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Abstract⎯The effect of different factors and preparation conditions of monofraction samples from the arable
horizon of leached chernozem on soil erodibility and its relationship with soil tensile strength (STS) has been
studied. The exposure of samples at 38°C reduces their erodibility by two orders of magnitude. The drying of
samples, on the contrary, increases their erodibility. It has been shown that erodibility decreases during the
experiment. It has been found that the inoculation of soil with yeast cultures (Naganishia albida, Lipomyces
tetrasporus) reliably increases the STS value in 1.5–1.9 times. The sterile soil is eroded more intensively than
the unsterile soil: at 4.9 and 0.3 g/(m2 s), respectively. The drying of soil followed by wetting to the initial water
content (30%) has no significant effect on the STS value in almost all experimental treatments.
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INTRODUCTION
Soil erodibility was initially considered as a constant

function of stable soil parameters [2, 27–29, 39, 43],
but there was no consensus among scientists about
these parameters. Bennett [28] concluded from his
observations of two soils differing in erosion rate that
well-structured loose and R2O3-enriched soils with
high water permeability are less susceptible to erosion
than dense structureless soils with heterogeneous tex-
ture and low water permeability. According to Middle-
ton [39], soil erodibility depends on a number of soil
parameters: particle size distribution, content of col-
loids, density, water capacity, swelling, shrinkage, and
plasticity. The author assigned the leading part to the
dispersion factor (ratio between the contents of silt
and clay in the soil determined by water dispersion and
particle size analysis). Bouyoucos [29] concluded that
the erosion rate is determined by the contents of the
silt and clay fractions. After Bennett and Middleton,
Baver [27] and Pelle [43] also thought that erodibility
depends on such soil parameters as water permeability
and degree of dispersion. Vilenskii [2] agreed with the
conclusions of the above authors and emphasized the
effect of such physical properties as the water stability
of structural aggregates and the shear, crushing, and
tensile strength of soil on soil erodibility.

Voznesenskii and Artsruni [3] studied the erosion
of krasnozemic soils and concluded that the soil prop-
erties characterizing the dispersion behavior of soil in
water―the degree of dispersion, the degree of aggre-
gation, the content of colloids, the equivalent water

content, and the silica-to-R2O3 ratio―are the most
informative parameters for assessing the erodibility of
soils. Voronin and Kuznetsov [5] studied the erosion
of undisturbed light-chestnut soil samples and pro-
posed to estimate the erosion stability from the ratio of
the potential soil structureness (ratio between the total
fractions ≤0.001 mm and the fraction ≥0.001 mm) to
the soil dispersion factor.

The above approaches gave relative estimates of
erodibility, but the development of empirical erosion
models required the quantification of this parameter. At
first, erodibility was determined within the empirical
USLE model as the quotient of the long-term soil loss
from a standard plot of 22.1 m long with a slope of 9%
on a permanent fallow by the long-term erosion poten-
tial of rainfall [49]. Later on, an empirical relationship
between soil erodibility and 15 (and then 24) soil
parameters was developed from quantitative data on soil
erodibility on runoff plots [47, 48]. For ease of use, a
nomogram was created to determine erodibility from
three quantitative and two qualitative parameters.

However, it soon surfaced that soil erodibility under-
goes significant seasonal changes. It was found [34] that
in southwestern Canada, soil erodibility reaches a max-
imum value in February and decreases to a minimum in
August. Six-year-long field studies of soil erosion on
several catchment areas confirmed the results of the
above study [40]. It was revealed later on that, along
with the seasonal dynamics of erodibility, the soil tensile
strength (STS) and the mechanical strength of soil
aggregates also change [30]. Later studies showed that
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the seasonal dynamics of erodibility is typical for differ-
ent geographical conditions [44–46].

The variability of soil erodibility is probably related
to specific features of clay minerals, which ensure the
cohesion of soils. Grissinger and Asmussen [33] stud-
ied the effect of the preceding wetting and exposure
duration of wetted samples on their erosion resistance;
they revealed a significant dependence of erodibility
on these factors and concluded that the effects are
related to water film on the surface of clay particles.
Later on, Grissinger [32] studied samples with dis-
turbed structure and showed that the erosion rate
decreases with increasing density and content of clay
particles and decreasing their sizes. The effect of pre-
liminary wetting can both increase and decrease the
erosion rate depending on the orientation of clay par-
ticles. When the water temperature rises, the erosion
rate increases, which was confirmed by our experi-
mental data [13].

Voronin and Kuznetsov [5] also studied the effect
of the preliminary wetting and exposure duration of
wetted samples. Their experiments showed the follow-
ing. First, the erosion rate depends on the degree of
wetting: the air-dry soil was eroded more rapidly than
the wetted soil; the soils wetted to 0.75 of field water
capacity showed the minimum erosion rate, and the
soils of other treatments, including wetting to total
water capacity, occupied intermediate positions. Sec-
ond, the exposure duration of wetted samples is of
great importance. When the exposure duration
increased, the erosion rate decreased in 4–5 times and
was stabilized only after exposure for 6–12 h.

Seasonal changes in soil erodibility can also be
related to the biochemical factor, which plays an
important role in the formation and strengthening of
soil aggregates [9]. The effect of microorganisms on
the formation and consolidation of soil structure is
confirmed in a number of experimental studies [26,
37, 42]. The inoculation of soil aggregates with cul-
tures of the yeasts Cryptococcus albidus and Lipomyces
tetrasporus decelerated their degradation in streams on
slopes [11], and the inhibition of microbial activity in
soils by antibiotics accelerated erosion [10].

The universal seasonal variation of soil erodibility
requires the prediction of this parameter for using in
erosion models. Nearing et al. [41] proposed a method
for predicting soil erodibility, which is based on the
concept that the compaction (consolidation) of soil
after the treatment occurs under the effect of effective
pressure, which implies the difference between the
total soil skeleton pressure, including bounded water,
and the pressure of water in pores. In the absence of
external load and under incomplete saturation of soil
with water, the effective pressure ( ) in the surface
soil layer is taken proportional to the soil water poten-
tial (ψ):

(1)

αp
'

α = −χψ =p
' [ ] max,

where χ is an empirical coefficient. The maximum
effective pressure is observed when 50–58% of pores
are filled with water. The maximum consolidation of
soil occurs at the maximum effective pressure.
According to Nearing et al. [41], “no matter how low
S (degree of soil saturation) may go during subsequent
drying, no greater value of α' (or therefore, ) can be
obtained” and, hence, the further consolidation of soil
is impossible. However, it does nor ensure that soil
changes under further drying will not affect the soil
erodibility. After the soil reached the maximum effec-
tive pressure, which ensures the maximum consolida-
tion of soil, the further drying of soil causes a volume
shrinkage of soil particles, which inevitably results in
the appearance of cracks between aggregates and,
hence, the disturbance of bonds between them. Stud-
ies of the effect of alternate wetting–drying of soil
samples showed that their shear strength decreases in
this case [36]. Thus, it may be supposed that the
erodibility of consolidated soil increases under fur-
ther drying.

The main goal of this work was to test of whether
the erodibility of soil does not remain constant after
reaching the maximum consolidation but increases
with drying. To test this supposition, the erodibility of
model chernozem samples was determined in the
water content range from 30 wt %, which corresponds
to the maximum consolidation of the studied soil, to
9–11 wt % of oven-dry soil (dried at 105°C). In addi-
tion, the effect of some other factors on soil erodibility
was studied, including the methods of sample prepa-
ration and the dynamics of erosion rate during the
experiment, as well as the contribution of inoculation
with yeast cultures (Naganishia albida (former Crypto-
coccus albidus) [35] and Lipomyces tetrasporus) and
drying to the shear strength of soil, which is closely
correlated with erodibility.

OBJECTS AND METHODS
The erodibility of soil samples from the plow hori-

zon of light-clay leached chernozem (Luvic Cherno-
zem (Pachic)) collected in the Volovo district, Tula
oblast, were studied. The content of organic matter in
the soil was 5.79%, and the content of physical clay
was 50.9%. The total share of calcium and magnesium
in the soil exchange complex was 97.2% of total
exchangeable bases.

Experiments were performed with the particle-size
fraction of 1–2 mm separated by dry sieving. The sam-
ple weight was calculated by multiplying the working
volume of the cartridge by the preset density of the
model sample (1.3 and 1.5 g/cm3). Before the begin-
ning of the experiments, air-dry soil samples were put
in aluminum cups and wetted to 24 wt % of air-dry
soil, which corresponded to 30.1% of oven-dry soil.
This water content corresponded to 55% of capillary
water capacity, which was experimentally determined

αp
'
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for this fraction by the capillary saturation method.
Hereafter, the water content is expressed in weight
percentage of oven-dry soil.

Soil samples were maintained in closed aluminum
cups for 18–20 h for uniform wetting, thoroughly
mixed, and transferred onto a parchment sheet. The
cartridge with a wood insert in its bottom part covered
with a parchment sheet to more easily fix the moment
of total soil erosion was placed into a hand screw press.
An extension 2.5 cm high (with the cross section equal
to that of the cartridge) was installed onto the car-
tridge, and the soil sample was transferred by small
portions into the cartridge, where it was smoothed and
slightly compacted with a tight-fit pestle (rectangular
in cross section). After the last portion of soil was
packed into the cartridge and leveled, a plunger, the
height of which was equal to the height of the exten-
sion, was inserted into the extension and compressed
with a screw press so that the surface of the soil sample
was adjusted to the level of the cartridge border. The
mean soil density reached the specified value in this
case (1.3 or 1.5 g/cm3).

Several model samples were subjected to erosion
without additional treatment, as was made in our ear-
lier studies [12–14].

Then, the samples thus prepared were placed in a
thermostat at 38°C and maintained until water con-
tents of 24, 20, 15, and 10% were reached. Then, 2 h
before the beginning of the experiment, soil samples
were wetted again to the initial water content (30%) by
the gradual addition of water into the cartridge. To
control this part of the experiment, samples were
placed in a sealed container to prevent the evaporation
of their water and maintained in the thermostat at
38°C for 2.5 h. Sterile soil samples were prepared in a
similar way.

The samples to be used for studying the dynamics of
erosion rate in the course of the experiment were dried
to a water content of 14–15%; 2 h before the beginning
of the experiment, their water content was adjusted to
the initial level (30%), as in the preceding series of
experiments. The duration of erosion was changed from
5 to 40 min with intervals of 5 min. The amount of soil
lost during the second and following 5-min intervals
was calculated as the difference between its values
obtained in the present and preceding experiments.

Soil erosion was performed in a recirculation
hydraulic f lume 2.5 m long and 7.1 cm wide. The
bottom and walls of the f lume were smooth (organic
glass, aluminum) to increase the f low velocity. The
cartridge with soil was installed in an opening in the
lower third of the f lume and secured with a screw.
The soil sample surface was adjusted on the level of
the f lume bottom. All the experiments were per-
formed at a water temperature of 18–20°C, a mean
flow velocity of 0.98–1.03 m/s, and a f low depth of
1 cm. This is a standard f low depth for the determi-

nation of soil erodibility according to the hydrophys-
ical erosion model [17].

The sample surface in the cartridge was maintained
on the level of the f lume bottom by the rotation of the
lead screw throughout the experiment. If the experi-
ment was stopped before the total erosion of the sam-
ple, the remaining soil was removed from the cartridge
and dried to a constant weight. The amount of lost soil
was determined as the difference between the initial
weight of the sample and that of the remaining soil.
The erosion rate (q, g/(m2 s) was calculated from the

formula , where P is the weight of the lost soil,

g; t is the time of soil erosion, s; and S is the eroded
surface area (soil surface area), m2.

Soil erodibility (k, s2/m2) was calculated according
to the hydrophysical erosion model [17]

where q is the erosion rate, g/(m2 s);  is the cubic
flow velocity, m3/s3; and ρ0 is the water density, g/m3.

To remove the effect of suspended and bottom sed-
iments on the soil erosion rate [15, 31], water from the
flume passed onto the sieve (with holes of 0.25 mm in
diameter) and then into the reservoir. After each
experiment, the sieve was cleaned of coarse sediments.
Suspended sediments settled on the filter made of
nonwoven material, which was installed in the reser-
voir before the tube leading to the pump.

The preparation of soil samples for the determina-
tion of STS was analogous to the preparation of sam-
ples for the study of erosion. Wetted and thoroughly
mixed soil was transferred to cylindrical cartridges
composed of two similar perforated tubes (25 mm in
length and 17.1 mm in diameter) fastened together.
Perforation ensured a uniform evaporation of water
throughout the cartridge length. The original soil with
a water content of 30% was used as a control. Soil sam-
ples in cartridges were dried at 40–43°C to water con-
tents of 25, 20, 15, and 10%. When the target water
content was reached, the soil was wetted again to the
initial state (30%). Cartridges with rewetted soil were
put in aluminum cups and a plastic container and left
for 18–20 h; the STS value was then determined. The
detailed description of procedure and the schematic
diagram of the device for the determination of STS
were reported earlier [16].

The effect of soil inoculation with cultures of the
yeasts Naganishia albida (KBP Y-4574) and Lipomyces
tetrasporus (KBP Y-2747) on the STS was studied
analogously to the effect of soil drying. These yeast
species were used, because Naganishia albida is a
euribiont species common in different natural habi-
tats, including top soil horizons, and Lipomyces tetra-
sporus is an autochthonic soil species occurring in
chernozems and chestnut soils of the steppe zone.

Pq =
tS

=
ρ3

0

,qk
v

3
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These yeasts are characterized by the formation of
large polysaccharide capsules, the size of which can
exceed that of cells in 2–3 times [24]. It was showed
earlier that soil yeasts from the genus Lipomyces can
participate in soil structuration due to the increase in
the water stability of soil aggregates under the impact
of extracellular polysaccharide [1, 20]. The procedure
of soil preparation differed in wetting with yeast sus-
pensions (titers of 5.3(8) × 108 and 1.8 × 108 cells/mL,
respectively) rather than with water. The soil samples
in cartridges with the added yeast cultures and the
control samples were maintained in plastic containers
at 13–15°C for 5 days.

RESULTS AND DISCUSSION
Results of experiments studying the effect of soil

drying on erosion rate and erodibility are given in
Table 1. First of all, noteworthy is a very strong effect
of soil heating without drying (in a hermetic container)
to 38°C for 2.5 h. The erosion rate is 60 g/(m2 s) for
samples eroded without preliminary heating and
0.29 g/(m2 s) for preheated soil.

This phenomenon can be explained using two
approaches. One of them is related to so-called
squeezed air. Water arrived into the dry soil moves in
capillaries inward aggregates and can compress their
air to several atmospheres, if it has no free exit [4, 23].
Squeezed air can favor the breakage of soil aggregates.
This approach would explain many experimental
results; however, observations over erosion processes
give no grounds for taking this hypothesis as a basis.
The degradation of soil aggregates because of the evac-
uation of squeezed air can cause the appearance of tur-
bidity clouds with air bubbles over the surface of the
studied sample. However, observations show that the
detachment of soil particles is usually not accompa-
nied by the degradation of soil aggregates and the
appearance of turbidity clouds. Groups of aggregates
are frequently washed out and transported in the f low

without appreciable water turbidity in the f lume, as
shown in the photo reported earlier [14]. However, this
phenomenon should not be observed at the degrada-
tion of aggregates due to the compression of squeezed
air. In addition, the removed soil entrapped on the
fine sieve (holes of 0.25 mm in size) has aggregates
similar to those in the soil fraction of 1–2 mm used for
sample preparation. This also indicates no aggregate
degradation by squeezed air.

Another mechanism of breaking interaggregate
bonds is due to the wedging properties of water film
included between soil particles [14]. According to the
physicochemical theory of effective stresses in soils,
the stability and instability of dispersed systems,
including soils, are determined by the ratio between
the attraction and repulsion of particles [21]. The
attraction forces are due to intermolecular interactions
(Van der Waals forces), sorption, and hydrophobic
interactions. Hydrophobic components of humic sub-
stances directed toward the interlayer space of clay
mineral particles favor the aggregation of particles and
the decrease in the wedging pressure of soil water,
which degrades soil aggregates in the absence of
hydrophobic surface [19, 25].

The repulsion forces are due to the electrostatic
interaction between the diffuse parts of double electric
layers of adjacent particles. The increase of ion con-
centration in the space between particles due to the
overlap of ionic atmospheres creates a local osmotic
pressure, under the effect of which the liquid phase
tends to fill the space and move the particles apart.
This generates the electrostatic component of the
wedging pressure [21].

Dispersed systems generally occur in thermody-
namic equilibrium; however, in our case, the upper
layer of the eroded soil sample experiences no external
pressure except the own weight. The water film of dif-
fuse genesis favors the separation of aggregates in the
external layer of soil sample to a distance exceeding
the action radius of intermolecular forces (Van der

Table 1. Effect of soil sample preparation on erosion rate and erodibility (soil density 1.3 g/cm3)

* Samples were tested immediately after preparation. ** Heating in a sealed container for 2.5 h. Here and in Table 2,  is the f low veloc-
ity; s is the standard deviation; C  is the coefficient of variation; and n is the number of measurements.

Experimental treatment Soil water
content, % n  m/s

Erosion rate s
C  %

Erodibility,
s2/m2

g/(m2 s)

Traditional sample preparation* 30.1 5 0.98 60.0 13.8 23.1 63.7

Heating** 30.1 3 1.03 0.29 0.03 8.8 0.27

Sterile soil** 30.1 5 1.02 4.91 1.05 21.5 4.63

Drying 24.3 5 1.01 1.27 0.36 28.7 1.25

20.2 5 1.00 1.80 0.45 24.8 1.80

14.0 5 1.03 2.70 0.45 16.8 2.62

8.7 5 1.06 2.80 0.38 13.5 2.64

,v ,v

v

v
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Waals forces). Therefore, aggregates in the upper layer
loose cohesion with the lower layer and are easily
entrapped by the water f low as free particles.

According to the concepts of the stable thermody-
namic state of clayey soils, the soil samples used in our
experiments were mixtures of closely sized aggregates
(1–2 mm) without any bonds between them. In the
course of sample preparation, the mixture of aggre-
gates was wetted and left for 18–20 h. During this
time, bonds formed between aggregates, which broke
again during the preparation of model soil samples,
but new and stronger contacts formed between parti-
cles thereby. However, thermodynamic equilibrium
corresponding to the maximum stability of samples
could not establish during the short time period from
sample preparation to tests, because the movement of
water in the soil, primarily as diffusion and/or osmo-
sis, is a relatively slow process. Therefore, the breaking
rate of incompletely formed bonds between aggregates
under the impact of free water and, hence, the erosion
rate of samples was high. The exposure of samples at
38°C without drying in a thermostat for 2.5 h ensured a
decrease of erodibility in more than 200 times (Table 1),
which indicates the formation of bonds between parti-

cles and the acquisition of thermodynamic equilib-
rium by them [7, 8, 22].

As for the drying of model samples below the water
content corresponding to the maximum consolidation
of soil, it is noted above that the entire soil sample
undergoes shrinkage, as well as separate aggregates,
which results in the formation of cracks between them.
In this case, the distances between adjacent soil parti-
cles can increase to the point that they exceed the
action radius of intermolecular forces (Van der Waals
forces). It is also obvious that when the drying pene-
trates deeper into the soil, soil shrinkage is enhanced,
and the number of particles, the distance between
which exceeds the action radius of the Van der Waals
forces, increases respectively. A linear relationship
between soil erodibility and water content is noted in
the range from 30 to 14% (Fig. 1). However, when the
soil samples are dried further, down to 8.7%, erodibility
does not change and remains on the level of 2.64 s2/m2.
This suggests that far from all interaggregate bonds in
the consolidated soil are broken under drying to this
water content. If the amount of stable interaggregate
bonds in the soil samples with the initial water content
(30%) exposed at 38°C is taken equal to 100%, the
erodibility change indicates that about 10% of them
remain at a water content of 8.7–14.0%. The partial
retention of bonds on drying of soil samples can be
explained as follows. The drying of soil is accompa-
nied by a shrinkage of aggregates, which results in the
formation of cracks. The size of cracks and, hence, the
distances between aggregates are different and obey a
normal distribution according to the central limit the-
orem [6]; therefore, some cracks between aggregates
can fall within the range of intermolecular interac-
tions. The amount of such cracks between aggregates
due to soil drying probably depends on soil density.
This hypothesis should obviously be tested experi-
mentally.

Thus, contrary to the opinion of Nearing et al. [41],
it was shown that when the maximum consolidation of
soil is reached, the drying of soil below 30% water does
result in a significant increase in erodibility. Nonethe-
less, results show that the erodibility of soil dried to a
water content of 14–15%, which ensures the maxi-
mum erosion rate of soil consolidated and then
adjusted to the initial water content (30%), also varies
during the experiment from 20.0 to 0.66 s2/m2 (Fig. 2).

The erodibility of cultivated soils undergoes per-
manent changes in time. The most radical change in
erodibility is due to basic cultivation, when the soil
crumbles and loosens, which results in the degrada-
tion of soil aggregates [38]. With time, the erodibility
of soil reaches the minimum values due to mechanical
shrinkage and consolidation under wetting to total
water capacity, but it increases again when the soil
dries. These changes in erodibility are typical for rela-
tively long time periods.

Fig. 1. Changes in soil erodibility under drying.
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However, the erodibility of soil varies abruptly
during the interaction of water streams with the soil
(i.e., during erosion). So, erodibility decreased during
the second and third 5-min intervals of the experiment
in 9 and 15 times, respectively, compared to the first
interval (Fig. 2).

Consequently, the erodibility of soil varies not only
during large time intervals, but also during relatively
short periods of showers. This should be obviously
taken into consideration in the development of physi-
cally based models of soil erosion.

The soil, as a bio-abiotic system, undergoes perma-
nent changes in time under the effect of not only the
anthropogenic factor and meteorological conditions,
but also the biogenic impact. The growth and develop-
ment of field crops strongly affect the erosion resis-
tance of soil due to the arming effect of root systems.
This aspect of the effect of crops on the erodibility of
soil is usually considered within the erosion models,
while the estimation of microbial contribution
remains insufficiently substantiated.

In this context, of interest is the study of the effect of
microbial activity on the STS, which is an important
characteristic for erosion estimation. The physico-
chemical relationships between soil aggregates and par-
ticles include biochemical components: microorgan-
isms and products of their metabolism play a peculiar
role in the formation of aggregates [9]. The effect of
microorganisms on the formation and strengthening of
soil structure was confirmed in many studies and exper-
iments [26, 37, 42]. Results of experiments on the abra-
sion of aggregates during their transport by sloped water
flows indicate a significant effect of bacteria and yeasts
on the mechanical strengthening of soil aggregates [11].
The inoculation of soil aggregates with yeast cultures
(Naganishia albida, Lipomyces tetrasporus) decreased
the loss of aggregates in 1.5–2 times compared to sterile
soils. An efficient loosening of interaggregate bonds due
to the inhibition of mycelial fungi and actinomycetes by

an antibiotic was revealed earlier in experiments on the
erosion of light-chestnut soils in a hydraulic flume [10].

To assess the effect of microorganisms on STS, i.e.,
on the strength of intra- and interaggregate bonds, the
yeasts Naganishia albida and Lipomyces tetrasporus,
which dominate in this soil type, were used. In the
course of their vital activity, yeasts are capable to syn-
thesize extracellular polysaccharides and thus create a
viscous environment with high hygroscopicity, as well
as to form acid polysaccharides, which stimulates
aggregation and increases the water stability of aggre-
gates. Sterile samples, soil samples in the natural state,
and samples inoculated and incubated at 13–15°C for
5 days were used in our experiments (Table 2).

Experimental results point to a significant effect of
the studied yeasts on the STS, which increases in 1.8–
1.9 times for the samples inoculated with L. tetrasporus
and in 1.5–1.7 times at the addition of N. albida, the

soil density being 1.3 and 1.5 g/cm3, respectively. The
difference between the mean STS values in all experi-
mental series are statistically significant for confi-
dence levels no less than 0.90.

Thus, the experiments with samples held for 5 days
after inoculation showed that sterile soils had the least
STS values. The samples inoculated with the yeasts
N. albida and L. tetrasporus had the maximum STS
values, and natural (nonsterile) soils occupied inter-
mediate positions. Experiments with sterile soil con-
firmed the unidirectional effects of microorganisms
on STS and erosion resistance. The sterile soil samples
were eroded an order of magnitude more rapidly

(4.91 g/(m2 s) than the nonsterile control samples

(0.29 g/(m2 s) (Table 1).

We earlier revealed a close correlation between soil
erodibility and STS [18]. Data on the estimation of the
effect of soil drying followed by wetting to the initial
water content (30%) on STS are given in Table 3. The
STS value little depended on soil water content in the

Table 2. Effect of soil inoculation with yeast cultures (Naganishia albida and Lipomyces tetrasporus) on the soil tensile
strength (STS)

* Reliable difference (P = 0.95) from the treatment with sterile soil.

Soil density, g/cm3 Experimental treatment n
STS s

C  %
kPa

1.3 Natural soil 4 6.59 ± 0.80 0.83 12.6

Sterile soil 6 5.20 ± 0.65 0.53 10.2

N. albida 4 7.73* ± 0.80 0.64 8.3

L. tetrasporus 5 9.89* ± 0.71 0.97 9.8

1.5 Natural soil 6 10.5* ± 1.10 1.20 11.5

Sterile soil 5 8.10 ± 1.20 1.51 18.7

N. albida 5 13.4* ± 1.20 0.73 5.5

L. tetrasporus 5 15.1* ± 1.20 1.51 10.0

,v
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course of drying. Only in the experimental treatment
with a water content of 25%, STS was reliably higher in
1.6 times (P = 0.95) than in the soil with the initial
water content (30%), which calls for further experi-
mental studies.

CONCLUSIONS

It is shown that the erodibility of the plow horizon
of chernozem is in permanent dynamics mainly due to
changes in the stability of dispersed systems, including
soils enriched with clay minerals.

The maximum consolidation of soil is reached at the
filling of 50–58% of pores with water [41]; this corre-
sponds to the minimum erodibility, which is observed at
a water content of 30% for the studied soil. Under dry-
ing, the soil begins to crack; therefore, the amount and
strength of interaggregate bonds decreases, and the
erodibility of soil increases. This phenomenon is traced
in the range of soil water content from 30 to 9%. A linear
relationship between erodibility and water content is
observed in the range from 30 to 14% water. In this case,
a short-term wetting of soil to the initial water content
(30%) at the beginning of the experiment does not
restore the initial erodibility values. According to Voro-
nin and Kuznetsov [5], an appreciable decrease in erod-
ibility is observed 5–6 days after the wetting of dry soil.

It is found that the erodibility of soil significantly
varies depending on the duration of water impact,
which obviously should be taken into consideration in
the development of rainfall erosion models.

The inoculation of soil with yeast cultures (Nagan-
ishia albida and Lipomyces tetrasporus) reliably increases
the STS value in 1.5–1.9 times.

It is shown that the drying of soil followed by wet-
ting to the initial water content (30%) had no reliable
effect on the STS value in almost all experimental
treatments. This could be related to the fact that bonds
between aggregates were broken and aggregates them-
selves were not touched in these experiments.
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