
 

0026-2617/05/7402-  © 2005 Pleiades Publishing, Inc.0230

 

Microbiology, Vol. 74, No. 2, 2005, pp. 230–235. Translated from Mikrobiologiya, Vol. 74, No. 2, 2005, pp. 271–277.
Original Russian Text Copyright © 2005 by Shirokikh, Merzaeva.

 

Although mycelial prokaryotes are known to pro-
duce a wide range of biologically active substances that
can strongly affect plants, there is not much evidence in
the literature, except for several plant diseases, as to
exactly which actinomycetes most commonly form
associations with plant roots [1, 2].

A major factor affecting soil microorganisms is root
exudates of plants. The dependence of root coloniza-
tion by bacteria as well as their beneficial action on
plants, including antifungal effects, on a genetically
predetermined composition of different components of
root exudates (e.g., sugars and organic acids) is cur-
rently the subject of active research [3–5]. It is not yet
known whether the composition of root exudates, deter-
mined by the plant’s genotype, has a selective role to
play with regard to immobile mycelial prokaryotes.

By studying the structure of actinomycete com-
plexes in the rhizosphere of genotypically dissimilar
plants, we cannot only uncover the microlocus distribu-
tion pattern of mycelial prokaryotes in soil but also
understand the peculiar features in the makeup of rhizo-
spheric complexes in different species and varieties of
plants. Given that the distinctions among varieties
within one species are genetically controlled, taking
them into account could be helpful in developing new
varieties that would be able to fully exploit the potential
of positive interactions with bacteria.

The goal of this work was to study and compare act-
inomycete complexes formed in the rhizosphere of
winter rye varieties originating from different environ-
mental and geographical zones.

MATERIALS AND METHODS

The subject of this study was the structure of actino-
mycete complexes associated with roots of the follow-
ing winter rye varieties: Vyatka 2, Falenskaya 4,
Kirovskaya 89 (selection from the Research Institute of
Agriculture in Northeastern Russia, (RIANR)), and two
varieties coming from other regions: Krona (Research
Institute of Agriculture in the Central Nonchernozem
Region) and Saratovskaya 2 (Research Institute of
Agriculture in Southeastern Russia). Samples of roots
were obtained by removing plants, at the stage of milk-
wax ripeness, together with pieces of soil sticking to the
roots. Five samples of each rye variety were collected.
The soddy podzolic soil in the test field had the follow-
ing agrochemical parameters: pH 6.5; P

 

2

 

O

 

5

 

, 655 mg/kg;
K

 

2

 

O, 264 mg/kg soil; and humus 3.0%.
Prior to inoculation, predried soil together with

roots was exposed to heat at 

 

100°ë 

 

for 1 h and then
used for preparing soil suspensions inoculated on
dishes with solid medium in three replicates. The
generic composition of actinomycete complexes was
studied with the use of a medium containing sodium
propionate; the species composition of the genus 

 

Strep-
tomyces

 

 was determined on casein glycerol agar (CGA)
[6]. In order to selectively inhibit the growth of non-
mycelial bacteria and fungi, nalidixic acid (1 

 

µ

 

g/ml)
and nystatin (50 

 

µ

 

g/ml) were added to the medium. The
plated material was incubated at 

 

28°ë

 

 for 2–3 weeks.
The obtained colonies were estimated according to

their morphological types described in our previous
paper [7], with an additional group assigned to actino-
mycetes forming sporangia on air mycelium (prelimi-
narily identified as representatives of the genus
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Streptosporangium

 

). The colonies of the morphological
type prevalent in each dish were isolated in pure cul-
tures. The species affiliations of the isolates were iden-
tified by their cultural and morphological characteris-
tics using the manual by Gause 

 

et al.

 

 [8]. Each strain
was indexed and its belonging to a certain rye variety
was recorded for further data processing. The obtained
collection comprised a total of 60 strains.

The antibiotic activity of isolated strains was
assayed by the method of agar blocks [9]. Test cultures
were represented by phytopathogenic fungi 

 

Fusarium
avenaceum

 

 7/2

 

 and 10/2 and 

 

F

 

.

 

 

 

sporotrichiella

 

K-8999-k, isolated from winter rye plants by
T.K. Sheshegova (head of the immunity group,
RIANR); 

 

Penicillium

 

 

 

sp

 

.

 

 and 

 

Trichoderma

 

 

 

viride

 

, iso-
lated from soil; and yeasts 

 

Saccharomyces

 

 

 

cerevisiae

 

,
an industrially used strain from the collection of the
All-Russia Research Institute of the Beer and Nonalco-
holic Beverage Industry, Moscow. The fungi were
grown on the Czapek medium and actinomycetes on
nutrient agar [10]. The antibiotic activity of strains was
evaluated in terms of the size of the zone where growth
of the test culture was suppressed. Each experiment
was replicated three times.

The structure of rhizospheric actinomycete com-
plexes was characterized in terms of such ecological
parameters as the occurrence rate, the dominance rate,
and the relative abundance of species and genera in the
entire complex [2]. The diversity of actinomycetes was
characterized by the Shannon index 

 

H

 

 [11]. The antibi-
otic activity of actinomycete complexes was character-
ized by the occurrence rate of species antagonistic to
individual test cultures, the occurrence rate of wide-
spectrum antagonistic species (the number of sensitive
test cultures being greater than three), and the popula-
tion share of antagonists with high antibiotic activity
(the lysis zone exceeding 20 mm).

The statistical analysis of the data was conducted by
standard methods of variance and cluster analysis using
STATGRAPHICS software.

RESULTS AND DISCUSSION

The total number of actinomycetes in the rhizo-
sphere of winter rye was different for different rye vari-
eties and changed in the range (

 

1.2 

 

± 

 

0.26) 

 

× 

 

10

 

6

 

 to
(

 

2.3 

 

± 

 

0.25) 

 

× 

 

10

 

6

 

 colony forming units (CFU) in 1 g of
substrate, indicating their high density in the plant
rhizosphere, which is a fairly peculiar habitat in terms
of quality and availability of nutrient substrates, its
humidity and microaerophilic conditions, and the con-
tent of mineral compounds. The complexes obtained on
the medium with sodium propionate most often con-
tained species of the genera 

 

Streptomyces

 

, 

 

Micromono-
spora

 

,

 

 and 

 

Streptosporangium

 

. The occurrence rate of
other uncommon actinomycete genera was also quite
high (60–100%).

The number of micromonospores in the rhizosphere
of winter rye turned out to be comparable with that of
streptomycetes, ranging from hundreds of thousands to
millions of CFU/g (Fig. 1). The population density of

 

Micromonospora

 

 representatives in winter rye roots
varied widely (

 

ê

 

 >

 

 0.99) depending on the rye variety.
The largest difference in the degree of root colonization
by micromonosporas was observed with two rye variet-
ies—Saratovskaya 5 ((

 

0.44 

 

± 

 

0.22) 

 

× 

 

10

 

6

 

 CFU/g) and
Krona ((

 

1.55 

 

± 

 

0.21) 

 

× 

 

10

 

6

 

 CFU/g)—that originate
from substantially different ecological and geographi-
cal regions. The average relative abundance of
micromonosporas in the winter rye rhizosphere com-
plex estimated over all varieties exceeded that of strep-
tomycetes (Fig. 2) and varied from 38% in the rhizo-
sphere of Saratovskaya 5 to 70% in the rhizosphere of
Krona. By contrast, the relative content of strepto-
mycetes was highest in the rhizosphere of Saratovskaya 2
and lowest in complexes of winter rye Krona.

Micromonosporas differ in their ecological charac-
teristics from ubiquitous streptomycetes. Micromono-
sporas belong to hydrophilic microaerophiles and have
more requirements than streptomycetes for vitamins
and additional nutrients in the medium. The noted inter-
varietal distinctions in root populations of micromono-
sporas are obviously associated with dissimilar root
exudation patterns in genotypically different plants. It
is well known that species and varieties of cereal crops
can significantly differ in the content of vitamins [12]
and organic acids and sugars [3, 5] in their exudates.

The affinity of micromonosporas to vegetal sub-
strates (moss) and residues (e.g., leaf litter and peat)
noted in the literature [2, 13] is explained by the fact
that certain species of micromonosporas that show
good growth on xylose and arabinose are able to
degrade pentosans of plant origin [14]. Significant
amounts of pentosans present in cell walls of winter rye
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Fig. 1.

 

 Abundance (CFU/g, log

 

N

 

) of representatives of dif-
ferent actinomycete genera in winter rye rhizosphere on
soddy podzolic soil. The confidence limits for the mean are
given for 

 

P

 

 = 0.99.
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and characterized by high water-absorbing capacity
[15] can be one of the reasons for abundant develop-
ment, in the rhizosphere complexes of winter rye, of
hydrophilic micromonosporous forms which, unlike
streptomycetes, produce hydrophilic spores.

Having estimated in this study the prevalence fre-
quency of different organisms, we were able to docu-
ment the dominant role of micromonosporas in actino-

mycete complexes of winter rye varieties selected
under similar bioclimatic conditions of the noncher-
nozem belt of Russia (Fig. 3). Representatives of

 

Micromonospora

 

 failed to dominate in the rhizosphere
complex of only one rye variety—Saratovskaya 5—
selected under qualitatively different environmental
conditions of the lower Volga region. The predominant
position (60%) in this case belonged to streptomycetes.

The varieties of winter rye differed significantly
(

 

P

 

 > 0.99) in terms of abundance of streptomycetes in
their rhizosphere and, in order of decreasing abun-
dance, estimated on CGA medium, is arranged as fol-
lows: Kirovskaya 89 > Krona > Vyatka 2 > Sara-
tovskaya 5 > Falenskaya 4.

Considerable distinctions between varieties were
documented as regards their occurrence rate and the
diversity in their rhizosphere of individual species of
the genus 

 

Streptomyces

 

 (Fig. 4). The common domi-
nants in the rhizosphere of all varieties studied were
species of the sections and series Cinereus Achromoge-
nes and Albus Albus. However, the dominants in the
rhizosphere of the rye variety Falenskaya 4 also
included species of the section Imperfectus and the
dominants in the rhizosphere of Vyatka 2 included
C. Chromogenes and Imperfectus. The spectrum of
dominants in the rhizosphere of the rye varieties
Kirovskaya 89 and Krona also comprised representa-
tives of the series A. Albocoloratus, Helvolo-flavus
Helvolus, and Roseus Lavendulae-roseus. The variety
Saratovskaya 5 had the most diverse spectrum of dom-
inants, which included species of the sections and
series C. Achromogenes, A. Albus, C. Chromogenes,
A. Albocoloratus, Roseus Lavendulae-roseus, and
Imperfectus. We see, therefore, that the diversity of
streptomycetes was highest (

 

H

 

 = 1.94) in the rhizo-
sphere of Saratovskaya 5 despite their relatively low
total abundance. The varieties Vyatka 2 (

 

H

 

 = 1.30) and
Falenskaya 4 (

 

H

 

 = 1.31) were far behind in this respect,
whereas Krona (

 

H

 

 = 1.71) and Kirovskaya 89 (

 

H

 

 =
1.83) occupied midrange positions on this scale.

In addition to species of the genera 

 

Streptomyces

 

and 

 

Micromonospora

 

, high occurrence in the complex
of mycelial prokaryotes in winter rye rhizosphere was
shown by representatives of the genus 

 

Streptospo-
rangium

 

. Favorable conditions for the development of

 

Streptosporangium

 

 actinomycetes are low pH and high
humidity in the environment and low humus content in
soil [13]. Streptosporangia were previously found to
constitute an integral part of actinomycete complexes
in forest and steppe belt soils, occurring more fre-
quently and in greater numbers in northern than in
southern soils [2]. Streptosporangia were almost
always present in the rhizosphere of winter rye grown
on soddy podzolic soil at a density of tens of thousands
of CFU per gram substrate, but their relative abundance
in the complex did not exceed 2–5% (Fig. 2). The only
exception was the rhizosphere of winter rye Vyatka 2,
where actinomycetes of the genus 

 

Streptosporangium
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 Relative abundance (%) of representatives of actino-
mycete genera (1) 

 

Micromonospora

 

, (2) 

 

Streptomyces

 

,
(3) 

 

Streptosporangium

 

, and (4) other genera in the rhizo-
sphere complex of winter rye grown on soddy podzolic soil.
Names of variants with abundance difference not significant
at the confidence level of 

 

P

 

 = 0.95 are prefixed with the
same symbol.

 

Dominance rate

 

, %

100
90
80
70
60
50
40
30
20
10
0

 

Vyatka

 

 2

 

Streptomyces
Micromonospora

 

Falenskaya

 

 4

 

Kirovskaya

 

 89

 

Krona
Saratovskaya

 

 5

 

Variety

 

Fig. 3.

 

 Dominance rate (%) of representatives of the genera
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 in actinomycete com-
plexes of different winter rye varieties.
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were not found. Like representatives of other rare gen-
era, streptosporangia were never among prevalent
organisms in actinomycete complexes of any winter rye
variety studied and for this reason were assigned to the
group of typical and frequently occurring forms.

Actinomycetes can affect plants in many different
ways and one of these is by synthesizing various bio-
logically active compounds and, most importantly, anti-
biotics. Many actinomycetes and, above all, representa-
tives of the genera 

 

Streptomyces

 

 and 

 

Micromonospora

 

are known to have strong antagonistic properties
towards widely different microorganisms [9]. It is clear
that the abundance and wide distribution of these acti-
nomycetes in such a competitive habitat as the rhizo-
sphere arise from both their ability to produce antibiot-
ics and their antibiotic resistance.

The occurrence rate of actinomycetes isolated from
the rhizosphere complex of winter rye with antagonistic
properties in relation to microscopic fungi was found to
be 66%. Thirty-six percent of antibiotically active iso-
lates exhibited high antifungal activity (the diameter of
the growth suppression zone exceeding 20 mm). The
typical trait of the winter rye actinomycete complex is
a high occurrence rate (up to 88%) of narrow-spectrum
antagonists.

The highest susceptibility to actinomycetes isolated
from the rhizosphere was shown by 

 

Fusarium sporotri-
chiella

 

 K-8999-k, a fungus that is part of a pathogenic
complex known to affect winter rye crops in the Kirov
region [16]. Antifungal activity towards this organism
was found in 48.5% of isolated actinomycetes. The
results of identification of some antibiotically active
strains of streptomycetes are given in Table 1. The high-
est tolerance to antifungal metabolites produced by act-

inomycetes was shown by 

 

Saccharomyces cerevisiae

 

, a
yeast culture that does not have a common habitat with
actinomycetes.

The obtained data point to a fairly high antifungal
potential of the actinomycete complex in the rhizo-
sphere, and this factor can be important not only for
self-defense of winter rye plants against fungal phyto-
pathogens but also in having a healing effect on the
entire microbial complex of soil. The phytosanitary
effect exerted by the actinomycete complex under crop
rotation is well known in plant growing and can be
explained by its ability to readily form associations
with fluorescent bacteria from the genus 

 

Pseudomonas

 

and fungi from the genera 

 

Trichoderma

 

 and 

 

Gliocla-
dium

 

 [17], which are active antagonists to phytopatho-
gens. Micromonosporas and streptomycetes, which
occur widely in the rhizosphere of winter rye, can also
play a significant role in controlling the growth of
pathogenic fungi.

The actinomycete complexes of different winter rye
varieties studied varied in their spectrum of antifungal
action and the occurrence frequency of species-antago-
nists in the rhizosphere (Fig. 5). The widest spectrum of
antifungal action was found in the complex of the
Vyatka 2 variety. The antifungal activities of actino-
mycetes associated with roots of the Kirovskaya 89,
Krona, and Saratovskaya 5 varieties exhibited antifun-
gal activity against a smaller number of test cultures,
and, in the complex of the Falenskaya 4 variety, antag-
onists to only two fungal cultures were detected and
these occurred at a fairly low rate.

The actinomycete complexes of the winter rye vari-
eties studied also differed in other indices of antibiotic
activity. For example, the relative abundance of all iso-
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lates with the antibiosis capacity increased from 30% in
the rhizosphere of the Falenskaya 4 variety to 90% in
the rhizosphere complex of Vyatka 2. By contrast, the
relative abundance of severely antifungal antagonists
fell from 67% in the complex of Falenskaya 4 winter
rye to 11% in the actinomycete complex of the Vyatka 2
variety (Table 2). The actinomycete complexes of
Kirovskaya 89 and Krona proved to be similar in this
respect (33 and 38%, respectively) and, unlike com-
plexes of other varieties, included strains with a wide
spectrum of antimicrobial activities, i.e., to as many as
four or five test cultures. The actinomycete antagonists
from the rhizosphere of Saratovskaya 5 winter rye in
more than half of the cases were antagonistic to just one
fungal test culture, but most of them (57%) showed
high antifungal activity.

The intervarietal dissimilarity of actinomycete com-
plexes in the rhizosphere of winter rye was qualitatively
gauged using the obtained numerical characteristics.
The distance D in the multidimensional space of taxo-

nomic and functional (antibiosis) features computed by
means of cluster analysis between complexes of the
Kirovskaya 89 and Krona varieties was smaller
(D = 33.3) than the distance between complexes of
Vyatka 2 and Falenskaya 4 (D = 71.2). The largest dis-
tance (D = 172.0) was observed between the Sara-
tovskaya 5 variety, selected in the chernozem part of
Russia, and other winter rye varieties that originate
from relatively close geographic regions and are
adapted to the conditions prevailing in zonal soddy
podzolic soils (Fig. 6).

The results of this study demonstrate that the winter
rye rhizosphere is predominantly inhabited by
micromonosporas occurring in numbers comparable to
those of streptomycetes. Another interesting feature of
the population structure of the rhizosphere complex of
winter rye is the high occurrence rate of streptosporan-
gia (up to 100%). A higher abundance and occurrence
rate of streptosporangial actinomycetes in the rhizo-
sphere of winter rye as compared to the rhizosphere of

Table 1.  Active antagonistic strains of actinomycetes identified in the rhizosphere of winter rye on soddy podzolic soil

Work des-
ignation

Isolated from rhizo-
sphere of the variety Section and series Species Antibiotics produced [8]

2-V-4 Vyatka 2 Helvolo-Flavus Helvolus S. globisporus Actinoxanthine and several unidentified 
antibiotics

3-K-4 Kirovskaya 89 Roseus Lavendula-Roseus S. cirratus Cirramycin (macrolide)

4-S-1 Saratovskaya 5 C. Achromogenes S. wedmorensis Phosphonomycin, antibiotic 280

1-S-1 Saratovskaya 5 C.Achromogenes S. omiyaensis Chloramphenicol

1-Kr-4 Krona Helvolo-Flavus Helvolus S. globisporus Actinoxanthine and several unidentified 
antibiotics
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Fig. 5. Antagonistic effect of actinomycetes from rhizo-
sphere of different winter rye varieties on (1) Fusarium ave-
naceum 7/2, (2) Fusarium avenaceum 10/2, (3) Fusarium
sporotrichiella K-8999-k, (4) Penicillium sp., (5) Tricho-
dermia viride, and (6) Saccharomyces cerevisiae. The
occurrence rate relates to actinomycetes suppressing fungal
growth in a zone larger than 12 mm.
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(4) Krona; and (5) Saratovskaya 5.
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spring barley [7] can be due to the efficient hydrolytic
degradation of larger quantities of plant residues
formed by winter crops as compared to spring crops.

By employing quantitative ecological parameters in
our study, we were able to identify intervarietal distinc-
tions in the structure of actinomycete complexes of
winter rye. Individual varieties were found to differ in
terms of abundance, composition of dominants, and the
number of species of the genus Streptomyces repre-
sented in their rhizosphere. The actinomycete complex
of Vyatka 2 stood out among other varieties by virtue of
having a wider spectrum of antifungal activity and a
higher occurrence rate of species-antagonists. In the
field, this variety is characterized by high lability and
good resistance to most harmful fungal diseases [16].

The obtained results provide sufficient grounds to
believe that the genotype of winter rye, which deter-
mines the specific composition of its root exudates and
the root deposit as a whole, exerts selective influence on
the formation of actinomycete complexes associated
with plant roots.
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from the rhizosphere of different winter rye varieties

Variety

Rate of occurrence
in the complex

Relative abun-
dance in the com-

plex of species 
with high antago-
nistic activity (the 
lysis zone larger 
than 20 mm), %

Antagonist 
species, %

Those with 
wide-spec-
trum action

Vyatka 2 90 0 11

Falenskaya 4 30 0 67

Kirovskaya 89 60 20 33

Krona 80 20 38

Saratovskaya 5 70 0 57


