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FEASIBILITY OF USING SOLAR POWER PLANTS IN RURAL AREAS

E.V. Timofeev, Cand. Sc. (Engineering); V.A. Razmuk
A.F. Erk, Cand. Sc. (Engineering); A.N. Efimova
V.N. Sudachenko, Cand. Sc. (Engineering);

Institute forEngineering and Environmental Problems in Agricultural Production (IEEPanch of FSAC
VIM, Saint Petersburg, Russia

Currently, agricultural enterprises are increasingly using renewable energy sources. This is facilitated by
the transition trend fromemtralized to autonomous power supply systems. The difference between an
agricultural enterprise and an industrial one is the presence of a biological object (plant, animal) in its basis.
The effectiveness of production depends on the environment, sdiliaradic conditions and reliable supply
of high-quality energy throughout the biological cycle within the farming system. This brings up the question
whether it is feasible to use the photovoltaic power plants in agricultural enterprises. The rendtgyf e
surveys of farms were used as the primary material for the analysis. A farm was chosen by the random
sampling method, where the power consumers from the centralized networks were livestock houses,
workshops, vegetable storage, agricultural machisbed, slaughterhouse, garages, a shop and a sawmill.
The feasibility of solar power plants was assessed using the coefficient of energy and environmental
compatibility; the area required for the power generation sources was also considered. The rasdts obt
demonstrated that only the construction costs and the required area influenced the criterion of energy and
environmental compatibility. The power generation costs were small and were only associated with the
maintenance of the power station, sucts@asw removal, glass washing, etc. These stations do not feature
pollutant emissions. As a result, photovoltaic plants meet the specific requirements of agricultural production
T they are environmentally friendly, reliable and easy to operate. The coiwstrgost will gradually
decrease owing to the constant decline in the cost of photovoltaic panels and other components. The area
required for the solar plant construction is mainly a cultivated land without buildings and trees. The cost of
such a site isigh and will increase in the future. The decision to build a solar power plant for agricultural
production will be taken from the environmental conditions in a particular area. If the decision is based on
the environmental protection considerations, posugply reliability and useiriendliness, the construction
of a photovoltaic power plan seems feasible. In other cases, it should be borne in mind that the payback
period of capital investments will be significantly higher than the normative.

Keywords: photovoltaic system, agricultural enterprise, criteria of energy and environmental
compatibility.

For citation: Timofeev E.V., Erk A.F., Sudachenko V.N., Razmuk V.A., Efimova A.N. Feasibility of
using solar power plants in rural areabekhnologii i tekhmheskie sredstva mekhanizirovannogo
proizvodstva produkcii rastenievodstva i zhivotnovod€949. 3(100)9-20 (In Russian)
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EFFECT OF EXTENDED PHOTOPERIOD ON EFFICIENCY OF LIGHT USE BY TOMATO
PLANTS (LYCOPERSICUM ESCULENTUM MILDURING THE PROPAGATINGSTAGE

S.A. Rakutko, DSc (Engineering); A.P. Mishanov;
E.N. Rakutko; A.E. Markova, Cand. Sci. (Agriculture)

Institute for Engineering and Environmental Problems in Agricultural Production (TEBR)nch of FSAC
VIM, Saint Petersburg, Russia

The effect of an extended photoperiod on the effmyesf the radiation flux used by the tomato plants
(Lycopersicum Esculentum Millin the propagating stage was studied. The problems of plant growth and
development dynamics and the relationship between the plant biometric parameters and the imétfliation
two different light spectra (fluorescent lamps only and fluorescent lamps with adtit@% blue radiation)
were considered. Two consecutive series of experiments were conducted, with the photoperiod being of 16
and 22 hours. Photon irradiationbhet op of t he pl ants was mai hn?dti ned
was found that the use of an extended photoperiod in combination with the high levels of irradiation resulted
in the development of plant leaf chlorosis. When varying the componkmtadiation dose, the deviation
from the photographic reciprocity law was recorded. Analysis showed that chlorophyll degradation was a
reaction to the extended photoperiod rather than to the irradiation dose. When the photoperiod was extended
to 22 h, asignificant decrease in the leaf surface area was observed in the plants. The presence of blue
radiation further reduced the leaf area. A similar pattern was observed for the wet mass of leaves. The
specific leaf area decreased with the increasing iriadi&r both types of spectrum and for the photoperiod
values. The smallest valued energy intensity were observed under additional 10% blue radiation, the
average irradiation level and the photoperiod of 16 h. Deviation from the average irradialpthielower
share of blue radiation in the spectrum, and the longer photoperiod resulted in the increase in the energy
intensity.
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INFLUENCE OF LIGHT QUALITY ON FLUCTUATING ASYMMETRY OF BILATERAL
TRAITS OF JUVENILEMARROW PLANTS CUCURBITA PEPO VAR. GIROMONTINA

E.N. Rakutko; S.A.Rakutko, DSc (Egineering

Institute for Engineering and Environmental Problems in Agricultural Production (IEBR)Nch of FSAC
VIM, Saint Petersburg, Russia

The feasibility of assessing the irradiation quality by the fluctuating asymmetry of bilateral (mirror)
traites characterimpg the overall plant developmental stability has been substantiated. A review of
investigation results of the relationship between the parameters of the light environment and the
developmental stability of individual plant species showed that the plantsome favorable light
environment had lower valuesf fluctuating asymmetry. The purpose of the study was to confirm the
hypothesis about the effect of differences in the light quality of radiation on the fluctuating asymmetry level.
The object of the sdy was the juvenile marrow plant€ucurbita pepo var. Giromontinafrom the
appearance of the first leaf and to the appearance of the second leaf, i.e.on the 7th day after the first shoots
appeared. The plants were grown under the light sources witkliffgoent light quality. The lengths and
widths of the left and right cotyledons as well as their optical densities in the blue, green, and red ranges
were recorded as the bilaterial traites. Significant asymmetry of bilateral structures of juvenileimarrow
plants was revealed. The asymmetry occurrence rate of cotyledon optical densities in individual spectral
ranges was from 70% to 100%. The asymmetry occurrence rate for the cotyledon lengthod#s #5
the cotyledon width 13-16%. The fluctuating rniare of asymmetry was revealed only for the cotyledon
length. This trait was taken as the basis to caleuhe fluctuating assymetry index. It was statistically valid
that if the share of fared radiation increased from 3.0% to 26.7% of PAR, the fladiciy assymetry value
decreased by 29.3%. At the same time, an increase in the productivity of plants was observed: the plant mass
by 1.3% and the true leaf length by 18.4%.

Keywords: indoor plant lighting, light quality, cotyledon, fluctuating asymmetbjlateral traite,
developmental stability

For citation: Rakutko E.N., Rakutko S.Alnfluence of light quality on fluctuating asymmetry of
bilateral traits of juvenilesquach plantsQucurbita Pepo Var. GiromontinaTekhnologii i tekhnicheskie
sredstvamekhanizirovannogo proizvodstva produkcii rastenievodstva i zhivotnovo2@ia 2(100)33-46
(In Russian
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The article considers the approach to formalizing the crop growing technologies as dynamic systems, as
well as the possible control over the technology stages using the dynamic programming method.The
technological process in crop production developshe time frame by certain specific stages, with each
stage being characterized by its own state vector and target function, and has an initial and final development
time that is best described by the integrated model. Obtaining the output in crop iproduatmultistage
process, during which the control vector changes successively after achieving some results at each stage and
depending on the target function and the state vector. The main type of controlling action is mechanical
action using the diéirent purpose machinery. The controlling action results in the change of the vector from
the ith to i + 1 state. The components of the state vector are physical and biological indicators of the
controlled object.

Inside each stage, the system is assumdxkthomogeneous and is evaluated by a single state vector. Each
stage develops within a certain time interval; the state vectors (indicators) of each stage have the initial value
at t = 0 and the final value att T;. Such processes, as a rule, are rilgsd by matrix differential equations,

which are a structural model of the technological process. The method of formalizing the crop growing
technologies requires the development of a wide range of tasks related to both the synthesis of mathematical
modek for various stages of the technological process development and the determination of mathematical
model parameters. These parameters are formed by determining the disturbance vector at each stage anc
selection of the corresponding control vector with thi@mimal implementation costs, depending on the
change in the state vector of the technological process in time,

Key words: crop production, technological process management, state vector, integrated model,
structural model, dynamic system.
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systemsTekhnologii i tekhnicheskie sredstva mekhanizirovannogo proizvodstva produkcii rastenievodstva i
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STANDARDISED INDICATORSFOREFFICIENCY ASSESSMENTOF THE WORKING
BODIES AND MACHINES FOR SURFACE TILLAGE

N.l. Dzhabborov, DSc (Engineering); G.A. Semenova
A.V. Sergeev, Cand. Sc. (Engineering)

Institute for Engineering and Environmental Problems in Agricultural Production (IEBRnch of FSAC
VIM, Saint Petersburg, Russia

Improving the energy efficiency of soil cultivation technology depends on the rational operating modes
of tillage units and the level of technical perfection of their working bodies. Different economic, energy, and
environmental criteria are applied to assthe tillage technologies, machines and equipment. The innovative
adaptive soil tilling working bodies and machines with new dynamic properties are currently under
development and improvement. Therefore a new criterion is needed to assess their feetiaatadn and
to compare their energy efficiency with the existing (typical) working bodies. The study objective was to
substantiate this criterion and to establish the patterns of traction resistance variation depending on the tillage
depth and traveltig speed. The study objects were the regularities in variation of traction resistéhiog of
working tools. The study subject was the practice of ploughless surface sail tillage. Mathematical modeling
methods, based on the study of physical regulardzurring during the tillage process, were applied. The
energy consumption by the tilling tools was estimated in the experimental study. Experimental data obtained
were analysed and integrated. The scientific novelty of the work was manifested indlupeeévndicators
(criteria) for efficiency assessmentspecific traction resistance per unit of active frontal area of a tillage
working body and specific traction resistance per unit of active total frontal area of working bodies of the
tillage machine.The article presents graphical and empirical dependences of probabilistic estimates of
traction resistance of dynamic and standard -{gharamic) tilling tools under different speed and load
operation modes.
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Mathematical modeling of surface tillage by different working bodies with due account for the
probabilistic and statistical characteristics of their energy parameters is an urgent task as it allows to design
more advanced and energjficient tillagetools. The aim of research was to create the mathematical models
and to estimate the effect of travelling speed and soil tilling depth on the probabilistic and statistical
characteristics of the traction resistance of dynamic and typicaldyramic) tiling tools. The study objects
were the regularities in variation of the average value, mean square deviation, and the coefficient of variation
of the traction resistance of dynamic and typical ¢dgnamic) tilling working bodies. The study subject
was thepractice of ploughless surface soil tillagéathematical modeling methods, based on the study of
physical regularities occurring during the tillage process by dynamic and typicadynamic) tilling
working bodies, were applied. The energy consumpbiptilling tools was estimated in the experimental
study. Experimental data obtained were analysed and integrated. The scientific novelty of the work was
manifested in created mathematical models, which described the functional dependence betweeig¢he avera
value, mean square deviation, and the coefficient of variation of the traction resistance of dynamic and
typical (nondynamic) tilling tools and the tilling depth and travelling speed. The article presents graphical
dependences (response surfaces) obgilistic and statistical estimates of traction resistance of dynamic
and standard (nedynamic) tilling tools.The determination coefficient for the functional dependences of the
average traction resistance of dynamic and-ehramic working bodies orhe tilling depthH and the
travelling speedV in the form of a regression equation ranged from 0.959 to 0.970. The determination
coefficient for the functional dependences of iean square deviation whction resistance of dynamic and
non-dynamic workng bodies on thélling depthH and the travelling speéed in the form of a regression
equation ranged fro.7841 0.877 The determination coefficient for the functional dependences of the
coefficient of variation oftraction resistance of dynamic andnrdynamic working bodies on thidling
depthH and the travelling speed in the form of a regression equation ranged ft@B89871 0.937 The
established values of the determination coefficient indicate a high accuracy in the selection of regression
equdions of the probabilistic and statistical characteristics of traction resistance of the working bodies under
consideration.

Key words:soil tillage, mathematicamode] traction resistangdravelling speegtilling working body
tillage depth
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HOW TO ACHIEVE THE HIGH YIELDING CAPACITY OF POTATO CULTIVATED BY THE
BIOLOGY-BASED TECHNOLOGY

V.B. Minin, Cand. Sc. (Agriculture); D.A.MaksimoV, Cand. Sc. (Engineering);
S.P. Melniko¥, Cand. Sc. (Agriculture); G.A. LoginoV

YInstitute for Engineering and Environment Problems in Agricultural Production (IEBRynch of FSAC

VIM, Saint Petersburg, Russia

’Federal State BudggEducat i onal Il nstitution of Hi gher Educ
Uni versityo, Saint Petersbur g, Russi a

The FederalLawNo0.288Z @A On Organic Products and Amendment
Russian Feder ati onon Januatyll, 2020.t Acgording rot tbis ldwothme cagricultural
producers, who are willing to start the organic farming, must be provided with the relevant techniques. At the
same time, new technological solutions should focus on obtaining the sufficientlyciuighyields in
compliance with the local climatic conditions and the resulting products should be competitive. The field
research associated with the crop growing technologies following the main requirements to organic
production was launched. A field graotation has been maintained for this purpose since 2016 en sod
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podzolic weltcultivated soil. The experiments with potato as a part of the crop rotation made use of the
composts produced from the poultry manure in the bioreactors and the biologideidiemgleveloped by

Saint Petersburg State Agrarian University,-Rlssian Research Institute of Plant Protection (VIZR) and
All-Russian Research Institute of Agricultural Microbiology (RIAM). The plots area was 61.6 m
Experiments were held in four regtions. Mechanical weed control was applied. The weather conditions in

the spring of 2019 caused the warm and humid May and June. In this regard, the processes of mineralization
and nitrification were intensively going on in the soil. Under these conditand with the good nitrogen
supply, Udacha potato variety was able to demonstrate its potential very well. In the best experiment
variants, a yield of 40 t / ha of marketable products was obtained. The research results of this year and the
previous yeas, allow recommending the established technology to agricultural producers, who are planning
the organic potato production.

Key words:organic farming, potato, biopreparation, agrotechnology, compost, weather conditions.

For citation: Minin V.B., Melnikov S.P., Maksimov D.A., Loginov G.A. How to achieve the high
yielding capacity of potato cultivated by the bioldggsed technologylekhnologii | tekhnicheskie sredstva
mekhanizirovannogo proizvodstva produkcii rastenievodstva | zhivotnovo@8dA. 3(10): 70-79 (In
Russian)
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The main cause of erosion processes in the existing potato cultivation practice is the lack of effective
technological methods, machines and equipment forwther runoff and topsoil retirement control. A
system for seeding the green manure seeds on the formed surface is proposed, which is a technical
implementation of a new technological method for hardening the surface of the ridge using seeding of green
manue crops.An original distributing device was designed and an experimental model was manufactured,
consisting of a frame, which followed the profile of the ridge surface, and two diffusers. This device
controlled the parameters governing the precise bigion of green manure seedlsthe geometric
parameters of a diffuser, namely, its height, the level angle and installation height of the device to the formed
soil surface. The process of green manure seeds sowing on the formed soil surface was abstedary |
conditions and the rational parameters of the distributing device were definedliffuser height B = 30 cm
and the diffuser | evel angle C = 50. The effect o
in the studied inteal was found insignificant. Due to the insufficient seeding uniformity recorded in the
experiment, the design of the distributing device needs to be improved.

Key words:potato cultivation, formed soil surface, soil erosion, green manure, seedindyudirstyi
device
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Institute for Engineenig and Environmental Problems in Agricultural Produciidmranch ofFSAC VIM,
Saint Petersburg, Russia

To switch to intelligent technologies in crop production, the problems of automation and robotisation of
the most labointensive operations need to hedressed. The article deals with the survey results of modern
robotic means for fertilizer application. In our country, several research centers are engaged in the study of
robots used in precision farming technologies, namely Federal Scientific Agreerigg Center VIM, D.N.
Pryanishnikov AHRRussian Research Institute of Agrochemistry, the Institute of Soil Science and
Agrochemistry of the Siberian Branch of the Russian Academy of Sciences, and others. Overseas, the
designers have achieved certaincass in this field the robots have been created, which aredseling
and can perform fertilizing and seeding on their own. However, for their widespread adoption it is still
necessary to address a number of issues associated with the specific ristaoactieagricultural production
in general and organic farming in particular. This requires the combined efforts of engineers and scientists in
conducting the additional research.

Keywords robot fertiliser application digital farming intelligence control
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EFFECT OF INTERROW TILLAGE METHODS OF WIDEROW PLANTINGS OF
PERENNIAL GRASSES ON THEIR PRODUCTIVITY

A.N. Perekopskiy, Candc. (Engineering); S.V. Chugunov

Institute for Engineering and Environmental Problems in Agricultural Produd&®P) i branch of FSAC
VIM, Saint Petersburg, Russia

The article presents the study findings concerning thenpéal grass seed yields in the organic farming
system. The study objective was to obtain the experimental data and to assess the efficiency ofdhe inter
soll tilling methods of wideow plantings of perennial grasses using the example of common yinTdta
study was conducted on the experimental field with organic crop rotation. The grass was sown with 0.7 m
inter-row spacing. On the experimental sites with the wie seeding, various types of int@w weed
control were used: no tillage; removalwéeds without tillage (mowing); tillage with cutting the weed roots
one time and two timesillage with universal rotary harrow (f 0.7) one time and two timedillage with
cutting the weed roots with the use of the Aguidi
determined in the study: the number and the height of generative stems; the seed yield; thecheight an
of weeds in the interow spacing. The study output was the mathematical and graphical dependencies of the
seed yield on the inteow tillage options. The maximum vyield of grass seeds of 4.3 hundred kgdhihe
maximum number of generative stefdd0) was recorded under the mechanical weed control without soll
tillage (mowing). The resulting dependences were shown in graphs.

Key words:crop productivity grass seedsail tillage.

For citation: Perekopskiy A.N.,ChugunovS.V. Effect of interrow tillage methods of wideow
plantings of perennial grasses on their productivityekhnologii i tekhnicheskie sredstva
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STUDYING THE SPREAD OF MYCOTOXINS IN FEED GRASS AND SILAGES

E. A. Yildirim, Cand.Sc. (Biology); G.Yu. Laptev, DSc (Biology);
L. A. llyina, Cand. Sc. (Biology); D. G. Tyurina, Cand. Sc. (Economics);
V. A. Filippova; V.V. Soldatova, Cand. Sc. (Agriculture)

N. I. Novikova, Cand. Sc. (Biology);
Biotrof Ltd., Saint Petersburg, Russia

Mycotoxins are secondary metabolites of toxigenic fungi of Aspergillus, Fusarium and Penicillium
genera, which develop in the tissues of feed grass and silages. The aim of research organised by the
BIOTROF company specialists was to compare the mycotaxntent in feed crops of various types and
silages from livestock farms in various regions of the Russian Federation. Laboratory studies were performed
using ELISA analysis. In the course of mycotoxicological evaluation of forage grass, the widespread
multiple contamination of the studied cultures with mycotoxins was detected. It was revealed that the content
of mycotoxins varied depending on the type of feed crops. Corn plants were the most affected by aflatoxins
and zearalenone; alfalfia by ochratoxin A,and clover and timothy mixturés by T-2-toxin. Identified
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mycotoxins were found in concentrations, which posed the threat to animal and human health. The

monitoring results of mycotoxins content in various feed types from silage trenches on livestecinftre

Russian Federation showed that the problem of contamination of conserved feed with mycotoxins is much
more acute than the problem of contamination of grain and complete feed. Practically in all studied feeds, the
levels of maximum permissiblareunts of mycotoxins were exceeded. The corn silage and haylage turned
out to be the most contaminated feed, especially those produced in the Centrdidtactegion, the least
contaminated the silage from the regions with low annual average air teatypes and a big number of

days with precipitation: the Republic of Yakutia and Neffest Federal District. The obtained data can be
effectively used in the development of digital programs for predicting the occurrence of mycotoxicosis in
ruminant farm aimals

Keywords:mycotoxins, ELISA analysis, BIOTROF, silage, feed grass.

For citation: Yildirim E.A., llyina L.A., Filippova V.A., Novikova N.l., Laptev G.Yu., Tyurina B.,
Soldatova V.V. Studying the spread of mycotoxins in feed grass and silagbaologii i tekhnicheskie
sredstva mekhanizirovannogo proizvodstva produkcii rastenievodstva i zhivotnov@@4i9a 3(100)99
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mycotoxins, silage fermentation, and aerobMol. 95. 14281436.
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MICRO-FOCUS RADIOGRAPHY OF SEEDS OF EVERBEARING SMAIRRUITED
STRAWBERRIES

E.P. Bezukh Cand. Sc. (Agriculture); N.N. Potrakho% DSc(Engineering)

Institute for Engineering and Environment Problems in Agricultural Production TEBRNch of FSAC
VIM, Saint Petersburg, Russia
Saint Petersburg Electrotechnical University ALET

The article discusses the study the everbearing strawberry seeds viability by the microfocus
radiography.This method was applied on tlwng carryingstrawberries for the first time and made it
possible to reveal the hidden internal defects of seeds. The processingyaimagesallowed making the
following conclusions. Firstly, the hidden defects were found on the seeds of all varieties. Accordingly, the
seeds were divided into four groups: tbotten seeds; 2the seeds with underdeveloped endosperathg
seeds with the sel coat detached froendosperm4 - the healthy seeds. Secondly, the seeds of different
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everbearing strawberry varieties were counted by the revealed defects. The seeds of Alexandria variety
featured the highest number of rotten seied®.2%, 8.2% oftHe seeds with the seed coat detached from
endospernand 4.1% of the seeds with underdeveloped endosperm. Thus, there were 22.5% defective seeds
in this variety, and 77.5% healthy seeflaron von Solemacher variety had the equehber of rotten seeds

and the seeds with the seed coat detached femdospermi 6.1%, the seeds with underdeveloped
endosperm were 4.1%. In total, there were 83.7% of healthy seeds in this variety, and 16.3%, respectively, of
the defective ones. Zolushka strawberry variety hadbiggest number of the seeds with the seed coat
detached fromendospermi 8.2%, 6.1% of the seeds with underdeveloped endosperm and the smallest
amount of rotten seeds4.1%. Defective seeds accounted for 18.4%, and the healthyiséwd31.6%. In

the Ruiana (fragaria ananssa) variety, the seed coat detachment fremdtbepernwas dominating 6.1%

of seeds; the rotten seeds and the seeds with underdeveloped endosperm were found at the same level o
4.1%. Thus, this variety had the biggest number afithg seeds (85.7%), and respectively, the smallest
number of defective seeds 14.3%. The study outcomes allowed to make the following conclusions:
microfocus Xray diffraction of the seeds of everbearing srfalited strawberries allows identifying thei

hidden defects; the seeds are fully preserved for further work. Microfoaay Hiffraction of raspberry

seeds has advantages in terms of execution speed and great informative value. The method is especially
effective in screening a small number of se&dthe berry crop breeding.

Keywords seeds; defect; everbearing strawberry; mforus radiography

For citation: Bezukh E.P., Potrakhov N.N. Micifocus radiography of seeds of everbearing small
fruited strawberries.Tekhnologii i tekhnicheskisredstva mekhanizirovannogo proizvodstva produkcii
rastenievodstva i zhivotnovodstZ®19. 3(100)107113(In Russian)
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The inefficient processing of large volumes of animal/poultry manure and igswseorganic fertiliser

makes it difficult for agricultural enterprises to function normally and poses a serious obstacle to-the agro
industrial complex development in Leningrad Region. At the same time, there is one more environmental
and economic probm in this regiori to maintain and improve the soil fertility of agricultural land. For
environmental assessment of agricultural enterprises, the data on the number of farm animals and poultry in
each municipal district of Leningrad Region was collecgdduction and accumulation of animal/poultry
manure in each district were considered and the feasibility of its application as an organic fertiliser to the
agricultural land in this district was assessed. Calculations showed that the districts fetieresd dutrient

load on the environment. Most of the them had the potential to apply additional nitrogen with organic
fertilisers on the available agricultural land. Only two districtgyborgskij and Kirovskij Districts, had a
shortage of land to applthe produced 2172.9 and 8433.2 t N/year, respectively, that might result in
environmental risks. However, the nutrient load in these two districts could be relieved by applying the
produced organic fertilisers to the agricultural land in the neighbourstgcts, as the total potential for
nitrogen application in Leningrad Region is positive: +8769.2 tons of nitrogen per year.

Key words:environmental risks, livestock production, poultry production, organic fertiliser, potential

For citation: Shalavim E.V, Vasilev E.V., Minin V.B. Analysis ofenvironmentalrisks from
agriculture in Leningrad RegionTekhnologii i tekhnicheskie sredstva mekhanizirovannogo proizvodstva
produkcii rastenievodstva i zhivotnovodst2819. 3(100)114-121 (In Russia
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SURVEY OF LIVESTOCKAND POULTRY FARMING IN LENINGRAD REGIONIN TERMS
OF THEIR ENVIRONMENTAL IMPACT

A.Yu. Briukhanov, DSc (Engineering); N.S. Vasievg
E.V. Shalavina, Cand. Sc. (Engineering); V.B. Minin, Cand. Sc. (Agriculture)
E.A. Vorobyeva

Institute for Engineering and Environmental Problems in Agricultural ProductiBEP 1 branch of FSAC
VIM), Saint Petersburg, Russia

The problems of agricultural waste management, animal and poultry mampaicular, are especially
acute in Leningrad Region, which occupies one of the leading places in the Russian Federation in livestock
and poultry farming, since almost the entire territory of the region is found within the Russian part of the
Baltic Sea atchment area. According to the analysis results of theiadustrial complex of Leningrad
Region, 142 agricultural enterprises are located in all municipal districts of the region, of which 94 are cattle
complexes, 8 pipreeding complexes, 12 poulfigrms, 2 mixeetype enterprises (cattle and pig rearing) and
26 crop growing enterprises. Currently, Leningrad Region features the intensification of livestock and
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poultry sectors; new complexes are being built, and the existing complexes are inclegsipgduction
capacities. This fact is confirmed by the concentration of a large number of farm animals / poultry on
individual production sites. The biggest number of poultry (18937000 head) is found in agricultural
enterprises of the Kirovskij DistrictVyborgsky District takes the second place by the poultry stock
6424586 head. This is explained by the presence of large poultry factories in these municipal districts:
Roskar Poultry Factory JSC and Udarnik Poultry Factory JSC in the Vyborgskij DastdcSevernaya
Poultry Factory JSC and Sinyavinskaya Poultry Factory JSC in the Kirovskij District. The mass of
animal/poultry manure produced in the districts of Leningrad Region was calculated. Two districts of
Leningrad Region withthe lack of agricultral land for the application of all organic fertilisers produced
were identified- Vyborgskij and Kirovskij Districts.

Key words livestock complex adverse effegtenvironmental assessmernimal manurg poultry
manure
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APPLICATION OF ASSESSMENT CRITERIA FOR ADVERSE ENVIRONMENTAL IMET
OF AGRICULTURAL ENTERPRISES
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YInstitute for Engineering and Environntal Problems in Agricultural ProductiénlEEPT branch of FSAC
VIM, Saint Petersburg, Russia
Hygienic Certificates (Sanitary and Epidemiological Conclusions) Centre, Saint Petersburg, Russia

Functioning of livestock and poultry complexes has a negathmact on all components of the
environment: soil, atmospheric air and the hydrosphere. To determine this impact, the criteria were used that
made it possible to conduct a comprehensive assessment of the ecological sustainability of the natural
environmem, depending on the machibased technologies and technological equipment used on livestock
and poultry enterprises. As a comprehensive indicator of the impact on soil, variation in the bonitet score was
used; on the atmospheric dirthe sum of equivaldénindicators for all pollutants, taking into account
weighting factors; on the hydrosphéran equivalent indicator that takes into account the eutrophication of
water bodies due to the diffuse load from agricultural land. Comparative assessment pattteofruarious
machinebased technologies and technological equipment showed that (1) when the surface application of
liquid organic fertilizer is replaced by the injection, the criterion of negative impact on the soil drops by 10
20%; (2) when the procsing of the liquid fraction of pig manure in open lagoons is replaced by processing
in covered lagoons and the passive composting of the solid fraction is replaced by the biofermentation in
drumtype installations, the criterion of the negative impact tomoapheric air drops by 380%; (3) when
the passive composting of poultry manure is replaced by the biofermentation in citgmebieistallations,
the criterion of the negative impact on atmospheric air drops b302& (4) when the best available
technobgies are introduced on livestock / poultry complexes, the value of the negative impact criterion on
the hydrosphere drops by-30%.

Key words livestock complex adverse effectenvironmental assessmernimal manurg poultry
manure

For citation: Shahvina E.V, Vasilev E.V, Oblomkova N.S., Freidkin I.A., Minin V.B. application of
assessment criteria for adverse environmental impact of agricultural enterpeislesologii i tekhnicheskie
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ASSESSMENT OF THE COST EFFECTIVENESS OF SMASCALE MODULAR POULTRY
AND RABBIT FARMS

|.LE. PlaksinCand. Sc. (Engineering); A.V. Trifanov, Cand. Sc. (Emneering)

Institute for Engineering and Environmental Problems in Agricultural Produttimanch of FSAC VIM,
Saint Petersburg, Russia

Smallscale livestock and poultry enterprises perform important social and demographic functions and
contribute topreservation and development of rural areas in Russia. This category of agricultural enterprises
is characterized by the production of higirality environmentally sound products needed for the active and
healthy lifestyle of consumers. Poultry meat andkpd5% and 34%, respectively, are in the greatest
consumer demand; beef and lamb account for no more than 20% of the total consumption, and the
consumption of other types of meat does not exceed 1%. But since 2018, there has been a trend towards an
increae in consumer demand for pork owing to its cost drop associated with the launchingafftbeset
pig complexes with the low setfost of products, and a trend towards a decrease in consumption of poultry
meat, which, on the contrary, became morecesjve due to the closure of several poultry factories and the
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spread of epidemics. The growth of pig production is mainly recorded indaade agricultural enterprises

and this trend is forecast to contingnce Russia has become fully salffficient in terms of pork supply

the increase in the capacity of larggale pig complexes is accompanied by the reduction in the number of
smallscale pig farms. Therefore, it is advisable for smadlle pig enterprises to switch to alternative
agricultural agvities. The poultry and rabbit farming seem the most acceptable in terms of consumer
demand and competitiveness. Timstitute for Engineering and Environmental Problems in Agricultural
Productiondeveloped technical and technological solutions of tdolgical modules for broiler fattening

and housing of rabbits with balgibbits. The aim of the study was to compare the economic effect of small
scale poultry and rabbgrowing farms using technological modules as production facilities. According to
the dudy results, the smadicale poultry farms can conduct 2.75 times more production cycles and get 4.5
times more income from the sale of finished products than the rabbit farms. In addition, the monthly profit of
the poultry farm is 32,668.62 roubles tiwa#.5 times higher than the profit from the sasalale rabbit farm.

These data allow concluding that srrsdhle rabbit farms can be used as an alternative production type in the
regions, where the sale of poultry products by the ssaalle poultry farm is complicated by high
competition in the price segment with the large poultry factories, or in the regions, where the veterinary
restrictions on the poultry production are in force.

Keywords:agriculture; livestock production; poultry farming; smedhle production; economic effect.

For citation: Plaksin I.E., Trifanov A.V. Assessment of the cost effectiveness of-soa# modular
poultry and rabbit farmsTekhnologii i tekhnicheskie sredstva mekhanizirovannogo proizvodstva produkcii
rastenievodstvazhivotnovodstva2019. 3(100)137146 (In Russian
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ORGANIZATION OF SUMMERWATER SUPPLYOF COWSUNDER THE LOOSE
HOUSINGSYSTEM

V.V. GordeeyCand Sc (Engineering; S.V.Vtoryi, Cand. Sc. (Engineering)
V.E. KhazanoyCand. Sc. (Engineering); R.M. llin

Institute for Engineering and Environmental Problems in Agricultural Production (TEBR)nch of FSAC
VIM, Saint Petersburg, Russia

Sufficient and reliable water supply for cows contributes to their higher milk productivity and good
health. Dfferent watering systems and water supply machines and equipment are used depending upon the
type and size of animal houses and technological solutions applied: individual drinkers are installed in the
tied housing systems, the group drinkeris the lmse housing systems. The purpose of this study was to
determine the drinking water consumption in the loose housing system with consideration to the indoor
climate and the milk yield. The study on a dairy farm in Leningrad Region in August 2019 resuhed in
experimental data related to drinking water consumption, temperature and relative humidity in the boxes, and
the cow productivity. It was found that the hourly water consumption in the group during the day varied from
0.01 to 0.69 ) the maximum wateconsumption was recorded after the milking and during the feeding.

The average water consumption by a group of cows with 75 head average in the first hour after the three
mil kings was 19 N 2?1 afhd2 % uafi ntgh ¢ hthmugededdnkenftee r ¢ 0
day. During the day, the minimum water consumption was observed fredl 60 800; the maximuni

after the evening milking from 200 to 2200. To assess the comfortable inside environment, the
temperature and humidity index (THI) saused; when THI index varied from 61 to 73, the water
consumption varied from 77 to 91 |/ head. The wat
0.13 I/kg of produced milk.

Key words:cow, automatic water bowl, water, livestock watering, mdk

For citation: Gordeev V.V.,KhazanovV.E., Vtoryi S.V,, Illin R.M. Organization of summer water
supply of cows under the loose housing syst€akhnologii i tekhnicheskie sredstva mekhanizirovannogo
proizvodstva produkcii rastenievodstva i zhivotmstva.2019. 3(100)146-152 (In Russian
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MATHEMATICAL MODEL OF ROBOTIC DEVICE FUNCTIONING FORSUCKLING
PIGLETS FEEDING

|.LE. Plaksin Cand.Sc. (Engineering); S.I. Plaksin Cand Sc. (Physics and
A.V. Trifanov, Cand. Sc. (Engineering); Mathematics)

YInstitute for Engineering and Environmental Problems in Agricultural Produttimanch of FSAC VIM,
Saint Petersburg, Russia
“Novosibirsk State Pedagogical University, NovosibiRskssia

In the structure of meat consumptjdhe pork occupies the second place with an indicator of 25.5
kilograms per capita. Caloric value of pork and its relatively low cost compared to beef and lamb contribute
to the strong retail demand for this type of product. According to further forectet pork production will
only grow; its volume will increase by another 1.5 million tons by 2022. The intensive growth of domestic
pork production promotes the reduction in the imported products share, the volume of which in 2018
amounted to 80 thousamohs. At the same time, the pork exports grow annually. At present, the volume of
pork exports is about 80 thousand tons, and according to the forecast, by 2024 it will more than triple. Since
Russia has become fully salfifficient in terms of this prodt, the further development of the industry
depends directly on the increase in the porkpimducts and backfat exports. However, the increase in pork
exports under the strong competition in the external market in the price segment requires the atioee effe
use of the genetic potential of animals as well as lower production costs. One of the main directions to
address the specified problems is to increase the number of weaned piglets per farrowing. This can be
achieved by using various methods of compatary and artificial feeding of suckling pigletse current
relevant methods feature a higher number of stressful situations and the spread of gastrointestinal diseases of
suckling piglets. The article describes a technical and technological soltiamlootic device for suckling
piglets feeding. In order to determine its main technical and technological parameters, a mathematical model
of its functioning was created taking into account the normative values of premixed feed components
dependingont® suckling pigletsdé age. The method of ma 1
model, which provides a computational and structural approach, based on the use of normative and statistical
data on consumption of dry feed mixture and drinking waggredding on the age of weaned suckling
piglets and the water for the system washing. The created mathematical model allowed calculating the
dimensions of containers for dry feed mixture, drinking water and washing water as well as the volume of
metering catainers. A program in Pascal ABC was written for practical application of the mathematical
model, which allowed the robotic device to determine the necessary volume of dry feed mixture and drinking
water to prepare the ready feed mix depending on thénfigddy of suckling piglets.

Keywords:agriculture; pig breeding; sow; suckling period; robotic device.
For citation: Plaksin I.E., Plaksin S.1., Trifanov A.V. Mathematical model of robotic device functioning

for suckling piglets feeding. Tekhnologii i €khnicheskie sredstva mekhanizirovannogo proizvodstva
produkcii rastenievodstva i zhivotnovodst2819. 3(100)153 160 (In Russian
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One type of waste containirige animal excrement is the mantlearing wastewater from the milking
parlour i a mixture of natural animal excreta apdocess waterPlant growing facilities may be the
significant consumers of both the nutrients and water from this wigsE i branch of FSAC VIM
developed a technology prepare thisvastewater for the subsequent use as a nutrient solution to grow
flowers in the greenhouses. The study objective was to determine the economic effect of the subsurface
application of manurearing wastewater from the milking parlour in the adjacent operating greenhouse for
growing roses by traditional techniquétswas established that to prepare and apply all the mahaeging
wastewater from the milking parlour of the dairy farm for 640 cows, the useful area of such a greenhouse
should be 2281 M The relevant capital investments were found to amount 641654 thaisand roubles.

The annual economic effect from the cost savings to purchase the fertilisers and the profit from the increase
in the flowers yield amounted to 6,173.576 thousand roubles per year. The estimated payback period of the
system of subsurface dpmation of manurebearing wastewater from milking parlours was 3.3 moriths.

high payback of additional capital investments allows recommending the developed system of subsurface
application of manurbearing wastewater from milking parlours in the apieg adjacent greenhouse for
growing roses.

Key words:manurebearing wastewater, greenhouse, subsurface watering, economic effect, dairy farm

For citation: Mironova T.Yu.,Gordeev V.V.Economic aspects of subsurface application of manure
bearing wast@ater from milking parlours in a greenhous€&ekhnologii i tekhnicheskie sredstva
mekhanizirovannogo proizvodstva produkcii rastenievodstva i zhivotnovoddia 3(100): 161-169 (In
Russian
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WASTE UTILIZATION
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Saint Petersburg State University of Industrial Technologies and Design, Higher School of Technology and
Energy, Saint Petersburg, Russia

The paper deals with the highly efficient environmentally friendly technology for utilization of
agricultural and domestic organic waste attributed to below Class 3 of hazard. It describes the technical
parameters of an autonomous installation, which implements the method of supercritical water oxidation
(SCWO). The installation is designed for utilisat of waste significant in terms of its production volume,
namely chicken manure and sewage sludge from urban wastewater treatment facilities. Biological processing
of poultry manure lasts for a long time and requires a certain temperature regime. Tonntlais regime
under the climatic conditions of the Russian Federation involves additional costs. The use of combustion and
gasification methods at the normal pressure can reduce the amounts of accumulated waste. However, due to
the high temperature ohé processes, the hazardous compounds such as dioxins, polycyclic aromatic
hydrocarbons, nitrogen oxides, sulfur, as well as the greenhouse gaseSH;(NH; are generated and
released into the environment. In addition, these methods require signéicengty inputs for drying the
source material due to the high initial water content in the poultry manure and the sewage sludge. The
advantages of SCWO method are the possibility of complete oxidation of the organic matter and, at the same
time, avoidance fathe long process of water evaporation. The substance, resulting from the rédhtidn
that is a gawapor mixture with the temperature about BD@nd pressure about 25 MPahall be used as a
working medium in the power generating equipment, whghncluded as a separate module in the
considered autonomous installation. This solution will significantly reduce the costs of the process. A
significant difference from the common thermal methods for the organic matter utilisation is the absence of
emissions of reaction products into the atmosphere.

Key words supercritical waterorganic waste, poultry factory, wasiélisation, tubular flow reactor,
corrosion
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SURVEY OF MANURE STORAGES IN LENINGRAD REGION

N.S. Vasileva; V.B. Minin, Cand. Sc. (Agculture);
E.A. Vorobyeva,; E.V. Vasilev, Cand. Sc. (Engineering)

Institute for Engineering and Environmental Problems in Agricultural ProductiBEP i branch of FSAC
VIM), Saint Petersburg, Russia

Farm animal and poultry manure is a valuable raw material for ptioduand field application of
organic fertilisers as the only way to maintain and improve soil fertility. However, the violation of designing
and operational requirements for manure storages as well as the time limits of accumulation and storing of
animalpoultry manure may jeopardise the environmental sustainability of rural areas. In order to forecast the
ecological status of the natural environment, the manure storage facilities on livestock and poultry
enterprises in Leningrad Region were analysedhkyoperaccess data. In cattle farming, 29% of manure
storage facilities were found in the satisfactory condition; 20% were estimated to have the insufficient
capacity and 51% did not meet the requirements of the current legislation fully. In intensiearjig, 87%
of manure storage facilities were found in the satisfactory condition and about 13% were estimated to have
the insufficient capacity. In intensive poultry farming, 27% of poultry manure storages were found in the
satisfactory condition; 55% ave estimated to have the insufficient capacity and 18% did not meet the
requirements of the current legislation fully. In the future, the total volume of manure storages in Leningrad
Region needs to be increased by 1.6 million cubic meters through tteslimagof the existing facilities and
the construction of new ones.

Key words: environmental compliance, machibased technologies, manure storage, rural area,
sustainability.

For citation: Vasileva N.S., Vorobyeva E.A., Minin V.B., Vasilev E.V. Survaymanure storages in
Leningrad Region. Tekhnologii i tekhnicheskie sredstva mekhanizirovannogo proizvodstva produkcii
rastenievodstva i zhivotnovodstZ®19. 3(100)179 187 (In Russian)
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OPTIMISATION OF SUBSTRATE BASED ON SOLID FRACTION OF PIG MANURE FOR
SOLID-PHASE AEROBIC FERMENTATION

R.A. UvaroV, Cand. Sc. (Engineering); E.V. Vasile/!, Cand. Sc. (Engineering);
E.V. Shalaving Cand. Sc. (Engineering); ILA. Freidkir?, Cand. Sc, (Agriculture)

!Institute for Engineering and Environmental Problems in Agricultural ProduiciBEPT branch of FSAC
VIM, Saint Petersburg, Russia
Hygienic Certificates (Sanitary and EpidemiokaiConclusions) Centre, Saint Petersburg, Russia

Modern requirements for pig farming lead to a search for new, more efficient technologies of manure
utilisation. The soligphase aerobic fermentation in closed installations shows promise in this respect.
However, the previous studies demonstrated this technology to be not efficient enough when processing the
separated solid fraction of pig manure. The objective of the study was to establish experimentally the optimal
physical and chemical composition dfet starting material for sufficiently intensive sefilase aerobic
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fermentation. The initial components were the solid fraction of pig manure produced on the block of AGM
separators and the solid fraction of pig manure produced the block of decanitugaentihey were mixed

with mechanical grain cleaning waste and water. BIAGUM organic fertiliser produced from bedding poultry
manure by the soliphase aerobic fermentation was added in one of the test samples. The intensity factor of
the fermentation jcess was the temperature reached by the processed material in the biofermentation
installation. Under the investigated operating modes, the stable temperature was recorded in the mesophilic
mode (2656 5Au) ; in special caselsi,c trheedd r(amwsdrt i DnAd)o wah

Key words:pig manure, aerobic fermentation, thermophilic mode, mesophilic mode

For citation: Uvarov R.A., Shalavina E.YVasilev E.V., Freidkin .AOptimisation of substrate based
on solid fraction of pig manureoff solidphase aerobic fermentatiohekhnologii i tekhnicheskie sredstva
mekhanizirovannogo proizvodstva produkcii rastenievodstva i zhivotnovod8ié 3(100)187-195 (In
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STEADY SLURRY FLOW THROUGH THE ROUNESECTION PIPELINE
A.V. Trifanov, Cand. Sc. (Engineering); V.I. Bazykin

Institute for Engineering and Environmental Problems in Agricultural Production (IEEP) branch of FSAC
VIM, Saint Petersburg, Russia

At present, the pig farms are mostly equipped with the gravity flps-amdpit systems with periodic
slurry removal from the livestock houses. However, at the system designing stage, the diameter of the slurry
pipeline is chosen without the proper justification. The fractional composition of pig slurry affects mainly its
viscoplastic properties and the movement pattern through the pipes, channels, ahldepiidingfree
slurry is almost uniform in terms of fractional composition. The equations underlying the pipeline sizing
bridge the physical and rheological charastes of the fluid medium, the generated pressure, and
kinematic and geometric factors. In the theoretical study, the basic hydrodynamic equation, the Bernoulli
equation, was applied to the case of the slurry flow in the pipeline. The pressure loshal@umdsection
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pipe length was determined by the DarcWeisbach equation. The theoretical study performed allowed to
obtain an equation for finding the flow rate of slurry in the pipeline of diandeded to describe the steady
slurry flow through theroundsection pipelineThis will provide a reasonable approach to the choice of the
pipeline diameter within the slurry removal system.

Keywords:agriculture, pig breeding, pig housing, manure, pipeline sizing

For citation: Trifanov A.V., Bazykin V.I. Steady slurry flow through the rowseéction pipeline.
Tekhnologii i tekhnicheskie sredstva mekhanizirovannogo proizvodstva produkcii rastenievodstva i
zhivotnovodstva2019. 3(100)196- 202 (In Russia
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THE BACKGROUND FOR DEVELOPMENT OF BIOECONOMICS IN AGRICULTURE
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E.V. TimofeeV, Cand. Sc. (Engineering); V.A. Razmuk;
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VIM, Saint Petersburg, Russia
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The article deals with a new economic approach to the organization of economic activity
bioeconomics, which is being studied in the framework of the RuB&mmish projectaimedto create a

related Competence Center. The status and directions for the development of bioeconomics in Finland,
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where the national bioeconomic strategy has been adopted at the country level, were examined. The relevant
Russian conditions were anatgsand the obstacles for the introduction of the bioeconomic approach were
identified. The tasks were outlined, which need to be completed for the effective development of
bioeconomics in Russia. The targeted outcome of the priojget harmonization ofducational, research

and technical approaches will be achieved by the joint creation of the Competence Center, including the
development of relevant training programs and materials.

Key words bioeconomy competencecentre renewable energy sourcesmtemational cooperatign
agriculture
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V.B. Minin*, Cand. Sc. (Agriculture); V.V. Belyako\?, Cand. Sc. (Engineering)
.B. Uzhinov&;
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Saint Petersburg, Russia
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Petersburg, Russia

Feder al State Budgetary Edwucational I nstitution
Uni versityo, Sai nt Petersburg, Rus s

Good environmental status of the Baltic Sea depends on the cleanness of the draining rivers. In recent
years, the Baltic Sea is suffering from the excessive inputs of nutrients from thbaked sources
associated with municipal and agricultural @ties. The result is a rapid development of bimeen algae,
which cause such a phenomenon as eutrophication manifested in significant deterioration of the seawater
physical and chemical properties and the death of many marine organisms. The papersctresipbint
RussiaAFinnish studies and practical measures carried out in the period from 2012 to 2014 in the middle
reaches of the Luga River, which also flows into the Baltic Sea. These activities were financed by a grant
from the SoutkEast Finland Russia Cros8order Cooperation Programme, funded by the EU, Finland and
the Russian Federation. The aim of these activities was to create conditions for improving the environmental
status of water in the rivers of the Luga River basin. With this aimew,van integrated approach was
applied. It included a wide range of studies on both the ecological status of the Luga River and the affecting
factors, as well as collaboration with the representatives of agricultural enterprises, local authorities,
entrepeneurs and various groups of local residents, primarily young people, who live near the river and
employ its resources. Such an approach allowed to proceed to concrete actions in the second phase of the
project aimed to improve the ecological status eflthga River basin. The Concept and Strategy for optimal
environmental management in the Luga River basin was elaborated. This document became the basis of the
follow-up projecti LUGABALT?2, which was launched on February 1, 2019.

Key words environmentatesearch; the Luga River; international project; RusBianish cooperation;
chemical properties of water
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