Entomology and Applied Science Letters
Volume 5, Issue 3, Page No: 1-7
Copyright CC BY-NC-ND 4.0
Available Online at: www.easletters.com

ISSN No: 2349-2864

The Influence of Biomodified Fertilizers on the Productivity of Crops and
Biological Properties of Soddy-Podzolic Soils
Naliukhin A.N.1*, Glinushkin A.P.2, Khamitova S.M.3, Avdeev Yu.M.3
1Vologda

State Dairy Farming Academy by N.V. Vereshchagin, Vologda, Russia (160555, Vologda
Region, Vologda, Molochnoe, Schmidt Street, 2)
2All-Russian Research Institute of Phytopathology, Moscow Region, Russia
3 Vologda State University, Vologda, Russia (160000, Vologda region, Vologda, Lenin Street, 15).

ABSTRACT
The problem of preserving the ecological balance of agrocenoses while using mineral fertilizers is one of the
most important in modern agriculture. The use of new types of organomineral fertilizers (OMF), the pellets
of which are modified by various types of biopreparations (BP), is one of the ways to solve it. The studies
were conducted in 2013-2017 on the experimental field of the Vologda State Dairy Farming Academy by N.V.
Vereshchagin (Russia, Molochnoe). In the field experiments, the spore forms of the rhizosphere bacteria
Bacillus subtilis Ch-13 (biopreparation BisolbiFit), Bacillus mucilaginosus (Phosphatovit), and the
consortium based on these two strains (phosphoActiv) were used as modifiers of OMF. The first experiment
consisted of four variants: (1) control (without fertilizers), (2) BP BisolbiFit, (3) OMF, (4) OMF + BP
BisolbiFit (on spring wheat and flax); the second experiment consisted of six variants: (1) control (without
fertilizers), (2) NPK, (3) OMF, (4) OMF + BP BisolbiFit, (5) OMF + BP Phosphatovit, (6) OMF + BP
phosphoActiv with pHKCl 5.1 - 5.2 and 5.8 – 6.0 (vetch-oat mixture). The method of high-throughput
sequencing of 16S rRNA gene with real-time detection was used to study the effect of fertilizers on the
taxonomic structure of the prokaryotic community of sod-podzolic sandy loam soil (Albic Retisol (Loamic,
Aric, Cutanic, Differentic, Ochric)). Results: The biological modification of pellets of organomineral fertilizers
by biopreparation BisolbiFit contributed to the growth of the yield of flax straw by 5.3%, wheat grain - by
5.1%, green weight of the vetch-oat mixture by 10.6%. The greatest amount of bacterial DNA was observed
in variants with the addition of OMF on the background of liming (modifier - BisolbiFit). In control and NPK
variants (without liming), the number of bacteria was the smallest. Distribution of the bacterial community
at the level of phyla showed that the greatest proportion of Actinobacteria (more than 20%) was noted in
variants with the introduction of OMF and OMF + BisolbiFit. This indicates that the use of organomineral
fertilizers positively affects their development. 1)The biological modification of pellets of organomineral
fertilizers by the spore forms of rhizosphere bacteria Bacillus subtilis Ch-13 and Bacillus mucilaginosus
contributed to the growth of the yield of flax by 5.3% (flax straw), wheat grain - by 5.1%, green weight of the
vetch-oat mixture by 10.6%. 2)The results of the work indicate a close relationship of the taxonomic
structure of the soil microbocenosis with the liming and application of fertilizers. 3)Based on the analysis of
the metagenome of the prokaryotic community, it is possible to evaluate "soil health" when introducing
various types of fertilizers.
Keywords: Sod-Podzolic Soil, Organomineral Fertilizers, Biological Modification, Bisolbifit, Soil Microbocenosis, Taxonomic Structure

HOW TO CITE THIS ARTICLE: Naliukhin A.N.1*, Glinushkin A.P.2, Khamitova S.M.3, Avdeev Yu.M., The influence of biomodified
fertilizers on the productivity of crops and biological properties of soddy-podzolic soils, Entomol Appl Sci Lett, 2018, 5 (3): 1-7.

Corresponding author: Naliukhin A.N.
E-mail  naliuhin@yandex.ru
Received: 20/03/2018
Accepted: 01/08/2018

portant components of sustainable development
of agriculture [1, 2]. As the experience of world
agriculture shows, the level of productivity of
cultivated crops and soil fertility is directly dependent on the amount of fertilizers used [3-5].
In the Northern and North-Western regions of
Russia, soils are characterized by low natural

INTRODUCTION
The problem of preserving the ecological balance of agrocenoses is one of the most im-
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2.5 quintal/ha; 4 – OMF modified with BisolbiFit
- 2.5 quintal/ha.
Organomineral fertilizer (OMF) of the brand
"Universal", produced by JSC "Buysky Chemical
Plant" was used in the third variant. It contains:
organic matter (SOM) - 40%, nitrogen - 7%,
phosphorus - 8%, potassium - 8%, magnesium 1.5%, and trace elements (boron, copper, zinc,
and manganese 0.01-0.02%). In the 4th variant,
the granules of OMF were processed by BP BiolobiFit prior to sowing.
Repeatability is threefold; the registration area
of the plots is 3.6 m2. Fertilizers were added to
the row, according to the scheme of the experiment.
During the vegetation period, an integrated protection system was applied taking into account
the harmfulness thresholds [18].
• Experiment with vetch-oat mixture
The experiment was carried out in 2015 - 2017
at two levels of acidity at pH 5.1 and 5.9 (in 1M
KCl extract) in 3-fold repeatability. The area of
the plots was 100 m2. The scheme of the experiment included 6 variants: 1 - control (without
fertilizers); 2 - N30P30K30; 3 - OMF (N30P30K35); 4
- OMF + BisolbiFit (Bacillus subtilis); OMF +
Phosphatovit (Bacillus mucilaginosus); 6 – OMF
+ phosphoActiv (consortium of microorganisms:
Bacillus subtilis + Bacillus mucilaginosus).
Soil sampling and analyses
The soil of the experimental plot is mediumcultivated, sod-podzolic, sandy loam, characterized by average humus content, weakly acidic
reaction of the soil medium, very high supply of
mobile phosphorus, and elevated potassium
content (Table 1).
Soil samples were taken from the arable layer of
soil (0 - 20 cm) from each plot before the experiment was laid, and then every fall after harvesting. The mixed sample consisted of 20 individual
samples taken with the help of a drill bit. After
drying, the soil was sieved through a 2 mm mesh
screen and analyzed by the following methods:
pH - potentiometrically in salt extract (1 mol l-1
KCl solution with soil: solution ratio of 1:2.5).
The mobile compounds of phosphorus and potassium were extracted with a hydrochloric acid
extract (0.2 mol l−1 HCl solution with soil: solution ratio of 1:5). In the resulting extract, the
phosphorus content was determined colorimetrically (modification of the Deniges’ method,

soil fertility, so the use of fertilizers on such soils
gives a high effect [6].
The yield and quality of agricultural products
are reduced due to a decrease in the volume of
application of mineral and organic fertilizers [7].
As a consequence, the search for additional
sources of increasing their effectiveness is relevant [8, 9].
One of the ways to solve this problem is the use
of microbial preparations. They are applied to
the pellets of mineral fertilizers. Microorganisms, which are part of biological preparations,
increase the use of fertilizer by the plants, the
availability of phosphorus and potassium in the
soil [10, 11].
Application of biopreparations to fertilizer pellets forms a kind of "biocapsule", which performs several functions at once: fertilizing,
stimulating, protective. A significant increase in
the yield of agricultural crops and the payback
of mineral fertilizers is provided by such a set of
useful properties [12].
A number of authors for many years studied the
use of microbiological preparations in pure form
and in combination with mineral fertilizers for
inoculation of planting material [13-15].
Modification of fertilizers increases the utilization rate of plants from fertilizers: nitrogen by
20-50%, phosphorus by 20-60%, potassium by
10-40%; promotes yield growth and obtains
better quality of crop production, and also allows increasing the payback of fertilizers with
additional yields [16, 17].
Objective: to study the effect of new types of
biomodified fertilizers on the yield of agricultural crops, the quality and payback of fertilizers.
MATERIALS AND METHODS

Site description and experimental design
• Experiments with flax and spring
wheat
The studies were conducted on the experimental field of the Vologda State Dairy Farming
Academy by N.V. Vereshchagin which is located
in the village of Marfino, Vologda district in
2013-2017.
Schemes of field experiments with flax and
spring wheat included the following variants: 1 control (without fertilizers); 2 – biopreparation
BisolbiFit based on the Bacillus subtilis strain
Ch-13 (BP); 3 - organomineral fertilizer (OMF) –
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the yield of flax straw in 2013-2014. Throughout
the studies, there was a tendency to increase
yields from the action of OMF modified by BisolbiFit biopreparation, where the increments
were from 0.59 to 0.72 t/ha.
In 2014-2015, the use of fertilizers had a positive effect on the growth of seed yield and their
completeness (Table 2). The trend in yield
growth in both years of research was noted in
variants using OMF and biomodified OMF. The
addition to the control in 2014 was 0.07 t/ha in
variant 3; in the fourth variant - 0.09 t/ha; in
2015 - 0.05 t/ha and 0.08 t/ha, respectively.
The slight trend of flax seeds yield growth in
2013 was noted in variants with BP, OMF and
modified OMF. It can be assumed that the decrease in the yield of flax seeds was due to the
unusual flowering of flax, i.e., the first wave of
flowering was noted in July, and in the beginning
of August a repeated flowering of plants against
the background of seed formation was observed
[23].
The use of BP on spring wheat based on the Bacillus subtilis strain Ch-13 in 2013 significantly
increased grain yields compared to the control
by 0.18 t/ha (2nd variant). Modification of granules of OMF with "BisolbiFit" provided the
greatest increase in the yield of grain, which was
0.84 t/ha.
In 2014-2015, the same patterns were preserved. During all the years of research, the effect of all types of fertilizers provided significant
increases. At the same time, it should be noted
that the modification (processing) of OMF fertilizer pellets with a biological preparation produced a more significant yield increase (0.18 0.22 t/ha), compared to OMF, pellets of which
did not undergo BP modification.
The influence of biomodified organomineral
fertilizers on the yield of the green mass of
vetch-oat mixture
The results of the effect of different brands of
OMF and BP on the yield of the green mass of
vetch-oat mixture are presented in Table 3.
The studied fertilizers significantly increased
the yield of the green mass of the vetch-oat mixture in relation to the control by 32.2-46.1%. In
2015-2017, a reliable increase (2.6 - 4.1 t/ha to
the 3rd variant) was obtained from the biological modification of the OMF pellets by BP "Bisolbifit" and "Phosphatovit" [24].

based on the preparation of a complex phosphoric acid compound with molybdenum oxides
in the presence of tin chloride); potassium content - on a fiery photometer. The humus content
(soil organic carbon - SOC) was determined by
the method of wet soil ashing with chrome mixture (0.4 М К2Cr2O7 in H2SO4 diluted with water
in a ratio of 1:1) by a coefficient of 1.724, suggesting that humus contains 58% of SOC [19].
Soil microbial community structure
Determination of the microorganisms’ number
was carried out by PCR (polymerase chain reaction) with real-time detection, which allows the
identification of microorganisms without their
cultivation. The rationing was carried out according to the number of operons of the ribosomal 16S rRNA gene per 1 g of soil. This parameter was used for a comparative assessment of
the number of microorganisms in different soil
samples [20, 21]. The taxonomic structure of the
prokaryotic community (archaea, bacteria) was
analyzed at the level of families and expressed in
relative percentages. The threshold of significance of the factor influence on the soil microbiome was determined to be 0.05%. Analyzes
were performed in the Center for Collective Use
on the scientific equipment “Genomic Technologies, Proteomics and Cell Biology” of the FSBSI
“All-Russia Research Institute for Agricultural
Microbiology”.
Data analyses
The increase in yields from various types of fertilizers is calculated for absolute control (without fertilizers). The statistical processing of the
results was carried out using the STATVIUA.EXE
program. The significance of the differences between the variants was determined using the
LSD criterion, using one and two-way analysis of
variance (ANOVA), wherein the differences between the variants were considered signiﬁcant
at p < 0.05 [22].
RESULTS AND DISCUSSION
Effect of biomodified organomineral fertilizers on the yield of flax and spring wheat
The use of OMF ensured the yield of flax and
wheat almost throughout all the years of research (Table 2).
At the same time, the introduction of BP Bisolbifit into the soil did not significantly affect
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the orders Ellin 6067 and SC-I-84. The number of
Deltaproteobacteria and Gammaproteobacteria
is much lower and is 7 and 11%, respectively.
The most representative is the delta-bacteria of
the family Haliangiaceae of the order Myxococcales and Syntrophobacteraceae of the order
Syntrophobacterales. Among gamma proteobacteria, the families Sinobacteraceae and Xanthomonadaceae are distinguished [25].
The distribution of phylums according to the
variants of the experiment shows an extremely
complex structure of the community, the share
participation of which can vary significantly,
regardless of the studied factors [26].

Reducing soil acidity (pHKCl) from 5.1 to 5.9 increased the efficiency of fertilizers by an average
of 8 - 12%. On not limed soil, the increase in the
yield of green mass in excess of 10 t/ha (to the
corresponding control) was obtained only with
the introduction of OMF with BisolbiFit and on a
limed background – with all biomodified OMF
that were used.
The influence of biomodified organomineral
fertilizers on the taxonomic composition of
the prokaryotic community of soil
The total number of bacterial DNA according to
the variants of the experiment was 1.74-2.78 •
1010 copies/g soil. The largest number of microorganisms was observed in variants with the
introduction of biomodified OMF on the background of liming (Fig. 1).
The smallest number of bacteria was noted in
the variant with the use of mineral fertilizer
without liming, and also without fertilization
(variant 1).
Based on the research, the dominant phylums
the proportion of which was significantly higher
than the others were found (Fig 2). They are:
Acidobacteria (7.1 – 11.5%), Actinobacteria
(13.6 – 20.4%), Bacteroidetes (7.2 - 19.3%), Proteobacteria (45.3 – 56.2%), Verrucomicrobia (4.3
– 10.3%).
The largest share of Actinobacteria (more than
20%) was noted in variants with the introduction of OMF and OMF with BisolbiFit, which indicates that the application of these fertilizers
positively affects their development. According
to modern ideas, Actinobacteria are able to actively decompose organic matter, being participants of the carbon cycle.
Proteobacteria accounts for more than half of
the total microbial diversity in sod-podzolic
soils. These include nitrifying and nitrogenfixing bacteria that participate in the nitrogen
cycle of the soil. Among the representatives of
alpha proteobacteria (Alphaproteobacteria constitute 45% of the total number of proteobacteria) in the arable soil under the vetch-oat mixture, representatives of free-living and symbiotic nitrogen-fixing bacteria of the genera Agrobacterium and Rhizobium, as well as
Rhodoplanes and Kaistobacter prevailed. The
share of beta proteobacteria is also significant
and is 37%. The most numerous is the family of
Comamonadaceae, unidentified to the families of

CONCLUSION

This work is one of the first steps in understanding the close relationship of the taxonomic
structure of the soil microbocenosis with such
exogenous factors as liming of soil, application
of fertilizers and evaluation of "soil health" during different uses of arable land. Based on the
analysis of the metagenome of the prokaryotic
community using high-throughput sequencing
of the 16S rRNA gene in various variants of the
stationary experiment in comparison with the
set-aside lands, microorganisms-indicators of
the directivity of soil-biological processes in agrocenosis were revealed. It is shown that the
modification of fertilizer pellets with biological
preparations promotes an increase in the yield
of flax fiber, spring wheat and vetch-oat mixture.
All this serves as a basis for obtaining sustainable crop yields for a long time and maintaining
soil fertility [27].
REFERENCES

1.
2.
3.

4

Altieri, M.A., 1999. The ecological role of
biodiversity in agroecosystems. Agric.
Ecosyst. Environ. 74, P. 19–31.
Doran, J.W., Zeiss, M.R., 2000. Soil health and
sustainability:
managing
the
biotic
component of soil quality. Applied Soil
Ecology. V. 15. P. 3–11.
Edmeades, D.C., 2003. The long-term
effects of manures and fertilisers on soil
productivity and quality: a review. Nutr.
Cycl. Agroecosyst. 66. P. 165–180. doi:
http://dx.doi.org/10.1023/A:10239998166
90.

Naliukhin A.N. et al

Entomol. Appl. Sci. Lett., 2018, 5 (3):1-7
13. Lemanceau P., Corberand T., Gardan L.,
1995. Effect of two plant species, flax
(Linum usitatissum L.) and tomato
(Lycopersicon esculantum Mill.) on the
diversity of soil-borne populations of
fluorescent pseudomonads. Applied and
Environmental Microbiology, 61.
14. Mahaffee, W.F., Kloepper, J.F., I996.
Temporal changes in the bacterial
communities of soil, rhizosphere and
endorhiza associated with field grown
cucumber (Cucumis sativus L.). Microbial
Ecology, 34.
15. Okon, Y., Labandera-Gonzalez, С., 1994.
Agronomic applications of Azospirillum: an
evaluation of 20 years worldwide field
inoculation
experiments.
Soil.
Biol.
Biochem., 26.
16. Junge, H., Krebs, B., Kilian, M., 2000. Strain
selection, production and formulation of the
biological plant vitality enhancing agent
FZB24 Bacillus subtilis. PflanzenschutzNachrichten Bayer., 1.
17. Kloepper, J.W., Scher, F.M., Laliberte, M.,
Zaleska,
I.,
1985.
Measuring
the
spermosphere
colonizing
capacity
(spermosphere competence) of bacterial
inoculants. Can. J. Microbiol., 31.
18. Häni, F., Popow, G., Reinhard, H.,
Schwarz, A., Tanner, K., Vorlet, M., 1990.
Protection des plantes en production
intégrée. LmZ Centrale des moyens
d’enseignement agricole. Zollikofen.
19. Mineev VG, Sychev VG, Amelyancik OA,
Bolysheva TN, Gomonova NF, Durinina EP,
Egorov VS, Egorova EV, Edemskaya N L.,
Karpova EA, Prizhukova V. G., 2001.
Workshop on agrochemistry: a tutorial.
Moscow: Moscow State University. 689 p.
20. Janssen P.H., 2006. Identifying the dominant
soil bacterial taxa in libraries of 16S rDNA
and 16S rRNA genes // Appl Environ
Microb. № 72. P. 1719-1728.
21. Yu Y., Lee Ch., Kim J., Hwang S., 2005. Groupspecific primer and probe sets to detect
methanogenic
communities
using
quantitative real-time polymerase chain
reaction
//
Biotechnology
and
Bioengineering. V. 89. Iss. 6. P. 670–679.

4.

Maltas, A., Charles, R., Jeangros, B., Sinaj, S.,
2013. Effect of organic fertilizers and
reduced-tillage on soil properties, crop
nitrogen response and crop yield: results
of a 12-year experiment in Changins,
Switzerland. Soil Tillage Res. 126. P. 11–18.
doi:http://dx.doi.org/10.1016/j.still.2012.0
7.012.
5. Haynes, R.J., Naidu, R., 1998. Inﬂuence of
lime, fertilizer and manure applications
on soil organic matter content and soil
physical conditions: a review. Nutr. Cycl.
Agroecosyst. 51. P. 123–137.
6. Vedeneeva, N.V, Naliukhin, A.N., 2012.
Fertility status of arable soils and fiber-flax
yield planning in Vologda region.
Agrochemical Herald. Iss. 3, P. 2-4.
7. Sychev, V.G., Lunyov, M.I., Pavlikhin, A.V.,
2012. Current state and dynamics of arable
land fertility in Russia. Plodorodie. Iss. 4, P.
5-7.
8. Mehrvarz S., Chaichi M. R., 2008. Effect of
phosphate solubilizing icroorganisms and
phosphorus chemical fertilizer on forage
and grain quality of barely (Hordeum
vulgare L.). Agricultural & Environmental
Science. Vol. 3. Iss. 6. Р. 855-860.
9. Naliukhin, A.N., Vedeneeva, N.V, 2012.
Determination of fiber-flax requirements for
boron and zinc microfertilizers in the
Vologda region. Plodorodie. Is. 1, P. 13-14.
10. Chebotar, V., Khotyanovich, A., Cazacov, A.,
2000. EXTRASOL -A New Multifunctional
Biopreparation for Ecologically Safe
Agriculture. In: Practice Oriented Results on
Use and Production of Neem Ingredients
and Pheromones IX/Kleeberg H. & Zebitz C.
P. W. (eds). Giessen: Druck & Graphic. P.
127-134.
11. Montesinos, E., Bonaterra, A., Badosa, E.,
Frances, J., Alemany, J., Llorente, I.,
Moragrega,
C.,
2002.
Plant-microbe
interactions and the new biotechnological
method-sof plant disease control. Int.
Microbiol. V. 5. P. 169-175.
12. Zavalin, A.A., Chernova, L.S., Gavrilova, A.Yu.,
Chebotar, V.K., 2015. The Influence of
mineral fertilizers biomodification by
microbial preparation bisolbifit on spring
barley yield. Agrochemistry. Iss. 4, P. 21-33.

5

Naliukhin A.N. et al

Entomol. Appl. Sci. Lett., 2018, 5 (3):1-7
Eurasian Soil Science. V. 51. Iss. 3. P. 321326.
doi:
http://
10.1134/S1064229318030092.
26. Korvigo, I.O., Pershina, E.V., Ivanova, E.A.,
Chirak, E.L., Provorov, N.A., Andronov, E.E.,
Matyuk, N.S., Savos’kina, O.A. Microbiology
(Mikrobiologiya). 2016. V. 85. Iss. 2. P. 231242.
27. Merzlaya, G. E., Vlasova O.A., Naliukhin, A.N.
2015. Aftereffect of fertilizers on the basis of
peat. Marshes and biosphere: materials of
the All-Russian with the international
participation of the IX school of young
scientists
(September
14-18,
2015,
Vladimir). - Ivanovo: Publishing and
printing complex.: OOO "Pressto", pp. 109112. Effect of long-term application of
agrotechnical techniques and crops on soil
microbial communities.

22. Venables, W. N., Ripley, B.D., 2002. Modern
Applied Statistics with S, fourth.
ed.
Springer, New York.
23. Naliukhin, A.N., 2016. Plants diagnostics of
nitrogen nutrition of flax. Russian
Agricultural Sciences. V. 42. Iss. 6. P. 416419.
doi:
http://
10.3103/S1068367416060215.
24. Naliukhin, A.N., Zavalin, A. A., Siluyanova,
O.V., Belozerov, D.A., 2018a. Influence of
biofertilizers and liming on vetch-oat
mixture productivity and change in sodpodzolic soil microbocenosis. Russian
Agricultural Sciences. V. 44. Iss. 1. P. 58-63.
doi: http:// 10.3103/S1068367418010123.
25. Naliukhin, A.N., Khamitova, S.M., Glinushkin,
A.P., Avdeev, Yu.M., Snetilova, V.S.,
Laktionov, Yu.V., Surov V.V., Siluyanova,
O.V., Belozerov, D.A., 2018b. Changes in the
metagenome of prokaryotic community as
an indicator of fertility of arable soddypodzolic soils upon fertilizer application.

Table 1. Agrochemical soil indicators by years of research
Humus
%
3.3
2.9
3.2
3.0
2.9

Years
2013
2014
2015
2016
2017

pH
units
5.2
5.0
5.2
5.5
5.2

P2O5
mg/kg
285
272
261
238
225

K2O
mg/kg
100
146
125
120
115

Table 2. The yield of flax and spring wheat with the application of biopreparation BisolbiFit and organomineral fertilizer (OMF), t/ha
Variants

1. Control (without fertilizers)
2. BP (BisolbiFit)
3. OMF (2.5 quintal/ha)
4. modified OMF (2.5 quintal/ha)
НСР05

2013
5.05
5.33
5.57
5.64
0.38

1. Control (without fertilizers)
0.60
2 BP (BisolbiFit)
0.62
3. OMF (2.5 quintal/ha)
0.63
4. modified OMF (2.5 quintal/ha) 0.63
НСР05
Factual<F05
1. Control (without fertilizers)
2. BP (BisolbiFit)
3. OMF (2.5 quintal/ha)
4. modified OMF (2.5 quintal/ha)
НСР05

2.85
3.03
3.48
3.69
0.11

Years

Average for
3 years

2014
2015
Flax straw
2.95
3.03
3.08
3.25
3.35
3.47
3.66
3.75
0.20
0.21
Flax seeds
0.52
0.55
0.54
0.57
0.59
0.60
0.61
0.63
0.04
0.02
Spring wheat grain
3.17
2.94
3.37
3.16
4.03
4.16
4.21
4.38
0.14
0.14

6

Increase to
control
t/ha
%

Increase from
modification
t/ha
%

3.68
3.89
4.13
4.35
-

+0.21 5.7
+0.45 12.2
+0.67 18.2
-

+0.22
-

5.3
-

2.99
3.19
3.89
4.09
-

+0.20 6.7
+0.90 30.1
+1.10 36.8
-

0.2
-

5.1
-

0.56
0.58
0.61
0.62
-

+0.02 3.6
+0.05 8.9
0.06 10.7
-

+0.01
-

1.6
-
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Table 3. Effect of fertilizers on the yield of green mass of vetch-oat mixture, t/ha
№
1
2
3
4
5
6
1
2
3
4
5
6

Variant
(B-fertilizers)

2015

Years

2016 2017

quintal/ha

А1 – without liming (pHКCl) – 5.1
19.9
24.8 25.0
23.2
27.5
30.4 34.9
30.9
29.2
30.9 34.9
31.7
31.4
34.2 35.6
33.7
31.1
32.7 35.4
33.1
30.4
30.7 33.9
31.7
28.2
30.6 33.3
30.7
А2 – with liming (рНКCl) – 5.9
20.5
27.0 31.9
26.5
30.8
32.8 40.3
34.6
31.7
32.8 40.5
35.0
35.0
37.8 43.3
38.7
34.6
35.1 41.7
37.1
33.9
33.7 43.2
36.9
31.1
33.2 40.1
34.8
1.3
0.9
1.8
2.3
1.5
3.1
3.3
2.2
4.4
-

Control (without fertilizers)
N30P30K30
OMF (N30P30K35)
OMF + BisolbiFit
OMF + Phosphatovit
OMF + PhosphoActiv
Average for A1

Control (without fertilizers)
N30P30K30
OMF (N30P30K35)
OMF + BisolbiFit
OMF + Phosphatovit
OMF + PhosphoActiv
Average for A2
НСР05 for factor A
НСР05 for factor B
НСР05 private differences

Average for 3 years
Increase
to control
to N30P30K30
quintal/ha % quintal/ha %
7.7
8.4
10.5
9.8
8.4
-

33.2
36.3
45.3
42.4
36.3
-

8.2
8.5
12.2
10.6
10.4
-

30.8
32.2
46.1
40.2
39.5
-

0.7
2.8
2.1
0.7
0.4
4.0
2.5
2.3
-

2.3
9.0
6.9
2.3
-

1.0
11.7
7.2
6.6
-

11,0

lg of the 16S rRNA/g soil

10,8
10,6

10,39
10,29

10,44

10,37

10,29

10,24

10,19

10,20

10,4
10,2
10,0
9,8
9,6
9,4
9,2
9,0
рН 5,8-5,9

рН 5,1-5,2

1. Without fertilizer

рН 5,8-5,9

рН 5,1-5,2

2, N30P30K30

рН 5,8-5,9

рН 5,1-5,2

3, ОМF

рН 5,8-5,9

рН 5,1-5,2

4, ОMF + modifier
«bisolbifit»

Fig. 1. The amount of bacterial DNA according to the variants of the stationary field experiment prior to
harvesting the vetch-oat mixture
100%

90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
рН 5,15,2

рН 5,85,9

1. Without fertilizer

рН 5,15,2

рН 5,85,9

2. N30P30K30

рН 5,15,2

рН 5,85,9

3. ОMF

Acidobacteria

Actinobacteria

Armatimonadetes

Planctomycetes

Proteobacteria

Verrucomicrobia

рН 5,15,2

рН 5,85,9

4. ОMF + m odifier
«bis olbifit»

Bacteroidetes

Fig. 2. Taxonomic structure of prevailing soil bacteria at the level of the phylums according to the variants
of the experiment, in % of the population
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