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Abstract—Investigation of the dynamics of an oligosporous actinomycete population in chernozem soil in the
course of succession induced by soil wetting allowed us to reveal the time intervals and conditions optimal for
the isolation of particular oligosporous actinomycetes. Saccharopolysporas and microbisporas proved to be best
isolated in the early and late stages of succession, whereas actinomycetes of the subgroup Actinomadura and
saccharomonosporas could be best isolated in the early and intermediate stages of succession.
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At present, the group of actinomycetes and related
microorganisms comprises more than 100 genera [1],
among which only few have been ecologically studied.
In particular, this group includes actinomycetes that
produce spores on the aerial or aerial/substrate myce-
lium, which can be fragmenting or not. Spores, whose
diameter is sometimes greater than that of hyphae,
occur singly or in short chains composed of no more
than ten spores. Oligosporous actinomycetes of the
genera Saccharopolyspora, Saccharomonospora, and
Thermomonospora are predominant in self-heating
substrates (hay, grain, straw, compost) [2], of the genus
Actinomadura, in chernozem and chestnut soils [3], of
the genus Microbispora, on plant leaves [4]. Many oli-
gosporous actinomycetes produce biologically active
substances, such as antibiotics, vitamins, and enzymes
[5, 6]. Actinomycetes that produce extracellular hydro-
lases are involved in the degradation of cellulose,
chitin, and humic substances [7].

The aim of the present work was to study the
dynamics of an oligosporous actinomycete population
in chernozem soil in the course of succession induced
by wetting and to determine the time periods and suc-
cession conditions optimal for the isolation of particu-
lar actinomycetes from soils.

MATERIALS AND METHODS

Samples of chernozem soil (horizon Ad) were col-
lected at the Kursk State Reservation. To study the
dynamics of a soil actinomycete population in the
course of induced succession, air-dried soil (40 g) was
freed of rootlets and foreign inclusions, ground in a
porcelain mortar, and sieved through a screen with
1-mm mesh sizes. The soil was placed in petri dishes,
thoroughly mixed, and wetted to 30% of the field mois-
ture content [8]. The dishes with soil were incubated at

20-22°C in desiccators (to maintain the aforemen-
tioned moisture content of soil), which were opened
each two days for 30 min. Samples of soil were taken
at the time intervals indicated below. The experiment
was carried out in duplicate.

The population of actinomycetes was assessed by
plating soil suspension dilutions onto agar media of the
following composition (g/): KH,PO,, 0.46; Na,HPO,,
0.73; KNO;, 0.1; NaCl, 0.29; MgSO,, 0.1; CaCO,,
0.02; sodium propionate, 0.2; and agar, 20. The
medium was supplemented with trace elements (mg/l)
FeSQO,, 0.2; ZnSQO,, 0.18; and MnSO,, 0.02, as well as
1.5 pg/ml nalidixic acid, 1.0 pg/ml rubomycin,
50 pg/ml nystatin, and 4 mg/l thiamine. Soil samples
were plated at the moment of the initiation of succes-
sion (zero time) and 7, 14, 21, 28, and 42 days after-
wards [9]. Prior to plating, soil samples were heated for
I h at 120°C. The plates were incubated for 3-4 weeks
at 28°C and analyzed under a light microscope (400x)
for the total number of actinomycete colonies and for
the number of their particular morphotypes differing in
the type of mycelium (aerial or substrate) and sporo-
phore branching, the presence or absence of sporangia,
and in the arrangement of spores occurring either sin-
gly, or in pairs, or in chains.

Each actinomycete morphotype was isolated in pure
culture and provisionally identified according to
Bergey’s Manual [10] based on morphological charac-
teristics (the presence of the septate or branched myce-
lium, the arrangement of spores on the aerial and/or
substrate mycelium, the number of spores in chains, the
diameter and motility of spores, and the presence of
sporangia) and chemotaxonomic characteristics (the
presence of L- or meso-isomer of diaminopimelic acid
(DAPA) and characteristic sugars in whole-organism
hydrolysates [11]).
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Fig. 1. Dynamics of the population of actinomycetes in cher-
nozem soil in the course of succession induced by soil wet-
ting: (I) Streptomyces, (2) Saccharopolyspora, (3) Micro-
bispora, (4) Micromonospora, (5) Actinomadura, (6) Sac-
charomonospora.

RESULTS

The succession induced in chernozem soil involved
streptomycetes, micromonosporas, and oligosporous
actinomycetes. Among the actinomycetes, the follow-
ing four phenetic groups were distinguished: (1) Acti-
nomycetes producing paired spores on the aerial myce-
lium; the substrate mycelium is nonfragmenting; the
cell wall of chemotype IIIB. (2) Actinomycetes produc-
ing short chains of spores positioned perpendicular to
the central hypha of the aerial mycelium; the aged sub-
strate mycelium is fragmenting; the cell wall of chemo-
type IV. (3) Actinomycetes producing monospores on
the aerial mycelium; the fragmentation of mycelium is
indistinct; the cell wall of chemotype IV. (4) Actino-
mycetes producing short chains of spores on the
hooked or irregularly spiral (1-4 turns) aerial myce-
lium; substrate mycelium is nonfragmenting; the cell
wall of chemotype I1IB.

The prevalent member of succession was the genus
Streptomyces. The population of streptomycetes was
maximum on the 7th and 42nd day after the initiation
of succession in soil (see Fig. 1a), and minimum on the
28th day of succession.

The genus Micromonospora ranked second in the
abundance in chernozem soil. The maximum popula-
tion density of micromonosporas in chernozem soil
was observed on the 42nd day after the initiation of suc-
cession (see Fig. 1b).

In early terms of succession, oligosporous actino-
mycetes ranked third in their abundance in chernozem
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soil (see Fig. 1). The population of the 1st and 2nd phe-
netic groups of oligosporous actinomycetes was maxi-
mum on the 7th and 42nd day after the initiation of suc-
cession and minimum on the 28th day of succession
(see Fig. 1a).

The population of members of the 3rd phenetic
group of oligosporous actinomycetes peaked on the 7th
and on the 28th to 42nd day after the initiation of suc-
cession and was minimum on the 21st day of succes-
sion (see Fig. 1b).

At the moment of the initiation of succession, the
4th phenetic group was the least abundant. The popula-
tion of this group peaked on the 7th and 28th day of
succession and showed a slight decrease on the 14th
day of succession (see Fig. 1b).

It should be noted that the population dynamics of
streptomycetes and actinomycetes of the 1st and 2nd
phenetic groups were similar: their population density
peaked in the early and late terms of succession and
was minimum on the 28th day of succession.

Unlike actinomycetes of the 1st and 2nd phenetic
groups, oligosporous actinomycetes of the 3rd and 4th
groups resembled micromonosporas in population
dynamics. Thus, the population of all of these actino-
mycetes peaked on the 7th and on the 28th to 42nd day
of succession and was minimum on the 14th to 21st day
of succession.

Oligosporous actinomycetes of the 1st phenetic
group (strains 4, 8, 9) were characterized by the pres-
ence of the nonfragmenting branched aerial mycelium
with longitudinally positioned paired spores on short
sporophores; the diameter of spores was greater than
that of hyphae; the substrate mycelium contained no
spores. Whole-organism hydrolysates were found to
contain meso-DAPA and madurose. When grown on
nutrient agar, these actinomycetes produced leathery
colonies with the colorless substrate mycelium and thin
dirty-white aerial mycelium. Based on these data, oli-
gosporous actinomycetes of the 1st phenetic group
were provisionally classified into maduromycetes of
the genus Microbispora.

Oligosporous actinomycetes of the 2nd phenetic
group (strains 16, 17, 18) were characterized by
well-developed thin, branched, septate vegetative
mycelium, which separated into rod-like elements in
the aged regions of colonies. The aerial hyphae bore
short chains of 6 to 8 spores that resembled beads sep-
arated by sections of “empty” hypha; the diameter of
the spores was greater than that of the hyphae; spore
chains occurred perpendicular to the central hypha;
whole-organism hydrolysates contained meso-DAPA,
arabinose, and galactose. Colonies were thin, colorless,
and slightly wrinkled; the dirty-white aerial mycelium
was undeveloped. Actinomycetes of this phenetic
group were provisionally identified as nocardioforms
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of the genus Saccharopolyspora of the subgroup
Pseudonocardia and related genera.

Oligosporous actinomycetes of the 3rd phenetic
group (strains 1, 2, 3, 5) produced solitary spores on the
aerial mycelium; whole-organism hydrolysates con-
tained meso-DAPA, arabinose, and galactose. Colonies
were leathery and colorless; the thin and powdery aerial
mycelium was white, then turned white-greenish. Act-
inomycetes of this phenetic group were provisionally
identified as nocardioforms of the genus Saccha-
romonospora of the subgroup Pseudonocardia and
related genera.

Oligosporous actinomycetes of the 4th phenetic
group (strains 12, 14, 19) were characterized by the
nonfragmenting substrate mycelium; the short chains
of arthrospores (up to 8 in number) on the aerial myce-
lium were straight, hooked, and sometimes irregularly
spiral; whole-organism hydrolysates contained meso-
DAPA and madurose. Leathery colonies were cream-
colored; the aerial mycelium was white—pink. Actino-
mycetes of this group were provisionally classified into
maduromycetes of the subgroup Actinomadura.

DISCUSSION

Earlier, the population of actinomycetes of the gen-
era Streptomyces and Micromonospora was investi-
gated in various soils [12-15].

Analysis of succession and the selective isolation of
oligosporous actinomycetes allowed us to gain a better
insight into the diversity of this group of microorgan-
isms in chernozem soil. Investigation of the dynamics
of the rare genera of actinomycetes in the course of suc-
cession induced by soil wetting made it possible to
determine the time intervals and conditions optimal for
the isolation of particular oligosporous actinomycetes.
Actinomycetes that were provisionally identified as
saccharopolysporas and microbisporas proved to be
best isolated in the early (7 days after the initiation of
succession) and late (42 days of succession) stages of
succession, whereas actinomycetes of the subgroup
Actinomadura and saccharomonosporas could be best
isolated on the 7th and 28th day of succession.

The rare genera of actinomycetes, including those
which we placed into the group of oligosporous actino-
mycetes, have been isolated by different methods,
namely, by plating the suspensions of air-dried soil on
agar media with propionate or pea meal [16], by phage
typing [16], and by succession analysis. It should be
noted that actinomycetes of the genus Saccharomono-
spora were revealed in chernozem soil only in the
course of succession induced by soil wetting. Actino-
mycetes of the genus Saccharopolyspora were found in
chernozem through phage typing and in the course of
succession induced by wetting. In the late stages of suc-
cession (42 days), the population density of saccha-
ropolysporas in the soil reached thousands of CFU/g
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soil, which is comparable with the population density
of streptomycetes (tens of thousands of CFU/g soil). At
the same time, the population of saccharopolysporas
determined by plating the suspensions of air-dried soil
on solid nutrient media did not exceed hundreds of
CFU/g soil [16].

To conclude, succession analysis combined with the
selective isolation of microorganisms made it possible
to reveal the presence of actinomycetes in soil and to
determine the time intervals and conditions under
which the population of actinomycetes is maximum.

It should be noted that the enumeration of actino-
mycetes in soils by plating them on agar media with
propionate is inadequate. However, a comparison of the
results of the enumeration of poorly studied oli-
gosporous actinomycetes in soil with the respective
data for well-studied streptomycetes and micromono-
sporas can be useful.
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