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Abstract—The results of research on the influence of biologics based on rhizosphere microorganisms on the
yield of spring wheat grain on different backgrounds of mineral nutrition on sod-podzolic light-loamy soil are
presented. It was found that inoculation of spring wheat seeds with biologics provides an increase in grain
yield by 1.2–1.3 times, while nitrogen fertilizer at doses of N45 and N90 provide increases by two and 3.5 times,
respectively. The collection of raw protein due to the improvement of nitrogen nutrition increases with the intro-
duction of N45 by two times and with N90 by 3.6 times; that with the use of biological products is by 25–45%.
The vast majority of the nitrogen consumed accumulated in the grain, while less in the straw. The grain of spring
wheat, while improving the supply of nitrogen to plants during the growing season, contained 76–81% of this-
element from the accumulated harvest. It is concluded that the use of biologics on sod-podzolic light-loamy
soil has a positive effect on the growth of spring wheat grain mass, improves the quality of products, and
increases the payback of mineral fertilizers by increasing the yield.
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INTRODUCTION
The contemporary development of agriculture in

Russia that implies the wide use of adaptive-land-
scape farming systems and decrease in the use of min-
eral fertilizers in comparison with 1990 (from 83 to
57 kg/ha) results in increased importance of addi-
tional nutritious elements for plants, especially nitro-
gen [1–3]. Lack of mineral nitrogen and the necessity
to increase agricultural productivity at decreased
energy expenses for the plant-breeding industry
requires the complex use of both mineral and biologi-
cal nitrogen [4].

Therefore, it is important to study utilization of
biological nitrogen by plants since up to 70–90% of
arable soil nitrogen is fixed from air by symbiotic,
associated, and free-living microorganisms [5]. More-
over, the introduced microorganisms, which are used
to inoculate the agricultural grains, stimulate plant
growth and development and increase their resistance
to biotic and antibiotic factors, including phytopatho-
gens [5–9].

At the same time, rhizosphere microorganism-
based biological preparations are not widely used in
agriculture. Practical importance of the associated
nitrogen fixation and its role in regulation of soil fertil-
ity are obviously underestimated [10, 11]. One of the
factors that prevents the wide use of bacterial prepara-

tions in agriculture is the irregular repeatability of the
inoculation results, which complicates the reliable
prognosis of plant reaction [12, 13].

The goals of this study were to scientifically explain
the effects of rhizosphere microbial-based bioprepara-
tions on spring grain cultures and to reveal the princi-
ples of their influence on nitrogen utilization by
plants.

MATERIALS AND METHODS
The effect of the rhizosphere bacteria-based bio-

preparations and the role of different nutrition sources
in the formation of spring wheat productivity has been
studied in a microfield experiment in accordance with
the scheme given in Table 1. Spring wheat (Triticum
aestivum L.) cultivar Zlata grains inoculated with rhi-
zosphere bacteria were sown. The microfield experi-
ment was carried out in 2018–2019 in bottomless
flasks with the area of 0.018 m2 on the sod-podzol
light-loamy soil from Smolensk oblast with the follow-
ing agrochemical parameters: humus content (by
Turin)—1.91–1.96%; mobile forms of P2O5 and K2O
(by Kirsanov)—125.1–140.8 and 129.0–166.0 μg of
soil, respectively; pHKCl 5.6–5.7. The experiment was
repeated four times. To improve the appreciation of
the results obtained, the corresponding parameters are
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represented as g/m2. Buckwheat was the ancestor of
spring wheat.

Mineral fertilizers were introduced while filling
the f lasks with soil. We used ammonium nitrate
(15NH4

15NO3) with 54.04 at % enrichment in the
doses of 81 mg per f lask and 162 mg per f lask, which
corresponded to 45 and 90 kg N/ha. Double super-
phosphate and potassium chloride in the doses of
P45K45 were used both in the background and control.
On the day of sowing, spring wheat grains were treated
with microbiological preparations: Rhizoagrin (RA),
which is based upon the 204 strain of Agrobacterium
radiobacter, able to fix atmospheric nitrogen and
transform it into the easily assimilable forms; KL-10,
which is based on the associated rhizobacterium strain
that belongs to the Pseudomonas sp. and was isolated
from barley rhizosphere and characterized by high
growth-stimulating activity; 17-1, which is based on
the associated rhizobacterium strain that belongs to
the Pseudomonas sp. It was isolated from barley rhizo-
sphere and is characterized by high antifungal activity
with respect to a large spectrum of phytopathogenic
fungi as well as by high growth stimulating activity.
Preparations, which contained 5–10 milliards bacte-
rial cells per 1 g, were represented by powdery peat
substrates with 45–50% humidity. These strains are
well accustomed in the rhizosphere of cereal plants
[14]. The study was carried out using the conventional
methods of soil and plant analysis. Selyaninov’s
hydrothermal coefficient (HTC) was estimated as the
ratio of total precipitation (O) expressed in mm for the
period of average daily air temperature higher than
10°C to the sum of temperatures (∑t) for the same
period decreased ten times, i.e., HTC = O/0.1∑t. The
statistical data processing was performed by dispersion
analysis with the model of a three-factor field experi-
ment using the Excel and Statistica programs. Confi-
dence of differences was assessed by the F-method of
Fisher.

Meteorological conditions during the vegetation
period significantly affected the efficacy of nitrogen
fertilizers and grain inoculation with biopreparations
[14, 15]. Weather conditions in the years of the exper-
iment were different. The vegetation period in 2018
was characterized by mainly increased air temperature
and extremely uneven distribution of atmospheric
precipitation. In May–June, the amount of precipita-
tions reached 65% of the average for several years,
while it reached 268% in July. The HTC for the spring
wheat vegetation period was 1.78. In May–June of
2019, the air temperature was 2.5–4.6°C higher than
the climatic norm and was associated with significant
level of precipitations (+14% to the average for several
years). This allowed plants to accumulate significant
biomass. Weather conditions in July–August of 2019
were similar to those of the climatic norm. The HTC
for the spring wheat vegetation period was 1.31.
RUSSIAN 
RESULTS AND DISCUSSION

Weight of the spring wheat grain depended on the
fertilizers and biopreparations used (Table 1), and it
also varied in different years because of changing
hydrothermal conditions during the vegetation peri-
ods. Lack of moisture in the phenological stages of
2018 (shoots–booting) led to the significant decrease
in the grain yield by 24–40% from the average for the
years of the study. Use of the phosphorus-potassium
fertilizers (PP) resulted in an average grain weight of
105.7 g/m2. Improvement of nitrogen nutrition of
plants provided by introduction of the N45 dose of fer-
tilizer of the same name led to a more than twofold
increase in the average grain weight, while use of the
N50 dose increased it 3.5-times. Inoculation of spring
wheat grains with Rhizoagrin at the background use of
phosphorus-potassium fertilizers provided a 25%
increase in the grain weight on average for 2 years;
treatment with the KL-10 provided a 33% increase
and the 17-1 strain provided 22%. Therefore, inocula-
tion of grains with rhizosphere bacteria provided lower
increase in the grain weight as compared with the N45
nitrogen fertilizer due to low level of nitrogen available
for plants in soil [14, 16, 17].

The agricultural efficacy of the yield is significantly
affected by weather conditions during the vegetation
period. The highest value of this parameter (0.42–
0.48) was observed in 2019 when sufficient humidity
and favorable temperature conditions took place
(HTC 1.31). Droughty vegetation conditions in 2018
resulted in significant decrease in the spring wheat
grain weight and agricultural coefficient, which
reached 0.32–0.42 in most cases. This effect was due
to the decrease in the caryopsis weight and the number
of seeds in the ear (the weight of 1000 seeds was
decreased by 7–12% and the number of seeds in the
ear by 1.3–2.2 times).

The agricultural coefficient (Cagr) was more
affected by the increase in the level of nitrogen fertil-
izer dose up to N90 at the background of P45K45. The
Cagr value was 0.46, which is 18% higher than at the
background use of phosphorus-potassium fertilizers
due to the increase in the portion of grains in the gen-
eral biological yield. This is, apparently, due to the
changes in the donor-acceptor relationships between
the ear and vegetative mass [16]. When phosphorus-
potassium fertilizers and the N45PP were used, no sig-
nificant differences in the Cagr values were observed.
We also observed a positive tendency in the growth of
this parameter when the spring wheat grains were
inoculated with biopreparations, especially with the
17-1 strain (+8%).

The use of mineral nitrogen fertilizer affected the
nitrogen distribution among the individual organs of
spring wheat. The major fraction of the nitrogen con-
sumed was accumulated in grains, while it was to a
smaller degree in the straw. When plants were better
AGRICULTURAL SCIENCES  Vol. 46  No. 4  2020
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Table 1. Efficacy of fertilizers and rhizosphere bacterium biopreparations with respect to spring wheat on an average for 2 years

Variation
Grain 

weight, 
g/m2

Cagr

Increase in the grain weight 
with respect to the control Content N, % Nitrogen 

index, 
%g/m2 % grain straw

Background–P45K45 (BG)–control 105.7 0.39 – – 1.78 0.42 74
BG + Rhizoagrin (RA) 132.4 0.41 26.7 25 1.94 0.45 75
BG + KL-10 strain 140.1 0.40 34.4 33 1.94 0.45 74
BG + 17-1 128.5 0.42 22.8 22 1.83 0.37 78
BG + N45 219.7 0.42 114.0 108 1.70 0.36 77
BG + N45 + RA 225.8 0.40 120.1 114 1.71 0.34 77
BG + N45 + KL-10 strain 243.3 0.41 137.6 130 1.82 0.35 78
BG + N45 + 17-1 strain 242.6 0.42 136.9 130 1.76 0.40 76
BG + N90 369.3 0.46 263.6 249 1.83 0.37 81

Р, % 4.43 3.11 4.43 2.74 3.41
Lowest confident difference, LSD05 A—fertilizer 8.9 0.02 8.9 0.03 0.02
LSD05 B—biopreparation 20.6 0.02 20.6 0.06 0.03
LSD05 of individual differences 30.5 0.03 30.5 0.09 0.05
supplied with nitrogen during the vegetation period,
the grains accumulated up to 76–81% of yield nitro-
gen. This proves the efficacy of nitrogen utilization by
plants in order to form the agriculturally valuable por-
tion of the spring wheat yield. In case of lack of nitro-
gen (the variation of the PP), plants were forced to
reutilize the nitrogen consumed from the vegetative
organs into the generative ones (grains), especially
under the conditions of either insufficient excessive
humidity. This was demonstrated by the portion of
grain nitrogen (74%) from the total nitrogen accumu-
lated in the overground biomass.

The efficacy of nitrogen utilization is assessed by its
accumulation in plants, first of all in grains, which
directly affects the protein level. It was shown that the
content of nitrogen in protein in grains is highly vari-
able and depends on growing conditions (modifica-
tion variability) and hereditary (genotypic) features
[18]. In our experiment, the nitrogen content in grains
of plants grown in the presence of fertilizers and
microbial biopreparations was 1.7–1.94%. In the pres-
ence of phosphorus and potassium fertilizers, the level
of nitrogen in the spring wheat grains reached 1.78%.
Introduction of the nitrogen fertilizer in the N45 dose
led to the decrease in the nitrogen content to 1.70%
due to the growth-related dilution. Sufficient humidi-
fication at the tillering stage sustains the further for-
mation of a higher number of grains in the ear and
increases growth-related nitrogen dilution in the plant
owing to the increase in productivity at the same nitro-
gen storage in soil [19]. Introduction of the nitrogen
fertilizer in the N90 dose resulted in a positive tendency
towards the increase in the nitrogen content in grains
RUSSIAN AGRICULTURAL SCIENCES  Vol. 46  No. 4
by 0.05%. Inoculation of the spring wheat grains with
biopreparations confidently increased the nitrogen
level in grains by 0.05–0.16% due to the improvement
of plant nutrition.

Nitrogen concentration in the spring wheat straw
was decreased in the presence of fertilizers because of
the growth-related dilution. In the case of inoculation
with biopreparations, no significant changes were
observed.

The grain protein content was significantly affected
by hydrothermal conditions during the vegetation
period (Table 2). Insufficient precipitation level in
May–June 2018 led to a 12.0–14.3% protein level in
grains. In 2019, which was characterized by normal
humidity, the level of protein in grains was decreased
by 2.5–5.1%. Introduction of the nitrogen fertilizer in
the N45 dose led to the decrease in the protein level due
to the growth-related dilution, while positive tendency
towards the increase in this parameter was observed in
the dose of N90. At the same time, introduction of the
N45 dose of nitrogen fertilizer led to a two times increase
in the protein collection because of the increase in the
grain weight. Introduction of the N90 dose of nitrogen
fertilizer increased the protein collection 3.6 times.
Confident effect of biopreparations was only observed
in 2018. Introduction of phosphorus-potassium fertil-
izers, as well as inoculation of grains with bioprepara-
tions, led to the increase in the grain weight and pro-
tein collection in comparison with the use of mineral
fertilizers. This confirms the improvement of nitrogen
nutrition in plants because of associated nitrogen fix-
ation (RA) and growth-stimulating activity of the
microbial preparations studied.
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Table 2. Content and collection of the grain protein

Variation
Raw grain protein content, % Raw protein collection, g/m2

2018 2019 mean 2018 2019 mean

Background–P45K45 (BG) 12.0 9.0 10.1 9.6 11.8 10.7
BG + Rhizoagrin (RA) 13.1 9.9 11.1 12.5 16.8 14.7
BG + KL-10 strain 14.3 9.2 11.1 14.9 16.1 15.5
BG + 17-1 13.3 8.8 10.4 12.3 14.5 13.4
BG + N45 12.3 8.5 9.7 16.9 25.6 21.3
BG + N45 + RA 12.1 8.6 9.7 18.2 25.7 22.0
BG + N45 + KL-10 strain 12.9 9.1 10.3 20.5 29.9 25.2
BG + N45 + 17-1 strain 11.7 9.3 10.0 17.0 31.6 24.3
BG + N90 13.1 9.2 10.5 30.6 46.7 38.6

LSD05 of individual differences 0.4 0.5 0.5 0.5 1.3 1.0

Table 3. Nutritious element carry out (g/m2) by spring wheat with the grain yield and straw

Variation
Grain Straw

N P2O5 K2O N P2O5 K2O

Background–P45K45 (BG) 1.88 1.68 2.08 0.67 0.73 0.62
BG + Rhizoagrin (RA) 2.57 2.20 2.95 0.85 0.99 0.71
BG + KL-10 strain 2.72 2.61 2.83 0.94 1.12 0.76
BG + 17-1 2.35 2.16 2.55 0.67 0.74 0.61
BG + N45 3.73 2.96 4.49 1.09 1.13 1.04
BG + N45 + RA 3.86 3.19 4.52 1.18 1.12 1.23
BG + N45 + KL-10 strain 4.43 3.59 5.24 1.24 1.14 1.34
BG + N45 + 17-1 strain 4.27 2.98 5.54 1.31 1.33 1.30
BG + N90 6.76 5.37 8.19 1.61 1.43 1.79

LSD05 of individual differences 0.31 0.23 0.29 0.16 0.21 0.24
Nitrogen carry-over depended on biological speci-
ficity of the culture and soil conditions (Table 3).
Introduction of the N45 dose sustained the increase by
two times of the nitrogen carry-out, whereas the N90
dose increased this parameter 3.6-fold at the back-
ground presence of phosphorus-potassium fertilizers.
Inoculation of grains with biopreparations facilitated a
1.2–1.4-times increase in nitrogen accumulation at
the background presence of nitrogen-phosphorus-
potassium fertilizers, though this increase was lower in
comparison with that in the presence of the nitrogen
fertilizer. Use of the nitrogen fertilizer and bioprepara-
tions increased the nitrogen carry-out from the spring
wheat biomass by 2.1–2.4-times.

Phosphorus and potassium carry-out was deter-
mined by their concentration in grain as well as by the
level of grain productivity. Introduction of the nitro-
gen fertilizer in the N45 dose resulted in a 1.8-times
increase in the phosphorus carry-out and 2.2-times
RUSSIAN 
increase in the potassium carry-out. Use of the N90
dose led to the 3.2- and 3.9-times increase in the phos-
phorus and potassium consumption, respectively.
Inoculation of the spring wheat grains with bioprepa-
rations facilitated the increase in the grain productivity
as well as 1.3–1.6- and 1.2–1.4-times increase in the
phosphorus and potassium carry-out respectively.

Therefore, introduction of biopreparations into the
sod-podzolic light-loamy soil increases the spring
wheat grain weight, improves the quality of the pro-
duction obtained, and increases the recoupment of
mineral fertilizers by the increase in productivity.
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