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Bacterial preparations contribute to the digestion of mineral nutrition, have antifungicidal activity, increase the grain productivity 
and biomass of cultivated crops. We studied the influence of microbiological preparations developed on the basis of microorganisms 
Bacillus subtilis and Lactobacillus buchneri on the growth processes, photosynthetic parameters and grain productivity of barley (Hor-
deum vulgare L.) of Sonet variety. The experiments were performed in 2019 in the North-West of the Russian Federation. The biologi-
cal preparations were introduced by soaking seeds and treatment of the plants in the phase of third leaf with solutions of the preparations 
in the concentration of 1 mL/L. The laboratory surveys revealed the positive effect of the biological preparations on germination rate and 
energy of germination of seeds. Field trials were conducted on micro plots in six replications. During field experiments, we determined 
that introduction of biological preparations led to significant increase in the leaf area in the experimental plants (to 64.5%), increase in 
average daily growth gains (to 82.9%) and accumulation of biomass (to 73.1%). Somewhat higher efficiency was exerted by the biolog-
ical preparation developed on the basis of a strain of L. buchneri. Perhaps, such effect takes place due to higher activity of pigment units 
of phytohormones of the auxin group. In our opinion, biological preparations accelerate the completion of the ontogenesis phases, thus 
the plants more rapidly achieve their genetically programmed sizes and transform to the stage of ear-formation. The studied biological 
preparations increased the coefficient of agricultural use of plants, and grain productivity of barley by up to 15.8%, and nutritional value 
remained. Microbial preparations on the basis of B. subtilis and L. buchneri exhibited efficiency, and their trials shall be continued on 
other crops on industrial scales.  

Keywords: Bacillus subtilis; Lactobacillus buchneri; barley; morphological parameters; photosynthesis parameters; grain productivity.  

Introduction  
 

Traditional agriculture, according to a number of authors (Lugtenberg 
& Kamilova, 2009; Porcel et al., 2014; Chebotar’ et al., 2016), has run its 
course; maximum parameters of productivity of particular varieties of 
plants and breeds of animals have been achieved, soils are exhausted, 
groundwater and surface waters are more and more saturated with various 
chemical agents, pests develop resistance to fungicides, pesticides, etc. 
(Tsavkelova et al., 2006; Pérez-Montaño et al., 2014; Moya et al., 2020). 
At the same time, lack of resources and pursuit of profits stimulate the 
scientific search for cheap and intense methods of agricultural production.  

Currently, in the scientific community, talks about the necessity of 
transformation of agriculture along ecologically orientated lines can be 
heard more and more often (Montesinos et al., 2002; Vorobejkov et al., 
2011; Novickij & Gniteckij, 2012). Particularly the studies on physiology 
and biochemistry of plants, genetics, microbiology and biotechnologies 
could be the main mechanisms of such transformation: there more appro-
priate varieties of plants, strains of primary producer microorganisms and 
pathogen-antagonist microorganisms are being selected, biological addi-
tives are synthesized, etc. (Höflich et al., 1995; Barber et al., 2017; Ge 
et al., 2017). At the same time, representatives of only one genus of bacte-
ria are able to solve a broad range of tasks of modern science and produc-
tion. For example, representatives of the Bacillus genus can stimulate the 
growth and development of plants and improve the immunity of plants 
due to synthesis of lipoproteins and substances of hormonal origin (Porcel 
et al., 2014; Maksimov et al., 2020). However, the microbiome is extre-
mely diverse (Vasil’yeva et al., 2019), thus leading to a necessity for scien-

tists to continuously search for and study various strains most appropriate 
for particular goals of agriculture.  

Unfortunately, the experience and achievements of the world’s lead-
ing scientists are way ahead of Russian science. Our country evidently has 
a notable deficiency in variety of biological preparations, and great differ-
ences in the natural and climatic conditions of the territories require a 
broad assortment of these preparations. Therefore, Ryabova (2016), in her 
analysis of the market, notes that in the Russian Federation as of 2015, 
there were officially registered around thirty microbiological fertilizers and 
twenty biological pesticides compared to hundreds of names of chemical 
fertilizers and preparations for the protection of plants (Ryabova, 2016). 
As of 2018, the situation had changed insignificantly, with 51 biopestici-
des and 25 growth regulators for plants officially registered and approved 
for use (Gosudarstvennyj catalog …, 2018). At the same time, in the USA 
as of 2010, the number of trademarks of biopesticides alone, not taking 
into account microbial fertilizers, amounted to over several hundred, and 
about 72 microorganisms were recorded as active agents of biological 
protection of plants (Ryabova, 2016). Biological preparations are broadly 
used in many countries of Europe, including Switzerland, Austria, Czech 
Republic and Finland, and also USA, China, Japan and others. Some 
farms in Western Europe have completely abandoned mineral nitrogen-
ous fertilizers in favour of biological nitrogen (Montesinos et al., 2002; 
Novickij & Gniteckij, 2012).  

It should be noted that most of the studies emphasize the effectiveness 
of the application of different microbiological preparations during growing 
agricultural crops (Jeon et al., 2003; Nuccio et al., 2013; Chebotar’ et al., 
2016). Therefore, the studies by Bezgodova et al. (2018) revealed that the 
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tests of the Flavobacterin preparation (developed on the basis of strain 
Flavobacterium sp. 30) showed increase in the yield of barley by 9.8%, 
mass of 1,000 grains by 5.8%, and the content of protein by 15.8% (Bez-
godova et al., 2018). Bondarenko & Zvolinskij (2012) showed the incre-
ase in the yield of barley by 6.1% from using Flavobacterin, by 9.2% 
from Mizorin (preparation is based on strain Arthrobacter mysorens 8) 
(Bondarenko & Zvolinskij, 2012). The studies by Novickij (2012), who 
studied the action of Baikal EM-1 preparation towards cultivated barley, 
showed increase the mass of 1,000 caryopses by 15.9% and the content of 
protein by 2.0% (Novickij & Gniteckij, 2012). Chebotar’ et al. (2016) re-
port positive influence of strains Bacillus subtilis TR6 and B. subtilis HC8 
on the yield of barley (increase by 17.6% and 14.8% respectively) (Che-
botar’ et al., 2016). The study by Kunicyna & Stupina (2018) showed effi-
ciency of using Klebsiella mobilis- and Corynebacterium freneyi-based 
biological preparations which increase the yield of barley by 18.5% and 
27.0%, and the mass of 1,000 caryopses by 8.8% and 11.7% respectively 
(Kunicyna & Stupina, 2018).  

Many researchers report that a significant contribution to efficient in-
teraction of cultivated plants and microbiological strain is made by abiotic 
conditions of particular regions (temperature, moisture) and competition 
of soil microbiota (Vorobejkov et al., 2011; Ryabova, 2016; Chebotar’ et al., 
2016). Therefore, the search and composing of pairs of crop variety-strain 
of microorganism for particular territories are relevant. The objective of 
the study was the action of preparations of microbial composition on 
morphological and physiological characteristics of barley of Sonet variety.  
 
Materials and methods  
 

The experiments were conducted in the experimental field of VolRC 
RAS Vologda Research Center of the Russian Academy of Sciences in 
the vegetation period of 2019.  

As the object of study, we selected barley (Hordeum vulgare L.) of 
Sonet variety, a variety cultivated in the conditions of the North-West of 
Russia. As a microbiological preparation, we selected Naturost and Natu-
rost-Aktiv which were developed on the basis of associative microflora of 
plants. The basis for Naturost preparation is cellular culture B. subtilis, and 
Naturost-Aktiv – L. buchneri. The manufacturer Biotrof claims that both 
biological preparations protect plants against pathogenic microorganisms, 
and contribute to the intensification of growth and the development of 
plants in the field and greenhouses. The seeds of the experimental groups 
were soaked in the working solutions of the preparations for 2 hours, and 
seeds of the control group in water. The concentration of the working 
solution was 1 mL of the preparation per 1 L of water. Apart from inocu-
lation, we sprayed plants with working solutions of the same concentra-
tion according to the recommendations (into the phase of the third leaf).  

The germination rate of seeds was assessed on light shelves at room 
temperature. In Petri dishes, 30 seeds were placed on each piece of filter 
paper. The experiment was replicated three times. The effect of the prepa-
rations on the germinated seeds was evaluated on the 4th and 7th day 
(GOAT 12038-84).  

The micro plot field experiment was performed in the experimental 
field and included the following variants: processing with water (variant 1, 
control), processing with preparations Naturost (variant 2) and Naturost-
Aktiv (vaiant 3). The experiment was replicated 6 times, the area of the 
record plot was 1 m2. The seeds were sown according to the approved 
norms for sowing barley – 5.0 M seeds per 1 ha. The crops were main-
tained according to the generally accepted agrotechnical techniques. 
No mineral fertilizers were applied.  

Before the study of the action of the preparations, we performed the 
analysis of the plough soil horizon. Soil in the experimental field was dri-
ed, soddy-podzolic, medium loamy. The results of the chemical analysis 
of the soil (Table 1) reveal relatively low content of biogenic elements. 
Taking into account the objective of our study, low-fertile soils allow one 
to evaluate the effect of particularly microorganisms on the growth and the 
development of plants.  

During the vegetation period, we monitored: humid and dry weight of 
one plant; height of plant; leaf area; general and productive tillering; ave-
rage daily increments (30 plants); determining pure productivity of photo-
synthesis (according to Nichiporovich); the structure of the yield: produc-

tive tillering, sizes of the ear, mass and amount of caryopses, mass of 
grains from one plant (20 plants from each plot), mass of grains from m2.  

Table 1  
Chemical composition of soil of the experimental plots  

Parameter Value 
Ammoniacal nitrogen, mg/kg   4.2 ± 0.6 
Nitric nitrogen, mg/kg 38.9 ± 7.8 
Mobile potassium, mg/kg 261.0 ± 39.2 
Mobile phosphorus, mg/kg 260.0 ± 52.0 
pH salt extract, U of pH   6.6 ± 0.1 
Note: developed according to the results of chemical analysis of Vologodskiy Federal 
Budget Center of Agrochemical Service.  

The distribution of the main parameters of the value of forage crops 
(sugar, protein, etc.) in the biomass of the studied plants was performed on 
SpectraStar 2200 IR-analyzer (UnityScientific, USA). The content of pig-
ments was determined using SF-2000 spectrophotometer (LOMO, Rus-
sia), the pigments were extracted using three-fold extraction in 80% ace-
tone, calculation – using Vernon equations. The substances were identifi-
ed in five-fold biological replication.  

The experimental data obtained during the surveys were analyzed, 
recorded in the field journal, and also electronic carriers. The data in the 
tables are presented as average values and their standard errors (x ± SD). 
Statistical reliability of the obtained values was determined according to 
ANOVA data at the significance level of Р < 0.05.  
 
Results  
 

Data in Table 2 indicate that biological preparations stimulate the 
processes of germination of seeds, at the same time the length of both the 
underground and above-ground part of the shoot increases, and their ratio 
in general remains the same (0.65–0.73). Thus, under the influence of the 
B. subtilis-based biological preparation, the energy of germination of seeds 
increased by 8.3%, germination rate by 6.7%, length of the above-ground 
part of the shoot increased by 6.1%, while the same parameter for the 
roots decreased by 4.7% compared with the control. The effect of L. buch-
neri-based biological preparation was similar: energy of sprouting increa-
sed by 11.6% compared with the control, germination by 3.3%, the length 
of above-ground part of the shoot by 18.3%, and the length of roots by 
7.5%. The obtained results of the laboratory experiment allow one to ex-
pect the manifestation of a stimulating effect from the preparations on the 
biological and economic productivity of barley in the field experiment.  

Despite the fact that barley is considered an undemanding plant both 
in terms of temperature regime and soil moisture, the weather conditions 
of the vegetation period of 2019 were insufficiently favourable for its 
cultivation in the territory of the study. Average temperature of June in 
2019 equaled 21.0 ºС, July – 18.0 ºС, August – 16.0 ºС. But the strongest 
influence was caused by the drought after the sowing, significantly in-
creasing the period before the sprouts appeared, and also decreasing the 
vitality of microorganisms of the biological preparations.  

The results of the micro plot field experiment (Table 3) indicate that 
in the phase of the third leaf, the effect caused by the preparations was 
insignificant, with only a tendency towards increase in the growth parame-
ters seen. Raw mass of the experimental plants increased by 5.6% and 
10.0% compared with the control, and the leaf area – by 9.1% and 13.2%.  

The data in Table 3 suggest that morphometric parameters of the ex-
perimental plants significantly differ from the control plants. Therefore, in 
the tillering phase, the raw mass of the experimental plants exceeded the 
control variant by 36.4–38.5%, dry mass – by 29.2–42.7%, and the leaf 
area – by 52.2–64.5%. The observed effect occurs due to increase in the 
quantity of leaves (by 27.5–37.3%), as well as increase in the area of one 
leaf (by 17.1–23.5%). In the phase of booting, the increase in the growth 
parameters of the experimental plants became even more notable. There-
fore, the height of the experimental plants was greater than the control by 
21.0–24.0%, the quantity of leaves – by 55.4–58.7%, raw mass – by 54.1–
54.9%, dry weight – by 64.6–73.1%. Similar change in the morphometric 
parameters obviously reflects in the change in physiological and bioche-
mical processes in the plants.  
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Table 2  
Energy of germination and germination rate of seeds of Hordeum vulgare L. during inoculation of the preparations of microbial composition (x ± SD, n = 3)  

Variant of experiment Energy  
of germination, % 

Germination  
rate, % 

Length  
of coleoptiles, mm 

Length  
of roots, mm 

Ratio of the length  
of coleoptiles to roots 

Control 26.7 ± 2.1 70.0 ± 3.7 36.7 ± 2.2 55.9 ± 1.6 0.657 
Naturost (Bacillus subtilis)   35.0 ± 1.4*   76.7 ± 2.7* 39.0 ± 0.9 53.3 ± 0.8 0.732 
Naturost-Aktiv (Lactobacillusbuchneri)   38.3 ± 1.4* 73.3 ± 2.1   43.4 ± 0.5*   60.1 ± 0.3* 0.723 
Note: * – difference compared with the control is statistically significant at Р < 0.05.  

Table 3  
Morphometric parameters of Hordeum vulgare L. over the process of ontogenesis (x ± SD, n = 30)  

Parameter Phase of the  
development of plant Control Naturost 

(Bacillus subtilis) 
Naturost-Aktiv  

(Lactobacillus buchneri) 
Raw weight of one plant, g 

Phase  
of the third leaf 

0.249 ± 0.020 0.274 ± 0.022 0.263 ± 0.023 
Dry weight of one plant, g 0.051 ± 0.003 0.056 ± 0.004 0.053 ± 0.005 
Share of dry matter, % 20.50 ± 0.34 20.33 ± 0.69 20.05 ± 0.17 
Leaf area of one plant, cm2 5.47 ± 0.75 5.97 ± 0.85 6.19 ± 0.38 
Number of leaves 2.1 ± 0.3 2.1 ± 0.3 2.0 ± 0.1 
Average leaf area, cm2 2.63 ± 0.26 2.88 ± 0.12   3.05 ± 0.11* 
Raw weight of one plant, g 

Phase  
of beginning  
of tillering 

0.814 ± 0.100   1.110 ± 0.171*   1.127 ± 0.118* 
Dry weight of one plant, g 0.178 ± 0.030   0.230 ± 0.030*   0.254 ± 0.044* 
Share of dry matter, % 21.77 ± 0.99 20.80 ± 0.73 22.33 ± 1.02 
Tillering 2.0 ± 0.2 2.4 ± 0.2 2.3 ± 0.1 
Number of leaves 5.1 ± 0.1 6.5 ± 0.4*   7.0 ± 0.4* 
Average leaf area, sq cm 2.60 ± 0.12 3.05 ± 0.12*     3.21 ± 0.27** 
Leaf area of one plant, cm2 13.51 ± 1.86 20.56 ± 2.63*     22.23 ± 1.04** 
Pure productivity of photosynthesis, g/m2 of the leaf area per day 11.11 10.98 11.81 
Raw weight of one plant, g 

Phase  
of the beginning  

of booting 

3.560 ± 0.855       5.513 ± 1.039**     5.486 ± 1.184** 
Dry weight of one plant, g 0.964 ± 0.045         1.669 ± 0.072***         1.587 ± 0.081*** 
Share of dry matter, % 28.31 ± 2.24 29.52 ± 0.63 29.09 ± 1.12 
Tillering 4.0 ± 0.5 5.8 ± 1.0   5.8 ± 1.1 
Productive tillering 1.8 ± 0.3 2.3 ± 0.4   2.5 ± 0.4 
Number of leaves 12.1 ± 2.7 19.2 ± 3.0*   18.8 ± 3.2* 
Note: * – difference compared with the control is statistically significant at Р < 0.05, ** – Р < 0.01, *** – Р < 0.001.  

The values of average daily increments (Table 4) confirm the stimu-
lating action of the biopreparations. The most intensive increment over the 
tillering phase was caused by Naturost-Aktiv preparation, when the values 
of average daily increment exceeded the control by 60.0%, and in the 
booting phase – by Naturost, when the values of average daily increment 
were higher than the control by 82.9%.  

Table 4  
Average daily increments of Hordeum vulgare L. (x ± SD, n = 30)  

Parameter Time interval Control 
Naturost 
(Bacillus 
subtilis) 

Naturost-Aktiv 
(Lactobacillu 
sbuchneri) 

Average daily increment 
of raw mass, mg/day 

phase of the third 
leaf – phase  
of beginning  
of tillering 

47.1  
± 3.8 

69.7  
± 6.0* 

72.0  
± 5.4** 

Average daily increment 
of dry mass, mg/day 

10.5  
± 1.1 

14.6  
± 1.6* 

16.8  
± 1.6** 

Average daily increment 
of raw mass, mg/day Phase of tillering – 

phase of beginning 
of booting 

97.2  
± 8.4 

159.7  
± 12.1** 

161.3  
± 10.2*** 

Average daily increment 
of dry mass, mg/day 

28.1  
± 2.1 

51.4  
± 4.0*** 

47.6  
± 3.2*** 

Note: * – difference compared with the control is statistically significant at Р< 0.05, 
** – Р < 0.01, *** – Р < 0.001.  

In view of the significant differences in the morphometric parameters 
and the values of average daily increments in the plants, pure productivity 
of photosynthesis (PPP) [the amount of dry matter expressed in grams 
accumulated in the 1 m2 of the leaf surface per day] of the experimental 
variants insignificantly differed from the control (Table 3): pure producti-
vity of phostosynthesis of plants treated with B. subtilis-based biological 
preparation was lower than the control values by 0.126 g/m2; and under 
the effect of the L. buchneri-based biological preparation was higher by 
0.700 g/m2. The values of PPP shows how many grams of the matter 
forms from 1 m2 of the leaf surface per unit time, and therefore the ob-
tained results of PPP indicate that in the experimental plants, the accumu-
lation of dry matter proportionally increases with increase in the area of the 
leaf surface. An important indicator of photosynthetic activity is the con-
tent of pigments. The obtained data (Table 5) demonstrate absence of sig-

nificant differences in the content of chlorophyll between the experimental 
and control plants. Presumably: first, despite the increase in the growth 
parameters of the experimental plants, the “effect of dilution of chloro-
phyll” does not take place, i.e. the density of pigments remains on each 
unit of the area of plants, and, secondly, each pigmentary system works 
more intensively, leading to increase in the morphometric parameters.  

Table 5  
Content of chlorophyll in the biomaterial of Hordeum vulgare L. (x ± D, n = 5)  

Parameter 
Phase of the 
development 

of plant 
Control 

Naturost 
(Bacillus 
subtilis) 

Naturost-Aktiv 
(Lactobacillus 

buchneri) 
Chlorophyll a,  
mg/g of dry weight Phase  

of the third  
leaf 

3.68  
± 0.34 

3.69  
± 0.31 

3.70  
± 0.16 

Chlorophyll b,  
mg/g of dry weight 

5.75  
± 0.77 

5.31  
± 0.50 

5.48  
± 0.46 

Total of chlorophylls a 
and b, mg/g of dry weight 

8.00  
± 1.12 

7.83  
± 0.82 

7.83  
± 0.30 

Chlorophyll a,  
mg/g of dry weight 

Phase  
of tillering 

1.96  
± 0.06 

2.02  
± 0.03 

1.93  
± 0.01 

Chlorophyll b,  
mg/g of dry weight 

4.43  
± 0.11 

4.13  
± 0.30 

4.76  
± 0.18* 

Total of chlorophylls a 
and b, mg/g of dry weight 

6.40  
± 0.05 

6.16  
± 0.34 

6.68  
± 0.19* 

Note: * – difference compared with the control is statistically significant at Р < 0.05.  

Analysis of the productivity of barley (Table 6) reveals the absence of 
reliable differences in the morphometric parameters of straw of the experi-
mental and control plants. However, in general, the seed productivity of 
the barley plants after treatment with the biological preparations increased 
by 8.5–15.8%. This occurs as a result of increase in the mass of separate 
caryopsis and increase in the productivity of tillering. The content of nu-
trients in the biomaterial of the experimental and control plants significant-
ly did not differ. Therefore, the content of digested protein in absolutely 
dry matter accounted for 103.7–105.5 g/kg, the content of total protein 
equaled 14.82–15.7%, content of cellulose – 6.67–7.32%, content of 
sugars – 5.41–6.31% of the dry weight.  
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Table 6  
Economic productivity of Hordeum vulgare L. (x ± SD, n = 20, (а) – n = 6)  

Parameter Control 
Naturost 
(Bacillus 
subtilis) 

Naturost-Aktiv 
(Lactobacillus 

buchneri) 
Weight of one plant, g 4.84 ± 0.40 4.98 ± 0.49 5.17 ± 0.54 
Weight of straw of one plant, g 2.79 ± 0.27 2.74 ± 0.35 2.79 ± 0.38 
Weight of grains from one plant, g 2.051 ± 0.058 2.227 ± 0.100* 2.376 ± 0.178* 
Productive tillering 3.9 ± 0.9 4.2 ± 0.6 4.3 ± 0.6 
Height of one plant, cm 48.6 ± 4.5 49.0 ± 3.7 47.7 ± 4.2 
Number of caryopses in the ear 14.0 ± 2.0 14.3 ± 1.9 13.8 ± 1.9 
Weight of 1,000 caryopses, g(а) 40.74 ± 0.84 42.59 ± 1.90 41.45 ± 1.32 

Weight of grain from m2, g(а) 278.14 ± 14.00 315.18 ± 
18.26* 319.37±20.65* 

Coefficient of economic use 0.423 0.447 0.460 
Note: * – difference compared with the control is statistically significant at Р < 0.05.  

 
Discussion  
 

The morphologic parameters of the plants are due to the rates of their 
physiological processes. Many researchers report various mechanisms of 
action of microbiological preparations towards growth and the develop-
ment of plants, including synthesis and complex interaction of phytohor-
mones (Höflich et al., 1994; Vasil’yeva et al., 2019; Moya et al., 2020), 
mobilization of the substances (Shuliko et al., 2019), inhibition of patho-
gens as a result of synthesis of antibiotics, toxins and surfactants, and also 
the development of competition for the nutrients and place of colony of 
pathogenic bacteria (Veselova et al., 2019; Maksimov et al., 2020; Sabaté 
et al., 2020). The data obtained in the laboratory experiments show that the 
inoculation of biological preparations to the seeds has a stimulating effect 
on their germination. Perhaps, it is related to the synthesis of phytohor-
mones of the auxin group by microorganisms or other biologically active 
substances.  

During the micro plot experiment, at the early stages of ontogenesis 
(the phase of the third leaf), the differences between the experimental and 
the control plants were not as significant as at the subsequent stages and as 
could be expected after obtaining the results of the laboratory trial. This si-
tuation could be explained by the drought after the sowing which was un-
favourable both for the plants and microorganisms. Significant morpho-
metric differences between the experimental and control plants were seen 
in the phase of early tillering, i.e. after spraying biological preparations on 
the plants during the phase of the third leaf. During the treatment, the sizes 
of the plants were still insignificant, and during spraying the biological 
preparations, the microorganisms fall on both phyllosphere and soil (reach 
rhyzosphere), where they cause their growth-stimulating action.  

Increase in both dry and raw weight in the experimental plants may 
indicate influence of the biological preparations and processes of absorp-
tion of water and the processes of growth of plants.  

Increase in the leaf area leads to increase in the average daily incre-
ments. First of all, such situation could be related to the enhancement of 
photosynthesis and activation of the work of pigmentary apparatus, which 
is indicated in a number of studies (Pigorev & Tarasov, 2014; Cher-
nyad’ev, 2009). Interesting is the opinion of Seregina, who reports that 
positive effect of physiologically active substances on the process of pho-
tosynthesis could be considered in two aspects. On the one hand, incre-
ment in the leaf area occurs, and on the other hand – leaves are present on 
the plants for a longer time period and work longer for the reproductive 
organs (Seregina et al., 2018; Pavlovskaya et al., 2019). In our experi-
ments, the microbiological preparations significantly induced the growth 
of leaf area of barley plants. Average daily increments, quantity of leaves, 
leaf area, intensity of photosynthesis and the content of chlorophyll, – all 
these indicators allow one to judge on the intensity of photosynthesis of 
plants in particular agroclimatic conditions (Yeryashev et al., 2017; Yev-
dokimova & Mar'ina-Chermnykh, 2018; Yasir et al., 2019). In our case, 
PPP of the experimental and control plants were characterized by similar 
accumulation of dry matter per unit of the leaf area after treatment with 
Naturost and somewhat more intensively for the plants processed with 
Naturos-Aktiv preparations. Thus, increase in the leaf area in the experi-
mental plants is accompanied by remaining relative intensity of photosyn-

thesis, leading to significant increase in the average daily increments and, 
therefore, increase in the biomass. No doubt the main function of chloro-
phyll is its participation in photochemical synthesis of the organic com-
pound from carbon dioxide and water, in our case the content of chloro-
phyll in the control and the experimental biomaterial significantly did not 
differ. Therefore, practically similar content of pigments in the biomaterial 
of the experimental and control plants against the background of increase 
in the rates of accumulation of the biomass indicate the intensification of 
the work of photosynthetic units in the experimental plants. At the same 
time, any changes in physiological processes in the plants, including at the 
early stages of ontogenesis (tillering, booting), affect the grain productivity 
(Yasir et al., 2019; Pavlovskaya et al., 2019). This correlates well with the 
results of our study.  

By the end of the end of the experiment, the mass of the vegetative 
organs of the experimental and the control variants remained, but were in-
significant. Therefore, the treatment with biological preparations presu-
mably enhances the ontogenesis of plants to a large extent. Some authors 
report that the acceleration of the ontogenesis of plants contributes to faster 
organogenesis (new leaves form, the leaf area of the experimental plants 
becomes greater compared with the control), therefore contributing to the 
accumulation of dry matter and, as a result, grain productivity (Pigorev & 
Tarasov, 2014; Pavlovskaya et al., 2019). Such a picture is seen also in our 
case, increase in the rates of the growth processes and accumulation of the 
biomass at the early stages of ontogenesis leads to increase in the grain 
yield of one plant by 8.5–15.8%; during constant quantity of caryopses in 
the ear, there was observed the tendency towards increase in the tillering 
and the weight of caryopses. At the same time, greater increase in the 
grain productivity was seen in the plants treated with the L. buchneri-
based preparation, as written earlier; the plants in that variant reached also 
higher parameters of pure productivity of photosynthesis.  

Perhaps, one of the mechanisms of biological action of biological pre-
parations was synthesis of phytohormones by microorganisms, particular-
ly auxins, which at the early stages of ontogenesis contribute to the activa-
tion of cell division, better development of the root system and, therefore, 
faster growth of the plant. Synthesis of auxins by bacteria has been for 
many times confirmed in the works by Russian (Chernyad’ev, 2009; 
Kolmykova & Lukatkin, 2012; Pigorev & Tarasov, 2014) and foreign 
researchers (Glick, 1995; Tsavkelova et al., 2006; Pérez-Montaño et al., 
2014), and their effect on the growth and development of plants is ob-
vious. In our case, Naturost preparation is a bacterial culture of B. subtilis. 
A number of scientists report that the representatives of this genus of mi-
croorganisms are able to actively synthesize IAA, lipopeptides, ethylene, 
polyamines, etc., due to the fact that the plant̀ s immunity improves, the 
growth and development enhance, and faster response to various stressors 
forms (Falardeau et al., 2013; Xie et al., 2014; Maksimov et al., 2020). 
The second preparation Naturost-Aktiv, based on culture of L. buchneri 
also contributes to the increase in the growth parameters and grain produc-
tivity of barley of the Sonet variety. It should be noted that lactic acid 
bacteria are relatively poorly studied from the perspective of increase in 
the productivity of plants, and usually the studies of these organisms orien-
ted towards their role in preparation of juicy fodders (Taylor et al., 2002). 
However, these microorganisms are rather competitive, which allows 
them to successfully live in soil and efficiently interact in the system with 
plants. Therefore, representatives of Lactobacillus genus increase the resis-
tance of plants to stressors, pathogens (Kuwaki et al., 2004; Limanska 
et al., 2013), and induce growth and the development of plants (Limanska 
et al., 2013; Rzhevskaya et al., 2014), and also the antimicrobial and 
growth-stimulating activities of acidic-lactic bacteria were determined to 
be associated with their production of various metabolites (Kuwaki et al., 
2004; Chicherin et al., 2014; Danilova et al., 2019), particularly valeric and 
butyric acids (Lapitskaya et al., 2009), and also these bacteria are able to 
synthesize phytohormones of the auxin group (Gummala & Broadbent, 
1999), which correlates well with the results we obtained in the study.  
 
Conclusion  
 

The study we conducted demonstrates the positive effect of bacterial 
preparations developed on the bases of B. subtilis and culture of L. buch-
neri on barley (Hordeum vulgare L.) of Sonet variety. The action of the 
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preparations is likely to be associated with the synthesis of phytohormones 
of the auxin group by the microorganisms, antifungal and antibacterial 
effects, and also mobilization of the elements of mineral nutrition. Micro-
organisms of the biological preparations, by actively participating in mu-
tual relationships with the plants, have an effect on the growth and the 
development of barley. Soaking of seeds and spraying of the plants in the 
third leaf stage with biological preparations enhanced the growth 
processes and caused faster organogenesis, increase in the leaf area of 
plants, and finally grain productivity. Therefore, the weight of grains from 
one square meter increased by 13.3% after treatment with Naturost prepa-
ration and by 14.8% after application of Naturost-Aktiv. The data obtained 
during the study indicate the economic effectiveness of the biological 
preparations and allow us to recommend them for use in the conditions of 
the North-West of the Russian Federation. Currently, it is planned to test 
the biological preparations for the effect on grain and fodder crops in 
industrial conditions.  
 
References  
 
Barber, N. A., Chantos-Davidson, K. M., Amel Peralta, R., Sherwood, J. P., & 

Swingley, W. D. (2017). Soil microbial community composition in tallgrass 
prairie restorations converge with remnants across a 27-year chronosequence. 
Environmental Microbiology, 19(8), 3118–3131.  

Bezgodova, I. L., Konovalova, N. Y., Pryadil’shchikova, E. N., & Konovalova, S. S. 
(2018). Vliyanie mineral’nogo pitaniya i biopreparatov pri vozdelyvanii yach-
menya i goroha na zernovye celi [Impact of mineral nutrition and biological 
products in barley and pea cultivation for grain purposes]. AgroZooTekhnika, 
1(1), 1–10 (in Russian).  

Bondarenko, A. N., & Zvolinskij, V. P. (2012). Izuchenie biopreparatov na osnove 
associativnyh azotfiksiruyushchih mikroorganizmov pri vozdelyvanii yarovyh 
zernovyh kul’tur v Astrahanskoj oblasti [The study of biological products based 
on associative nitrogen-fixing microorganisms in the cultivation of spring crops 
in the Astrakhan region]. Agrohimicheskij Vestnik, 2, 22–23 (in Russian).  

Chebotar’, V. K., Zaplatkin, A. N., Shcherbakov, A. V., Mal’fanova, N. V., Start-
seva, A. A., & Kostin, Y. V. (2016). Microbial preparations on the basis of 
endophytic and rhizobacteria to increase the productivity in vegetable crops 
and spring barley (Hordeum vulgare L.), and the mineral fertilizer use effi-
ciency. Agricultural Biology, 51(3), 333–342.  

Chernyad’ev, I. I. (2009). The protective action of cytokinins on the photosynthe-
tic machinery and productivity of plants under stress. Applied Biochemistry 
and Microbiology, 45(4), 351–362.  

Chicherin, I. Y., Pogorel'skiy, I. P., Lundovskikh, I. A., Malov, A. A., Shabalina, 
M. R., & Darmov, I. V. (2014). Dinamika soderzhaniya laktobatsill, mikrob-
nykh metabolitov i antibakterial’noy aktivnosti rastushchey kul’tury Lacto-
bacillus plantarum 8P-A3 [Dynamics of the content of lactobacilli, microbial 
metabolites and antibacterial activity of the growing culture of Lactobacillus 
plantarum 8P-A3]. Zhurnal Infektologii, 5(3), 50–55 (in Russian).  

Danilova, Т. A., Adzhieva, A. A., Danilina, G. A., Polyakov, N. B., Soloviev, A. I., 
& Zhukhovitsky, V. G. (2019). Antimicrobial activity of supernatant of Lacto-
bacillus plantarum against pathogenic microorganisms. Bulletin of Experimen-
tal Biology and Medicine, 167(6), 751–754.  

Falardeau, J., Wise, C., Novitsky, L., & Avis, T. J. (2013). Ecological and mechanistic 
insights into the direct and indirect antimicrobial properties of Bacillus subtilis 
lipopeptides on plant pathogens. Journal of Chemical Ecology, 39, 869–878.  

Ge, T., Li, B., Zhu, Z., Hu, Y., Yuan, H., Dorodnikov, M., Jones, D. L., Wu, J., & 
Kuzyakov, Y. (2017). Rice rhizodeposition and its utilization by microbial 
groups depends on N fertilization. Biology and Fertility of Soils, 53(1), 37–48.  

Glick, B. R. (1995). The enhancement of plant growth by free-living bacteria. Cana-
dian Journal of Microbiology, 41(2), 109–117.  

Gosudarstvennyj katalog pesticidov i agrohimikatov, razreshennyh k primeneniyu na 
territorii Rossijskoj Federacii [The state catalog of pesticides and agrochemicals 
approved for use on the territory of the Russian Federation] (2018). Ministerstvo 
Sel’skogo Hozyajstva Rossijskoj Federacii, Moscow (in Russian).  

Gummalla, S., & Broadbent, J. R. (1999). Tryptophan catabolism by Lactobacil-
lus casei and Lactobacillus helveticus cheese flavor adjuncts. Journal of 
Dairy Science, 82(10), 2070–2077.  

Höflich, G., Wiehe, W., & Hecht-Buchholz, C. (1995). Rhizosphere colonization 
of different crops with growth promoting Pseudomonas and Rhizobium bac-
teria. Microbiological Research, 150(2), 139–147.  

Höflich, G., Wiehe, W., & Kühn, G. (1994). Plant growth stimulation by inocula-
tion with symbiotic and associative rhizosphere microorganisms. Experientia, 
50(10), 897–905.  

Jeon, J. S., Lee, S. S., Kim, H. Y., Ahn, T. S., & Song, H. G. (2003). Plant growth 
promotion in soil by some inoculated microorganisms. The Journal of Mi-
crobiology, 41(4), 271–276.  

Kolmykova, T. S., & Lukatkin, A. S. (2012). Effektivnost’ regulyatorov rosta rastenij 
pri dejstvii abioticheskih stressovyh faktorov [Efficiency of plant growth regula-
tors under abiotic stresses]. Agrohimiya, 1, 83–94 (in Russian).  

Kunicyna, V. V., & Stupina, L. A. (2018). Vliyanie preparatov associativnyh azotfik-
siruyushchih bakterij na formirovanie produktivnosti yarovogo yachmenya v 
Priobskoj zone [The effect of associative nitrogen-fixing bacteria on the forma-
tion of spring barley productivity in the Priobsky zone]. Ot bioproduktov k bio-
ekonomike: Materialy II mezhregional’noj nauchno-prakticheskoj konferencii 
(12–13 April 2018). Alttajskij Gosudarstvennyj Tekhnicheskij Universitet ime-
ni I. I. Polzunova, Barnaul. Pp. 139–142 (in Russian).  

Kuwaki, S., Ohhira, I., Takahata, M., Hirota, A., Murata, Y., & Tada, M. (2004). 
Effects of the fermentation product of herbs by lactic acid bacteria against 
phytopathogenic filamentous fungi and on the growth of host plants. Journal 
of Bioscience and Bioengineering, 98(3), 187–192.  

Lapitskaya, Y. A., Petrov, V. B., Nikonov, I. N., Kryazhevskikh, L. A., & Laptev, 
G. Y. (2008). Preparat “Biotrof-600” – stimulyator rosta tomatov ["Biotrof-600" 
-s a tomato growth stimulator]. Agrarnyy Vestnik Urala, 5, 42–44 (in Russian).  

Limanska, N., Ivanytsia, T., Basiul, O., Krylova, K., Biscola, V., Chobert, J.-M., 
Ivanytsia, V. O., & Haertle, T. (2013). Effect of Lactobacillus plantarum on 
germination and growth of tomato seedlings. Acta Physiologiae Plantarum, 
35(5), 1587–1595.  

Lugtenberg, B., & Kamilova, F. (2009). Plant-growth-promoting rhizobacteria. 
Annual Review of Microbiology, 63, 541–556.  

Maksimov, I. V., Singkh, B. P., Cherepanova, Y. A., Burkhanova, G. F., & Khayrul-
lin, R. M. (2020). Perspektivy primeneniya bakteriy – produtsentov lipopepti-
dov dlya zashchity rasteniy (obzor) [Prospects for the use of bacteria – produc-
ers of lipopeptides for plant protection (review)]. Prikladnaya Biokhimiya i 
Mikrobiologiya, 56(1), 19–34 (in Russian).  

Montesinos, E., Bonaterra, A., Badosa, E., Frances, J., Alemany, J., Llorente, I., & 
Moragrega, C. (2002). Plant-microbe interactions and the new biotechnological 
methods of plant disease control. International Microbiology, 5, 169–175.  

Moya, P., Barrera, V., Cipollone, J., Bedoya, C., Kohan, L., Toledo, A., & Sister-
na, M. (2020). New isolates of Trichoderma spp. as biocontrol and plant 
growth-promoting agents in the pathosystem Pyrenophora teres-barley in 
Argentina. Biological Control, 141, 104–152.  

Novickij, A. A., & Gniteckij, V. A. (2012). Em-tekhnologiya v rastenievodstve 
[Em technologies in crops]. Vestnik Omskogo Gosudarstvennogo Agrarno-
go Universiteta, 4(8), 20–24 (in Russian).  

Nuccio, E. E., Hodge, A., Pett-Ridge, J., Herman, D. J., Weber, P., & Firestone, 
M. K. (2013). An arbuscular mycorrhizal fungus modifies the soil microbial 
community and nitrogen cycling during litter decomposition. Environmental 
Microbiology, 15(6), 1870–1881.  

Pavlovskaya, N. Y., Timakov, A. G., Yakovleva, I. V., & Mameyev, V. V. (2019). 
Izucheniye effektivnosti primeneniya biopreparatov na fotosinteticheskuyu 
deyatel’nost’ i urozhay yarovogo yachmenya [The study of the effectiveness of 
the use of biological products for photosynthetic activity and the harvest of 
spring barley]. Vestnik IRGSKHA, 90, 44–50.  

Pérez-Montaño, F., Alías-Villegas, C., Bellogín, R. A., Del Cerro, P., Espuny, M. R., 
Jiménez-Guerrero, I., López-Baena, F. J., Ollero, F. J., & Cubo, T. (2014). Plant 
growth promotion in cereal and leguminous agricultural important plants: From 
microorganism capacities to crop production. Microbiological Research, 169, 
325–336.  

Pigorev, I. Y., Tarasov, S. A. (2014). Vliyanie biopreparatov na fotosinteticheskuyu 
deyatel’nost’ i urozhajnost’ ozimoj pshenicy [The influence of biological prod-
ucts on photosynthetic activity and yield of winter wheat]. Vestnik Kurskoj Go-
sudarstvennoj Sel’skohozyajstvennoj Akademii, 8, 47–50 (in Russian).  

Porcel, R., Zamarreño, Á. M., García-Mina, J. M., & Aroca, R. (2014). Involve-
ment of plant endogenous ABA in Bacillus megaterium PGPR activity in 
tomato plants. BMC Plant Biology, 14, 36.  

Ryabova, O. V. (2016). K voprosu razrabotki mikrobiologicheskih preparatov (fun-
gicidov i udobrenij) dlya uslovij Severo-Vostoka evropejskoj chasti Rossijskoj 
Federacii [On the problem of development of microbiological agents (fungi-
cides and fertilizers) for conditions of the Northeast of the European part of the 
Russian Federation]. Agrarnaya Nauka Evro-Severo-Vostoka, 50, 31–40 (in Rus-
sian).  

Rzhevskaya, V. S., Oturina, I. P., & Teplitskaya, L. M. (2014). Izucheniye biologi-
cheskikh svoystv shtammov molochnokislykh bakteriy [The study of the bio-
logical properties of strains of lactic acid bacteria]. Uchenyye Zapiski Kryms-
kogo Federal’nogo Universiteta Imeni V. I. Vernadskogo, Biologiya, Khimiya, 
27(1), 145–160 (in Russian).  

Sabaté, D. C., Petroselli, G., Erra-Balsells, R., Audisio, M. C., & Pérez Brandan, C. 
(2020). Beneficial effect of Bacillus sp. P12 on soil biological activities and pa-
thogen control in common bean. Biological Control, 141, 1–8.  

Seregina, I. I., Shumilin, A. O., Vigilyanskiy, Y. M., Belopukhov, S. L., Grishina, Y. 
A., Tsygutkin, A. S., & Litvinskiy, V. A. (2018). Formirovaniye urozhaynosti 
zerna i pokazateli kachestva lyupina belogo (Lupinus albus L.) pri primenenii 
selenita natriya [The formation of grain yield and quality indicators of white lu-

224 

https://doi.org/10.1111/1462%E2%80%932920.13785
https://doi.org/10.1111/1462%E2%80%932920.13785
https://doi.org/10.1111/1462%E2%80%932920.13785
https://doi.org/10.1111/1462%E2%80%932920.13785
https://doi.org/10.15838/alt/2018.1.1.3
https://doi.org/10.15838/alt/2018.1.1.3
https://doi.org/10.15838/alt/2018.1.1.3
https://doi.org/10.15838/alt/2018.1.1.3
https://doi.org/10.15838/alt/2018.1.1.3
https://doi.org/10.15389/agrobiology.2016.3.335rus
https://doi.org/10.15389/agrobiology.2016.3.335rus
https://doi.org/10.15389/agrobiology.2016.3.335rus
https://doi.org/10.15389/agrobiology.2016.3.335rus
https://doi.org/10.15389/agrobiology.2016.3.335rus
https://doi.org/10.1134/S0003683809040012
https://doi.org/10.1134/S0003683809040012
https://doi.org/10.1134/S0003683809040012
https://doi.org/10.22625/2072-6732-2013-5-3-50-55
https://doi.org/10.22625/2072-6732-2013-5-3-50-55
https://doi.org/10.22625/2072-6732-2013-5-3-50-55
https://doi.org/10.22625/2072-6732-2013-5-3-50-55
https://doi.org/10.22625/2072-6732-2013-5-3-50-55
https://doi.org/10.22625/2072-6732-2013-5-3-50-55
https://doi.org/10.1007/s10517-019-04615-9
https://doi.org/10.1007/s10517-019-04615-9
https://doi.org/10.1007/s10517-019-04615-9
https://doi.org/10.1007/s10517-019-04615-9
https://doi.org/10.1007/s10886-013-0319-7
https://doi.org/10.1007/s10886-013-0319-7
https://doi.org/10.1007/s10886-013-0319-7
https://doi.org/10.1007/s00374-016-1155-z
https://doi.org/10.1007/s00374-016-1155-z
https://doi.org/10.1007/s00374-016-1155-z
https://doi.org/10.1139/m95-015
https://doi.org/10.1139/m95-015
https://doi.org/10.3168/jds.S0022-0302(99)75448-2
https://doi.org/10.3168/jds.S0022-0302(99)75448-2
https://doi.org/10.3168/jds.S0022-0302(99)75448-2
https://doi.org/10.1016/S0944-5013(11)80048-0
https://doi.org/10.1016/S0944-5013(11)80048-0
https://doi.org/10.1016/S0944-5013(11)80048-0
https://doi.org/10.1007/BF01923476
https://doi.org/10.1007/BF01923476
https://doi.org/10.1007/BF01923476
https://doi.org/10.1007/s11274-011-0952-7
https://doi.org/10.1007/s11274-011-0952-7
https://doi.org/10.1007/s11274-011-0952-7
https://doi.org/10.1016/S1389-1723(04)00264-6
https://doi.org/10.1016/S1389-1723(04)00264-6
https://doi.org/10.1016/S1389-1723(04)00264-6
https://doi.org/10.1016/S1389-1723(04)00264-6
https://doi.org/10.1007/s11738-012-1200-y
https://doi.org/10.1007/s11738-012-1200-y
https://doi.org/10.1007/s11738-012-1200-y
https://doi.org/10.1007/s11738-012-1200-y
https://doi.org/10.1146/annurev.micro.62.081307.162918
https://doi.org/10.1146/annurev.micro.62.081307.162918
https://doi.org/10.31857/S0555109920010134
https://doi.org/10.31857/S0555109920010134
https://doi.org/10.31857/S0555109920010134
https://doi.org/10.31857/S0555109920010134
https://doi.org/10.31857/S0555109920010134
https://doi.org/10.1007/s10123-002-0085-9
https://doi.org/10.1007/s10123-002-0085-9
https://doi.org/10.1007/s10123-002-0085-9
https://doi.org/10.1016/j.biocontrol.2019.104152
https://doi.org/10.1016/j.biocontrol.2019.104152
https://doi.org/10.1016/j.biocontrol.2019.104152
https://doi.org/10.1016/j.biocontrol.2019.104152
https://doi.org/10.1111/1462-2920.12081
https://doi.org/10.1111/1462-2920.12081
https://doi.org/10.1111/1462-2920.12081
https://doi.org/10.1111/1462-2920.12081
https://doi.org/10.1016/j.micres.2013.09.011
https://doi.org/10.1016/j.micres.2013.09.011
https://doi.org/10.1016/j.micres.2013.09.011
https://doi.org/10.1016/j.micres.2013.09.011
https://doi.org/10.1016/j.micres.2013.09.011
https://doi.org/10.1186/1471-2229-14-36
https://doi.org/10.1186/1471-2229-14-36
https://doi.org/10.1186/1471-2229-14-36
https://doi.org/10.1016/j.biocontrol.2019.104131
https://doi.org/10.1016/j.biocontrol.2019.104131
https://doi.org/10.1016/j.biocontrol.2019.104131
https://doi.org/10.1134/S0002188118070128
https://doi.org/10.1134/S0002188118070128
https://doi.org/10.1134/S0002188118070128
https://doi.org/10.1134/S0002188118070128


 

Regul. Mech. Biosyst., 2020, 11(2) 

pine (Lupinus albus L.) when using sodium selenite]. Agrokhimiya, 7, 73–80 
(in Russian).  

Shuliko, N. N., Khamova, O. F., Voronkova, N. A., Tukmacheva, Y. V., & Doro-
nenko, V. D. (2019). Vliyaniye kompleksnogo primeneniya udobreniy i biopre-
paratov na effektivnoye plodorodiye chernozema vyshchelochennogo i produk-
tivnost’ yachmenya [The effect of the integrated use of fertilizers and biological 
products on the effective fertility of leached chernozem and barley productivity]. 
Agrokhimiya, 2, 13–20 (in Russian).  

Taylor, C. C., Ranjit, N. J., Mills, J. A., Neylon, J. M., & Kung Jr., L. (2002). The 
effect of treating whole-plant barley with Lactobacillus buchneri 40788 on si-
lage fermentation, aerobic stability, and nutritive value for dairy cows. Journal of 
Dairy Science, 85(7), 1793–1800.  

Tsavkelova, E. A., Klimova, S. Y., Cherdyntseva, T. A., & Netrusov, A. I. (2006). 
Microbial producers of plant growth stimulators and their practical use: A re-
view. Applied Biochemistry and Microbiology, 42(2), 117–126.  

Vasil’yeva, Y. N., Akhtemova, G. A., Zhukov, V. A., & Tikhonovich, I. A. (2019). 
Endofitnyye mikroorganizmy v fundamental’nykh issledovaniyakh i sel’skom 
khozyaystve [Endophytic microorganisms in basic research and agriculture]. 
Ekologicheskaya Genetika, 17, 19–32 (in Russian).  

Veselova, S. V., Burkhanova, G. F., Rumyantsev, S. D., Blagova, D. K., & Maksi-
mov, I. V. (2019). Bakterii roda Bacillus v regulyatsii ustoychivosti pshenitsy k 
obyknovennoy zlakovoy tle Schizaphis graminum Rond. [Bacillus bacteria in 
the regulation of wheat resistance to common cereal aphid Schizaphis grami-
num Rond.]. Prikladnaya Biokhimiya i Mikrobiologiya, 55, 56–63 (in Russian).  

Vorobejkov, G. A., Pavlova, T. K., Kondrat, S. V., Lebedev, V. N., Yurgina, V. S., 
Muratova, R. R., Makarov, P. N., Dubenskaya, G. I., & Hmelevskaya, I. A. 
(2011). Issledovanie effektivnosti shtammov associativnyh rizobakterij v pose-
vah razlichnyh vidov rastenij [A study of associative rhizobacteria efficiency for 
economic plants]. Izvestiya Rossijskogo Gosudarstvennogo Pedagogicheskogo 
Universiteta imeni A. I. Gercena, 2011, 114–123 (in Russian).  

Xie, S.-S., Wu, H.-J., Zang, H.-Y., Wu, L.-M., Zhu, Q.-Q., & Gao, X.-W. (2014). 
Plant growth promotion by spermidine-producing Bacillus subtilis OKB105. 
Molecular Plant-Microbe Interactions, 27, 655–663.  

Yasir, T. A., Wasaya, A., Hussain, M., Ijaz, M., Farooq, M., Farooq, O., Nawaz, A., 
& Hu, Y.-G. (2019). Evaluation of physiological markers for assessing drought 
tolerance and yield potential in bread wheat. Physiology and Molecular Biology 
of Plants, 25, 1163–1174.  

Yeryashev, A. P., Shaposhnikov, A. S., & Yeryashev, P. A. (2017). Fotosintetiches-
kaya deyatel’nost’ i produktivnost’ pivovarennogo yachmenya v zavisimosti ot 
urovnya mineral’nogo pitaniya i norm vyseva [Photosynthetic activity and 
productivity of malting barley depending on the level of mineral nutrition and 
seeding rates]. Vestnik Ul’yanovskoy Gosudarstvennoy Sel’skokhozyaystven-
noy Akademii, 37, 19–24 (in Russian).  

Yevdokimova, M. A., & Mar’ina-Chermnykh, O. G. (2018). Vliyaniye regulyatorov 
rosta na fotosinteticheskuyu deyatel’nost’ posevov yarovogo yachmenya [The 
influence of growth regulators on the photosynthetic activity of spring barley 
crops]. Vestnik Ul’yanovskoy Gosudarstvennoy Sel’skokhozyaystvennoy Aka-
demii, 44(4), 91–97 (in Russian).  

 
 

225 

https://doi.org/10.1134/S0002188119020133
https://doi.org/10.1134/S0002188119020133
https://doi.org/10.1134/S0002188119020133
https://doi.org/10.1134/S0002188119020133
https://doi.org/10.1134/S0002188119020133
https://doi.org/10.1134/S0002188119020133
https://doi.org/10.3168/jds.S0022-0302(02)74253-7
https://doi.org/10.3168/jds.S0022-0302(02)74253-7
https://doi.org/10.3168/jds.S0022-0302(02)74253-7
https://doi.org/10.3168/jds.S0022-0302(02)74253-7
https://doi.org/10.1134/S0003683806020013
https://doi.org/10.1134/S0003683806020013
https://doi.org/10.1134/S0003683806020013
https://doi.org/10.17816/ecogen17119-32
https://doi.org/10.17816/ecogen17119-32
https://doi.org/10.17816/ecogen17119-32
https://doi.org/10.17816/ecogen17119-32
https://doi.org/10.1134/S0555109919010185
https://doi.org/10.1134/S0555109919010185
https://doi.org/10.1134/S0555109919010185
https://doi.org/10.1134/S0555109919010185
https://doi.org/10.1134/S0555109919010185
https://doi.org/10.1094/MPMI-01-14-0010-R
https://doi.org/10.1094/MPMI-01-14-0010-R
https://doi.org/10.1094/MPMI-01-14-0010-R
https://doi.org/10.1007/s12298-019-00694-0
https://doi.org/10.1007/s12298-019-00694-0
https://doi.org/10.1007/s12298-019-00694-0
https://doi.org/10.1007/s12298-019-00694-0
https://doi.org/10.18286/1816-4501-2017-1-19-24
https://doi.org/10.18286/1816-4501-2017-1-19-24
https://doi.org/10.18286/1816-4501-2017-1-19-24
https://doi.org/10.18286/1816-4501-2017-1-19-24
https://doi.org/10.18286/1816-4501-2017-1-19-24
https://doi.org/10.18286/1816-4501-2017-1-19-24
https://doi.org/10.18286/1816-4501-2018-4-91-97
https://doi.org/10.18286/1816-4501-2018-4-91-97
https://doi.org/10.18286/1816-4501-2018-4-91-97
https://doi.org/10.18286/1816-4501-2018-4-91-97
https://doi.org/10.18286/1816-4501-2018-4-91-97

