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It is well known that root-associated microorgan-
isms can considerably influence the growth of plants
and the quality of plant products [1]. It is also recog-
nized that the effect of soil on plants is largely mediated by
microorganisms inhabiting the plant rhizosphere [2, 3].

Phytopathogenesis, one of the fundamental prob-
lems of microbial ecology [4], is as yet poorly studied.
This diminishes the efficiency of the control of phyto-
pathogens and often leads to pesticide overdoses,
which calls for intensification of investigations in the
field of ecology of microorganisms beneficial or patho-
genic to plants [5, 6].

Investigations along this line can be most conve-
niently conducted in greenhouses, in which the com-
plete account of relevant factors is possible. In this case,
the combination of the methods of luminescence
microscopy and plating onto selective solid media may
yield a great deal of information on the specific interac-
tion of microorganisms with healthy and affected plants
[7, 8].

This work was undertaken to comparatively study
the root-associated microbial complexes of healthy and
affected rose plants with the aim of revealing the spec-
ificity of phytopathogenic microbial complexes.

MATERIALS AND METHODS

Samples (a total of 30 plant and soil samples were
analyzed) of the rhizoplane and rhizosphere of healthy
and affected rose plants of two cultivars (Grand gala
and Royal velvet) and soil from depths of 0–5 and
5

 

−

 

10 cm were aseptically collected in a greenhouse of
the Ul’yanovskii collective farm in the Moscow region.
To identify causal agents, we also sampled the affected
bark of Royal velvet rose plants and the cankers gir-
dling affected Grand gala canes.

Rhizosphere and rhizoplane samples were prepared
as described by Kirillova [9]. Rose roots with attached
soil were placed in 100 ml of sterile tap water and
shaken at 180 rpm for 3 min. The suspension of soil
thus prepared was considered a sample of the rhizo-
sphere microbial complex. The roots were transferred
to the next 100-ml portion of sterile tap water. The
microbial cells remaining on the roots were considered
a microbial complex of rhizoplane. Soil without rose
plants served as the control. All the samples were pre-
liminarily sonicated for 2 min using a UZDN-1 gener-
ator (22 kHz, 0.44 A) [10].

The total number of microorganisms was deter-
mined by the luminescence microscopy of specimens
prepared as described in the handbook [11]. Bacteria
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Abstract

 

—The study of the root-associated microbial complexes of affected and healthy rose plants of two cul-
tivars (Grand gala and Royal velvet) grown in a greenhouse showed that the biomass of eukaryotic microor-
ganisms in the rhizoplane and rhizosphere of healthy rose plants and in the surrounding soil was considerably
lower than in the same loci of affected plants. In contrast, the biomass of root-associated prokaryotic microor-
ganisms was higher in the case of healthy than in the case of affected rose plants. The root-associated bacterial
complexes of both affected and healthy rose plants were dominated by the genera 

 

Arthrobacter, Rhodococcus

 

,
and 

 

Myxobacterium

 

 and did not contain phytopathogenic bacteria. The root-associated fungal complex of
healthy roses was dominated by fungi of the genus 

 

Trichoderma

 

, whereas that of the affected rose plants was
dominated by the species 

 

Aureobasidium microstictum.

 

 The affected cane cuttings and cankers occurring on
affected canes were found to contain 

 

Coniothyrium fuckelii

 

 (the causal fungus of rose stem canker) and sclerotia
of 

 

Botrytis cinerea

 

 (the causal fungus of gray rot). The micromycete complex of healthy rose plants was not so
diverse as was the micromycete complex of affected rose plants.
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: soil, plant, microbial complex, structure, rhizosphere, phytopathogens, microbial biomass, biodi-
versity.
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and actinomycete mycelium were stained with acridine
orange (1 : 10000) for 2–3 min. Yeast cells, fungal
spores, and fungal mycelium were stained with calcof-
luor white for 15 min [12]. Budding yeast cells could
easily be differentiated from fungal spores. The stan-
dard deviation of count did not exceed 5% for bacteria
and 15% for fungal spores, fungal mycelium, and acti-
nomycete mycelium.

Biomass was calculated by assuming that the dry
mass of one bacterial cell with a volume of 0.1 

 

µ

 

m

 

3

 

 is
2 

 

×

 

 10

 

–14

 

 g and the dry mass of 1 m of actinomycete
mycelium with a diameter of 0.5 

 

µ

 

m is 3.9 

 

×

 

 10

 

–8 

 

g. Cal-
culations were carried out by the following formulas:

 

0.0836

 

r

 

3

 

 × 

 

10

 

–11

 

 g (fungal spores) and 

 

0.628

 

r

 

2

 

 × 

 

10

 

–6

 

 g
(fungal mycelium), where 

 

r

 

 is the radius of fungal
spores and hyphae, respectively [13]. The results were
expressed in mg/g substrate.

To determine the taxonomic composition of bacte-
ria and actinomycetes, soil suspensions were plated
onto selective media [14] supplemented with nystatin
(100 mg/l) to inhibit fungal growth. Colonies grown on
the plates were counted after 2–4 weeks of their incu-
bation at room temperature. The results were expressed
in CFU/g dry substrate. Bacteria were identified based
on their morphological, cultural, physiological, and
biochemical properties using the manuals [14, 15].

The abundance and the taxonomic composition of
fungi were determined by plating cell suspensions on
potato–glucose agar (PDA) acidified with lactic acid
(4 ml/l) to inhibit bacterial growth. The plates were
incubated at 

 

25°C

 

 for 5–7 days.
To identify phytopathogenic fungi in the Grand gala

rose cane girdle, its fragments were placed onto PDA
plates and incubated at room temperature for 7 days and
then at 8

 

°

 

C for 30 days. Phytopathogenic fungi in the
affected bark of Royal velvet and Grand gala rose
canes were identified by essentially the same procedure
except that bark fragments were incubated at room tem-
perature for 30 days in a desiccator at a high humidity.

Micromycetes were identified on the basis of their
morphological and cultural properties using the identifica-
tion criteria of Ainsworth and Bisby’s Dictionary [16].

RESULTS AND DISCUSSION

Analysis revealed considerable differences between
the root-associated microbial complexes of the Grand
gala and Royal velvet rose cultivars. The abundance of
bacteria and the mass of actinomycete mycelium in the
rhizosphere and rhizoplane of the healthy plants of both
rose cultivars were 2- to 2.5-fold higher than in the
same loci of the affected rose plants (Fig. 1). In the con-
trol soil not associated with the rose roots, microorgan-
isms did not show such a distribution.

In contrast, the abundance of fungal spores and cells
was higher in the rhizosphere and rhizoplane of the
affected rose plants and the surrounding soil than in the
same loci of the healthy plants (Fig. 2). The high abun-

dance of fungi is typical of forest floors at high temper-
atures and moisture contents but not of true soils. Con-
sequently, the high content of fungal spores and yeast
cells in a soil may serve as an indication of phytopatho-
genic processes in the plants growing in this soil, since
some microloci in the plant rhizosphere may be favor-
able for the germination of spores of phytopathogenic
fungi.

The content of fungal mycelium in the rose rhizo-
sphere, rhizoplane, and the surrounding soil was rela-
tively low, especially in the case of healthy plants.

The girdles exhibited a high abundance of bacteria,
likely phytopathogenic (Table 1), the biomass of bacte-
ria being about 8 times that of fungi. Inasmuch as bac-
teria can be involved in the pathogenesis of plant tis-
sues, they may enhance the impact of phytopathogenic
fungi. Analysis showed that the affected rose cuttings
contained little bacteria (1%) but much fungal myce-
lium (48%) and many fungal spores and yeast cells
(51%).

The microbial biomass, including the mass of fungal
mycelium, fungal spores and yeast cells, in the rhizo-
sphere, rhizoplane, and the surrounding soil of the
healthy plants of both rose cultivars was 1.5 to 2 times
lower than in the same loci of the affected plants
(Fig. 3). As for the differences between the cultivars,
the microbial biomass was at a maximum in the rhizo-
sphere of the Royal velvet roses and at a minimum in
the surface layer of the soil surrounding these roses. In
the deeper soil layer, the cultivar-dependent differences
between the microbial complexes were negligible.

The root-associated prokaryotes (bacteria and acti-
nomycete mycelium) were more abundant in the rhizo-
sphere and the rhizoplane of the healthy Grand gala
plants (38%) than in the same loci of the healthy Royal
velvet plants (19%).

Comparative study showed that the rhizoplane of
the healthy rose plants contained 2 to 6 times more
saprotrophic bacteria than did the rhizoplane of the
affected rose plants and that these bacteria were more
abundant in the Grand gala rhizoplane (1200 to
7800  million CFU/g) than in the Royal velvet
rhizoplane (200–400 million CFU/g) (Table 2).

The population density of saprotrophic bacteria
decreased in the direction from the rhizoplane, being
minimum in the subsurface layer (5–10 cm) of the sur-
rounding soil. In this locus, bacterial abundance was
almost independent of the condition of plants and var-
ied, depending on the distance from the plant roots,
from 270 to 420 million CFU/g soil (Grand gala) and
from 40 to 360 million CFU/g soil (Royal velvet)
(Table 2).

Analysis showed that bacteria and actinomycetes
were more abundant in loci with a high content of phyto-
pathogens (i.e., in the girdles). Indeed, the average den-
sity of bacteria on the surface of the affected rose canes
was 20 million CFU/g, while reached 150 million CFU/g
in the girdles.
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The investigation of the taxonomic composition of
bacteria in the girdles from the affected Grand gala rose
canes showed the girdles contained harmless bacteria
of the genus 

 

Aquaspirillum

 

 (Fig. 4), which are ubiqui-
tous inhabitants of aquatic ecosystems and hydromor-
phic soils. These bacteria could come to the greenhouse
soil and plants with irrigation water and multiply in the
soil, rhizosphere, and especially girdles, where
aquaspirilla can utilize sugars and organic acids liber-
ated from plant tissues by phytopathogenic bacteria.

The other bacteria isolated from the girdles were minor
and also nonphytopathogenic (Table 4).

The surface of the affected rose canes beyond
lesions was dominated by nonphytopathogenic coryne-
form bacteria of the genus 

 

Brevibacterium

 

, which do
not posses hydrolytic activity but can multiply as epi-
phytes in the phylloplane due to their ability to utilize
amino acids and sugars. These bacteria are common
inhabitants of dairy products and wastewaters and
could come to the greenhouse together with soil.
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Fig. 1.

 

 The abundance of bacteria (billion cells/g) and the total length of actinomycete mycelium (m/g) in the rhizoplane (rp), rhizo-
sphere (rs), and soil at depths of 0–5 cm (s1) and 5–10 cm (s2) of (1) the affected and (2) healthy plants of the rose cultivars
(a) Grand gala and (b) Royal velvet

 

.

 

Table 1. 

 

 The abundance and biomass of microorganisms in the bark and girdle of the affected rose plants

Sample Microorganisms Abundance Biomass, mg/g Percent

Girdle on affected 
Grand gala cane

Bacteria 8.0 billion cells/g 0.4 89.0

Actinomycete mycelium 0 0 0

Fungal mycelium 38.0 m/g 0.03 7.0

Fungal spores and yeast cells 2.4 million cells/g 0.02 4.0

Bark of affected
Royal velvet cane

Bacteria 0.4 billion cells/g 0.01 1.0

Actinomycete mycelium 0 0 0

Fungal mycelium 180.0 m/g 0.30 48.0

Fungal spores and yeast cells 20.0 million cells/g 0.32 51.0
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The taxonomic structure of the bacterial complexes
from the rose roots and the surrounding soil is shown in
Tables 3, 4. The rhizoplane of the healthy and affected
Grand gala rose plants was dominated by myxobacte-
ria, spirilla, and corineform bacteria and contained, as
minor components, such soil bacteria as azotobacter,
cytophages, bacilli, and streptomycetes. The bacterial
complex of the Royal velvet rhizoplane did not contain
dominants and was more diverse than the rhizoplane
bacterial complex of Grand gala, indicating that soil
under this cultivar was more favorable for bacterial
growth. The rhizoplane bacterial complexes of the
healthy and affected plants of both rose cultivars did not
show any notable taxonomic differences.

The content of corineform bacteria, dominated by
the genera 

 

Arthrobacter

 

 and 

 

Rhodococcus

 

, increased in
the surrounding soil (as compared with the rhizoplane).
Some soil samples contained many azotobacters. The
soil under the Royal velvet rose cultivar was character-
ized by a high content of myxobacteria.

The general vertical trend in the fungal abundance
of soil was a downward decrease from (0.53–2.9) 

 

×

 

10

 

6

 

 CFU/g soil in the 0–5 cm layer to (0.5–3.0) 

 

×

 

10

 

5

 

 CFU/g soil in the 5–10 cm layer (Table 3).
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Fig. 2.

 

 The content of fungal spores and yeast cells (million/g) and the total length of fungal mycelium (m/g) in the rhizoplane (rp),
rhizosphere (rs), and soil at depths of 0–5 cm (s1) and 5–10 cm (s2) of (

 

1

 

) the affected and (

 

2

 

) healthy plants of the rose cultivars
(a) Grand gala and (b) Royal velvet

 

.

 

Fig. 3.

 

 Microbial biomass (mg/g) in the rhizoplane (rp),
rhizosphere (rs), and soil at depths of 0–5 cm (s1) and 5–
10 cm (s2) of (

 

1

 

) the affected and (

 

2

 

) healthy plants of the
rose cultivars (a) Grand gala and (b) Royal velvet

 

.
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The girdles of the affected Grand gala plants con-
tained less fungal propagules than did the bark and the
rhizoplane of the same plants. The soil under healthy
plants contained less fungi than did the soil under
affected plants ((2.1–8.2) 

 

×

 

 10

 

4

 

 CFU/g and (5–30) 

 

×

 

10

 

4

 

 CFU/g, respectively).
The species composition of microscopic fungi dif-

fered in different rose cultivars, which was likely due to
the different types of soil used for their cultivation. For
instance, the presence of zygomycetes (

 

Mortierella,
Mucor

 

, and 

 

Rhizopus

 

) in the soil under the Grand gala
cultivar could be due to the fact that this soil was fertil-
ized with manure. The fungal complex of the Grand
gala cultivar was more diverse (12 genera) than the fun-
gal complex of the Royal velvet cultivar (10 genera).
Fungi of the genera 

 

Aspergillus, Geotrichum

 

, and 

 

Aure-
obasidium

 

 were found only in the fungal complex of
Grand gala

 

.

 

 The genus 

 

Aureobasidium

 

 was represented by
the only species 

 

A. microstictum

 

 (Bubak) W.B. Cooke,
which is slightly phytopathogenic and, hence, its pre-
dominance in the rhizoplane and girdles (35–60%) and
in the surrounding soil (more than 70%) may indicate

that the growth conditions in the greenhouse are unfa-
vorable to the Grand gala cultivar.

All the samples under study contained some known
species of the genus 

 

Penicillium.

 

 The genus 

 

Acremo-
nium

 

 dominated in the bark of the affected Royal velvet
plants (about 90%). The soil under this cultivar con-
tained fungi of the genus 

 

Fusarium

 

 (13.7–16.7%) and

 

Gilmaniella

 

 (16.7%). The roots of dead plants showed
the presence of fungi of the genus 

 

Paecilomyces

 

(7.2%). Fungi of the genus 

 

Trichoderma

 

 were detected
in the soil under the Royal velvet cultivar (50–100% of
the total fungi) and in all plant samples except for the
affected bark.

Analysis of the complex of mycelial fungi activated
by incubating the affected plant tissues as described in
the 

 

Material

 

 and 

 

Methods

 

 section showed that the
affected rose plants were contaminated by the phyto-
pathogenic fungi 

 

A. microstictum, Botrytis cinerea 

 

Per-
soon : Fries, and 

 

Coniothyrium fuckelii

 

 Saccardo and
by the microscopic fungi 

 

Doratomyces stemonitis

 

 (Per-
soon : Fries) Morton et G. Smith, 

 

Aspergillus

 

 spp.,

 

Acremonium

 

 spp., and 

 

Cladosporium

 

 spp.

Thus, our investigations showed that prokaryotic
microorganisms were more abundant in the rhizosphere
and rhizoplane of the healthy rose plants than in the
same loci of the affected plants. This may favorably
influence the physiological state of rose plants, since
prokaryotes produce many metabolites and some can
fix nitrogen into forms available to plants. The high
content of fungi, some of which may appear to be phy-
topathogenic, in the surrounding soil is not beneficial to
plants.

The micromycete complexes of the affected rose
plants were more diverse than the complexes of the
healthy plants (Table 5). The surface layer (0–5 cm) of
the soil under the affected Grand gala rose plants was
inhabited by seven genera of mycelial fungi, including
the phytopathogenic genera 

 

Aureobasidium

 

 (the spe-
cies 

 

A. microstictum

 

) and 

 

Geotrichum

 

, whereas the
same surface soil layer under the healthy plants was
inhabited by fungi of four genera. The presence of the
phytopathogenic species 

 

A. microstictum

 

 and micro-
mycetes of the genera 

 

Penicillium, Mucor

 

, and 

 

Rhizo-
pus

 

 in the soil under the affected rose plants may dimin-
ish their immunity. In contrast, the soil under the
healthy rose plants was dominated by the 

 

Trichoderma

 

fungi.

Much the same distribution patterns were observed
for the Royal velvet rose cultivar. The subsurface layer
(5–10 cm) of the soil under the affected Royal velvet
plants was inhabited by mycelial fungi of five genera.
At the same time, the population of soil micromycete
under the healthy Royal velvet plants was almost
totally dominated by the 

 

Trichoderma

 

 fungi, which are
known as antagonists of phytopathogenic fungi and
serve as the principal of the antifungal preparation Tri-
chodermin [17].
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Fig. 4.

 

 The taxonomic composition of bacterial complexes
on the affected canes and in the girdles of the rose cultivars
(

 

a

 

) Grand gala and (

 

b

 

) Royal velvet: 

 

1

 

, spirilla; 

 

2

 

, myxobac-
teria; 

 

3

 

, rhodococci; 

 

4, bacilli; 5, yellow corineform bacte-
ria; 6, other corineform bacteria.

Table 2.  The average number of bacteria in the rose
rhizoplane and the surrounding soil (million CFU/g)

Cultivar Sample Rhizoplane Soil,
0–5 cm

Soil,
5–10 cm

Grand gala Affected 
plants

1262.5 401.5 312.0

Healthy 
plants

7849.0 418.0 269.0

Royal velvet Affected 
plants

230.5 287.6 40.0

Healthy 
plants

458.0 356.0 62.0
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Table 3.  The taxonomic composition of bacterial complexes in the rhizoplane and soil of (A) the healthy and (B) affected
Grand gala rose plants

Plant Sample
Relative abundance of taxa, %

1 2 3 4 5 6 7

A Rhizoplane 2.0 75.8 0 0 0 14.4 3.7
Soil, 0–5 cm 0 14.2 5.4 10.4 1.7 5.8 62.5
Soil, 5–10 cm 0 25.9 0 0 2.3 2.3 69.5

B Rhizoplane 0 35.9 7 28 3.6 10.5 15
Soil, 0–5 cm 43.1 14.7 1.8 0 4.4 10.8 25.2
Soil, 5–10 cm 27.1 3.2 0 0 13.4 18.2 38.1

Note: 1, azotobacter; 2, myxobacteria; 3, cytophages; 4, spirilla; 5, bacilli; 6, streptomycetes; 7, corineform bacteria.

Table 4.  The taxonomic composition of bacterial complexes in the rhizoplane and soil of (A) the healthy and (B) affected
Royal velvet rose plants

Plant Sample
Relative abundance of taxa, %

1 2 3 4 5 6 7

A Rhizoplane 0 10.4 4.2 10.2 28.9 18.8 27.5
Soil, 0–5 cm 0 37.9 0 0 13.5 2.5 46.1
Soil, 5–10 cm 0 17.7 0 0 28.6 17.9 35.8

B Rhizoplane 0 19.2 0 7.9 22.6 35.2 15.1
Soil, 0–5 cm 0 47 0 0 15.6 15.6 21.8
Soil, 5–10 cm 39 20 0 0 10 12.5 18.5

Note: 1, azotobacter; 2, myxobacteria; 3, cytophages; 4, spirilla; 5, bacilli; 6, streptomycetes; 7, corineform bacteria.

Table 5.  The abundance and generic composition of microscopic fungi in the rose rhizoplane and the surrounding soil as es-
timated by the plate method
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Affected Girdle 3.5 × 105 48.1 1.3 35.4 12.7 2.5
Roots 2.1 × 106 0.9 1.6 65.7 3.2 15.6 13.0
Soil,
0–5 cm

2.9 × 106 4.4 1.5 19.5 1.4 4.4 50.4 8.5 9.9

Soil,
5–10 cm

3.0 × 105 40.5 3.4 5.6 50.5

Healthy Roots 7.1 × 105 42.9 14.3 14.3 28.6
Soil,
0–5 cm

5.2 × 105 76.4 5.9 5.9 11.8

Soil,
5–10 cm

8.2 × 104 33.4 16.7 33.3 16.7

R
oy

al
 v

el
ve

t

Affected Bark 3.5 × 106 12.8 87.2
Roots 1.1 × 106 20.7 18.2 7.2 1.3 2.6 50.2
Soil,
0–5 cm

5.3 × 105 35.3 5.0 5.5 12.6 37.5

Soil,
5–10 cm

5.0 × 104 4.6 13.7 37.9 13.6 12.6 13.6

Healthy Roots 2.3 × 105 11.8 5.9 41.2 35.3 5.9
Soil,
0–5 cm

6.9 × 104 50.0 16.7 16.7 16.7

Soil,
5–10 cm

2.1 × 104 100.0
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The high diversity of micromycetes (both phyto-
pathogenic and saprotrophic) in the greenhouse soil
may bring about phytopathogenic processes. Conse-
quently, the abundance and diversity of fungal
propagules in soil can serve to monitor its “health.”

The analysis of micromycetes in the girdles of the
affected Grand gala rose plant showed that they con-
tained sclerotia of Botrytis cinerea (the causal fungus of
gray rot) and some Penicillium and Aspergillus fungi,
which are not phytopathogenic and were unlikely to be
related to the plant disease.

The cuttings of the affected rose plants were inhab-
ited by two phytopathogens, B. cinerea and C. fuckelii
(the causal fungus of rose stem canker), which sug-
gested a combined infection of these plants. The fungus
D. stemonitis identified on the bark of the affected
plants was evidently a secondary inhabitant of the
dying-out plant tissues.

Thus, the monitoring of the state of the root-associ-
ated microbial complex of plants may be used for mak-
ing decision as to the application of costly agrochemi-
cals. In addition to the known agronomic methods, such
as plant treatment with fungicides and the removal of
severely affected plants and dead root systems, some
other approaches can be proposed. Among them, the
application of chitin as a substrate for the development
of antagonistic actinomycetes [13], the enrichment of
soil with phosphorus, which stimulates the develop-
ment of beneficial soil bacteria [18], and the live prep-
aration Trichodermin, whose principal Trichoderma
fungi controls the development of phytopathogenic
fungi [17].
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