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The reliable differentiation of dead and living
microbial cells is one of the topical problems of micro-
biology, since the differential count of viable and non-
viable cells even in pure cultures is the subject of debate
[1–8]. Still more questionable are the existing methods
of microbiological investigation of soil samples [9, 10].
The data available in the literature indicate that only 20
to 80% of the cells stained with acridine orange are
alive. The direct evaluation of microbial growth seems
to be the most promising method for the determination
of the number of viable cells.

The aim of the present work was to estimate the
growth of prokaryotic microorganisms in soil suspen-
sions by luminescence microscopy. The main growth
parameters to be estimated were the initial concentra-
tion of prokaryotic microorganisms and their growth
rates in the humus and mineral horizons of the soils, by
which are meant hereafter the concentration and the
growth rate of bacterial cells and actinomycete myce-
lium in the soil suspensions.

MATERIALS AND METHODS

Analyzed were the upper humus horizons and the
lower mineral horizons of (1) soil beneath a typical
meadow in the first floodplain terrace of the Selenga
River, (2) chestnut soil beneath southern mountain and
ridge slopes overgrown with dry-steppe vegetation, and

(2) soddy soil beneath northern mountain slopes over-
grown with pine forests and forest forbs in the Selenga
region of Buryatia.

The number of prokaryotic microorganisms in the
soils was determined using soil suspensions prepared
by the standard method [11]. To determine the viability
of bacteria and actinomycete mycelium, the soil sus-
pension preparations were placed in a humid chamber
and incubated at 

 

28°C

 

 at an air humidity of 100% for 6,
10, and 24 h. Then the preparations were dried in the
air, fixed, and stained with acridine orange. The control
soil suspensions were fixed and stained as prepared.
Such a procedure allows the germination rate of bacte-
ria and actinomycete propagules in soil suspensions to
be determined.

The specific growth rate of soil microorganisms
capable of growing under the experimental conditions
used was calculated by the formula: 
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where 

 

N

 

 is the initial number of bacterial cells, 
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1

 

 is
their number after incubation, 

 

t

 

 is the time of the onset
of the experiment, and 

 

t

 

1

 

 is the time of the experiment,
end.

In the experiments described, standard deviation did
not exceed 5% for the number of bacteria and 10% for
the amount of actinomycete mycelium.
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Abstract

 

—The initial concentration of prokaryotic microorganisms, the type of their growth, doubling time,
and the growth dynamics of bacteria and actinomycetes in three types of soil (meadow, chestnut, and soddy for-
est) were evaluated by the luminescence microscopic analysis of soil samples incubated in a humid chamber
for 1 day. Soddy forest and chestnut soils differed in most of the parameters analyzed. Meadow soil was close
to soddy forest soil in some parameters and to chestnut soil in other parameters. All soil suspensions exhibited
high growth rates of bacteria and actinomycetes, indicating that the fraction of viable microorganisms in the
soils was high.
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RESULTS AND DISCUSSION

The initial population of bacterial cells in the humus
horizons of all types of soil reached billions of cells per
g soil and was 2 to 3 times greater than in the mineral
soil horizons. In the upper soil horizons, bacteria com-
prised from 3 billion cells/g in the chestnut soil to 4 bil-
lion cells/g in the meadow soil and 6 billion cells/g in
the soddy forest soil. In the bacterial content of their
mineral horizons, the soils ranked, in descending order,
as the meadow soil, the soddy forest soil, and the chest-
nut soil. The difference between the bacterial popula-
tions of the humus and mineral soil horizons of the
meadow soil was less than in the case of the chestnut
soil and the soddy forest soil (Fig. 1).

The initial length of the actinomycete mycelium in
the soils amounted to hundreds of meters per g soil. The
maximum mycelium length was found in the meadow
soil (600 m/g), whereas in the humus and mineral hori-
zons of the two other types of soil, it was 1.5–2 times
shorter (350–400 and 230–250 m/g, respectively) (Fig. 1).

Thus, the horizons of the soils under study differed
in both initial bacterial population and actinomycete
mycelium length. The concentration of bacteria and
actinomycetes was higher in the meadow and soddy
forest soils below the phytocenoses that were character-
ized by more favorable conditions for microbial popu-
lations.

Figure 2 illustrates the growth of bacterial popula-
tions in the soil suspensions placed in the humid cham-
ber. It can be seen that bacterial growth was linear in the
chestnut soil and exponential in the meadow and soddy
forest soils. The doubling time of bacteria in the humus
horizons of the meadow and soddy forest soils was
10 h, whereas more than 24 h in the humus horizons of
the chestnut soil. After incubation for 10 h, bacterial
growth slowed down, likely due to competition
between bacterial cells. The doubling time of bacteria
in the mineral horizons of all types of soil was 6 h.

According to the specific growth rate of soil bacteria
in the humid chamber, which was measured in the time
intervals of 0–6, 6–10, and 10–24 h of growth, the soils
under study fell into two groups (Fig. 3). The first group
included the soddy forest soil, which was characterized
by similar specific growth rates of soil microorganisms
in its humus horizons throughout the incubation period
and by the highest specific growth rates in its mineral
horizons in the late incubation terms (6–10 and 10–24 h).
The second group comprised two soils, the chestnut and
meadow soils, which exhibited the maximum specific
growth rates of soil microorganisms in their humus and
mineral horizons in the early terms of incubation. Then
the specific growth rate of bacteria in the humus hori-
zons of these soils decreased, the decrease being
steeper in the meadow soil. Unlike the humus horizons,
the mineral horizons showed a decrease in the bacterial

growth rate only in the early terms of incubation (6–10 h).
Then the bacterial growth rate began to rise but did not
reach the values typical of the humus horizons. These
data indicate that the dominant bacterial populations
changed in the course of succession due to, for instance,
the germination of resting bacterial forms.

Figure 4 shows the dynamics of the length and the
specific growth rate of the actinomycete mycelium in
soil suspension in different incubation terms. The initial
length of the mycelium increased only in the soddy for-
est soil, the maximum specific growth rate of actino-
mycetes being observed in the interval 6–10 h (0.13 and
0.09 h
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Fig. 1.

 

 (I) Concentration of bacteria and (II) the actino-
mycete mycelium length in (A) the humus and (B) mineral
horizons of (C) the chestnut, (M) meadow, and (SF) soddy
forest soils. 
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tively). In the meadow and chestnut soils, mycelial
growth was detected only in the interval 10–24 h. The
humus and mineral horizons of these soils did not differ
in mycelial growth rate.

The distributions between the soils investigated
were most pronounced if the growth rates of prokary-
otic microorganisms were analyzed in the time interval
0–24 h (Fig. 5).

 

Differentiating characteristics of soils

Parameter Chestnut soil Meadow soil Soddy forest soil

Initial concentration of 
prokaryotes

Low High High

Bacterial growth in humus
and mineral horizons

Linear Exponential Exponential

Doubling time of bacteria
in humus horizons

More than 24 h 10 h 10 h

Dynamics of bacterial growth 
in humus horizons

Maximum growth rate in
the interval 0–6 h and then 
gradual decrease

Maximum growth rate in the 
interval 0–6 h and then drastic 
decrease

Equal growth rates throughout 
the incubation period

Dynamics of bacterial growth 
in mineral horizons

Maximum growth rate in the 
interval 0–6 h, decrease in the 
interval 6–10 h, and increase 
in the interval 10–24 h

Maximum growth rate in the 
interval 0–6 h, decrease in the 
interval 6–10 h, and increase 
in the interval 10–24 h

Maximum growth rate in the
interval 0–6 h and decrease in 
the intervals 6–10 and 10–24 h

Dynamics of actinomycete 
mycelial growth

Growth only in the interval 
10–24 h

Growth only in the interval 
10–24 h

Growth in all intervals with 
the maximum growth in the 
interval 6–10 h

Growth of prokaryotes in
the interval 0–24 h

Slow Medium Fast

Difference in the specific 
growth rates of prokaryotes
in the humus and mineral
horizons during all cultivation 
periods

Low Moderate High
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Fig. 2.

 

 Growth of bacterial cells in the soil suspensions from (a) the humus and (b) mineral horizons of (C) the chestnut,
(M) meadow, and (SF) soddy forest soils incubated in the humid chamber. 
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In general, the chestnut soil was characterized by
the minimum specific growth rates of bacteria and act-
inomycete mycelium, the growth rate in the mineral
and humus horizons being different for the bacteria and
equal for the mycelium. The soddy forest soil was char-
acterized by high specific growth rates of bacteria and
the actinomycete mycelium, which greatly differ in the
mineral and humus horizons. The meadow soil was
close to the soddy forest soil in the high growth rate of
bacteria in different soil horizons and to the chestnut
soil in the minimal and almost equal specific growth
rates of the actinomycete mycelium in the humus and
mineral horizons.

Thus, the humus and mineral horizons of the chest-
nut, meadow, and soddy forest soils differed in the ini-
tial concentration of prokaryotic microorganisms, the
type of their growth (either linear or exponential), dou-
bling time, and the growth dynamics of bacteria and
actinomycetes (see table). The soddy forest and chest-
nut soils differed in most of the parameters analyzed.
The meadow soil was close to the soddy forest soil in
some parameters and to the chestnut soil in other
parameters.
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Fig. 3.

 

 Specific growth rates of bacterial cells in the soil sus-
pensions from (A) the humus and (B) mineral horizons of
(C) the chestnut, (M) meadow, and (SF) soddy forest soils
incubated in the humid chamber. 
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Fig. 4.

 

 Dynamics of (I) the length and (II) the growth rate of the actinomycete mycelium in the soil suspensions from (A) the humus
and (B) mineral horizons of (C) the chestnut, (M) meadow, and (SF) soddy forest soils incubated in the humid chamber. 
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Taking into account indirect evidence that a consid-
erable portion of the detected prokaryotes is viable, the
observed difference in the microbial growth rate may
reflect the difference in the taxonomic structure of the
soil microbial complexes. The growth rates measured
in the above experiments can be considered to be very
high.
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Fig. 5.

 

 Specific growth rates of (I) bacterial cells and (II) the
actinomycete mycelium in the soil suspensions from (A) the
humus and (B) mineral horizons of (C) the chestnut, (M)
meadow, and (SF) soddy forest soils incubated in the humid
chamber for 24 h. 


