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Abstract

Currently, there has been a trend in agriculture towards an increase in the use of biological
preparations, including plant protection means. Developments are actively underway to create and
optimize technologies for the production of new biological preparations that contain plant growth
stimulating lines of bacteria (Plant Growth Promoting Bacteria, PGPB) or fungi (Plant Growth Pro-
moting Fungi, PGPF). Fungi and bacteria co-inhabit the rhizosphere of higher plants and fungal-
bacterial interactions permanently occur. In recent years, biological preparations based on bacteria and
fungi (insecticide Biostop, fungicide Sporobacterin) have entered the agrochemical and pesticide mar-
ket. However, special requirements of bacteria and fungi for nutrient media, aeration, and culture
regimes imped production of combined bacterial-fungal biologicals. In this work, we have established
for the first time the positive effect of Saccharomyces cerevisiae Y-4317 on the growth of Pseudomonas
chlororaphis subsp. auerofaciens B-5326 and revealed the optimal regimes and the composition of the
nutrient medium for co-culture of microorganisms of different taxonomic groups (PGPB and PGPF).
The high efficiency of using sugar beet molasses for co-culture of P. chlororaphis and S. cerevisiae has
been shown. Our findings revealed the stimulating effect of the liquid culture (LC) on the seed germi-
nation energy and germination rate of cereals. The aim of this work was to develop a protocol for co-
culture of bacteria Pseudomonas chlororaphis subsp. auerofaciens B-5326 and yeast Saccharomyces cere-
visiae Y-4317 to create a biological preparation stimulating seed germination and initial growth of
cereal plants. Lyophilized strains P. chlororaphis and S. cerevisiae were obtained from the All-Russian
Collection of Industrial Microorganisms of the National Research Center Kurchatov Institute — Gos-
Nllgenetica (Moscow). Seeds of maize (Zea mays L.) hybrid Delitop, wheat (Triticum aestivum L.)
variety Mironovskaya 808, barley (Hordeum vulgare L.) variety Scepter served for testing bioactivity of
the biological. After restoring viability, the strains were cultured for 48 hours on a shaker SPH-2102
(BIORUS, Belarus) using three nutrient media differing in the carbon source (glucose, fructose, and
sugar beet molasses). Microbial growth (colony-forming units, CFU) and biomass were assessed during
co-culture (from 0 to 72 h) on the shaker and in a lab fermenter BIORUS GJ (BIORUS, Belarus) at
different temperatures (from 20 to 32 °C) and airflow rates (from 1 to 6 L/h). The seeds were treated
by spraying with 1:200-1:25 serial dilutions of the liquid co-culture. After 12 h, the seeds were placed
into Petri dishes with water. The germination energy and seed germination rate were determined in 3
and 7 days, respectively. The research data showed that media containing sugar beet molasses com-
pletely satisfies the need of co-cultured P. chlororaphis and S. cerevisiae for basic nutrients, and the
titers did not fall below 6x108 and 3x106 CFU/ml, respectively. The total biomass was 20.4 g/, or 17-
22 % higher than on the media with glucose or fructose. For co-culture, the optimal conditions were
30°C, aeration mode 4 1/h and 24 h of growth. A positive effect of S. cerevisiae on the viability of
P. chlororaphis during 72 h co-culture was demonstrated. The abundance of P. chlororaphis in the co-
culture with S. cerevisiae was 1x106 CFU/ml vs. 5x104 CFU/ml in pure culture of P. chlororaphis.
Probably, a higher viability of P. chlororaphis and stimulation of its growth is due to phytohormones
produced by S. cerevisiae during co-culture. Preliminary testing revealed stimulating effect of the bio-
logical on the germination energy and seed germination rate for barley, wheat and corn. All serial
dilutions of the liquid co-culture exhibited a clear trend towards an increase in seed germination in
the cereals tested. The maize seed germination was most stimulated. A 1:200 dilution of the biolog-
ical led to the maximum increase in seed germination of the crops. Our research data identify the



key parameters of the co-culture of PGPB P. chlororaphis and PGPF . cerevisiae and thereby create
the prerequisites for the development of a biological based on microorganisms of vadifferent taxo-
nomic groups.

Keywords: Pseudomonas chlororaphis, Saccharomyces cerevisiae, biological preparation, bio-
mass, culture procedure, maize, wheat, barley, seed germination

In recent years, there has been a trend in global agriculture towards an
increase in the use of biological products, including plant protection products (1).
Technologies for the production of new biological products are being actively op-
timized. To ensure the high efficiency of biological preparations, plant growth
promoting bacteria (PGPB) and fungi (plant growth promoting fungi, PGPF)
strains stimulating plant growth are used [2-4]. Microbiological preparations are
living cells of microorganisms selected for useful properties and either in the cul-
ture liquid or adsorbed on a neutral carrier.

PGPBs of the genus Pseudomonas synthesize metabolites that have a
growth-stimulating and antifungal effect on plants [5-9]. When using these bio-
logical products, an increase in the biological and economic yield of a number of
crops has been shown [7, 8]. Of interest are preparations created on the basis of
joint cultures of two or more PGPBs, in particular, a microbiological product
based on Pseudomonas aureofaciens and Azotobacter vinelandii [10-13]. These types
of bacteria are intensively used as growth regulators of cultivated plants, and also
stimulate their resistance to pathogens [14]. However, under the conditions of an
unstable climate and the systematic negative impact of external factors, the prob-
lem of reducing yields because of stressful impacts remains relevant. In this regard,
it is fundamentally important to look for new approaches to create biological prep-
arations that also have a stress-modulating effect.

Thus, attention is drawn to the possibility of using representatives of an-
other taxonomic group of microorganisms, fungi, in the creation of biological
preparations. Few studies have shown that certain yeast strains produce phytohor-
mones [15]. It is known that biologically active substances with hormonal activity
can not only regulate the growth and development of plants, but also participate
in protection against abiotic factors [16-18]. The fact that the ability to synthesize
phytohormones was found in yeast allows us to consider them as a potential com-
ponent of biological preparations for plant growing practice.

Fungi and bacteria co-exist in the rhizosphere, there is constant interac-
tion between them. Microorganisms allocated to the PGPF and PGPB groups can
affect the growth and development of plants [19-23]. However, in modern litera-
ture, we have not come across information on their joint action on plants. There
is evidence that representatives of the genus Pseudomonas improved the growth of
the basidiomycete Agaricus bisporus, but the mechanism of this interaction is not
known [24].

In recent years, biological preparations containing bacteria and fungi (Bi-
ostop insecticide, Sporobacterin fungicide) have entered the market of agrochem-
icals and pesticides [25]. The main difficulties in the production of such prepara-
tions are associated with the different demands of the components on the compo-
sition of the nutrient medium, aeration, and cultivation modes. In bacteria, the
optimal growth temperature is lower and the duration of cultivation is shorter
compared to fungi. In addition, fungi require free amino nitrogen for biosynthesis
[26, 27]. The study of the conditions of co-cultivation of PGPB and PGPF is
necessary for the development of fundamental principles for the subsequent crea-
tion of complex biological preparations that affect agricultural crops.

In this work, we have established for the first time the positive effect of



Saccharomyces cerevisiae Y-4317 on the growth of Pseudomonas chlororaphis
subsp. auerofaciens and revealed the optimal cultivation regimes and the compo-
sition of the nutrient medium for the joint growth of microorganisms of various
taxonomic groups (PGPB and PGPF). The high efficiency of using beet molasses
for the joint cultivation of P. chlororaphis and S. cerevisiae has been shown. The
stimulating effect of the obtained cultural liquid (CL) on the germination and
germination energy of seeds of cultivated cereals was revealed.

The aim of this work is to study the possibility of co-cultivation of the
bacterium Pseudomonas chlororaphis subsp. auerofaciens B-5326 and yeast Sac-
charomyces cerevisiae Y-4317 and optimize their cultivation parameters to obtain
a culture fluid that stimulates seed germination and initial growth of cereal plants.

Materials and methods. Lyophilisated strains of the bacterium Pseudomonas
chlororaphis subsp. aureofaciens B-5326 and yeast Saccharomyces cerevisiae Y-4317
were obtained in ampoules from the All-Russian Collection of Industrial Micro-
organisms of the Research Center Kurchatov Institute — GosNIIgenetika (Mos-
cow). The strains were not genetically modified.

Seeds of corn (Zea mays L.) hybrid Delitop, wheat ( Triticum aestivum L.)
variety Mironovskaya 808, barley (Hordeum vulgare L.) variety Skipert were used.

To restore the viability of the culture, an ampoule with a dried strain of
microorganisms was sterilely opened and suspended in a liquid nutrient medium
(0.2-0.4 ml) was added, DMEM/F12 Merck (Sigma-Aldrich, USA) for P. chlo-
roraphis, Malt extract (Pronadisa, Spain) for S. cerevisiae. The contents were ster-
ilely transferred with a Pasteur pipette into Petri dishes on agar nutrient media of
the same composition. Next, the strains were grown separately for 48 h in a ther-
mostat TS-1/20 SPU (Smolenskoye SKTB SPU, Russia) at 28 °C.

When preparing inoculums, a single colony with a characteristic morphol-
ogy of the strain was selected from each dish, transferred to 250 ml flasks, and
cultivated on an SPH-2102 shaker-incubator (BIORUS, Belarus) at 28 °C and
130 rpm. The medium for growing P. chlororaphis contained 10 g/I of glucose and
0.5 g/l of NaNOs3, (NH4)2S04, NH4NO3, KH2PO4. The medium for growing
S. cerevisiae is a synthetic modified Reader’s medium: 10 g/I glucose, 0.5 g/1 pep-
tone, 1 g/l yeast extract, 0.5 g/l NaNO3, (NH4)2SO4, NH4NO3, KH2NO4 each.
After 48 h, the titers of P. chlororaphis and S. cerevisiae were 107 and 105 CFU/ml,
respectively.

For co-culture of two strains of microorganisms, 15 ml of the obtained
starter culture was taken, transferred to 500 ml flasks, and grown for 48 h at 28 °C
and 130 rpm on an SPH-2102 shaker-incubator. The composition of the medium
for the co-culture of microorganisms was as follows: 0.5 g/l peptone, 1 g/l yeast
extract, 0.5 g/l NaNO3, (NH4)2S04, NH4NO3, KH2PO4, carbon source varied.

To determine the most acceptable composition, three variants of nutrient
media were used, differing in the source of carbon: 1 — glucose (10 g/l), 2 —
fructose (10 g/1), 3 — beet molasses (15 g/1). Variants with variation of some other
components of nutrient media were considered (no significant differences were
found with the main recipe). Subsequently, the influence of temperature (from 20
to 32 °C) on the co-culture of P. chlororaphis and S. cerevisiae on a shaker-incu-
bator was determined, and the number of viable microorganisms (by the number
of colony-forming units, CFU) in dynamics (from 0 to 48 h and from 48 to 72 h)
was also estimated.

Co-culture of P. chlororaphis and S. cerevisiae was also carried out in a
BIORUS GJ laboratory fermenter (BIORUS, Republic of Belarus), in which the



air supply rate through the filters was varied (from 1 to 6 1/h). Cultivation lasted
20 h at 30 °C. The medium was similar to that used in the previous experiment,
with molasses as the main carbon source.

The amount of biomass obtained was estimated by drying the filters to
constant weight in a UF75 oven (Memmert GmbH + Co. KG, Germany) for 1-
2 h at 105 °C, separating microorganism cells from the culture liquid (CL volume
10 ml, with 3-fold washing with distilled water), and determining the dry weight
on an Analytical Balance ME54T/A00 analytical balance (Mettler Toledo, USA)
to a constant value (+0.1 mg) [28].

The viability of the cells of each microorganism under study in the culture
liquid was determined by inoculation on an agar universal medium containing
10 g/1 glucose, 0.5 g/1 peptone, 1 g/l yeast extract, and 0.5 g/l NaNO3, (NH4)2SO4,
NH4NO3, and KH2PO4. Samples of the culture fluid were taken with a 5 ml
microbiological pipette. The number of microorganisms was determined by the
method of serial 10-fold dilutions, counting the number of colonies of each spe-
cies, the indication was carried out according to the morphological description of
colonies of yeast and bacteria of the studied genera [29-31]. The microobjects were
visualized using a microscope with a Fixed Microscope Adapter (Levenhuk, USA).

Seeds of agricultural plants were treated by spraying with cultural liquid in
different dilutions (1:200, 1:150, 1:100, 1:50, 1:25), after 12 h, the seeds were
germinated in water in Petri dishes (20 or 50 seeds per dish) at 25 °C in a ther-
mostat TS-1/20 SPU. Seeds treated with water served as control. Germination
energy and germination were determined by conventional methods after 3 and 7
days, respectively [32].

All experiments were carried out at least three times, each including 5
flasks or Petri dishes with the same material grown under the same type of condi-
tions. When determining cell viability, each variant was analyzed in 10 replica-
tions. Seed germination was carried out in 5 repetitions (Petri dishes) for each
variant of the experiment.

Statistical processing of the results was carried out according to standard
methods [33] in the Microsoft Excel 2007 program. The data in tables and graphs
are given as arithmetic mean values with standard errors (M=SEM). Differences
in sample means were assessed by Student’s #-test at p < 0.05 using Microsoft
Excel 2007 and Statistica v.12 (StatSoft, Inc., USA).

Results. After 48 h of separate cultivation of P. chlororaphis subsp. aureo-
faciens B-5326 and S. cerevisiaze Y-4317, their abundance reached 2x108 and
7x100 CFU/ml, respectively. Next, we studied the possibility of co-growth of two
cultures in a liquid nutrient medium. Note that we did not find relevant data on
such cultivation and its conditions in the available literature.

To optimize the co-culture of two strains of microorganisms, we studied
the effect of the composition of the nutrient medium on changes in their biomass
and abundance. Glucose was used as the main source of carbon, while fructose
and beet molasses serbed as alternatives.

On media with glucose and fructose, a relatively weak accumulation of
total biomass was observed (Fig. 1, A). The maximum value of the total biomass
during the co-culture of the studied strains was recorded on the medium contain-
ing molasses, 20.4 g/1, or 17-22% higher than on the media with glucose and
fructose.

During co-culture, the abundance of P. chlororaphis and S. cerevisiae did
not fall below 6x108 and 3x10® CFU/ml, respectively (see Fig. 1, B). The CFU
values for S. cerevisiae and P. chlororaphis did not change significantly on all the



studied media. The studied strains were able to grow together on molasses without
a significant decrease in cell viability (see Fig. 1, B). Therefore, in all subsequent
experiments, we used a nutrient medium containing molasses as a carbon source.
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FIg. 1. Total biomass (A) and the cell number (B) in co-culture of Pseudomonas chlororaphis subsp.
aureofaciens B-5326 (a) and yeasts Saccharomyces cerevisiae Y-4317 (b) depending on liquid medium
composition: 1 — glucose (10 g/1), 2 — fructose (10 g/1), 3 — beet molasses (15 g/I) (N = 10,
M=ESEM).

The successful use of beet molasses for the co-culture of strains of micro-
organisms can be explained by the fact that, along with other components, it
contains about 1% raffinose. On the one hand, raffinose can inhibit the growth
and biofilm formation of Pseudomonas bacteria [34]; on the other hand, it also
affects bacterial phenotypes, colony morphology, matrix formation, and colony
motility [35]. The use of beet molasses for the co-culture of P. chlororaphis subsp.
aureofaciens B-5326 and S. cerevisiae Y-4317 can reduce the economic load in the
commercial production of the created biologicals.
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Fig. 2. Total biomass (A) and the cell number (b) in co-culture of Pseudomonas chlororaphis subsp.

aureofaciens B-5326 (1) and yeasts Saccharomyces cerevisiae Y-4317 (2) on beet molasses (15 g/1)
medium depending on temperature (N = 5, M£SEM). Markers on Fig. 2, indicate the =SEM values.

The temperature regime during the co-culture of bacteria and yeast af-
fected the change in the total biomass of these microorganisms (Fig. 2, A). At
temperatures of 20 and 24 °C, the total biomass turned out to be minimal (we did
not record any statistically significant differences between these options). At 28 °C,
the total biomass was 20.5 g/1, at 30 °C it was 24.3 g/l. A further increase in
temperature (up to 32 °C) did not significantly increase the total biomass of bac-
teria and fungi compared to that at 30 °C.

The temperature regime also influenced the viability of bacteria and fungi
(see Fig. 2, B). From 20 °C, the CFU values of P. chlororaphis and S. cerevisiae
increased, and the maximum was recorded at 30 °C (108 and 106 CFU/ml, respec-
tively). With a further increase in temperature (up to 32 °C), the number of col-
onies decreased significantly, to 7.5x107 and 5.4x105 CFU/ml for P. chlorora-
phis and S. cerevisiae. Therefore, in the joint cultivation of microorganisms of



different taxonomic groups, the optimum temperature is 30 °C.

Yeast by type of nutrition are facultative anaerobes; the presence of oxygen
inhibits alcoholic fermentation and they actively accumulate biomass [36]. There-
fore, the task of the next stage of the study was to select the optimal aeration
regime for the joint cultivation of yeast and bacteria in a bioreactor (Table 1). We
have found that the optimal aeration regimen is 4 1/h. It should be noted that the
presence of oxygen in the medium had a greater effect on the viability of yeast,
since the number of viable P. chlororaphis cells under all aeration modes did not
fall below 2x108 CFU/ml. The data obtained at this stage are comparable with
the results of previous experiments, when cultivation was carried out on a shaker-
incubator in flasks with cotton-gauze stoppers. From this, we can conclude that
the studied microorganisms are not very demanding on aeration regimes and there
is no obvious competition between them.

1. The number of viable cells (CFU/ml) of Pseudomonas chlororaphis subsp. aureo-
Jaciens B-5326 and Saccharomyces cerevisiae Y-4317 in co-culture (a BIORUS
GJ bioreactor, BIORUS, Republic of Belarus) in a medium with beet molasses
(15 g/1), depending on the aeration regime (N = 5, M+SEM)

Aeration, 1/h | P. chlororaphis, X108 \ S. cerevisiae, x10°
1 4.2+0.31 0.8+0.05
2 2.1£0.18 2.4%0.09
3 3.6+0.24 3.6+0.18
4 5.940.36 5.9+0.12
5 3.2+0.17 2.1+0.26
6 2.4%0.08 4.2140.16
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a medium with molasses at 30 °C (Fig. 3). In the first 8 h, the CFU value in yeast
increased much faster and more significantly than in bacteria, and the titers of
P. chlororaphis and S. cerevisiae were 6x10* and 3.8x10* CFU/ml, respectively.
Obviously, growth during the logarithmic phase in the first hours of cultivation in
yeast was more intense than in Pseudomonas. After 12 h, the growth curve of
S. cerevisiae entered the stationary phase, after which the number of yeasts slightly
increased. After 24 h, it began to decrease. Pseudomonas showed the most active
growth in the period from 8 to 24 h of culture, which correlates with literature
data [37]. The maximum number of P. chlororaphis cells was recorded after 24 h
of co-culture with yeast (8.4x108 CFU/ml). In the period from 36 to 48 h, the
number of bacterial cells gradually decreased and the titer of P. chlororaphis de-
creased by almost 100 times (to 8.8x10® CFU/ml). The elongation of the loga-
rithmic growth phase of P. chlororaphis observed in the co-culture of yeast and
bacteria can be explained by the inclusion of molasses containing complex carbo-
hydrates in the substrate composition, the use of which increases the duration of
exponential cell growth. The subsequent slowdown in growth may be due to com-
petition for nutrients [38].




In order to test this assumption, we extended the co-cultivation of micro-
organisms up to 72 h, while taking into account the growth of P. chlororaphis in
pure culture (Fig. 4). At the same time, paradoxically, it turned out that in the
mixed culture with S. cerevisiae yeast, there was no further decrease in the bacte-
rial titer, while in the pure culture of Pseudomonas, after 72 h, the titer of viable
cells decreased to the limiting minimum (5104 CFU/ml).

7 Fig. 4. Pseudomonas chlororaphis
- subsp. aureofaciens B-5326 growth
§ 6-' """" -~ . 1 12 in pure culture (1) and co-culture
= \‘ L 17 with Saccharomyces cerevisiae Y-
b . 4317 (2) for 72 h in a medium with
55 | S  S— $- beet molasses (15 g/1) at 30 °C
i -}1 (N=5, MXSEM).

4 T T T T T 1

48 52 56 60 64 68 72 Thus, a positive ef-

Hours

fect of S. cerevisiae on the
viability of P. chlororaphis h
was shown, since after 72 of co-cultivation the bacterial titer was 1x10® CFU/ml,
which is approximately two orders of magnitude higher than in pure bacterial
culture. J.D. Romano et al. [39] described similar effects of fungal metabolites on
the viability of bacteria during the interaction of Pseudomonas and Saccharomyces.

It is known that the mechanism of interaction between bacteria and fungi
is based on the ability of yeast to synthesize gluconate from glucose. Gluconate,
in turn, increases the viability of bacteria of the genus Pseudomonus [40]. This can
partly explain the revealed positive effect of S. cerevisiae on the growth of P. chlo-
roraphis. In addition, in recent years, data have appeared that yeast are active
producers of the auxin indolyl-3-acetic acid (possibly, other phytohormones as
well). Approximately 90% of all known yeast species are capable of synthesizing
auxins: yeasts of the genus Cyberlindnera, Rhodotorula graminis, Rhodosporidium
fluviale, Rhodosporidium paludigenum, Aureobasidium pullulans, Saccharomyces
cerevisiae [41-43]. In terms of the activity of synthesis of hormonal compounds,
yeast is practically not inferior to bacteria and algae. It has been shown that yeast
culture liquid can influence the growth and development of plants [44]. It can be
assumed that it was the production of phytohormones by the yeast \S. cerevisiae in
co-culture that determined the active growth and high viability of P. chlororaphis.

We preliminary evaluated the effectiveness of the complex bio-preparation
by determining the germination of seeds of cereal plants (barley, wheat, corn) after
treatment with the culture liquid, obtained by co-culturing yeast and Pseudomonas,
in four dilutions (from 1:200 to 1:25) (Table 2). In the control, the germination
energy and seed germination were quite high and ranged from 79 to 89%.

2. Germination energy and germination (%) of treated cereal seeds at different dilu-
tions of the culture fluid from co-culture of Pseudomonas chlororaphis subsp. au-
reofaciens B-5326 and Saccharomyces cerevisiae Y-4317 (M=SEM)

Dilutions
Parameter 1200 | 150 | 1100 | 150 | 15 | control (water)
Barley (Hordeum vulgare L.)cv. Skipetr
Germination energy 90+2.1 88+2.5 91£3.1 89+2.8 87+2.5 85+2.4
Germination 96+2.9* 92+3.4 95+3.8 9212.2 89+3.2 8713.0
Wheat (Triticum aestivum L..) cv. Mironovskaya 808
Germination energy 93+3.2 91+2.9 95+3.7 89+2.6 85+2.8 86+3.2
Germination 9413.6 95+3.1 96t4.1 92+2.8 90+£3.1 89+2.7
Corn (ZeamaysL.) hybrid Delitop
Germination energy 89+2.9* 87+3.6 8614.1 80+3.8 81+2.9 79+3.1
Germination 96+4.6* 89+3.6 90+2.8 8513.0 88+3.3 83+3.4

* Differences from control are statistically significant at p < 0.05.



Pre-sowing treatment with a biological product stimulated the germination
of seeds of all studied cereal crops. The efficiency of treatment depended on the
concentration (dilution) of the culture liquid. Germination of barley seeds statis-
tically significantly (p = 0.05) increased by 9% compared to the control when
using CL at a dilution of 1:200. A clear trend towards an increase in the germina-
tion energy and germination of barley seeds was noted at all dilutions (differences
from the control are not significant). Similar relationships were found for wheat,
where the highest germination rates were observed for dilutions of 1:200-1:100,
but the differences with the control were not significant.

In the experiment with corn seeds, the lowest concentrations of the bio-
logical product also turned out to be the most effective. When using a dilution of
1:200, the germination energy significantly (p = 0.05) increased by 10%, and ger-
mination by 13% compared to the control. Dilutions of 1:150 and 1:100 showed
a tendency to stimulate seed germination (differences from control are not signif-
icant). Higher doses of the biological product (dilutions 1:50 and 1:25) slightly
increased the germination energy and the germination rate.

An increase in germination energy and high seed germination are con-
trolled by phytohormones which activate cell division and elongation and increase
stress resistance [16, 17].

Thus, we have shown the possibility of co-cultivation of the bacterium
Pseudomonas chlororaphis subsp. aureofaciens B-5326 and yeast Saccharomyces
cerevisiae Y-431, which will make it possible to create a biological product based
on microorganisms of different taxonomic groups. Beet molasses (waste of sugar
production) fully satisfies the needs of the studied microorganisms in basic nutri-
ents. The optimal conditions for co-culture were selected, i.e., a temperature of
30 °C, aeration mode 4 1/h, culture duration 24 h. A positive effect of . cere-
visiae on the viability of P. chlororaphis was revealed during long-term (72 h)
co-culture. Therefore, in the presence of S. cerevisiae, the titer of P. chlororaphis
was 106 CFU/ml, in pure culture it was 104 CFU/ml. Pre-sowing treatment of
seeds with a preparation obtained in co-culture of these microorganisms stimulated
the vigor of germination and germination rate in barley, wheat and corn. The
complex preparation showed the highest efficiency in relation to corn seeds. The
maximum increase in the energy of seed germination and the germination rate for
all the studied crops was revealed at a dilution of the preparaion 1:200.
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