieved, except for carbonate
content, which obviously requires longer time (Table 4).
In the 0 to 20 cm layer of the Chernozems the basal
respiration rate and the content of the microbial bio-
mass were minimal in the soil irrigated for 40 years
without fertilizer and maximal in the fallow ones (120
yrs) (Prikhodko et al., 2013).0ur results (Table 5) show
that the intensity of microbiolo?ical Processes can vary
vertically under the influence of differences in moisture
content even in 10 centimeter soil Iagers.
The experiments demonstrated that the differentia-
tion of the ploughing horizon into different in terms
of effective fertility parts occurred after 2.5-3 months
(Iina, 1980% And as for fallow land, as in our experi-
ment, any change in hydrothermal conditions (decrease
in average soil moisture from 23 to 14% and in-layer to
0-20 cm soil moisture reserve on 17 mm in the second
month as compared to the first month) is followed by
multidirectional biological activity, when maintaining
minor differences in humus and carbonates content and

CEC, cmol kg-1

Ca Mg K Na
2170 40 0.09 0.07
19.80 36 0.10 0.07

the composition of cation exchange (Table 5). In the first
month, the linen fabric decomposition proportion was
slightly higher in the upper 10 cm layers as compared to
the lower ones, but in two months, vice versa, cellulose
destruction processes were more intense in 10-20 cm
layer than in the upper 10 cm soil layers. This is due to
the more soil moisture in the 10-20 c¢m layer as com-
pared with the upper 10 cm during the second period of
exposure (from 32 to 62 days).

Dynamics of moisture content and microbiota activity in
erosion catena soils

Experiment 3 was conducted on the erosion catena in
agrolandscape, which distinguishes this experiment
from experiment 2. With the research territory, being
significantly eroded (about 60%), the Eercentage of
moderately eroded soils is 13-14% (Lisetskii et al., 2014
b). Due to erosion, the slope soils lose OM and become
less fertile ‘Table 6). The content of available cellulose in
the form of surface residues on any moderately eroded
soil is 55-60% of its amount on any non-eroded soil
(Lisetskii, 1992).

The variability of indicators of microbocenosis con-
ditions of steppe soils correlated with the dynamics of
the climate (Kashirskaya et al., 20183. Durin% the first
year of experiment the climatic conditions changed as
follows: during the second period (30-60 days) the air
temperature was 2.3'C higher than the long-term aver-
age annual normal temperature, and it corresponded to
the normal value at the beginning and at the end of the
experiment; the precipitation was lower than the nor-
mal level in the first and second 30 days on 10 and
22.4 mm respectively, but in the third month precipita-

Table 5. Changing the conditions of moisture and the results of the decompaosition of linen fabric
for two periods of biotest exposure in fallow southern Chernozem

Indicators Layers, cm
I 0-10
Soil moisture,% 10-20
Soil moisture reserve, mm 0-10
' 10-20
0-10
Deal decomposition (%) in the layer 10-20
0-20

m [
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32 days (Aug. Sept) 62 days (Aug. Sept)

24.68 12.04
22.45 14.05
28.88 16.01
21.84 17.00
30.31£2.55 46.8243.12
28.44+2.39 56.76£3.30
29.38£2.47 51.79£2.19
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Table 6. Chemical properties of soil erosion catena
Depth, Humus  CaC03 CEC, cmol kg1

Mmooy Ca Mg K Na
Unwashed soil

10 2.46 613 2370 440 012 008
20 2.52 575 2350 400 009 008
Moderately washed soil

10 224 268 2060 400 009 007
20 2.22 682 1990 360 009 007

tion indicator was by 30.8 mm more. The second year
(starting from the eighth observation period) was very
dry: if temperatures were close to the normal range, the
moisture deficit increased from 18.8 and 28.8 to 36 mm
in each of three months (August - October, 16-21 tim-
ing of observations). Naturally, this was mostly repeated
in soil moisture dynamics (Figure 2). Moderately eroded
soil had more severe moisture deficlt.

Fedor Lisetskii et al.

On average, during the observation period (I year
and 3 months), the soil moisture reserve In the 0-20 ¢m
layer was by 4 mm hiPher in unwashed soil as com-
pared to the moderately washed soil. However, these
soils (0-10 and 10-20 cm) have different layer-by-layer
moisture characteristics. Ifthe second layer of unwashed
soil was more compacted than the upper one and had
more moisture content and reserves, the lower layer of
the moderately washed soil had lower moisture con-
tent, density and soil moisture reserve than the 0-10
cm layer. The Euclidean distance calculations make it
possible for separate soil layer parameters to be consid-
ered as individual ones, and based on that to determine
resulting differences of the investigated soil layers. The
results obtained show that the unwashed and moder-
ately washed soils have the greatest differences in terms
of amount and variations of soil moisture reserves in
individual soil layers. On average, during 22 observation
periods (for 459 days) the soil moisture reserves were by
10% more in non-eroded Chernozem as compared to the
moderately eroded one (Figure 2).

FIGURE 2. Dynamics of soil moisture reserves (mm) for 22 periods of observations every 21 days in the
layers of southern Chernozem not eroded (A) and moderately eroded (B)

Bioscience Biotechnology Research Communications
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Table 7. The intensity of the decomposition of cellulose, depending on the duration of exposure, the degree of
erosion of the soil and its depth

Unwashed soil

Exposure time, days  Depth, cm

Lt year
10 25.85

30 20 6.06
difference 15.96
10 53.90

60 2 24.32
average 0.1
10 74.94

91 2 45.25
average 60.10
difference

2nd year
10 2408

Kl 20 21.56
average 2282
10 26.44

60 20 5155
average 39.00
10 64.11

90 20 55.72
average 59.92
difference

Soil erosion
Moderately washed soil

Difference (H-Cp)

23.75 21
1417 -8.7
19.26 -33
58.63 4.7
42.56 -18.2
50.60 -11.5
64.55 104
57.80 -12.6
61.18 -11
-5.3
26.52 -2.4
25.63 4.1
26.08 -3.3
34.52 8.1
39.68 119
31.10 19
54.35 9.8
42.03 137
48.19 117
35

The results of two-year experiment on cellulose (Table
7) decomposition showed that in the first ﬁear the rate
of cellulose decomposition was more often higher in the
ploughing horizon of the moderately washed soil than in
the unwashed one. Therefore, over 3 months of decom-
position this difference reached 5%, although the total
amount of cellulose destruction became almost the same
in the ploughing horizons in both soils: 60-61%. However,
decomposition that is more active occurred at a depth of
20 cm in moderately washed soil rather than at a depth of
10 ¢cm, and in the unwashed soil —vice versa. During the
second year of the experiment, we could observe similar
situation as in the previous year only at the beginning of
the decomposition process, then the decomposition rate
was higher in unwashed soil, which ultimately resulted
in higher transformation rate. In addition, after 3 months
the degree of organic matter decomposition in the 0-20
cm layer of moderately washed soil was inferior to that of
unwashed one by 11%.

For twodyears of experiments, during the biotest expo-
sure periods the soil moisture reserve differences were
greater between non-eroded and moderately eroded soils
In the second year rather than in the first one: 28 and
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11% respectively. This reflected in the differences in cel-
lulose decomposition rate (Table 7).

Comparison of data on rate of decomposition in the
fallow land (Table 5) and in winter wheat sowing (Table
7) showed that over 60 days the biological activity of the
unwashed soil (0-20 cm) was higher by 13% in the fallow
land than in the agrocenosis. These features are confirmed
by earlier studies as well. The rate of OM destruction is
lower in winter wheat due to the less favorable moisture
conditions for development and functioning of cellulose-
destroying microorganisms (Val’kov and Kargaltsev, 1982).

Earlier (Mirchink, 1988) it was su%gested that one
can judge about “the total intensity of microbiological
processes in general” by the degree of biotests decay.
Indeed, our results have shown that in agricultural land-
scapes the degree of cellulose microor?anism activity
depends on differences in hydrothermal conditions as
well as the entire set of soil fertility resources.

CONCLUSION

Distribution of soil fertility by vertical profile and based
on erosion catena is genetically related, since long-
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term erosion action involves lower soil layers into the
ploughing horizon. However, anthropogenic pedogen-
esis changes the living conditions of microorganisms in
the processed horizon. It turned out that the size and
variation of soil moisture reserve in individual layers
of non-eroded and moderately eroded soil on erosion
catena were the most important ﬁarameters for micro-
biological activity among the hydrothermal param-
eters. Soil conditions, which are essential for the vital
activities of cellulose-decomposing microorganisms, are
largely similar to the conditions that ensure crop forma-
tion. The study results have shown that microbiological
soil activity, which reflects the intensity of organic mat-
ter transformation process and the degree of possible
materialization of available nutrients in the crop can act
as a sensitive indicator of hydrothermal conditions and
effective fertility of individual soil layers both in vertical
measurement and by topographic gradient.

We associate prospects for further studies with an
increase in the number of soil objects on the erosion
catena (from weakly to highly eroded) and evaluation
of the transformation of microbiological activity due
to differences in the hydrothermal regime, which are
caused by the exposure of the slopes, especially for the
northern and southern slopes.
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