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Abstract

Background: Biological approach is becoming more popular in the protection of the environment by organic waste of
agricultural holdings due to economic efficiency and absence of additional damage to the ecosystem. Microorganisms of
biopreparations possess significant fermentative properties and high antagonistic activity against of many pathogenic and
opportunistic bacteria and toxigenic filamentous fungi. In our study we have isolated millions of coliform bacteria and
Enterococci, thousands of Salmonella, Proteus and Staphylococciin 1 g of initial substrate. After the usage of biopreparations
the quantity of coliform bacteria and Enterococci was less than 10 cells/g, and no Salmonella, Staphylococcus or Proteus
were found. Application of the biopreparations has prevented the loss of nutrients. Therefore, nitrogen content was
higher by 50-60% than in the control. The quantity of nitrifying, ammonifying and cellulose-fermenting microorganisms
increased by 15.9%, 6.6% and 15.4%, respectively. Productivity of grain and vegetable crops increased by 10-20%. An
important advantage of the biopreparations usage, that also we found, is the elimination of specific odor within a couple
days due to the ability of their microorganisms to assimilate nitrogen from urea and neutralize the substrate against the
bacteria causing putrefaction, anaerobic processes and the emission of ammonia and hydrogen sulphide. Conclusion:
The application of developed new biopreparations will allow producing high-quality environmentally friendly agricultural
products.
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destruction of soil structure tend to increase, which is

1. Introduction

The rapid growth of the world population, undoubtedly,
requires the implementation of scientific and techno-
logical advances in all areas of production and human
activities as well as intensive development of industry
and agriculture, which ultimately deteriorates the envi-
ronmental quality?. Anthropogenic pollution of the
environment has become a serious problem and has
acquired a global scale. Every year, soil degradation and
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accompanied by a decrease in abundance and imbalance
of representatives of micro- and meso-fauna. Frequent
uncontrolled use of mineral fertilizers aimed at increasing
the productivity of agricultural crops disturbs the stability
of agroecosystems. Since mineral fertilizers contain sub-
stantial amounts of toxic elements, their systematic use
increases the content of heavy metals in soils.

The soil fertility is reduced simultaneously with
the accumulation of large amounts of manure around
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livestock enterprises, which constitutes epizootological
danger and spreads bad smell over large areas®>. After the
use of organic waste, soil is substantially contaminated
with microflora, which creates a certain environmen-
tal and sanitary hazard. It was noted that the use of
unprocessed manure is impractical because the losses of
nitrogen in it during the storage for 2-3 months reach
50-60% and more.

Many of the methods proposed for organic waste
management are not environmentally friendly and lead to
the formation of secondary products that are often even
more dangerous. The most appropriate, efficient, and
environmentally friendly technologies are the biologi-
cal methods, in particular, those that use the potential of
microorganisms®’. A number of original articles describe
the possibility of using microorganisms for organic waste
management®'®. Microorganisms synthesize enzymes
and other biological compounds that decompose organic
matter. It was confirmed that the technologies based
on microbial communities are less expensive than the
conventional methods. The production and use of prep-
arations based on them do not lead to environmental
pollution. The development of microbial technologies
for managing organic waste with its subsequent use as
fertilizers will allow efficient use of valuable biological
resources.

The key role in the destruction of organic mat-
ter is played by bacteria, yeast, and filamentous fungi.
Microorganisms are involved in the decomposition of
organic matter and soil self-purification, formation of soil
fertility, transformation of humus, and balancing of min-
erals and cellulose. It is also known that microorganisms
are involved in the destruction of many organic com-
pounds that are environmental pollutants''-".

The Federal Center for Toxicological, Radiological
and Biological Safety (Kazan, Russia) performs studies
on the development of technological methods for the
processing of organic waste and its use as a fertilizer.
Microorganisms of different taxonomic groups were pur-
posefully isolated from natural biotopes (dung, manure,
soil, waste water, etc.), and the optimal compositions for
utilization of organic matter were selected. During the
screening, special attention was given to the preservation
of the viability of destructive microorganisms after their
inoculation in different substrates. On the basis of micro-
bial consortia, biopreparations and utilization technology
with the use of different types of organic materials for
processing were developed.
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The technological process of utilization consists in a
multilayered addition of the biopreparation into the entire
volume of deposited substrate (litter manure and semiliq-
uid slurry manure with a moisture content of 86-92%).
In the case of liquid manure with a moisture content of
92-97% and manure waters with a moisture content of
over 97%, the biopreparation is added immediately into
the collector, cesspool, or treatment facility tank. This
paper describes the results of using the biopreparations
developed at the Center for organic animal waste man-
agement.

2. Materials and Methods

Litter and liquid poultry manure was treated with the
biopreparations UF-1 and Ecos, differing in the micro-
organism consortium composition. For testing, manure
piles (500 tons) were formed. A layer of stockpiled manure
(0.5m high) was uniformly moistened with bioprepa-
rations in a proportion of 10 ml per ton substrate. The
preparations were preliminarily diluted with water in a
ratio of 1:1,000. Then, the treated surface was coated with
substrate, ant the procedure was repeated. To evaluate the
efficiency of biopreparations, samples of the surface and
deep layers of the piles were taken every 10 days and sub-
jected to physicochemical and microbiological studies.
The mass fractions of moisture and dry residue were deter-
mined by the conventional procedure; the pH value was
measured potentiometrically. The total nitrogen content in
the substrates was determined according to Kjeldahl. This
method is based on the mineralization of the fertilizer by
heating with concentrated sulfuric acid in the presence of
hydrogen peroxide, followed by distilling oft the ammo-
nia into a boric acid solution and subsequent titration
with sulfuric acid. The total phosphorous and potassium
content was determined photometrically after the min-
eralization of the substrate by heating with concentrated
sulfuric acid in the presence of hydrogen peroxide. The
organic matter and ash content was determined thermo-
gravimetrically. The principle of this method consists in
measuring the weight loss of an organic fertilizer sample
after calcination at 8000°C. Toxic elements were deter-
mined by atomic absorption spectrometry with a Perkin
Elmer Analyst spectrometer, mercury was detected by the
cold-vapor atomic absorption spectroscopy, arsenic was
measured colorimetrically, and pesticides were assayed
by gas liquid chromatography. The sanitary and micro-
biological assessment of manure was performed on the
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basis of the results of determination of the total micro-
bial contamination and the presence of coliform bacteria,
Enterococcus, Salmonella, and Staphylococcus. The num-
ber of microorganisms of various groups was determined
by sowing a homogenized substrate by serial dilutions
on elective culture media with subsequent counting the
grown colonies. Microorganisms were identified using
the Maldi Biotyper system. The effect of the obtained fer-
tilizer on the agrochemical properties of soil and the grain
yield was studied in a field experiment performed on gray
forest moderately loamy soil (humus 2.7%, P,O, 182.0mg/
kg, K O 131.0mg/kg, hydrolytic acidity 2.9 mg eq/100 g,
total absorbed bases 20.8 mg eq/100 g, and soil base satu-
ration 95.1%). The mineral fertilizer N, P, K and the
cattle manure (with an equivalent nutrient content) were
used for comparison. The pH value and the hydrolytic
acidity of soil samples were determined potentiometri-
cally, and the amount of absorbed bases was measured by
titration. Mobile phosphorus and potassium compounds
were determined according to Kirsanov by extracting
them from soil with an acetic acid solution.

3. Results and Discussion

The study of the sanitary-bacteriological state of the
samples of liquid manure (moisture content 71.15 +
2.96%), which were taken in different sites, showed a
high degree of their microbial contamination. The
manure contained coliform bacteria, Enterococcus,
Salmonella, Staphylococcus, and Proteus. The treatment
of manure with the biopreparations significantly reduced
its bacterial contamination. A significant decrease in
the number of coliform bacteria after the treatment
with UF-1 (major component - Streptomycetes) was
observed on day 10 of the experiment. At the end of the
experiment, on day 30, the amount of coliform bacteria
was less than 10 cells/g.

A similar tendency was observed for Enterococcus,
Salmonella, Staphylococcus, and Proteus, the quantity
of which also decreased. For example, the amount of
Enterococcus, Salmonella, Staphylococcus, and Proteus
in the treated manure on day 10 of the experiment was
lower than in the untreated substrate by 2.5, 3.5 and 1.0
log CFU. On day 20 of the experiment, no Salmonella,
Staphylococcus, and Proteus in the treated manure were
found. The number of Enterococcus on day 10 was less
than 100 CFU per 1g of substrate and decreased to a level
of 10 cells/g on day 30 of the experiment.
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When the poultry manure was treated with the
biopreparation Ecos (major component - bacteria of
the genus Bacillus), the number of coliform bacteria,
Enterococcus, Salmonella, Staphylococcus, and Proteus
on day 10 decreased by 2.0, 1.0, 4.0, and 1.0 log CFU,
respectively. On day 20 of the experiment, no Salmonella,
Staphylococcus, and Proteus in the treated manure were
found. The amount of coliform bacteria and Enterococcus
on day 20 was lower than in the control by 4.0 log CFU
and became less than 10 cells/g on day 30 of the experi-
ment. Throughout the study period, no significant
changes in the number of enterobacteria and staphylo-
cocci in the control (untreated) samples were detected.
On day 30 of the study, 1g of the substrate contained more
than 100,000 CFU of coliform bacteria, Enterococcus, and
Salmonella and more than 100 CFU of staphylococci and
Proteus. The substrates treated with the biopreparations
represented a loose dark brown mass, without charac-
teristic specific odor and a slight amount of impurities.
The control samples represented a conglutinated brown
mass with a characteristic peculiar smell, containing
high quantities of undecomposed substrate and impuri-
ties. The physicochemical analysis of the treated liquid
manure showed that it contained high quantities of nutri-
ents as compared to the untreated manure. For example,
the content of nitrogen in the substrate treated with UF-1
and Ecos was 5.47% and 4.80%, which was greater than
in the control sample by 50.1% and 41.7%, respectively
(p <0.001).

In the next experiment, we performed utilization
of the litter poultry manure (moisture content 49.80 +
1.46%). Sawdust was used as a bedding material for hous-
ing the poultry. The baseline level of the coliform bacteria,
Enterococcus, and Salmonella was more than 3.8, 2.7, and
2.0 log CFU/g, respectively. The bacteriological analysis of
the substrate treated with UF-1 on day 10 showed a reduc-
tion in the number of coliform bacteria and Enterococcus
by 1.5 log CFU, relative to the control. On day 15, these
values decreased by 2.4 and 1.9 log CFU, respectively. The
number of coliform bacteria on day 20 of the experiment
was less than 10 cells/g. Enterococci and Salmonella were
not detected in the treated substrate. When the substrate
was treated with the biopreparation Ecos, the number of
coliform bacteria and Enterococcus decreased to a level of
10 cells/g on day 25 of the experiment. Changes in the
number of enterobacteria in the control variant were not
observed throughout the study period. The use of bio-
preparations prevented the loss of nutrients in the treated
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substrate. The content of nitrogen after the treatment with
UF-1 and Ecos was higher than in the control by 60.0%
and 55.0%, respectively (p <0.001) (Table 1). Significant
changes in the content of phosphorus and potassium were
not detected.

Atomic absorption and colorimetric analysis showed
that the treated manure was not a source of contamina-
tion of crop products with hazardous toxic compounds.
The content of toxic elements was at the level of maxi-
mum permissible concentrations. The residual quantities
of pesticides bayleton and arcerid were not detected. The
fertilizer obtained on the basis of liquid manure was tested
in field trials. After the addition of the fertilizer in the soil,
the content of mobile phosphorus (P,0,) and exchange-
able potassium (K,0) increased, the hydrolytic and
exchangeable acidity decreased, and the base saturation of
the soil increased. By the influence on the nutrient regime
(content of mobile phosphorus P,O, and exchangeable
potassium K,O) and the physicochemical properties of
soil (hydrolytic and exchangeable acidity and soil base
saturation), the obtained fertilizer at a dose of 6 t/ha was
identical to 20 t/ha of the untreated manure (Table 2).

It is known that the biological state of soil is character-
ized by the abundance of the major groups of filamentous

fungi and bacteria, which have a positive effect on its fer-
tility. It was of interest to estimate the effect of the obtained
fertilizer on the population level of cellulolytic organ-
isms and ammonifying and nitrifying bacteria. It was
found that the addition of the obtained fertilizer mark-
edly stimulated the growth of microorganisms involved
in the conversion of carbon- and nitrogen-containing
compounds. The use of fertilizers obtained as a result of
treatment of poultry manure with the biopreparations
UF-1 and Ecos accelerated organic matter mineralization,
as evidenced by the increase in the population level of the
ammonifying bacteria assimilating mineral sources of
nitrogen and its organic forms. The number of nitrifying
and ammonifying bacteria and cellulolytic microorgan-
isms after the addition of the fertilizer obtained as a result
of the treatment of manure with UF-1 at a dose of 6 t/ha,
was greater by 15.9% (p<0.05), 6.6%, and 15.4%, respec-
tively (p<0.05), than that after the addition of manure (20
t/ha) and greater by 34.2% (p<0.001), 11.8%, and 32.6%
(p<0.001) than after the addition of the mineral fertilizer.
After the addition of the fertilizer obtained by treating
with Ecos, the number of nitrifying and ammonifying
bacteria and cellulolytic microorganisms was greater
by 13.4%, 5.1%, and 12.2% than after the addition of

Table 1. Physicochemical composition of the litter poultry manure treated with the biopreparations
Parameter Variant
UF-1 Ecos Control
Mass fractions of moisture, % 43.10 £ 5.04 44.50 + 8.16 45.70 £ 6.95
pH 548 £0.12 5.50 £ 0.08 551+0.11
Total nitrogen content, % 525+0.13% 4.67+0.25% 2.10 £0.12
Total phosphorus content, % 2.60 +0.31 2.50 £0.22 2.50 +£0.36
Total potassium content, % 2.00 £0.25 1.90 £0.28 1.90 £0.19
Mass fraction of organic matter calculated for carbon,% 41.40 +0.36 40.96 + 0.24 40.00 + 0.35
* p <0.001
Table 2.  Effect of obtained fertilizers on the agrochemical properties of soil
Parameter Variant
I 0 (o Manure, Fertilizer, 6 t/ha Fertilizer, 6 t/ha
20 t/ha (UF-1) (Ecos)
P,O,, mg/kg 209.00 £ 6.11 212.00 £7.03 214.00 £ 7.29 215.00 = 7.36
K,O, mg/kg 154.00 + 5.43 157.00 = 5.69 158.00 +5.78 158.00 = 5.76
Hydrolytic acidity, mg eq/100 g 2.50 £0.08 2.30 £0.06 2.20 £0.02 2.10 £0.02
Exchangeable acidity (pH) 5.10+0.11 5.10+0.13 5.06 +0.10 5.06 £ 0.10
Soil base saturation, % 96.40 + 3.82 96.80 + 3.97 97.00 £ 4.05 97.10 £ 4.20
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manure (20 t/ha) or by 27.7% (p<0.001), 6.7%, and 24.9%
(p<0.001) than after the addition of the mineral fertilizer.
The total microbial count after the addition of the fertil-
izer based on UF-1 and Ecos was greater by 12.9% and
8.3%, respectively, than after the addition of manure and
greater by 35.3% and 29.8%, respectively (p<0.001), than
after the addition of the mineral fertilizer.

Due to the effect and after effect of the organic fertil-
izer used in doses of 3, 6, and 9 t/ha, the total yield of
spring wheat, annual grasses, barley and oats as a result of
crop rotation for 4 years increased by 10.6, 18.4, and 25.9
centner/ha of grain units, respectively (UF-1-based fertil-
izer) and by 9.9, 17.9, and 24.7 centner/ha of grain units,
respectively (Ecos-based fertilizer). The cattle manure
added in this period in a dose of 20 t/ha increased the
crop yield by 17.5 center /ha of grain units, which cor-
responds to the yield increase resulting from the addition
of the organic fertilizer in a dose of 6 t/ha. The addition
of the mineral fertilizer in a dose corresponding to the
content of elements in 6 tons of the organic fertilizer
increased the yield by 10.4 centner/ha. The fertilizer had
a positive influence on the quality of grain crops. After
the addition of the obtained fertilizer in a dose of 6 t/ha,
the grain protein content of the spring wheat was 14.1%
(UF-1-based fertilizer) and 14.0% (Ecos-based fertilizer)
versus 13.8% after the addition of 20 t/ha manure. The
potato yield after the use of the fertilizers based on UF-1
and Ecos was higher than after the use of the mineral fer-
tilizer by 20.0% and 19.2%, respectively (p<0.01).

4. Conclusion

The results of this study show the effectiveness of the
obtained biopreparations accelerating the organic waste
degradation in the poultry manure management. The
microorganisms contained in the biopreparations exhibit
well-expressed enzymatic properties and a high antago-
nistic activity against many pathogenic and opportunistic
bacteria (including the bacteria of the genera Escherichia,
Salmonella, Enterococcus, Proteus, and Klebsiella) and
toxigenic filamentous fungi. They stimulate the growth
of saprophytic microflora exhibiting biological activity,
which is involved in the soil-forming processes and the
organic matter degradation. The used microorganisms
have a number of functional and ecological advantages,
such as the ability to grow in a wide range of pH and
temperatures and resistance to chemical contaminants.
An important advantage is also the elimination of the
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unpleasant peculiar smell of substrate within several days.
Thus, it can be assumed that the use of the obtained bio-
preparations is associated with the following:

o The inoculated microorganisms exhibit a high com-
petitive ability and inhibit the pathogenic microflora,
ensuring the safety of the substrate in the hygienic and
sanitary aspect.

o The inoculation of the microorganisms in the sub-
strate stimulates the growth of the original microflora,
which exhibits useful properties and is involved in
humification.

o The substrate is enriched in the biologically active sub-
stances produced by the microorganisms.

o The microorganisms contained in the biopreparations
are able to assimilate nitrogen from urea and exhibit
antagonistic activity against the pathogens that pro-
duce metabolites that cause bad smell; as a result, the
substrate is deodorized.

The use of the developed biopreparations makes
it possible to significantly improve the environmental
situation around the livestock and poultry enterprises,
reduce the economic costs for storage and disposal of
manure masses, improve soil fertility and crop yield, and
obtain organic food and animal feed. The agricultural
enterprises become able to run a closed natural cycle
(field-farm-processing-field), making additional profits
from the complete and deep processing and minimizing
the environmental burden of industrial activity.
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