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EFFECTIVENESS OF APPLYING BACTERIA Pseudomonas sp.,
STRAIN B-6798, FOR ANTI-PHYTOPATHOGENIC PROTECTION
OF CROPS IN WESTERN SIBERIA

Biological method of plant protection from phytopathogens is based on applying
microbial antagonists of phytopathogens. Today, domestic and foreign markets are
represented by a number of bacteria-based formulations; nevertheless, more effective
plant protection agents are being searched. The present work examines a possibility
of applying formaldehyde-resistant bacteria Pseudomonas sp., strain B-6798, as a
potential biofungicide. Different methods for estimation of antifungal activity of the
strain were used, including the method linked with inhibition of phytopathogenic fungi
by bacteria-antagonists. Growth-promoting activity of bacteria was assessed both in
laboratory and field experiments. As the test objects were used the following crops:
wheat, oats, maize, potato and fiber flax. Treatment of seeds with Pseudomonas sp.,
strain B-6798, reduced the overall infestation of cereal crops by seed infection agents
by 12-36% due to decreasing the percentage of seeds affected by Helminthosporium
and Fusarium root rot causing agents. Bacterization of potato tubers reduced late
blight in the period of growing season by 45-50%, rhizoctonia blight and common scab
by 40-70% during storage. The optimum concentrations of the applied bacteria for
plant protection were within 10°~10" CFU/ml. It was established that under the activity
of antagonistic bacteria in the laboratory conditions shoot length was increased in
1.5-3.5 times, dry biomass — 1.5-5 times and total root system length — 1.7-3.0 times.
According to the results of field experiments, bacterization contributed to increasing
the yield of cereal crops and potato by 10—40%, depending on the species and variety.

Key words: antifungal activity; bacteria-antagonists; biofungicide; growth-
promoting activity; phytopathogen.

Introduction

At the present time, most part of microbial formulations is based on rhizo-
sphere bacteria related to genus Pseudomonas. The domestic microbial indus-
try produces numerous biological fungicides using these bacteria, including the
following trademarks: such Pseudomonas-based formulations as Pseudobacterin
2™ Agat-25K, Planriz and others [1, 3]. Many formulations based on different
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species of Pseudomonas genus are known worldwide: Dagger G, Conquer, Victus,
BioCoat, Blue Circle, Intercept [4-5]. Wide utilization of Pseudomonas spp. bac-
teria in biotechnology is linked with multifunctional properties of these bacteria,
together with direct inhibition of phytopathogenic microorganisms and as a result
of the synthesis of siderophores, cyanide, antibiotics, plant growth stimulation, vi-
tamins, phosphate mobilization and nitrogen fixation [1-5]. Despite a wide range of
already developed and applied microbial fungicides, there is a constant search for
new strains capable of providing more stable positive effects on plant growth and
development and inhibiting phytopathogens [2]. The first experiments linked with
estimation of antifungal properties of bacteria Pseudomonas sp., strain B-6798, dem-
onstrated high antagonistic activity of this strain to the most economically important
pathogenic fungi. The antagonist is capable of active growth and multiplication in
the rhizosphere of agricultural plants. The first data served as a reason for more de-
tailed investigation of useful properties of the new bacterial strain [6—7]. It is known
that a stimulating effect on the growth and development of plant vegetative mass
is based on the fact that Pseudomonas are capable of synthesizing various growth
regulators (indole-3-acetic acid — IAA, gibberellins) and vitamins [1-8]. According
to Ju.A. Gushchina and LF. Glovatskaya [9], bacteria of the strain B-6798 can secrete
auxin substances to the environment, particularly, IAA in the quantity of 0.8 mg/ml.

The purpose of the present work was connected with further study and sum-
mary of the results on the properties of formaldehyde-utilizing Pseudomonas sp.,
strain B-6798, as a plant growth stimulator and a potential inhibitor of phyto-
pathogenic fungi affecting various crops.

Material and methods
Research objects

The strain of Pseudomonas sp., strain B-6798, was isolated from active silt in pu-
rifying construction of Tomsk petrochemical industrial complex. These are facultative
methylotrophic bacteria capable of utilizing formaldehyde as a part of poor mineral
media as the only source of carbon and energy in the concentration of 250 mmol.

Fusarium oxysporum, F. oxysporum f.sp. lini, F. oxysporum f.sp. gladioli, Bi-
polaris sorokiniana and Rhizoctonia solani were examined as test objects for as-
sessing antagonistic bacterial activity.

Evaluation of Pseudomonas sp., strain B-6798, growth-stimulating activ-
ity, was realized basing on the seeds of the following crops: Moldavskaya-215
maize variety (the average seed weight — 0.5 g, total germination — 75%), Tulun-
skaya-12 wheat variety (0.03 g, 97%), Narymsky-943 oats variety (0.05g, 93%),
Tomsky-10 fiber flax variety, as well as potato tubers of Fresco, Zhukovsky early
ripening, Nevsky and Lugovskoy varieties.

Media and cultivation. Bacteria Pseudomonas sp., strain B-6798, were cul-
tivated in 50ml of the minimal M9 medium [10] with formaldehyde (2—4 g/I) in
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a 250-ml retort. Microorganisms were incubated at 30+0.5°C in thermostat until
the quantity was established in the limit from 1 to 9*10° CFU/ml. The quantity
control was performed by direct counting of cells in a Goryaev’s chamber and by
inoculation in accordance with the limiting-dilution method on the solid medium
with a further count of CFU.

20-% wort agar (4—-6°B) was used for phytopathogenic fungi incubation.

Investigation of Fungistatic Properties
Investigation of Kinetics of Phytopathogenic Fungi Growth Inhibition by Bacteria

Analyses of antifungal activity of the strain in laboratory experiments were
conducted using both standard method of co-seeding of bacteria-antagonists to-
gether with phytopathogenic fungi located on the surface of the medium with a
further evaluation of mycelium development inhibition and the method of deter-
mining kinetics of phytopathogenic fungi growth inhibition by bacteria-antago-
nists [6]. The second method elaborated in our laboratory assessed the fungistatic
effect according to reduction in the growth rate of fungal colonies on solid medium
with different bacteria concentrations, using standardized inoculation procedure.

Investigation of the influence of bacterization on seeds contaminated by phy-
topathogens. During the experiment, the seeds, previously disinfected with 70%
ethanol solution, were soaked in bacterial suspension with concentration 1-6 %
10¢ CFU/ml for 30 minutes. Control seeds were soaked in sterilized water. The
presence of fungistatic effect with experimental strain bacteria was estimated ac-
cording to reduction in seed infestation by seed infection agents when conducting
a phytopathological analysis in sterile absorbent paper rolls 7 days after the set-
ting up of the experiment [11].

Fungistatic effect assessment in field experiments was carried out according to
disease incidence and index with plants treated with bacteria in comparison with
plants without bacterization [11-12]. The severity of cereal crops infection with
root and foot rots was estimated according to the degree of browning of the stem
base and plant root system, selected among the control and experimental variants.
A rating scale was used to determine plant disease index [11-12]. Root rots were
examined three times during the growing season: I — the phase of germination,
II —tillering and II1 — flowering. To evaluate the effect of the bacterial preparation
on potato blight development during the growing season, inspections of bacte-
rized and control plants were organised. The development of blight affection of
plants was analyzed four times: I — during series closing, II — during budding,
III — during full blossoming and IV — before top-killing. Potato late blight was es-
timated in percentage terms on a generally accepted scale [12]. Disease incidence
and index were determined by standard methods [11-12].

Disease incidence is a number of diseased plants in percent to total number of
plants observed. Disease incidence was calculated as follows:
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Total number of diseased plants 100,

Incidence =
Total number of plants observed

Disease index is a measure of disease damage assessment which was calculated
in percent as follows:

_(Oxa)+(Axb)+(2xc)+(3xd)+(4xe) xm
(a+b+c+d+e) 4

a, b, ¢, d, e — the number of tillers examined which fall into the categories 0, 1, 2,
3 and 4, respectively

To assess bacterial influence on a phytosanitary condition of the new crop dur-
ing the storage period, a number of phytopathological analyses of potato tubers
treated with bacteria and control plants were conducted. At least 100 tubers from
each variant were selected three times during the whole period of storage. The
tubers were washed, examined and cut in order to identify external and internal
symptoms of diseases.

Index

>

Investigation of stimulating activity

Investigation of the influence of concentration of bacterial suspension on plant
growth and development in vegetation experiments

In the experiments, a model of small terrestrial artificial systems was created,
consisting of three parts: a sterile substrate, used to fill vegetation vessels, host-
plant and bacterial strains at concentrations of 10'-10° CFU/ml. Pre-germinated
and disinfected seeds of cereal crops and fiber flax were placed in test tubes with
sand (12.5 cm®); one-centimeter long disinfected potato shoots were put in a con-
tainer with sterile soil and evenly moistened with sterile Knop’s solution. Inocula-
tion was carried out by 0.1 ml of bacterial suspension at different concentrations.
Plants were grown in a climate camera: 12-hour light period, illumination intensi-
ty — 3 000 lux and temperature £22+1°C. The experiment was carried out in three
replications with 3540 plants per each variant. The experiments being termi-
nated, the following parameters were measured: the main root length (for maize),
total root system length (for oats and wheat), the number of second-order roots
and plant dry biomass. For each potato plant was measured the wet vegetation
mass, the number of leaves and the number of tubers together with their weight.

Investigation of the influence of bacterial culture on plant growth and develop-
ment in field experiments

Field experiments lasted for 6 growing seasons. The soil in the experiments
was gray, forest, podzolized and medium-loam with low humus content (4-5%)
as well as a thin humus accumulation horizon (20-25 cm).
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Maize seeds were planted at a distance of 10—15 cm from each other, wheat
and oats were sown at 600 seeds/m?, and potatoes were planted at 42000 tubers/
ha. Bacterisation of seeds was conducted with the help of pre-planting humidifica-
tion treatment by bacterial culture with a titre of no less than 10° CFU/ml.

Potato tubers were soaked in bacterial suspension of the same concentration
for 30 minutes. Seeds and tubers treated with water in the same manner as seeds
in the test variants were used as control.

In the period of the experiment, the length of the maximum potato shoot
was measured in each plant in all variants during a month since sprouting. The
number of stems and the intensity of plant flowering were also analyzed during
the experiments. Small sheaves of other plants were selected uniformly over the
whole area of the test variant. Then, the length and dry biomass of the selected
plants were measured; the quantity of grains per filled ear, the number of repro-
ductive stems and the weight of 1 000 grains were examined in cereal plants dur-
ing the phase of full ripeness.

Processing experimental results

The data obtained during the experiments were processed by means of Stat-
Soft STATISTICA 6.0. The data are presented as a mean with confidence interval,
using Student’s t-test for 95% significance level. Statistical significance of the
obtained results of seed phytopathological expertise, the incidence of root rots and
foliar infections in field experiments were assessed by comparing sampling frac-
tions, using Student’s t-test for the probabilities 25-75% inclusive and using F-
test for other probability values. Growth rates of fungal colonies on solid medium
were determined by linear regression analysis. The data on parameters of plant
growth and development in field experiments were compared by non-parametric
Mann-Whitney test (p < 0.05) [13].

Results and discussion
Antifungal activity of Pseudomonas sp., strain B-6798, in model experiments

In vitro experiments, the strain showed a high antagonistic activity against a
number of fungal pathogens. The bacteria facilitated reduction in the growth rate
of fungal colonies on solid media in Petri dishes within the limits of 5-8 times in
comparison with control (fig. 1). In control, fungal colonies grew on a bacteria-
free medium. It was experimentally established that the magnitude of fungistatic
effect depended on the type of phytopathogens and the concentration of bacteria
in dishes. Fungus Bipolaris sorokiniana was the most sensitive to antagonistic
bacteria and F. oxysporum f.sp. lini — the least.

The ratio of antagonist concentration to the level of disease development inhi-
bition is very important for development and application of microbial fungicides.
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G.M. Raaijmakers et al [14] demonstrated that there was a “threshold” level of
antagonist concentration, below which a slight decrease in bacteria concentra-
tion, expressed as a logarithm (log -dose), results in a significant modification of
inhibition of the development of fungi pathogens. Our experiments detected no
threshold effects in relation to the growth rate of phytopathogenic fungal colonies.
In order to describe kinetics of fungal colonies growth inhibition by the stud-
ied bacteria, we used N.D. Ierusalimsky modified equation [6]. Fungal colonies
growth inhibition was already fixed at bacteria concentration 10? cells/ml in the
inoculum. As bacteria concentrations in Petri dishes increased, the growth rate
of fungal colonies tended to reach the limit value, not equal to zero, i.e. no total
absolute fungal growth inhibition by bacteria was observed. In all the studied rela-
tionships between fungi and bacteria, concentration of 10’-108 cells/ml is enough
to reach the smallest limit value of fungal growth rate.

Fig. 1. Fusarium oxysporum fungal colonies in the experiment with bacteria
Pseudomonas, strain B-6798, on the sixth day of the experiment
Note. 1 — concentration of bacterial suspension 10* cells/ml;

2 — concentration 107 cells/ml; 3 — control (without bacteria)

In the mechanism of fungal growth inhibition by the studied bacteria, a crucial
role is, apparently, played by Pseudomonas sp., strain B-6798, producing yellow-
green fluorescent pigments — siderophores. Siderophores are chelators, highly
specific to Fe, which are synthesized and used in an extracellular way in the
conditions of low iron content [15]. The siderophores of fluorescent pseudomon-
ades have different chemical structure and, having affinity for iron, form stable
complexes together with it; thereby, they successfully compete for this element
with siderophores of pathogenic fungi, which have a lower iron binding constant
[8, 16]. Siderophore inhibition mechanism are testified by experimental data,
showing reduction in fungistatic effect when increasing Fe** salts in the medium
[17]. As it is known, the antagonism of pseudomonades against phytopathogens
is largely conditioned by competition for iron and is only effective at low iron
content in soil [8, 15, 18-21].
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The influence of bacterization on seeds to infection agents

Phytopathological examination of bacterized seeds of wheat and oats revealed an
antagonistic effect of bacteria on seed infection agents in planta model conditions.
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Fig. 2. Total infestation of wheat seeds by seed infection agents during seed bacterization
Note. * — statistically significant difference from the control variant (p < 0.05)

As it can be seen from Figure 2, a decrease in total infestation of the studied
crops by seed infection agents is observed by 36% and 18% for wheat and oats
correspondingly (p < 0.05), in comparison with control. The greatest antagonistic
effect was seen on Fusarium and Bipolaris fungi, which are known to be the most
noxious among root rot pathogens [22-23]. Wheat and oats seed infestation by a
complex of Fusarium and Helminthosporium infection during bacterization is less
than control (4.6 times for wheat and 15 times for oats).

Thus, the obtained data prove that the experimental Pseudomonas strain has
antifungal properties, demonstrated earlier in vitro experiments without any veg-
etation component.

The influence of bacteria on plant infestation by fungal infections in field
experiments

Basing on the results obtained in the laboratory conditions, the effectiveness of
bacterial antagonist for prevention of plant roots infestation was investigated. Root
rots of wheat and oats were examined 4 times during the growing season. Over all
the counts, root rot index decreased as a result of seed bacterization (fig. 3).
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Fig. 3. Root rot index during seed bacterization in the phase of ear formation

A plant under favourable conditions and due to a balanced nutrient supply
generates immunity providing resistance to pathogens [24]. Apparently, bacteri-
zation may result in systemic acquired resistance induction in plants owing to an
increased production of jasmonates and salycylates [25]. So, the analysis of plant
infestation by such foliar infections as rust, powdery mildew, Septoria disease,
late blight and others can be indicative of a possibility of systemic resistance for-
mation in host-plants under the influence of the studied bacterial strain.

The analysis of data on field observations, obtained during ear formation phase
showed a decrease in foliar infections development in bacterized plants (p < 0.05). Thus,
Septoria disease index decreased 2.3 times and rust— 3 times in comparison with control.

Antifungal activity of bacteria was also demonstrated when analyzing potato
late blight in field experiments during the growing season. Figure 4 shows late
blight index on potato leaves.

All the counts revealed a decrease in the disease incidence on bacterized plants
throughout the growing season. By the end of vegetation, late blight index on bac-
terized plants had reached 13-22%, whereas this index was considerably higher
(25-37%) on the control area (fig. 4). When analyzing the data on late blight index
on Lugovskoy variety, a tendency to reduction in plant disease incidence and in-
dex was observed (p > 0.05). This is due to the fact that this variety is late blight
resistant and late blight is not widely dispersed on this variety, even in control.

Plant systemic resistance formation during bacterization can be also demon-
strated by the results of a phytopathological analysis of wheat seeds (fig. 5).
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Fig. 4. Late blight index on potato leaves, Nevsky variety, in a field experiment
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According to the given data, the grains of bacterized plants are less affected by
seed infection agents, by 28% and 21% for wheat and oats correspondingly times
in comparison with control.

It is established that crop yield and tuber disease development during storage
depend directly on potato disease severity in the growing season. The data on the
development of diseases on potato tubers of new harvest yield are demonstrated
in Figure 6.
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Fig. 6. The development of diseases on potato tubers, the case of Zhukovsky early variety

It should be noted that bacterial treatment of tubers reduced the disease in-
cidence of formed tubers during storage (p<0.05): the development of common
scab — 2 times and black scab — 4 times, compared with control. The average
reduction in common scab and black scab development during bacterization was
40-50% and 50-75%, correspondingly. Disease index reduction was primarily
affected by a decrease in disease intensity and, to a lesser degree, the number of
infected tubers. A pre-plant seed tuber treatment and further plant spraying by
formulations during vegetation reduce population density of pathogens on new
crop tubers both by means of decreasing population density of phytopathogens in
soil and increasing plant resistance to these microorganisms [26].

Thus, antifungal activity of bacteria can be effectively proved in vitro and
in planta laboratory experiments. However, certain instability of positive effects
must be considered while applying bacterial strains in field conditions, associated
with the type of soil, the cultivated crop as well as prevailing climatic conditions.
When analyzing the data on soil fertility and creating specifications for applying
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formulations for each agro-climatic zone and crop, seed bacterization may, un-
doubtedly, influence sanitation of cereal and other crops in a positive way.

Growth-promoting activity of bacteria Pseudomonas sp., strain B-6798, in
model experiments

As it has already been mentioned, bacteria Pseudomonas are widely known as
plant growth stimulants that increase productivity and affect plant growth dynam-
ics through mobilizing sparingly soluble compounds and discharging a number of
plant hormones [1-3, 6—8]. Our experiments demonstrated a positive impact of
the studied strain on the growth and development of maize, wheat, oats, potato
and fiber flax. In laboratory experiments, when assessing plant growth rate during
bacterization, it was shown that kinetic parameters of plant growth vary differ-
ently under the influence of bacteria. An increase in the initial shoot growth rate
within one or two days (p < 0.05) was observed in the experiments with maize
in the presence of bacteria, that is why the plants in experimental variants have
a greater length by the moment of experiment completion despite a further shoot
growth rate that does not show a significant statistical difference from control.
Furthermore, acceleration of the shoot root growth rate was fixed for maize.

Potato treatment with bacterial culture had a positive impact on different plant
growth and development parameters: plant growth rate augmented in comparison
with untreated plants (p < 0.05); in the variant with bacterization, the finite plant
length increased 1.3 times; plant mass, the number of leaves and the number and
weight of tubers increased as well; the phase of tuber formation began earlier than
control.

There are a number of investigations devoted to studying the dependence
of growth-promoting effects from bacteria concentration in the inoculum. As a
rule, bacteria are applied within 10-107 cells/ml [2, 27-29]. However, in these
investigations there is no satisfactory justification for the concentration of the
used inoculum. Model experiments with plant treatment with bacterial cultures of
different titre (0—10° cells/seed) made it possible to reveal concentrations which
were optimal for plant growth and development. The table gives data on optimal
concentrations of bacterial inoculum, the maximum value of the measured param-
eters of growth and development of certain crops and their increase in comparison
with control.

As table 1 shows, bacterization has a positive effect on various parameters of
plant development, increasing them 1.15-5 times depending on a host-plant type
and the measured parameter in comparison with control. Of all the studied crops,
maize turned out to be the most responsive to bacterization, whereas oats was af-
fected the least. Optimal bacteria concentrations appeared to be 10*-10° cells/ml.

L.A. Somova [30] also specifies in her work that the application of bacteria Ps.
putida, with abundance for wheat within 10*-108 cells/ml, stimulated seed germina-
tion and increased the shoot length; while the number of bacteria over 10° cells/ml
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inhibited seed germination, and the number of bacteria less than 10°~10* cells/ml
made a subtle influence on germination. According to the aforementioned author,
the use of P. fluorescens stimulated wheat seed germination within a narrower
range of concentrations: 10°-107 cells/ml. M.Lacher et al [31] point out in their
work that significant root system stimulation was observed at rape seed germina-
tion on solid medium in Petri dishes with various concentrations of Phyllobacte-
rium (3 x 107—3 x 108 UFC/ml). Besides, the effect of stimulation and the number
of bacterial cells, found on the root surface, increased together with the applied
concentration.

Table 1
Optimal concentrations of bacterial culture Pseudomonas sp.,
strain B-6798, on agricultural plants in model experiments
Optimal Comparison
Crop Parameter concentration, | Maximum value . P
cells/ml with control
Main root length (mm) 10° 100.40 + 7.60* 2.8
Maize | umber of secondary 100 17.00 = 2.00* 2.1
roots (pcs.)
Dry biomass (g) 10° 0.55+0.03* 5.0
Total root length (mm) 10 294.30 + 55.20%* 1.6
Wheat -
Dry biomass (g) 10* 0.30 = 0.04* 2.1
Oat Total root length (Mmm) 10° 121.70 £ 12.10 * 2.2
ats
Dry biomass (g) 10° 0.05+0.02 * 1.4
Plant length (mm) 10 359.90 £ 18.30 1.15
Potato Dry biomass (g) 10° 6.56+1.74 * 1.3
Formed t?;)er weight 100 2.04+037 % 3.6

Most papers that we have analyzed do not attach any importance to bacterial
titre and use simultaneously different bacteria concentrations; their comparisons
of the effect of bacterial impact on plants are to be examined and defined more
precisely.

Thus, on the basis of the obtained data, it appears that the concentration of
cells for the optimum zone of each bacterial species can vary. Moreover, the opti-
mum concentration of the applied bacteria also depends directly on the species of
a host-plant, but to a lesser degree.

The influence of bacterization on plant growth and development in field
experiments

Field experiments allowed improving the influence of Pseudomonas sp., strain
B-6798, on plant growth and development under agrocoenosis conditions. In gen-
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eral, a positive impact of seed bacterization on plant development was discovered.
According to the obtained data, plant bacterization accelerated the growth of all
the studied host-plants. Depending on a host-plant species, the length of plants in
the variants with bacterization by Pseudomonas sp.,strain B-6798, exceeded the
length of control plants since full germination phase, though, sometimes, the ef-
fect of stimulation showed itself during later phases. An increase in plant length
during bacterization is, apparently, associated both with direct growth stimulation
caused by plant hormones discharged by bacteria and indirect stimulation caused
by a decrease in a degree of plant infestation by pathogens, including reduction in
root rot index and incidence.

Figure 7 presents the lengths of maize and oats in different variants of field
experiments.
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Fig. 7. The length of maize and oats in different variants of the field experiment
Note. I-111 — plant development phases (for maize: I — phase 2-3 leaves,
II — phase 6-8 leaves, III — panicle formation phase; for oats: I — phase
2-3 leaves, II — tillering phase, III — ear formation phase)

Table 2 shows the data on final measurements of the length of plants and abso-
lutely dry biomass of some crops during bacterization and their comparison with
plant development parameters in control.

It was also found out that cereal crops had an increase in the number of re-
productive stems during bacterization by Pseudomonas sp., strain B-6798, and
plants underwent development phases faster, coming into bloom in a shorter time.
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For fiber flax there was an increase in the number of seed cases, plant stem di-
ameter and its technical length by 15-50%. The treatment of potato tubers by
Pseudomonas sp., strain B-6798, resulted in seed vigour and tuber formation ac-
celeration.

Table 2
Plant development parameters during bacterization in field experiments

Crop Parameter Value Comparison with control
Oat Plant length (cm) 75.9 £4.2% 1.4
ats Dry biomass (gr) 2.12+£0.13* 1.4
) Plant length (cm) 136.9 + 13.4* 1.5
Maize -
Dry biomass (gr) 146.9 +3.0* 1.6
Plant length (cm) 82.1 £2.2% 1.4
Wheat -
Dry biomass (gr) 2.33+£0.14* 1.6
Potato Plant length (cm) 522 +£8.2% 1.4
Fibre flax Plant length (cm) 71.2+6.2* 1.4

As a rule, plant bacterization by the studied strain Pseudomonas sp., strain
B-6798, led to an increase in crop yield during field experiments. The absence of
statistically significant differences from the control variant in a number of grow-
ing seasons is explained by unfavorable climatic conditions for plant growing
(drought or excessive soil moistening). An extremely high soil temperature had
the most unfavorable impact on growth-promoting properties of bacteria during
their introduction. According to literature data, optimal temperature for successful
plant rhizosphere colonization by bacteria is +16...+18°C, at higher temperatures
bacteria from the seed surface, where they were spread during seed treatment be-
fore sowing in the soil, do not colonize growing roots [26]. However, even during
growing seasons with the most unfavourable conditions for efficient host-plant
rhizosphere colonization, no inhibition of plant growth and development or a cru-
cial reduction in the yield of bacterized crops were observed.

Bacterization did not only directly increase crop yield, but also affected sig-
nificantly the structure of host-plant crops. The crop structure in field experiments
is exemplified by wheat and potato crop yields in the tables (3—4) and in Figure
8 below.

Table 3
Wheat yield and crop structure in field experiments
Crop structure
. Crop yield,

Variant dt/ha Average number Weight of 1000 Number Qf
of grains per ear, . reproductive

grains, g )

pcs stems per m?, pcs
Control 25.1+1.6 15.0+1.7 31.7+0.1 52713
Bacterization 30.6 £ 1.3*% 17.0£2.0 34.1£0.1* 527410
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Table 4
Potato yield and crop formation in field experiments
Number Weight of Number Weight of Number | Weight '
. of tubers, of tubers, of tubers, | of tubers, | Crop yield,
Variant tubers, g tubers, g
pcs pcs pcs g dt/ha
Initial blossom Ceasing to flower Harvesting
Nevsky variety
6.00 6.63 191.0 458.0 37.8
Control | 4500 | w31 |15 | 494 | 7010 450 43
Bacteri- 6.00 15.57 228.4 476.0 40.5
sation | 200 | 56% | V9501 sa06 [ T3ENO] 410 | 435
Lugovskoy variety
21.98 172.0 388.5 48.9+
Control | 2.0£2.0 1202 5.0+£2.2 376 4.0£1.0 1480 49
Bacteri- 5.00 54.95 263.2 412.0 67.8
sation | #23* | xo7x | 0021 Lio98 [ 4ELO] isi0 | a5
14 ;
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Fig. 8. The structure of potato crop yield, Lugovskoy variety, in field experiments
Note. 1 — small-sized tubers (up to 50 g); Il — average-sized tu-
bers (from 50 to 120 g); I1I — large-sized tubers (over 120 g)

The positive influence of bacterization was traced during the whole period
of crop formation but it was at early stages that its stimulating effect was the
best. The analysis of potato crop formation showed an increase in the weight of
tubers: for Nevsky variety — 2.2 times, for Lugovskoy variety — 2.5 times and
for the number of tubers — 2.8 times in comparison with control. Thereafter, the
identified differences can be leveled under conditions which are favorable for
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crop formation (see table 4). In case of unfavourable climatic conditions, earlier
and more successful crop formation of bacterized plants results in its significant
increase in comparison with control at the moment of harvesting. A more rapid
passage through plant development phases during bacterization is also important:
for wheat and oats a phase of full ripeness began earlier than for plants without
bacterization.

Conclusion

On the basis of experimental data, it can be concluded that bacteria Pseudomo-
nas sp., strain B-6798, show a high antagonistic activity against fungal pathogens
of cereal root rot in Western Siberia. Antifungal activity was detected both in field
and in vitro and in planta laboratory experiments; in vitro experiments the strain
was active against such fungi as Fusarium sp. and Bipolaris sorokiniana. The
treatment of cereal seeds by bacteria in planta reduced the overall incidence of
seed infection agents. In field experiments, the use of bacteria reduced the devel-
opment of root rots and leaf infection manifestation; decreased the overall infesta-
tion of new seeds by seed infection pathogens. Bacterization of potato tubers had
a positive impact on reducing late blight in the growing season and rhizoctonia
blight and common scab during storage. One of the factors of effective activity
against phytopathogenic fungi is production of special pigments-siderophores by
bacterial culture.

Besides antifungal activity, bacteria Pseudomonas sp., strain B-6798, are able
to stimulate plant growth and development. In laboratory experiments, utilization
of bacteria promoted plant growth and the length and quantity of roots of maize,
wheat and oats, increased plant mass, the number of leaves and the number and
weight of potato tubers. In field experiments, bacteria also had a positive effect on
various plant development parameters: an increase in the number of reproductive
stems (cereal crops), the number of seed cases, the diameter of the plant stem and
technical length (fiber flax), the area of the leaf blade (cucumber) and tuber forma-
tion (potato). Plants of all the crops passed development phases faster, which is
important when an earlier crop is formed under unfavorable weather conditions.
The success of bacterization was established to depend on the type of host-plants
and its variety: of all the studied crops, maize turned out to be the most respon-
sive to bacterization and oats- the least. However, it is necessary to take into
consideration certain instability of positive effects when applying bacterial strains
under agrocoenosis conditions, associated with the type of soil, cultivated crop
and prevailing weather conditions. At the same time, bacterization may influence
soil and seed sanitation in a good way. The optimum concentration of the applied
bacteria of the examined strain is 10*-107 cells/ml, depending on the crop species
and variety.

Thus, the conducted field and model experiments showed effectiveness of ap-
plying bacteria Pseudomonas sp., strain B-6798, as a producer of formulation
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aimed at stimulating plant growth and development, decreasing the development
of late blight, cereal root rots, cereal septoria leaf blotch and flax Fusarium wilt,
as well as increasing crop yield in Tomsk oblast. The advantage of the isolated
and studied strain Pseudomonas sp., strain B-6798, is demonstrated by the fact
that the presence of formaldehyde in the environment, as the only source of en-
ergy and carbon, contributed both to maintaining the stability of the producer’s
properties and protecting the potential formulation on the basis of this strain from
contamination. In the used concentrations, formaldehyde has no additional phyto-
toxic or fungicidal effect. These properties of the strain can be useful for economi-
cally sound biofungicide production on its basis.

The authors thank Dr. Margarita Shternshis (Novosibirsk State Agrarian University,
Novosibirsk, Russia) and Dr. Viadimir Gouli (University of Vermont, Burlington, Vermont,
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I Tomexuti 2ocyoapemeennuiil ynueepcumem (2. Tomck)
2 CubHHH cenvckozo xossiicmea u mopgha Poccenvxozaxademuu (2. Tomck)

3PPEKTUBHOCTH NPUMEHEHUS BAKTEPUIA Pseudomonas sp.
B-6798 J1JI51 3AILIUTHI CEJIbCKOXO3SiMCTBEHHBIX KYJIBTYP
OT ®UTONATOI'EHOB B YCJIOBUSAX 3AIIA/THOI CUBUPU

Buonoeuueckuii memoo 3awumel pacmenuii om QumonamozeHo8 0CHOBAH HA NPU-
MeHenuu Oaxkmepuil — anmazonucmos Qumonamozenos. Ha coepemennvix omeue-
CMBEHHOM U 3apYOENCHOM PIHKAX Cyuyecmeyem psaod OGUONpenapamos Ha ux OCHoge,
HO NpU 9MOM NPOOOIHcAemces: NOUCK bonee IPHEKMUBHbIX A2eHMO8 3auumsl pacme-
Huil. B pabome ucciedosana 603moiCHOCHb NPUMEHEHUsL PopManbOeuopesucmenm-
noix Oaxmepuii Pseudomonas sp. B-6798 6 kauecmee nomeHyuaibHoll 0CHO8bL OUO-
@yneuyuoa. [qua yuema anmu@yHeanvHOU aKmMueHOCMU WMAMMA UCNONb30BANUCH
paznuunble MEemoouKu, 8 Moy yucie paspadomanHbulil asmopamu Memoo onpeoesenus
KUHEeMUKYU UHSUOUPOBAHUSA POCINA (PUMONAMOZEHHbIX 2PUO08 OBAKMEPUAMU-AHMASOHU-
cmamu. Oyenka pocmocmumynupyiowell akmusHocmu daxmepuii npo8ooULAch Kax 8
J1a6OPAMOPHYIX, MAK U 8 NONEBIX IKCHepuMeHmax. B kauecmse mecm-06vekmos uc-
NOIL306AHbL CLEOYIOWUE CEbCKOXO3AUCMEEHHbLE KYIbNYPbl: NUEHUYd, 08€C, KYKVPY-
3a, kapmogens u nen-oonzyney. Yemanosneno, umo obpabomka ceman 6aKxmepusmu
Pseudomonas sp. B-6798 cuuoswcaem obwyio nopasxiceHHocmyv 3epHOBbIX 8030yOume-
JIAMU ceMeHnbIX uH@exyuil Ha 12—-36% 3a cuem ymeHvueHUs NPOYeHma cemsH, no-
PAXHCEHHBIX 2€NbMUHMOCHOPUOSHO-(DY3APUOSHBIMU B030YOUMENAMU KOPHEBbIX SHUILEL.
Baxmepusayus kniyoHeil u pacmenuti ROL0#CUMENbHO CKA3bIBAEMCA HA CHUMCEHUU PA3-
sumusi 3aboneganuil kapmogens: gumogdmoposza 6 eecemayuonHblll nepuoo — Ha 45—
50%, puzoxmonuosa u napuiu 0ovikHOGeHHOU 8 nepuoo xpanenus —na 40-70%. Onmu-
ManbHbie 05 pa3gumusa pacmenull KOHyenmpayuu 6akmeputi Haxo00amcs 8 npeoenax
10*~10" KOE/mn. Iokasano, umo noo oeticmeuem bakmepuil 6 1aO0pamopHvix me-
cmax npoucxooum ygenuueHue OnuHvl npopocmka 6 1,5-3,5 pasa, cyxoii buomaccol —
1,5=5 pas, cymmapnoii onunvt kopuegoti cucmemol — 1,7-3,0 paza. Coenacno pesynvma-
mam nonesvix UCHblmanuil, bakmepusayus CHOCOOCMEYen YEenUIeHUI YPOrCAHOCMU
3epHO6bIX Kynbmyp u kapmogens na 10-40% 6 sagucumocmu om 6uoa u copmd.

KiroueBble c10Ba: anmughyHeanvhas akmugHOCmb, OAKMEPUU-aHmMAazoHUCHIbL,
ouohyHeUYUOd,; poCmoCmumMyIupyIOwds AKMueHOCmMs, GUmMonamozeH.
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