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Abstract. The use of chemicals in agriculture has a negative impact on the environment, soil, and the yield and
quality of harvests. The purpose of this research was to study the effect of a microbial consortium based on lactic
acid bacteria and yeast on the productivity of several important agricultural crops. The microbial consortium
was obtained by co-cultivation of Lactobacillus casei, L. plantarum, L. lactis, and Saccharomyces cerevisiae.
Methods. The microbial consortium (1 L/ha) was used to treat crops of wheat, corn, soybeans, and rapeseed 1,
2, or 4 times during the growing season compared to treatment of the same crops with water and a widely used
microbiological preparation (“Baykal EM-1"). Results. A single application of the microbial consortium increased
the yield of the treated crops by 25-38 %, while treating the crops in 2 or 4 times affected the quality of the crop
rather than its quantity. An increase in protein content of 1.2-3.1 % and oil content of 2.2—4.3 % was observed. The
increasing for mineral elements was such as: for copper by 20 %, for zinc by 18.2% and for manganese by 34.4 %.
Treatment with the microbial consortium increased the protein yield for wheat, corn, and soybean by 30.2-72.1 %
and increased the oil yield for soybean by 30.2-31.7 % and for rapeseed by 40.2—47.7 % depending on the number
of treatments. The scientific novelty. The microbial consortium with Lactobacillus casei IMB B-7343, Lactobacil-
lus plantarum IMB B-7344, Lactococcus lactis IMB B-7352 and Saccharomyces cerevisiae IMB Y-5046 has been
demonstrated the effectiveness for the first time in production conditions, associated not only with an increase in
yield, but also with its quality.
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Bansinne MEKPOOHOT0 KOHCOPIUYMA MOJOYHOKHCJIBIX
OakTepuil U APOAIKEH HA YPOKAU U KAYECTBO 3ePHA
HEKOTOPBbIX BAKHBIX CEJIbCKOX03CTBEHHBIX KYJIbTYP
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Annomayusn. TIpuMeHeHre XMMUYECKUX TIPENIapaToB B CEJILCKOM XO3SHCTBE OKA3bIBACT HETATHBHOE BIIMSHUC
Ha OKPY’KaloILIyIo Cpexy, IOUBbl, ypokail n ero kadectBo. Llesbio mccienoBanust SBUIIOCH M3yUCHUE BIMSHUS
MHKPOOHOTO KOHCOPIIMYMa Ha OCHOBE MOJIOUHOKHCIIBIX OakTepuil M APOXOKEH Ha MPOIYKTUBHOCTH HEKOTOPBIX
CEIIbCKOXO3SIHCTBEHHBIX KYJIBTYp. MeTonbl. MUKPOOHBIN KOHCOPIIMYM TOJIy4alIi ITyTeM COBMECTHOTO KYJIBTHBH-
poBauust Lactobacillus casei, L. plantarum, L. lactis u Saccharomyces cerevisiae. MUKpOOHBIM KOHCOPIIHYMOM
B KosmuecTBe | J1/ra oOpabareiBaiy MOCEBBI MIICHUIIBI, KyKYpy3bl, COM U parca 1, 2 u 4 pa3a 3a BereTallHOHHBIN
TIEPUOJT ¥ CPAaBHUBAIH C 0OPAOOTKON IIOCEBOB BOIOW M IIMPOKO MCIOJIB3YEMbIM MUKPOOHOJIOTHYECKIM TIpeTiapa-
ToM «baiikan OM-1». Pesdyabrarel. OqHOpa30Boe BHECEHNE MUKPOOHOTO KOHCOPIIMYMa YBEIMUMIIO ypOXKail Hc-
CJIC/IOBAaHHBIX CEJIbXO3KYIBTYp Ha 25-38 %, a 2- n 4-pa3oBast 00pabOTKa MOCEBOB OKA3bIBAET BIHMSIHUE HE CTOIHKO
Ha KOJIMYECTBO YPOXKasi, CKOJIBKO HA €ro Ka4eCTBO: OTMEUEHO yBeJIMUeHne coepxanus oenka Ha 1,2-3,1 %, macia
Ha 2,2-4,3, a MHUHEpaJIbHBIX AIeMEHTOB: Meau — Ha 20 %, muHka — Ha 18, 2%, mapranna — sa 34,4 %. Mukpoo-
HBIH KOHCOPIIMYM TIOBBICHJI BBIXOJ O€JIKa U3 3epHa IIIEHHIIB!, KyKypy3bl U con Ha 30,2—72,1 %, BbIX0o1 Macia u3
3epHa coun yBennumics Ha 30,2-31,7 %, a panca — Ha 40,2—47,7 % B 3aBUCUMOCTH OT uncia oopadoTok. Hayunas
HOBHU3HA. BriepBble B IPON3BOJICTBEHHBIX YCIOBHSX ITOKa3aHa 3P (PeKTHBHOCTE MUKPOOHOTO KOHCOpunyMa Lacto-
bacillus casei IMB B-7343, Lactobacillus plantarum IMB B-7344, Lactococcus lactis IMB B-7352 u Saccharo-
myces cerevisiae IMB Y-5046, cBs3aHHasi HE TOJABKO C YBEJIUUEHUEM YpOXKasi, HO U C €r0 Kaue€CTBOM.

Kniwouegvie cnosa: MAKpOOHBIA KOHCOPLUYM, MOJOYHOKHUCIIBIE OaKTepHuu, ypoxald, Ka4yecTBO 3epHa, MIICHMIIA,
paric, KyKypy3a, cost
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Introduction toxic effects of chemical agents, increasing the overall

Using of chemical pesticides, fertilizers, growth
regulators, and plant protection agents in agriculture
causes irreparable ecological damage to ecosystems
worldwide and reduces soil fertility [1]. Biological
agents comprise only a small percentage of the total
volume of such preparations [2]. Using the biological
components based on microorganisms is a promising
solution to the damage caused by chemical substances.
Their use would increase plant productivity and crop
quality while preserving the natural fertility of soils
without deteriorating the ecological state of the envi-
ronment [3].

Application of microbiological preparations is
known to have many benefits. These include allowing
regulation of the number and activity of beneficial mi-
croflora in the rhizosphere, accelerating the initial de-
velopment of plants, helping to neutralize the partial
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immunity and adaptive capacity of the culture as a re-
sult of adverse impacts on environmental factors, and
improving the availability of plant use of micro- and
macronutrients from the soil [4-8].

Usage of microbiological preparations in combina-
tion with modern agricultural engineering allows the
soil and climatic potential of the agrolandscape to be
realized by 60-80 % (instead of the current 20-30 %),
as well as the biological potential of agricultural plants,
which is also not being used effectively [9-11]. Many ex-
periments have shown an increase in the quality of crop
production and profitability of agricultural enterprises
by 30-50 % when biological products are used [12—15].

The effectiveness of microbiological preparations
based on lactic acid bacteria and yeast is due to their
ability to suppress pathogenic microorganisms, im-
prove soil fertility, and stimulate plant growth [16—18].
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Metagenomic analysis of plant microbiomes, including
rhizobacteria, has revealed lactic acid bacteria in the
plant-soil ecosystem, although they are difficult to de-
tect due to their low numbers [19; 20].

Lactic acid bacteria suppress pathogens by means
of synthesized high molecular-weight antimicrobial
substances (bacteriocins and fungicins) as well as low
molecular-weight metabolites (hydrogen peroxide, car-
bon dioxide, diacetyl, reuterin, alcohols, organic ac-
ids, etc.) [21]. Intestinal bacteria can penetrate plants,
migrate, and infect all their organs (including fruits);
human consumption of these contaminated agricultural
products may cause intestinal infections [22; 23]. Bac-
teriocins produced by lactic acid bacteria [24] inhibit
the growth of intestinal pathogenic and opportunistic
bacteria, phytopathogenic bacteria, and mycelial fungi
[25-27].

Stimulation of plant growth by lactic acid bacteria
is due to their ability to produce phytohormones [11;
14; 17], to convert insoluble phosphorus compounds
into forms accessible to plants [28; 29], and to acceler-
ate mineralization processes in the soil [30].

In recent decades, lactic acid bacteria, due to the
synthesis of phytohormones and/or their precursors and
metabolites suppressing phytopathogens, have come to
be considered plant growth-promoting bacteria capable
of stimulating plant growth (PGPB) [31].

The aim of our research was to study the effect of a
microbial consortium, based on lactic acid bacteria and
yeast, on the productivity of several important crops.

Methods

Creation of a microbial consortium based on lac-
tic acid bacteria and yeast was the research object. The
microbial consortium was obtained by co-cultivation of
lactic acid bacteria and yeast on MRS nutrient medium.
Microorganisms were cultivated in a 4-L Minifors 2
bioreactor (Switzerland) at 32 °C and 50 rev/min dur-
ing over 3 days.

Bacterial cultures grown for 24 h were used to
produce the inoculum: Lactobacillus casei (IMB
B-7343; 2.4 x 108 CFU/mL); Lactobacillus planta-
rum (IMB B-7344; 5.1 x 108 CFU/mL); Lactococcus
lactis IMB B-7352; 1.7 x 108 CFU/mL), and a 2-day
culture of Saccharomyces cerevisiae (IMB Y-5046;
3.1 x 10° CFU/mL) in a ratio of 1:1:1:0.5. Lactoba-
cillus spp. were cultivated on MRS nutrient medium
[32] in a MaxQ 4500 shaker-incubator (ThermoFish-
er Scientific, United States) at 100 rev/min at 36 °C;
Lactococcus at 30 °C. The S. cerevisiae was cultivated
on Sabouraud’s medium [33] in an incubator shaker
at 200 rev/min at 28 °C.

To control the quality of the consortium pro-
duced, the quantity of microorganisms in the con-
sortium was counted after 3 days of joint cultivation
using the dilution limit method [34]: L. casei (IMB
B-7343) 6.2 x 108 CFU/mL; L. plantarum (IMB
B-7344) 7.4 x 108 CFU/mL; L. lactis IMB B-7352)

1.2 x 10° CFU/mL; S. cerevisiae (IMB Y-5046) 2.7 x
10° CFU/mL.

The molecular genetic identification of culture
strains as a component of the microbial consortium was
carried out by analyzing the genes encoding 16S rRNA.
For this purpose, conservative primers were used to
process genes encoding 16S rRNA — 8f — aga gtt tga
tee tgg ctc ag and 926r — ccg tca att cct ttr agt tt. Se-
quencing was performed on an automatic sequencer AE
3000. The culture of strains of the microbial consor-
tium was seeded to a separate colony and biomass was
obtained for the analysis of genes encoding 16S rRNA.
Primary screening for the 16S rRNA gene of the micro-
bial consortium strain No. 6 according to the GenBank
and RDP-II database showed that the studied strain
belongs to the following systematic groups: Bacteria;
Firmicutes; Bacilli; Lactobacillales; Lactobacillaceae;
Lactobacillus. Its homology with the bacterium L. ca-
sei (IMB B-7343), L. plantarum (IMB B-7344), L. lac-
tis (IMB B-7352) and S. cerevisiae (IMB Y-5046) is
shown to be 98 %.

The effectiveness of the microbial consortium that
we developed was compared with control variant 1
(water) and control 2, a widely used commercial bio-
preparation of similar composition, “Baykal EM-1".
This microbiological preparation, which is produced
by Research and Production Association EM-Center,
LLC (registration number 226(227, 228)-19-156-1),
comprises Lactobacillus casei (IMB B-11360), Lacto-
coccus lactis (IMB B11341), and Saccharomyces cere-
visiae (IMB Y-3964) [35].

The effectiveness of the microbial consortium was
tested on the following crop plants: Nador winter wheat
(Triticum aestivum L.; Poaceae), a 1st generation hy-
brid of Goverla corn (Zea mays L.; Poaceae), Horlitsa
soybean (Glycine max L. Merr.; Fabaceae), and Mag-
nate rapeseed (Brassica napus L.; Brassicaceae).

The research was conducted of the Republic of
Crimea. The size of the experimental plot for each ex-
perimental variant was 20-25 m?, and each experiment
was repeated four times. Sowing was carried out using
the optimal technology recommended for crops in this
area. The ontogenesis of the plants was marked by the
onset of the main phenological phases and the differ-
ences between the specimens in the experimental plot
and those in plots for controls 1 and 2.

According to agrochemical analysis, the physical
and chemical parameters of the arable layer of soil (0—
25 cm) of the experimental plot was as follows: humus
content, 1.48 %; content of labile forms of nitrogen,
103 mg/kg; labile phosphorus and exchangeable potas-
sium, 214 mg/kg and 160 mg/kg of soil, respectively;
pH of the salt extract, 5.0; and the hydrolytic acidity,
1.34 mg-eq/100 g of soil [36].

We applied 60 kg/ha of phosphorus fertilizer (gran-
ulated superphosphate) and 90 kg/ha of potassium fer-
tilizer (potassium chloride) under the main tillage dur-

193

sar3oj0uy29013y



ArpoTexHosornn

i A A

.
-ml‘/i BeCTHUK Ypana. 2025. T. 25, Ne 02
S W N R W,

ing pre-sowing cultivation before sowing all crops un-
der study. In the spring, 90 kg/ha of ammonium nitrate
was applied during pre-sowing cultivation.

The average annual temperature for the 2019 and
2020 growing seasons was 9.2 °C and 10.6 °C, and
the average annual precipitation was 53.0 mm and
77.9 mm, respectively (Table 1).

Experiment options:

Control 1 (water).

Control 2 (“Baykal EM-17).

Microbial consortium: one treatment.

Microbial consortium: two treatments.

Microbial consortium: four treatments.

Sowing experiments are presented in Table 2.

The microbial consortium was applied to all crops
under moist soil conditions. During each treatment, 1 L
of microbial consortium dissolved in water was applied
per hectare of crops. The microbiological prepara-
tion “Baykal EM-1” was applied once in the amount
of 1 L/ha. After each application, the upper layer of the
soil (2-3 cm) was loosened.

Soil samples for research were taken before the
experiments. The content of mobile forms of nitrogen,

phosphorus, and potassium, pH, and humus were deter-
mined in average soil samples. On the day of harvest,
samples of plant material were taken to determine the
content of major mineral elements (N, P, K) and trace
elements (Zn, Mn, Cu).

In plant samples of wheat and corn grain, we deter-
mined the content of protein and mineral elements; in
soybean grain, protein and fat; and in in rapeseed, fat
[35].

Analysis of soil biological activity and quantitative
characteristics of the soil microorganisms was per-
formed using conventional techniques [37—41].

Statistical analysis of the data was performed by
calculating the least significant difference (LSD) using
the Excel program [42]. Data were processed, standard
deviation and correlation analyses were performed us-
ing the STATISTICA version 8 software package (Stat-
soft Inc.). ANOVA was used to analyze statistically
significant differences within and between test groups.
The degree of statistical significance of the results was
calculated using the GraphPad Prism 9 software (in-
tergroup statistical significance was fixed at p < 0.05;
Tukey and Sidak criteria were used).

Table 1

Agrometeorological indicators of the 2019-2020 growing season

Growing season 2019 Growing season 2020
Month | Mean tem- | Minimum | Maximum | Total Mean Minimum | Maximum | Total
Dperature, tempera- tempera- |rainfall,| tempera- | tempera- tempera- | rainfall,
oC ture, °C ture, °C mm ture, °C ture, °C ture, °C mm
January 0.8 —4.7 7 20.2 —4.5 —14.0 3.5 70.4
February 2.5 -8.2 10.2 52.4 0.6 -7.6 10.5 57.4
March 6.5 —4.2 18.5 13.8 5.1 -5.7 19.1 44.0
April 9.9 -1.8 23.3 42.1 10.6 1 22.4 63.8
May 12.4 2.1 26.7 141.7 17.0 5.7 22.6 126.8
June 21.7 5.7 32.7 53.5 23.6 13 33.7 90.9
July 21.9 11.8 32.3 42.9 19.8 11.7 32.5 89.5
August 21.4 11.1 32.8 45.4 20.7 12.1 34.0 61.9
September 18.4 7.1 34.3 36.0 15.9 3.1 30.7 26.1
October 12.5 2.9 21.2 94.3 11.1 -2.0 24.0 25.5
November 3.8 -3.1 11.1 21.0 4.6 -9.7 18.7 43.7
December -0.5 -9.5 8.1 73.1 2.7 —4.9 14.6 54.1
Table 2
Treatment options for experimental agricultural crops
Plant cultures and event dates
Subsequence activities Nador Magnat Goverla corn Gorlitsa
wheat rapeseed hybrid soybean
Plant culture sowing 06.10.19 06.10.19 08.05.20 08.05.20
First introduction of the tested microbial 10.10.19 10.10.19 25.06.20 25.06.20
consortium
First introduction of the tested microbial 17.10.19 17.10.19 07.07.20 07.07.20
consortium
First introduction of the tested microbial 25.10.19 25.10.19 19.07.20 19.07.20
consortium
First introduction of the tested microbial 30.10.19 30.10.19 24.07.20 24.07.20
consortium
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Table 3

The effect of microbial consortium on yield, grain protein content,

and protein yield of Nador winter wheat

Grain | Gain to | Gain to ?;Zi’:z Gain to | Gain to | Protein | Gain to | Gain to
Experiment options yield, | control | control f onient control | control | yield, | control | control
t/ha 1, % 2, % % 1, £ 2, tha 1, % 2, %
Control (water) 2.16 - 9.2 9.90 — 0.98 | 0.214 — 17.4
Control 2 (“Baykal EM-1") | 2.38 10.2 — 10.88 0.98 — 0.259 | 21.0 —
Microbial consortium: 3.00 38.9 26.0 11.13 1.23 0.25 | 0334 | 56.1 46.3
1 treatment
Microbial consortium: 3.04 40.7 27.7 11.47 1.57 0.69 | 0.349 | 63.1 52.1
2 treatments
Microbial consortium: 3.06 41.7 28.6 11.78 1.88 0.90 | 0.360 | 68.2 56.4
4 treatments
LSD, 0.13
Table 4
The effect of microbial consortium on yield, content, and oil yield of Magnat rapeseed grain
Oil
Grain | Gain to | Gain to | content | Gain to | Gain to| Oil | Gain to | Gain to
Experiment options yield, | control | control | in control | control | yield, | control | control
t/ha 1, % 2, % | grain, 1, + 2, + t/ha 1, % 2, %
%
Control (water) 1.05 — 13.9 | 41.67 — 0.33 0.438 - 14.1
Control 2 (“Baykal EM-1") 1.22 16.2 — 41.81 | 0.30 — 0.510 | 164 —
Microbial consortium: 1.42 35.2 164 | 43.23 | 3.74 3.39 | 0.614 | 40.2 20.4
1 treatment
Microbial consortium: 1.46 39.0 19.7 | 4348 | 4.34 3.99 | 0.635 | 45.0 24.5
2 treatments
Microbial consortium: 1.52 44.8 24.6 | 42.58 | 2.18 1.84 0.647 | 47.7 26.3
4 treatments
LSD,, 0.07
Results The results of our research showed that the optimal

A single application of microbial consortium in an
amount of 1 L/ha increased the grain yield of winter
Nador wheat by 38.9 % (0.84 t/ha), the protein content
by 1.23 %, and the protein yield by 56.1 % (0.12 t/ha)
compared to control 1 (Table 3). Application of the mi-
crobiological preparation “Baykal EM-1" (control 2)
resulted in an increase in the grain yield of 10.2 %
(0.22 t/ha), the protein content of 0.98 %, and the pro-
tein yield of 21.0 % (0.259 t/ha) compared to control 1.
A single application of the microbial consortium ex-
ceeded the performance of the commercially available
microbial preparation “Baykal EM-1" by 26.0 % for
grain yield, by 0.25 % for grain protein content, and by
46.3 % for the protein yield from grain.

Increasing the number of microbial consortium
treatments of the wheat crops had a stimulating effect
on protein content and grain yield. Following treatment
of crops two and four times with the microbial consor-
tium, the yield of wheat increased in comparison with
that of single treatment by 1.8-2.8 %; its grain protein
content increased by 0.34-0.65 % and its grain yield
increased by 7.0-12.1 %.

amount of microbial consortium applied to the black
meadow soil under the conditions of the 2019-2020
growing season was 2—4 L/ha. During this time, the
grain yield of winter wheat increased by 40.7-41.7 %
(0.88-0.90 t/ha), the protein content by 1.57-1.88 %,
and the protein yield by 63.1-68.2 % (0.135-0.146 t/ha)
compared to control 1.

A single treatment with the microbial consor-
tium (1 L/ha) increased the Magnat rapeseed yield
by 35.2 % (0.37 t/ha), the oil content by 1.56 %, and
the crude oil yield by 40.2 % (0.176 t/ha) compared
to control 1 (Table 4). The microbiological preparation
“Baykal EM-1" increased these indicators by 16.2 %,
0.30 %, and 16.4 %, respectively. Comparison of the
effectiveness of our microbial consortium with that of
“Baykal EM-1” showed that the consortium we devel-
oped increased the rapeseed yield compared to the reg-
istered preparation by 19 %, the crude oil content by
1.42 %, and its yield by 23.8 %.

Two- and four-time treatment of the crops with the
microbial consortium increased the rapeseed yield com-
pared to a single application by 3.8-9.6 %. It was noted
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that the four-time treatment decreased the oil content
compared to the double treatment; nevertheless, it re-
mained higher than that of control 1 by 2.18 % and con-
trol 2 by 1.84 %. Increasing the number of treatments
resulted in a 4.8-7.5 % increase in the yield of crude
oil. Multiple treatments of rapeseed with the microbial
consortium increased both grain yield and the content
and yield of crude oil.

Thus, the optimal amount of microbial consortium
application for treatment of rapeseed is 2 L/ha. Appli-
cation of this amount of the microbial consortium in-
creased the rapeseed grain yield by 39.0 % (0.41 t/ha)
and the oil yield by 45.0 % (0.197 t/ha) in comparison
to control 1.

It was shown that treatment of Goverla corn hybrid
crops with the microbial consortium (1 L/ha) increased
the yield of green mass by 5.1 % (1.6 t/ha), protein con-
tent by 0.10 %, and protein yield by 3.9 % (0.10 t/ha)
compared to control 1. These figures were lower than
those of control 2 (Table 5).

Two- and four-time treatment of corn crops with the
microbial consortium increased the yield of green mass
by 19.7-27.9 % compared to control 1 and by 10.9—
18.5 % compared to control 2. The protein content in

the corn grain increased by 0.63-0.91% with two- and
four-time treatment compared to control 1 and by 0.47—
0.70 % compared to control 2. Increasing the number
of treatments of the corn with the microbial consor-
tium also increased the protein yield by 29.8-42.2 %
compared to control 1 and by 19.0-31.4 % compared
to control 2. The highest yield of corn green matter
(40.3 t/ha) was obtained with four-time treatment with
the microbial consortium, accompanied by a protein
content that reached 9.11 %.

When the corn was harvested for grain, the con-
trol yielded 6.22 t/ha with a protein content of 6.23 %
(Table 6). When treated with the microbial consortium,
compared to the control, the corn yield increased by
25.1-46.9 % (1.56-2.92 t/ha), the protein content by
0.25-1.06 %, and the protein yield by 30.2-72.1 %
(0.117-0.273 t/ha) depending on the number of
treatments.

Our research showed that under the conditions of
the 2020 growing season, four-time treatment of corn
crops with the microbial consortium (1 L/ha) resulted
in the yield of green mass exceeding that of control 1
by 27.9 % and the grain yield by 46.9 %.

Table 5

The effect of microbial consortium on green matter yield, protein content,

and its yield of Goverla corn hybrid

Green Gain to | Gain to Protein Gain to | Gain to | Protein | Gain to | Gain to
, . matter content .
Experiment options ield control | control in erain control | control | yield, | control | control
yt/ha’ L% | 2% g% L | 2, | tha | 1,% | 2,%
Control (water) 31.5 — 7.3 8.20 — 0.21 2.58 - 9.8
Control 2 (“Baykal EM-1") | 34.0 7.9 - 8.41 0.21 - 2.86 10.8 -
Microbial consortium: 33.1 5.1 2.6 8.30 0.10 0.11 2.68 3.9 6.3
1 treatment
Microbial consortium: 37.7 19.7 10.9 8.88 0.63 0.47 3.35 29.8 19.0
2 treatments
Microbial consortium: 40.3 27.9 18.5 9.11 0.91 0.70 3.67 42.2 31.4
4 treatments
LSD 0.14
Table 6
The effect of microbial consortium on grain yield, protein content,
and grain yield of Goverla corn hybrid
Grain | Gain to | Gain to f:Z:iZ; Gain to | Gain to | Protein | Gain to | Gain to
Experiment options yield, | control | control in erain control | control | yield, | control | control
vha | L% | 2% |"&M L x| 2, | vha | L% | 2%
Control (water) 6.22 — 21.8 6.23 — 0.50 | 0.387 - 27.8
Control 2 (“Baykal EM-1") | 7.96 28.0 - 6.73 0.50 - 0.536 | 38.5 -
Microbial consortium: 7.78 25.1 0 6.48 0.25 0.25 0.504 30.2 2.0
1 treatment
Microbial consortium: 8.39 34.9 5.4 7.11 0.88 0.38 0.596 54.0 11.2
2 treatments
Microbial consortium: 9.14 46.9 14.8 7.29 1.06 0.56 0.666 72.1 24.2
4 treatments
LSD,. 0.26
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Table 7
The effect of microbial consortium on grain yield, protein content, and grain yield of Gorlitsa soybean
Grain | Gain to | Gain to Z%Z,nt Gain to | Gain to | Protein | Gain to | Gain to
Experiment options yield, | control | control in erain control | control | yield, | control | control
vha | L% | 2% &M L x| 2% | Tvha | L% | 2%
Control (water) 1.95 - 7.1 20.14 - 1.13 0.392 - 12.3
Control 2 (“Baykal EM-1") | 2.10 7.7 - 21.27 1.13 - 0.447 | 14.0 -
Microbial consortium: 2.55 30.8 21.4 22.83 2.69 1.56 | 0.582 | 48.5 30.2
1 treatment
Microbial consortium: 2.60 33.3 23.8 23.24 3.10 1.97 0.604 54.1 35.1
2 treatments
Microbial consortium: 2.69 37.9 28.1 23.23 3.09 7.96 | 0.625 | 54.9 39.8
4 treatments
LSD,, 0.15
Table 8
The effect of microbial consortium on oil content and oil yield from Gorlitsa soybean
, . Gain to Gain to . Gain to Gain to
Experiment options (t)’tll:o;:lt;ntén control control oil ;:;let, control 1, | control 2,
srawm, 7o 1, + 2, % %
Control (water) 21.00 — 0.75 0.410 — 10.5
Control 2 (“Baykal EM-1") 21.82 0.75 — 0.458 11.7 —
Microbial consortium: 20.93%* 0.14 0.89 0.534* 30.2 16.6
1 treatment
Microbial consortium: 20.63%* 0.44 1.19 0.536% 30.5 17.1
2 treatments
Microbial consortium: 20.09* 0.98 1.73 0.540% 31.7 17.9
4 treatments

Note. * Statistically significant p < 0.05.

The grain yield of Gorlitsa soybean increased by
30.8 % (0.6 t/ha) compared to control 1 and by 21.1 %
(0.45 t/ha) compared to control 2 (Table 7). The grain
protein content increased by 2.69 % compared to con-
trol 1 and by 1.56 % compared to control 2, and the
protein yield increased by 48.5 % compared to control
1 and by 30.2 % compared to control 2. The oil content
of the soybean grain treated with the microbial consor-
tium was lower than that of both control 1 and control 2
(Table 8). The oil yield of soybean treated once with the
microbial consortium increased by 30.2 % compared to
control 1 and by 16.6 % compared to control 2.

Two- and four-time treatment with the microbial
consortium increased the soybean yield by 33.3-37.9 %
(0.65-0.74 t/ha), the protein content by 3.10-3.09 %,
and the yield by 54.1-54.9 %. Increasing the number of
treatments did not lead to significant differences in the
content or yield of oil.

Thus, the microbial consortium has the maximum
effect following four-time treatment for soybean, which
resulted in the greatest increase in crop yield and pro-
tein yield from the seed.

Analyses showed that treatment with the microbi-
al consortium had almost no effect on the content of
micronutrients in wheat grain; the amounts of copper,
zinc, and manganese were equal to or slightly higher
than those of control 1 and control 2.

Treatment with the microbial consortium had a sig-
nificant effect on the content of microelements in corn
grain (Fig. 1). In the control variant 1, the content of
copper in corn grain was 2.5 mg/kg; treatment with
“Baykal EM-1" microbial preparation increased the
content of this microelement to 2.7 mg/kg (8 %), and
treatment with the microbial consortium to 3.0 mg/kg
(20.0 %). When corn crops were treated with “Baykal
EM-17, the zinc content was 20.0 mg/kg, and with the
microbial consortium 16.2 mg/kg; the content in the
control was 13.7 mg/kg. The content of manganese in
the control sample of corn was 6.1 mg/kg; treatment
with “Baykal EM-1" resulted in an increase of this mi-
croelement to 6.9 mg/kg (13.1 %), while treatment with
the microbial consortium increased it to 8.2 mg/kg,
which was 34.4 % higher than in control 1.

Increasing the number of treatments of the wheat
and corn crops led to an accumulation of macronutri-
ents in the cereal grains. The wheat grain initially con-
tained 1.87 % nitrogen; after treatment with “Baykal
EM-17, its content increased to 2.06 %, and after
treatment with the microbial consortium, depending
on the number of treatments, this figure increased to
2.10-2.23 % (Fig. 2, a). A similar trend was observed
in corn seeds; when treated with the microbial consor-
tium, the nitrogen content was 1.29—-1.37 % compared
with 1-1.16 % in the control.
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Fig. 1. The effect of treatment with the microbial consortium
on the content of microelements in corn grain (mg/kg)

The phosphorus content in the control variant 1
wheat grain was 0.323 %, while following treatment
with “Baykal EM-1”, it increased to 0.377 %, and as
a result of 1-4 treatments with the microbial consor-
tium, it increased to 0.460-0.516 %. In corn grain, the
phosphorus content resulting from 1-4 treatments with
the microbial consortium was 0.26-0.29 % compared
to 0.21 % in control 1 (Fig. 2, b).

The potassium content for wheat grain was 0.38 %
in control 1, 0.48 % in control 2, and 0.49-0.53 % after
one to four treatments with the microbial consortium.
In corn grain, several treatments with microbial con-
sortium resulted in a potassium content of 0.50-0.63 %
compared to 0.52 % in control 1 (Fig. 2, ¢).
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Fig 2. The effect of microbial consortium on nitrogen (a),
phosphorus (b), and potassium (c) content in wheat and corn
grains (% on absolute dry matter)

Thus, while treatment with the microbial con-
sortium had no effect on the accumulation of micro-
elements in wheat grain, it increased it in corn grain:
copper by 20.0 %, zinc by 18.3 %, and manganese by
34.4 % compared to control 1. Treatment of wheat and
corn crops led to accumulation of mineral elements in
the grain of both cereals.

The microbial consortium had a positive effect on
microbiological processes in the soil of the root zone
because breathing, destruction of organic matter, the
total content of the microbial mass, and the increased
development of nitrogen-fixing microorganisms
(Tables 9 and 10).
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Table 9

Biological activity of the soil rhizosphere of Goverla corn hybrid and Gorlitsa soybean

Experience options
Parameters Control 1 Control 2 Microbial con:sortium
(water) (“Baykal EM-17) 2 processing
experience variant
Corn rhizosphere
Soil respiration rate (mg CO /g s0il) 29.75+1.91 30.20 = 3.08 33.31+2.21
Total microbial count of soil (ug C/g soil) 99.32+£3.99 102.89 £ 6.36 120.47 £8.17
Cellulose-destroying activity of soil (%) 19.99+0.17 20.16 = 0.65 21.25+0.58
Phytotoxicity of soil (% of inhibition of seed 5.21+0.83 8.33+0.64 1.09+0.07
germination)
Soybean rhizosphere
Soil respiration rate (mg CO /g soil) 31.98+ 1.66 35.31+2.21 36.43+1.12
Total microbial count of soil (ug C/g soil) 114.40+3.33 117.50 £4.26 123.67 +3.74
Cellulose-destroying activity of soil (%) 39.91 +0.94 40.47 + 1.54 42.77 +0.63
Phytotoxicity of soil (% of inhibition of seed 7.29+£0.25 521+0.19 1.04 £0.09
germination)
Table 10

Quantitative characterization of soil microorganisms

Experience options
Parameters Control 1 Control 2 Micrgbiﬁ(f;z’s'?:rﬁ”m
(water) (“Baykal EM-1) P! 8
experience variant
Corn rhizosphere
Ammonificators (million CFU/g soil) 1.98+0.16 2.07+0.22 3.25+0.41
Nitrogen fixers and oligonitrophils 1.53+041 1.84+0.11 1.94+£0.47
(million CFU/g soil)
Micromycetes (thousand CFU/g of soil) 6.16£0.32 66.0+0.21 49.9+0.22
Soybean rhizosphere

Ammonificators (million CFU/g soil) 1.53+0.41 3.92+0.92 4.74 + 1.01
Nitrogen fixers and oligonitrophils 0.71 £0.07 0.63+£0.19 1.05+0.12
(million CFU/g soil)
Micromycetes 36.4+5.7 28.2+6.1 41.8+9.8
(thousand CFU/g of soil)

The microbial consortium reduced soil phytotoxic-
ity, which was assessed by its effect on the germination
of test-culture seeds. Under the action of the microbial
consortium, the root zone of the soybean stimulated
germination of the test crop.

The microbiological preparation “Baykal EM-1"
had no effect on the biological activity of the soil in
which corn was grown or the development of nitrogen
transforming microorganisms. Soybean was found to
be more sensitive to treatment with the microbiologi-
cal preparation “Baykal EM-17; the activity of organic
residue degradation due to cellulose-destroying mi-
croorganisms and ammonificators increased, while the
number of micromycetes and nitrogen fixers was lower
than in control 1.

Discussion and Conclusion

Many studies in the literature show the effective-
ness of using the microbiological preparations on vari-
ous crops. The authors discuss below several promising
uses of these preparations to improve the quantity and
quality of crop production.

Preparations based on nodule bacteria, such as Ni-
tragin, Rizotrophin, Rizobofit, Rizoaktiv, and Rizogu-
min, are currently used to treat legume crops. Their ap-
plication in the cultivation of legume crops has resulted
in an increase in protein harvest and increased yields
of 11-40 %. Application of the microbiological prepa-
ration Azoriz in combination with N P, K. increased
soybean yield by 29 % and increased the protein content
in the beans by 2.4-3.1 % [25]. The experimental use
of the microbiological preparations Nitrogen Bacterial
Fertilizer + Bacterial Phosphorus Fertilizer, Phospha-
tovit + Nitovit, and Extrasol on spring wheat Moscow
35 resulted in increased yields of 40 %, 23.3 %, and
36.7 % respectively, and increases in gluten content of
1.0 %, 3.0 %, and 0.5 %, respectively [6]. In addition,
treatment with cultures of Klebsiella variicola and Rhi-
zophagus intraradices increased the content of inulin in
topinambour [21], treatment of wheat with a biofertil-
izer containing Rhizophagus irregularis together with
Bacillus megaterium and Frateuria aurantia increased
the content of wheat gluten proteins [22], and treat-
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ment with PGPB (Mesorhizobium spp., Burkholderia
spp., and Pseudomonas spp.) and AMF (Rhizophagus
irregularis, Funneliformis geosporum, and Claroideo-
glomus claroideum) increased the protein content in
chickpeas in a field experiment [23].

Studies of repeated treatment of soil and plant crops
with microbiological preparations have been carried
out by a number of researchers. The growth stimulation
of chickpea inoculated with PGPB (Mesorhizobium
spp., Burkholderia spp., and Pseudomonas spp.) and
E* AMF (Rhizophagus irregularis, Funneliformis geos-
< || porum, and Claroideoglomus claroideum) increased

the yield of chickpeas by 6 % compared to a single in-

oculation and by 24 % compared to the control variant

[23]. Mrkovacki and others [29] performed inoculation

of the soil with three strains of Azotobacter chrooccum

before and after sowing sugar beet. Single inoculation
influenced the increase in root crop yield by 20 %,
and repeated inoculation increased it by 23 %. Higher
yields of polarized crystallized sugar obtained after in-
oculation ranged between 20 and 21 %; after repeated

inoculation, this increased to 22-23 % [29].

The use of the microbial consortium that we devel-
oped had a significant effect after even a single treat-
ment, increasing the yields by 25-38 %; the two- and
four-treatment variations improved the quality of the
products, increasing the protein content by 1.23-3.10 %
and the oil content by 2.18-4.34 %. Depending on the
number of treatments, the use of the microbial con-
sortium increased the protein yield from wheat, corn,
and soybean by 56.1-68.2 %, 30.2-72.1 %, and 48.5—
54.9 %, respectively, and the oil yield from soybean by
30.2-31.7 % and from rapeseed by 40.2-47.7 %.

In our previous studies, it was shown that a consor-
tium of lactic acid bacteria and saccharomycetes con-
verts forms of trisubstituted phosphates inaccessible to
plants into soluble compounds [43], thereby increasing
the amount of available phosphorus. Also lactic acid
bacteria activate the work of the proton pump, increas-
ing the supply of nutrients and increasing the biological
productivity of plants.

Active microbial colonization of plant roots by
lactic acid bacteria and saccharomycetes is associated
with the consumption by microorganisms of the studied
consortium of root exometabolites as sources of energy
and carbon. In turn, the microorganisms of the consor-
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tium synthesize metabolites that stimulate plant growth
[44]. Colonizing the surface of the rhizosphere, lactic
acid bacteria compete with phytopathogens for adhe-
sion sites and nutrients, and also secrete metabolites
with bactericidal and fungicidal properties: squalene,
dimethyl fumarate, capric acid, lactic acid, acetic acid,
caprylic acid, fumaric acid, butyric acid, decanol, buta-
nol, pentanol, B-phenylethanol [45].

The use of a microbial consortium stimulates the
development of significant agronomic groups of micro-
organisms in the soil, and also increases the enzymatic
activity of the soil [46].

A particular focus of interest in our studies is a com-
parative characterization of the effect of the microbial
consortium we developed and that of the microbial
preparation “Baykal EM-1”, which is included in the
state catalog of pesticides and agrochemicals approved
for use in the Russian Federation (2020). Treatment
with our investigational microbial consortium, in com-
parison with the preparation “Baykal EM-1”, increased
the corn yield by 5.4 % and 14.8 %, respectively; the
wheat yield by 26.0 %, the soybean yield by 21.4 %,
and the rapeseed yield by 16.4 %.

A single treatment with the microbial consortium
increased the protein content in wheat grain by 0.25 %,
in soybean by 1.56 %, and increased the protein yields
by 46.3 % and 30.2 %, respectively. Additionally, we
observed an increase in crude oil content and yield in
rapeseed grain of 3.39 % and 20.4 %, and an increase
in soybean of 16.6 %.

Our study showed that treatment with the microbial
consortium stimulated indicators of soil biological ac-
tivity such as respiration intensity, cellulose-destroying
activity, and total microbial number, as well as increas-
ing the number of nitrogen-modifying soil microorgan-
isms. The microbial consortium lowered soil phytotox-
icity, i. e., the percentage inhibition of seed germination.

In the course of the experiment, the microbial con-
sortium we developed was not only as effective as the
registered microbiological preparation, but was in fact
more effective when adminstered as two- and four-time
treatments. When taking stock of the advantages of the
microbial consortium, we feel confident that it shows
great promise for use in agricultural practice as an al-
ternative to the microbiological preparations currently
in use and the damaging chemicals still, also, in use.

References
1. Abdulvaleev R. R., Safarov Z. F., Khisamov I. Zh., Abdulvaleeva G. R. Influence of antistress growth regu-
lators on the yield and quality of spring wheat grain. Achievements of chemistry in the agro-industrial complex.
Materials of the Il All-Russian Youth Conf. — School with International participation. Ufa, 2016; 10—-14. (In Russ.)
2. Castiglione A. M., Mannino G., Contartese V., Bertea C. M., Ertani A. Microbial biostimulants as response
to modern agriculture needs: composition, role and application of these innovative products. Plants. 2021; 10:

1533. DOI: 10.3390/plants10081533.

3. Bursi¢ V., Vukovi¢ G., Gvozdenac S., Petrovi¢ A., Popovi¢ A., Marinkovi¢ D., Petrovi¢ M. Abuse of plant
protection products. Journal on Processing and Energy in Agriculture. 2016; 20: 189—192.

4. Ivanova 1., Ilina S., Dementiev D. Influence of microbiological preparations on spring wheat yield. /OP
Conference Series: Earth and Environmental Science. 2020; 548: 052001. DOI: 10.1088/1755-1315/548/5/052001.

200



Agrarian Bulletin of the Urals. 2025. Vol. 2- o0,

5. Van Oosten M. J. Pepe O., De Pascale S., Silletti S., Maggio A. The role of biostimulants and bioeffectors
as alleviators of abiotic stress in crop plants. Chemical and Biological Technologies in Agriculture. 2017; 4. DOI:
10.1186/s40538-017-0089-5.

6. Laranjeira S., Fernandes-Silva A., Reis S., Torcato C., Raimundo F., Ferreira L., Carnide V., Marques G.
Inoculation of plant growth promoting bacteria and arbuscular mycorrhizal fungi improve chickpea performance
under water deficit conditions. Applied Soil Ecology. 2021; 164: 103927. DOI: 10.1016/j.aps0il.2021.103927.

7. Oliveira R. S., Rocha 1., Ma Y., Vosatka M., Freitas H. Seed coating with arbuscular mycorrhizal fungi as
an ecotechnologicalapproach for sustainable agricultural production of common wheat (7riticum aestivum L.).
Journal of Toxicology and Environmental Health. 2016; 79: 329-337. DOI: 10.1080/15287394.2016.1153448.

8. Moura S. Pinto M. V,, Figueiredo J., Moreira F., Ferreira A. Use of plant protection products in agriculture.
Atencion Primaria. 2016; 48 (2): 51. DOI: 10.29352/mil10202.07.00091.

9. Ferro H. M., Souza R. M. D., Lelis F. M. V., Silva J. C. P. D., Medeiros F. H. V. D. Bacteria for cot-
ton plant protection: disease control, crop yield and fiber quality. Revista Caatinga. 2020; 33: 43-53. DOI:
10.1590/1983-21252020v33n105rc.

10. Melnichuk T. N., Abdurashytov S. F., Andronov E. E., Abdurashytova E. R., Egovtseva A. Yu., Gongalo A. A.,
Turin E. N., Pashtetskiy V. S. The taxonomic structure of southern chernozem at the genus level influenced by mi-
crobial preparations and farming systems. IOP Conference Series: Earth and Environmental Science. 2020; 422:
012101. DOI: 10.1088/1755-1315/422/1/012101.

11. Sundh I., Del Giudice T., Cembalo L. Reaping the benefits of microorganisms in cropping systems: is the
regulatory policy adequate? Microorganisms. 2021; 9: 1437. DOI: 10.3390/microorganisms9071437.

12. Kumar J., Ramlal A., Mallick D., Mishra V. An overview of some biopesticides and their importance in
plant protection for commercial acceptance. Plants. 2021; 10: 1185. DOI: 10.3390/plants10061185.

13. Sokolenko G. G., Podlesniy N. V., Zadorozhnaya V. A. Combined use of microbiological preparations and
nano silicon in oats cultivation. IOP Conference Series: Earth and Environmental Science. 2020; 422: 012029.
DOI: 10.1088/1755-1315/422/1/012029.

14. Valiullin I. T. Dependence of the size and chemical composition of the spring barley crop on the combined
use of macrofertilizers and the biological product Rizoagrin. Agrochemical Bulletin. 2010; 4: 28-29.

15. Nacoon S., Jogloy S., Riddech N., Mongkolthanaruk W., Kuyper T. W., Boonlue S. Interaction between
Phosphate Solubilizing Bacteria and Arbuscular Mycorrhizal Fungi on Growth Promotion and Tuber Inulin Con-
tent of Helianthus tuberosus L. Scientific Reports. 2020; 10. DOI: 10.1038/s41598-020-61846-x.

16. Strafella S., Simpson D. J., Yaghoubi Khanghahi M., De Angelis M., Génzle M., Minervini F., Crecchio C.
Comparative genomics and in vitro plant growth promotion and biocontrol traits of lactic acid bacteria from the
wheat rhizosphere. Microorganisms. 2021; 9: 78. DOI: 10.3390/microorganisms 9010078.

17. Teterin V. S., Galeeva N. N., Mitrofanov S. V., Panferov N. S., Gaibaryan M. A. Method of production
of complex organomineral fertilizers and technological line for its implementation. Bulletin of the Ryazan State
Agrotechnological University named after P. A. Kostychev. 2019; 4: 114—-119.

18. Lamont J. R., Wilkins O., Bywater-Ekegiard M., Smith D. L. From yogurt to yield: Potential applica-
tions of lactic acid bacteria in plant production. Soil Biology and Biochemistry. 2017; 111. DOI: 10.1016/].
s0ilbi0.2017.03.015.

19. Chen Y. S., Yanagida F., Shinohara T. Isolation and identification of lactic acid bacteria from soil using an
enrichment procedure. Letters in Applied Microbiology. 2005; 40: 195-200.

20. Fhoula I., Najjari A., Turki Y., Jaballah S., Boudabous A., Ouzari H. Diversity and antimicrobial properties
of lactic acid bacteria isolated from rhizosphere of olive trees and desert truffles of Tunisia. BioMed Research In-
ternational. 2013: 405708. DOI: 10.1155/2013/405708.

21. Atanassova M., Dalgalarrondo M., Choiset Y., Chobert J.-M. Isolation and partial biochemical charac-
terization of a proteinaceous anti-bacteria and anti-yeast compound produced by Lactobacillus paracasei sub-
sp. paracasei strain M3. International Journal of Food Microbiology. 2003; 87 (1-2): 63—73. DOI: 10.1016/
S0168-1605(03)00054-0.

22. Wells S. J., Fedorka-Cray P. J., Dargatz D. A., Ferris K., Green A. Fecal shedding of Salmonella
spp. by dairy cows on farm and at cull cow markets. Journal of Food Protection. 2001; 64 (1): 3—11. DOI:
10.4315/0362-028x-64.1.3.

23. Buck J. W., Walcott R. R., Beuchat L. R. Recent trends in microbiological safety of fruits and vegetables.
Online. Plant Health Progress. 2003; 4 (1): 0121. DOI: 10.1094/PHP-2003-0121-01-RV.

24. Stoyanova L. G., Ustyugova E. A., Netrusov A. I. Antimicrobial metabolites of lactic acid bacteria: diver-
sity and properties (review). Applied Biochemistry and Microbiology. 2012; 8 (3): 259-275.

25. Yankovsky D. S., Shirobokov V. P., Dyment G. S. Innovation Technologies for Human Microbiome Im-
provement. Nauka ta innovacii. 2018; 14 (6): 11-23. DOI: 10.15407/scin14.06.011.

201

sar3oj0uy29013y



ArpoTexHosornn

-
-papnmﬁ BeCTHMK Ypana. 2025. T. 25, Ne 02
. . . D o o o

26. Pakhomov Y. D., Blinkova L. P., Stoyanova L. G. Influence of inoculum on the viability of noncultured
cells of bacteriocin-producing strains of Lactococcus lactis ssp. lactis. Biotechnology Journal. 2016; 32 (1): 21—
26. DOI: 10.21519/0234-2758-2016-1-21-26.

27. Aljeboury G., Mahmoud N. Phytopathogenic fungi and pathogenic bacteria in vitro. Systematic Reviews in
Pharmacy. 2020; 11 (12): 1699-1703.

28. Jones D., Oburger E. Solubilization of phosphorus by soil microorganisms. Phosphorus in Action. 2011;
26: 169-198. DOI: 10.1007/978-3-642-15271-9 7.

29. Scervino J., Papinutti V., Godoy M., Rodriguez J., Monica 1., Recchi M., Pettinari M. J., Godeas A. M.
Medium pH, carbon and nitrogen concentrations modulate the phosphate solubilization efficiency of Penicillium
purpurogenum through organic acid production. Journal of Applied Microbiology. 2011; 110 (5): 1215-23. DOI:
10.1111/5.1365-2672.2011.04972 x.

30. Lamont J. R., Wilkins O., Bywater-Ekegidrd M., Smith D. L. From yogurt to yield: Potential applica-
tions of lactic acid bacteria in plant production. Soil Biology and Biochemistry. 2017; 111. DOI: 10.1016/].
s0ilbi0.2017.03.015.

31. Strafella S., Simpson D., Khanghahi M., Angelis M., Génzle M., Minervini F., Crecchio C. Comparative
Genomics and In Vitro Plant Growth Promotion and Biocontrol Traits of Lactic Acid Bacteria from the Wheat
Rhizosphere. Microorganisms. 2021; 9: 78. DOI: 10.3390/microorganisms9010078.

32. Hideki K., Shun 1., Yoshihito S., Mitsuharu I. Comparison of selectivity of MRS agar and modified LBS
agar for isolation of lactobacilli. Milk Science. 2011; 60 (3): 171-176. DOI: 10.11465/milk.60.171.

33. Moldagulova N., Ayupova A., Sembayeva D., Duambekov M., Khassenova E., Nagyzbekkyzy E., Danly-
bayeva G., Sarsenova A. Data on the isolation and identification of thermotolerant microorganisms from cow ma-
nure promising for organic waste processing. Data in Brief. 2020; 31: 105761. DOI: 10.1016/j.dib.2020.105761.

34. Breed R. S., Dotterrer W. D. The Number of Colonies Allowable on Satisfactory Agar Plates. Journal of
Bacteriology. 2021; 1 (3): 321-331. DOI: 10.1128/jb.1.3.321-331.1916.

35. Shablin P. A., Lyagushina O. A., Filonenko V. A. A biological product for increasing the productivity of
agricultural products and a method for obtaining a biological product for increasing the productivity of agricultural
products. Patent RF No. 2552938. 2013. (In Russ.)

36. Bellaloui N., Stetina S. R., Turley R. B. Cottonseed protein, oil, and mineral status in near-isogenic Gos-
sypium hirsutum cotton lines expressing fuzzy/linted and fuzzless/linted seed phenotypes under field conditions.
Frontiers in Plant Science. 2015; 6: 137. DOI: 10.3389/fpls.2015.00137.

37. Haney R. L., Brinton W., Evans E. Soil CO, respiration: comparison of chemical titration, CO, IRGA
analysis and the Solvita gel system. Renewable Agriculture and Food. 2008; 23 (2): 171-176. DOI: 10.1017/
S174217050800224X.

38. Wilpiszeski R. L., Aufrecht J. A., Retterer S. T., Sullivan M. B., Graham D. E., Pierce E. M., Zablocki O. D.,
Palumbo A. V., Elias D. A. Soil Aggregate Microbial Communities: Towards Understanding Microbiome Interac-
tions at Biologically Relevant Scales. Applied and Environmental Microbiology. 2019; 85 (14). DOI: 10.1128/
AEM.00324-19.

39. Krzysko-Lupicka T., Krecidlo L., Krgcidto M. The Comparison of Cellulolytic Activity of the Modified
Soil Treated with Roundup. Chemistry-Didactics-Ecology-Metrology. 2016; 21 (1-2): 133—-139. DOI: 10.1515/
cdem-2016-0012.

40. Phytotoxkit. Seed germination and early growth microbiotest with higher plants. Standard Operational
Procedure. Gent: MicroBioTests Inc., 2004. 34 p.

41. Svarovskaya L. I., Altunina L. K. Activity of Soil Microflora under Oil Pollution. Biotechnology in Russia.
2004; 3: 68-75. (In Russ.)

42. Hayte A. J. The Maximum Familywise Error Rate of Fisher’s Least Significant Difference Test. American
Statistical Association. 1986; 81 (396): 1000-1004. DOI: 10.2307/2289074.

43. Rjevskaya V. S., Omelchenko A. V., Semenova E. F., Teplitskaya L. M., Tsokalo I. E. Mobilization hard-
to-reach phosphorus compounds in soil and influence growth processes of microbiological association. [OP Con-
ference Series: Earth and Environmental Science. 2021; 941: 012026. DOI: 10.1088/1755-1315/941/1/012026.

44. Rzhevskaya V. S., Teplitskaya L. M., Oturina I. P. Colonization of rhizoplane of cucumber roots by micro-
organisms which are components of the microbial preparation “Embiko®”. Regulatory Mechanisms in Biosys-
tems. 2013; 4 (2): 3-70. DOI: 10.15421/021311. (In Russ.)

45. Rzhevskaya V. S., Semenova E. F., Zaitsev G. P., Slastya E. A., Omelchenko A. V., Bugara 1. A., Tepli-
tskaya L. M., Tsokalo I. E. Antagonistic Effect of Lactic Acid Bacteria and their Consortium with Yeast on Pathogenic
microorganisms. Biothehnology. 2021; 37 (5): 96-107. DOI: 10.21519/0234-2758-2021-37-5-96-107. (In Russ.)

46. Rzhevskaya V. S., Oturina 1. P., Bulygin S. V., Teplitskaya L. M. The invluence of microbial preperation
Embiko on fruitification of cucumber and soil biological activity. Scientific Notes of Taurida State University. Bio-
logy and Chemistry. 2014; 27 (3): 124—137. (In Russ.)

202



Agrarian Bulletin of the Urals. 2025. Vol. 2- o0,

Authors’ information:

Viktoriya S. Rzhevskaya, postgraduate of the department of botany and physiology of plants and biotechnolo-
gies, V. I. Vernadsky Crimean Federal University, Simferopol, Russia; ORCID 0000-0003-4788-0407,

AuthorlD 783345. E-mail: viktoriyar4d5@mail.ru

Aleksandr V. Omelchenko, candidate of biological sciences, associate professor of the department of botany and
physiology of plants and biotechnologies, V. I. Vernadsky Crimean Federal University, Simferopol, Russia;
ORCID 0000-0002-9490-622X, AuthorID 761333. E-mail: omelchenko_tnu@mail.ru

Igor A. Bugara, candidate of biological sciences, associate professor of the department of botany and physiology
of plants and biotechnologies, V. I. Vernadsky Crimean Federal University, Simferopol, Russia;

ORCID 0000-0001-6594-9055, AuthorID 815755. E-mail: bia.05@mail.ru

Aleksey N. Guseyv, doctor of chemical sciences, professor of the department of general chemistry, V. 1. Vernadsky
Crimean Federal University, Simferopol, Russia; ORCID 0000-0001-5674-1519, AuthorID 226531,

E-mail: galex0330@rambler.ru

Anastasiya V. Kryzhko, candidate of agricultural sciences, leading researcher, Research Institute of Agriculture
of Crimea, Simferopol, Russia; ORCID 0000-0001-5401-0579, AuthorID 761466. E-mail: nk_lib@mail.ru
Vladimir S. Pashtetskiy, doctor of agricultural sciences, Research Institute of Agriculture of Crimea, Simferopol,
Russia; ORCID 0000-0002-3908-733X, AuthorID 849074. E-mail: pvs98a@gmail.com

Bubanorpadguyecknii cnucox

1. Abnymnsanees P. P., Cadapos 3. @., Xucamos 1. XK., AbxynBaneesa [. P. BiusHie aHTHCTPECCOBBIX perys-
TOPOB POCTA HAa YPOXKAWHOCTD M KAUECTBO 3epHA SIPOBOM MIlICHUIIBI // JIOCTUKESHUSI XUMHUU B arpOIIPOMBIIILIICHHOM
kxoMIutekce: Marepuansl I Beepoccuiickoit momonesxxnoi koH(eperun. [lIkoma ¢ MeXIyHAPOTHBIM YIaCTHEM.
Ya, 2016. C. 10-14.

2. Castiglione A. M., Mannino G., Contartese V., Bertea C. M., Ertani A. Microbial biostimulants as response to
modern agriculture needs: composition, role and application of these innovative products // Plants. 2021. Vol. 10.
Article number 1533. DOI: 10.3390/plants10081533.

3. Bursi¢ V., Vukovi¢ G., Gvozdenac S., Petrovi¢ A., Popovi¢ A., Marinkovi¢ D., Petrovi¢ M. Abuse of plant
protection products // Journal on Processing and Energy in Agriculture. 2016. Vol. 20. Pp. 189—192.

4. Ivanova 1., Ilina S., Dementiev D. Influence of microbiological preparations on spring wheat yield //
IOP Conference Series: Earth and Environmental Science. 2020. Vol. 548. Article number 052001. DOI:
10.1088/1755-1315/548/5/052001.

5. Van Oosten M. J. Pepe O., De Pascale S., Silletti S., Maggio A. The role of biostimulants and bioeffectors
as alleviators of abiotic stress in crop plants // Chemical and Biological Technologies in Agriculture. 2017. Vol. 4.
DOI: 10.1186/s40538-017-0089-5.

6. Laranjeira S., Fernandes-Silva A., Reis S., Torcato C., Raimundo F., Ferreira L., Carnide V., Marques G. Inoc-
ulation of plant growth promoting bacteria and arbuscular mycorrhizal fungi improve chickpea performance under
water deficit conditions // Applied Soil Ecology. 2021. Vol. 164. Pp. 103927. DOI: 10.1016/j.aps0il.2021.103927.

7. Oliveira R. S., Rocha 1., Ma'Y., Vosatka M., Freitas H. Seed coating with arbuscular mycorrhizal fungi as an
ecotechnologicalapproach for sustainable agricultural production of common wheat (7riticum aestivum L.) // Jour-
nal of Toxicology and Environmental Health. 2016. Vol. 79. Pp. 329-337. DOI: 10.1080/15287394.2016.1153448.

8. Moura S. Pinto M.V,, Figueiredo J., Moreira F., Ferreira, A. Use of plant protection products in agriculture //
Atencion Primaria. 2016. Vol. 48 (2). Pp. 51. DOI: 10.29352/mill0202.07.00091.

9. Ferro H. M., Souza R. M. D., Lelis F. M. V., Silva J. C. P. D., Medeiros F. H. V. D. Bacteria for cotton
plant protection: disease control, crop yield and fiber quality // Revista Caatinga. 2020. Vol. 33. Pp. 43-53. DOLI:
10.1590/1983-21252020v33n105rc.

10. Melnichuk T. N., Abdurashytov S. F., Andronov E. E., Abdurashytova E. R., Egovtseva A. Yu., Gongalo
A. A., Turin E. N., Pashtetskiy V.S. The taxonomic structure of southern chernozem at the genus level influenced
by microbial preparations and farming systems // IOP Conference Series: Earth and Environmental Science. 2020.
Vol. 422. Article number 012101. DOI: 10.1088/1755-1315/422/1/012101.

11. Sundh I., Del Giudice T., Cembalo L. Reaping the benefits of microorganisms in cropping systems:
is the regulatory policy adequate? // Microorganisms. 2021. Vol. 9. Article number 1437. DOI: 10.3390/
microorganisms9071437.

12. Kumar J., Ramlal A., Mallick D., Mishra V. An overview of some biopesticides and their importance
in plant protection for commercial acceptance // Plants. 2021. Vol. 10. Article number 1185. DOI: 10.3390/
plants10061185.

13. Sokolenko G. G., Podlesniy N. V., Zadorozhnaya V. A. Combined use of microbiological preparations and
nano silicon in oats cultivation // IOP Conference Series: Earth and Environmental Science. 2020. Vol. 422. Article
number 012029. DOI: 10.1088/1755-1315/422/1/012029.

203

sar3oj0uy29013y



ArpoTexHosornn

> > - P g - P
S AL -'papnmﬁ BeCTHUK Ypana. 2025. T. 25, Ne 02

14. Valiullin I. T. Dependence of the size and chemical composition of the spring barley crop on the combined
use of macrofertilizers and the biological product Rizoagrin // Agrochemical Bulletin. 2010. Vol. 4. Pp. 28-29.

15. Nacoon S., Jogloy S., Riddech N., Mongkolthanaruk W., Kuyper T. W., Boonlue S. Interaction between
Phosphate Solubilizing Bacteria and Arbuscular Mycorrhizal Fungi on Growth Promotion and Tuber Inulin Con-
tent of Helianthus tuberosus L. // Scientific Reports. 2020. Vol. 10. DOI: 10.1038/s41598-020-61846-x.

16. Strafella S., Simpson D. J., Yaghoubi Khanghahi M., De Angelis M., Génzle M., Minervini F., Crecchio C.
Comparative genomics and in vitro plant growth promotion and biocontrol traits of lactic acid bacteria from the
wheat rhizosphere // Microorganisms. 2021. Vol. 9. Article number 78. DOI: 10.3390/microorganisms 9010078.

17. Teterin V. S., Galeeva N. N., Mitrofanov S. V., Panferov N. S., Gaibaryan M. A. Method of production of
complex organomineral fertilizers and technological line for its implementation // Bulletin of the Ryazan State
Agrotechnological University named after P. A. Kostychev. 2019. Vol. 4. Pp. 114-119.

18. Lamont J. R., Wilkins O., Bywater-Ekegird M., Smith D. L. From yogurt to yield: Potential applications
of lactic acid bacteria in plant production // Soil Biology and Biochemistry. 2017. Vol. 111. DOI: 10.1016/j.
s0ilbi0.2017.03.015.

19. Chen Y. S., Yanagida F., Shinohara T. Isolation and identification of lactic acid bacteria from soil using an
enrichment procedure // Letters in Applied Microbiology. 2005. Vol. 40. Pp. 195-200.

20. Fhoula I., Najjari A., Turki Y., Jaballah S., Boudabous A., Ouzari H. Diversity and antimicrobial properties
of lactic acid bacteria isolated from rhizosphere of olive trees and desert truffles of Tunisia // BioMed Research In-
ternational. 2013. Article number 405708. DOI: 10.1155/2013/405708.

21. Atanassova M., Dalgalarrondo M., Choiset Y., Chobert J.-M. Isolation and partial biochemical charac-
terization of a proteinaceous anti-bacteria and anti-yeast compound produced by Lactobacillus paracasei subsp.
paracasei strain M3 // International Journal of Food Microbiology. 2003. Vol. 87 (1-2). Pp. 63—73. DOI: 10.1016/
S0168-1605(03)00054-0.

22. Wells S. J., Fedorka-Cray P. J., Dargatz D. A., Ferris K., Green A. Fecal shedding of Sa/monella spp.
by dairy cows on farm and at cull cow markets // Journal of Food Protection. 2001. Vol. 64 (1). Pp. 3—11. DOI:
10.4315/0362-028x-64.1.3.

23. Buck J. W., Walcott R. R., Beuchat L. R. Recent trends in microbiological safety of fruits and vegetables.
Online // Plant Health Progress. 2003. Vol. 4 (1). Article number 0121. DOI: 10.1094/PHP-2003-0121-01-RV.

24. Stoyanova L. G., Ustyugova E. A., Netrusov A. I. Antimicrobial metabolites of lactic acid bacteria: diver-
sity and properties (review) // Applied Biochemistry and Microbiology. 2012. Vol. 8 (3). Pp. 259-275.

25. Yankovsky D. S., Shirobokov V. P., Dyment G. S. Innovation Technologies for Human Microbiome Im-
provement // Nauka ta innovacii. 2018. Vol. 14 (6). Pp. 11-23. DOI: 10.15407/scin14.06.011.

26. Pakhomov Y. D., Blinkova L. P., Stoyanova L. G. Influence of inoculum on the viability of noncultured
cells of bacteriocin-producing strains of Lactococcus lactis ssp. Lactis // Biotechnology Journal. 2016. Vol. 32 (1).
Pp. 21-26. DOI: 10.21519/0234-2758-2016-1-21-26.

27. Aljeboury G., Mahmoud N. Phytopathogenic fungi and pathogenic bacteria in vitro // Systematic Reviews
in Pharmacy. 2020. Vol. 11 (12). Pp. 1699-1703.

28. Jones D., Oburger E. Solubilization of phosphorus by soil microorganisms // Phosphorus in Action. 2011.
Vol. 26. Pp. 169-198. DOI: 10.1007/978-3-642-15271-9 7.

29. Scervino J., Papinutti V., Godoy M., Rodriguez J., Monica I., Recchi M., Pettinari M. J., Godeas A. M. Me-
dium pH, carbon and nitrogen concentrations modulate the phosphate solubilization efficiency of Penicillium pur-
purogenum through organic acid production // Journal of Applied Microbiology. 2011. Vol. 110 (5). Pp. 1215-23.
DOI: 10.1111/j.1365-2672.2011.04972 x.

30. Lamont J. R., Wilkins O., Bywater-Ekegdrd M., Smith D. L. From yogurt to yield: Potential applications
of lactic acid bacteria in plant production // Soil Biology and Biochemistry. 2017. Vol. 111. DOI: 10.1016/j.
s0ilbi0.2017.03.015.

31. Strafella S., Simpson D., Khanghahi M., Angelis M., Gédnzle M., Minervini F., Crecchio C. Comparative
Genomics and In Vitro Plant Growth Promotion and Biocontrol Traits of Lactic Acid Bacteria from the Wheat
Rhizosphere // Microorganisms 2021. Vol. 9. Article number 78. DOI: 10.3390/microorganisms9010078.

32. Hideki K., Shun I., Yoshihito S., Mitsuharu I. Comparison of selectivity of MRS agar and modified LBS
agar for isolation of lactobacilli // Milk Science. 2011. Vol. 60 (3). Pp. 171-176. DOI: 10.11465/milk.60.171.

33. Moldagulova N., Ayupova A., Sembayeva D., Duambekov M., Khassenova E., Nagyzbekkyzy E., Dan-
lybayeva G., Sarsenova A. Data on the isolation and identification of thermotolerant microorganisms from cow
manure promising for organic waste processing // Data in Brief. 2020. Vol. 31. Article number 105761. DOI:
10.1016/j.dib.2020.105761.

34. Breed R. S., Dotterrer W. D. The Number of Colonies Allowable on Satisfactory Agar Plates / Journal of
Bacteriology. 2021. Vol. 1 (3). Pp. 321-331. DOI: 10.1128/jb.1.3.321-331.1916.

204



Agrarian Bulletin of the Urals. 2025. Vol. 2- o0,

35. Iabnuu I1. A., Jlarymmna O. A., ®unonenko B. A. buonpenapar juis MOBBIIIEHUS] TPOAYKTUBHOCTH
CEJIbCKOXO3SIUCTBEHHO TPOIYKIIMHU U CIIOCO0 MONTy4YeH s OHonpenapara Jisi HOBBIMICHHS TPOIYKTUBHOCTH CEJlb-
cKoxo3siicTBeHHOI mpoaykiun. [Tarent PD. Ne 2552938. 2013.

36. Bellaloui N., Stetina S. R., Turley R. B. Cottonseed protein, oil, and mineral status in near-isogenic Gos-
sypium hirsutum cotton lines expressing fuzzy/linted and fuzzless/linted seed phenotypes under field conditions //
Frontiers in Plant Science. 2015. Vol. 6. Article number 137. DOI: 10.3389/fpls.2015.00137.

37. Haney R. L., Brinton W., Evans E. Soil CO, respiration: comparison of chemical titration, CO, IRGA analy-
sis and the Solvita gel system / Renewable Agriculture and Food. 2008. Vol. 23 (2). Pp. 171-176. DOI: 10.1017/
S174217050800224X.

38. Wilpiszeski R. L., Aufrecht J. A., Retterer S. T., Sullivan M. B., Graham D. E., Pierce E. M., Zablocki O. D.,
Palumbo A. V., Elias D. A. Soil Aggregate Microbial Communities: Towards Understanding Microbiome Inter-
actions at Biologically Relevant Scales // Applied and Environmental Microbiology. 2019. Vol. 85 (14). DOI:
10.1128/AEM.00324-19.

39. Krzysko-Lupicka T., Krecidlo L., Krgcidto M. The Comparison of Cellulolytic Activity of the Modified
Soil Treated with Roundup // Chemistry-Didactics-Ecology-Metrology. 2016. Vol. 21 (1-2). Pp. 133-139. DOI:
10.1515/cdem-2016-0012.

40. Phytotoxkit. Seed germination and early growth microbiotest with higher plants. Standard Operational
Procedure. Gent: MicroBioTests Inc., 2004. 34 p.

41. Craposckas JI. . Antynuna JI. K. AKTHBHOCTD TOYBEHHOW MUKPOQIIOPHI B YCIOBUAX HE(TIHBIX 3arpsi3-
HeHwuit // buotexnosnorus. 2004. Ne 3. C. 63-69.

42. Hayte A. J. The Maximum Familywise Error Rate of Fisher’s Least Significant Difference Test // American
Statistical Association. 1986. Vol. 81 (396). Pp. 1000-1004. DOI: 10.2307/2289074.

43. Rjevskaya V. S., Omelchenko A. V., Semenova E. F., Teplitskaya L. M., Tsokalo I. E. Mobilization
hard-to-reach phosphorus compounds in soil and influence growth processes of microbiological association //
IOP Conference Series: Earth and Environmental Science. 2021. Vol. 941. Article number 012026. DOI:
10.1088/1755-1315/941/1/012026.

44. Pxesckas B. C., Terumnkas JI. M., Otypuna W. I1. Kononuzarus pu3oniaHbl KOpHEH OryprioB MEKpOOp-
raHM3MaMH, BXOSIIMMH B COCTaB MUKPOOHOTO npemnapara «OMOuko™ // BecTHuk /IHENponeTpoBCKOro yHUBEP-
cureta. buomorus. Menumuna. 2013. T. 4, Ne 2. C. 63-70.

45. Pxesckas B. C., Cemenona E. @., 3aiines I I1., Cnactes E. A., Omensuenko A. B., Byrapa 1. A., Te-
mmnkas JI. M., Hokamo M. E. AHTaroHncTHmyeckoe IEHCTBHE MOJOYHOKHUCIBIX OAaKTepHid W WX KOHCOPITHU-
yMa C JIpOXCOKAMM Ha MaTOreHHble MUKpoopranusmbl // buorexnomorus. 2021. T. 37, Ne 5. C. 96-107. DOI:
10.21519/0234-2758-2021-37-5-96-107.

46. Pxesckas B. C., Orypuna U. I1., bynerun C. B., Terumkas JI. M. Brnusane MukpoOHOTO mpemapara
OMOuKO® Ha II01000pa30BaHKE OTYPIIOB U OHOJIOTHYCCKYIO aKTHBHOCTH MOYBHI // YUeHBIC 3amucku TaBpude-
CKOTO HaIOHAIBbHOTO YHUBepcutera nMeHu B. U. Bepuanckoro. Cepust: buomorus, xumus. 2014. T. 27, Ne 3.
C. 124-137.

00 asmopax:

Buxtopus CrenanoBHa PikeBckasi, actiupanT kadeapsl 00TaHUKN ¥ (pU3NOIOTHH PACTEHUI 1 OMOTEXHOJIOTHH,
Kprivckuit penepanbuenii yausepcuteT uM. B. 1. Bepraackoro, Cumdepomnons, Poccns;

ORCID 0000-0003-4788-0407, AuthorID 783345. E-mail: viktoriyar45@mail.ru

Anexcanap BaagumupoBuny OMenbueHKO0, KaHAUIAT OMOIOTHIECKIX HAyK, TOUEHT Kadeapbl O0TaHUKH U HH-
3MOJIOrMH pacTeHuil u ouorexnonoruii, Kpeimckuii penepanbubiii yausepcurer um. B. U. Bepuaackoro, Cumde-
pomonb, Pocensi; ORCID 0000-0002-9490-622X, AuthorlD 761333. E-mail: omelchenko _tnu@mail.ru

Hrops AsexkcanapoBuy Byrapa, kanaunar OMOJOTHYECKUX HAyK, MOIEHT Kadeapbl O0TAaHUKUA W (HU3HOJIOTHH
pacrennii 1 Omorexnoioruit, Kpeimcknii ¢enepanbublii yansepeurer uM. B. . Bepnanckoro, Cumdeporiodns,
Poccust; ORCID 0000-0001-6594-9055, AuthorID 815755. E-mail: bia.05@mail.ru

Adnexceii HukonaeBuu I'yceB, T0OKTOp XMMHUYECKUX HayK, mpodeccop kadenps! oOeit xumun, Kpeimckuii ene-
panbHBIA yHUBepcuTeT uM. B. U. Bepranckoro, Cumdepomons, Poccust; ORCID 0000-0001-5674-1519,
AuthorID 226531. E-mail: galex0330@rambler.ru

Anacracus Bragumuposna KpbIkko, kaHIuIaT celbCKOXO3SHCTBEHHBIX HAYK, BEIyIUI Hay4YHbI COTPYIHHUK,
Hay4no-nccrnenoBarenbckuii HHCTUTYT CeTbCKoro Xo3stiicTBa Kpeiva, Cumdepornons, Pocens,

ORCID 0000-0001-5401-0579, AuthorID 761466. E-mail: nk_lib@mail.ru

Baaguvup CremanoBuu Ilamrenmkuii, TOKTOpP CEIbCKOXO3SHCTBEHHBIX HayK, Iupekrop, HaydHo-mccremo-
BaTEJIbCKHUI MHCTUTYT CelbcKoro xo3stiicrBa Kpeima, Cumdepormnons, Poccus, ORCID 0000-0002-3908-733X,
AuthorID 849074 E-mail: pvs98a@gmail.com

205

sar3oj0uy29013y



