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Abstract. The article substantiates the theoretical provisions, scientific and practical recommendations for the
industrial enterprises management in the formation of knowledge-based economy intellectual resources have been
developed. The content and the main elements of the infrastructure-reproductive approach to the management
of industrial enterprises intellectual resources are revealed. The classification of industrial enterprises intellectual
resources management organizational levels is offered. The types of personnel policy that correspond to a certain
level of the enterprise intellectual resources management organization are identified. The results of the study can
be used to develop tools, methods, systems and mechanisms for managing the intellectual resources of industrial
enterprises,aimed at maximizing the innovation effect, needed to ensure sustainable innovation at the current level

Keywords: knowledge-based economy, industrial enterprise, innovative development, intellectual potential,

intellectual resources management, the effect of innovation, intellectual and innovative activity of personnel

INTRODUCTION

The imperative of advancing intelligence development
has become an imperative not just for existence but
for the survival of civilization in the socio-economic
transformation conditions. The origins of this problem
are that the economic basis of modern society is char-
acterized by the existing sector of high-tech, knowl-
edge-intensive industries.

An industrial enterprise in a knowledge-based
economy is an innovative enterprise, which is the most
complex research and production system that ensures
the implementation of “research- production” consist-
ently ascending cycles. An integral part of production
and economic activity of such an enterprise is the in-
tegration of intellectual activity, which is enhanced by
the intellectual abilities of staff aimed at producing
new knowledge (intellectual product) and innovation
activity in the transformation field of various intellec-
tual products into innovative products and its further
commercialization directly or in warehouse of finished
goods (services). Management of intellectual resourc-
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es is becoming an urgent need for modern industrial
enterprises, determining their innovative activity and
competitiveness on the basis of providing the intel-
lectual staff capabilities necessary reproductive lev-
el, the development of its innovative competencies.
Therefore, an innovative industrial enterprise should
consider the management of intellectual resources as
a constant strategic priority.

Industrial enterprises inevitably become depend-
ent on the intellectual capabilities of staff. Thus, in the
world of hi-tech technologies, the attention of leading
companies managers is focused on the use of employ-
ees creativity and knowledge in an innovative project
team. Under these conditions, in the field of econom-
ics and human resources management, an increasingly
common problem is the lack of innovative and compe-
tent workers in many areas of industry [1, 2]. In such
conditions, the desired result of industrial enterprises
human resource management is, first of all, high-qual-
ity staff development aimed at innovative result in the
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format of knowledge-based economy, that is improve-
ment of professional knowledge, skills, experience,
raising the professional qualification level on this ba-
sis and its integration into professional competencies
in the modern innovation sphere. Therefore, it is nec-
essary to review and rethink the conceptual guidelines
for the management of industrial personnel on a new
principled basis in terms of priorities for innovative
economic development. In this context, attention is fo-
cused on the need to increase the scientific focus on
industrial enterprises intellectual resources manage-
ment (IEIRM) and the development of the employee
innovative competencies on this platform.

It should be noted that international and domestic
theory and methodology of human resource manage-
ment are represented by various concepts focused on
personnel management aspects. These concepts are
due to technological and structural changes in economy
on an innovative basis, but do not give a clear vision of
the management specifics in the development of per-
sonnel innovative competence and intellectualization
aimed at industrial enterprises solving diversification
and technological modernization in a knowledge-based
economy, that is current scientific problem. Thus, the
lack of ability to ensure industrial personnel effective
management in the new economic environment on the
basis of traditional approaches has identified the main
idea of the study aimed at developing the theory and
intellectual resource management methodology based
on the infrastructure-reproductive approach.

The purpose of the article is to deepen the method-
ological principles and develop recommendations for
the industrial enterprises intellectual resources man-
agement on the basis of infrastructure-reproductive ap-
proach in a knowledge- based economy formation. The
choice of research methods is based on the considera-
tion objectivity and comprehensiveness, consistency (in
terms of formal and mathematical logic) principles, as
well as sufficient justification. In accordance with these
principles, a wide range of general scientific research
methods (general logic,theoretical,empirical) was used,
which made it possible to systematize the idea of the
employees intellectual resources managing specifics.

LITERATURE REVIEW

Scientific ideas of such domestic scientists as V. Heyets
and A. Gritsenko, H. Pylypenko and N. Fedorova, O. But-
nik-Siversky, N. Bryukhovetskaya and I. Buleyey, B. An-
drushkiv, O. Kuzmin and L. Lipych, V. Petrenko, |. Moy-
seenko, Y. Sytnyk, A. Nalyvayko and O. Grebeshkova,
L. Maliuta and R. Sherstiuk are aimed at thorough re-
search of business entities ntellectual resources man-
agement methodological and applied aspects.

In particular,V.Heyets,A. Gritsenko, H. Pylypenko and
N. Fedorova actively study the problems of social and
class transformations and the formation of a new ed-
ucation, science and innovation quality as components
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of the reconstructive development of Ukrainian econ-
omy [3, 4]. O. Butnik-Siversky substantiates intellectual
resources as one of the main factors in the processes
of the economy socio-economic development intensi-
fication [5]. N. Bryukhovetskaya and I. Buleyev develop
mechanisms for innovative development of domestic
industrial enterprises [6]. O. Kuzmin and L. Lipich con-
sider methodological aspects of the intellectual po-
tential management concept as a tool to increase the
competitiveness of the enterprise [7]. B. Andrushkiv
summarizes the directions of the enterprise intellectu-
al potential effective use as an entering the Europe-
an economic space ways [8]. The creation of effective
mechanisms for attracting intellectual resources and
the peculiarities of their development are studied by
V. Petrenko. With, the researcher confirms that the effec-
tive use of intellectual resources in today's information
economy contributes to a higher level of social wel-
fare [9]. I. Moyseenko in his works strengthens the role
of intellectual resources in the context of industrial
enterprises innovative activity in Ukraine [10]. S. Ilyas-
henko, Y. Sytnyk, A. Nalyvayko and O. Grebeshkova cov-
er the intellectual resources activation in the context
of the knowledge management modern paradigm [11,
12, 13]. L. Maliuta and R. Sherstiuk outline the reali-
ties and prospects of the industrial enterprises intel-
lectual potential effective use in a knowledge-based
economy [14, 15]. S. Kis outlines the problems of man-
agement activity intellectualization and enterprise
personnel intellectual activity intensification [16].

Nevertheless, issues related to the industrial en-
terprises intellectual resources management remain
insufficiently researched, or debatable up to this day,
which necessitates their further study to ensure their
effective use.

RESULTS

In the current socio-economic transformation, de-
termined by the technological factor, the advanced
development of intelligence has become the domi-
nant factor of the knowledge-based economy. Today's
economy is, first of all, an effective sector of high-tech
industries, which relies more on the resources of the
intellectual component [17]. Thus, the strategic im-
portance of modern industrial enterprises intellectual
resources increases.

The study of the industrial enterprises intellectual
resources management (IEIRM) specifics allowed us to
conclude that there is a sufficient variety of approach-
es to management in this area. The reason for turning
to the personnel management methodological experi-
ence, on the one hand, and the experience of manag-
ing the intellectual resource component (intellectual
capital and intellectual potential), on the other, is the
specific intellectual resources economic nature as an
object of management. This necessitates the need to
take into account in this kind of studies, firstly, the staff

Ukrainian Black Sea Region Agrarian Science, 25(1), 4-10
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intellectualization genesis as a result of intellectual
resources synthesis such as knowledge, skills, abilities,
experience, competencies, abilities, and secondly, the
inseparability of these resources from staff as a carri-
er - not in the form of passive nature “packaging”, but
the one that significantly affects the qualitative aspect
of intellectual resources at the collective level.

The proposed infrastructure-reproductive approach
in the context of enterprises intellectual resources
management study allows to consider the personnel in-
tellectualization as an object of management, focusing,
firstly, on its reproducible nature of the managed pro-
cess, and secondly, on its infrastructural place and role
in the innovation cycle, focused on creating conditions
for the formation and development of such necessary in
today's innovative employees competencies. With, the

personnel intellectualization reproductive cycle struc-
ture includes five stages: forecasting and planning of in-
tellectual resources; formation of intellectual resources
(personnel selection, selection,as well as the creation of
a personnel reserve for the enterprise innovative plans
implementation); development of intellectual resourc-
es, based on the enterprise innovative development
program; use of intellectual resources in innovation
processes, ensuring the innovative activity of employ-
ees; transformation of intellectual resources into the
enterprise economic potential. The advantage of this
approach is that it distinguishes the possibility of re-
search and solution on its basis quite specific problems
in the enterprises intellectual resources management,
due to the need and feasibility of balanced reproduc-
tion and innovative competence of employees (Table 1).

Table 1. The main elements of the infrastructure-reproductive approach
to the enterprise intellectual resources management in a knowledge-based economy

Element Characteristic

Type
Purpose

Tools

Program-targeted, focused on innovative results
Development of intellectual resources management organization in the conditions of knowledge-based economy

Economic evaluation of the enterprises intellectual resources indicators management

— organizational management environment influence integration;
— economic assessment of management efficiency and quality;

Opportunities

structuring the object of management and systematization of the management specifics characteristics;
methodical support of enterprises intellectual resources management;

— modeling of systems and management mechanisms that allow to algorithmize the organization

management

— contributes to the reduction of fragmentation and segmentation in the theory and methodology of

enterprises intellectual resources management;
focused on resource provision of the innovation process;

Advan ] - S . .
dvantages object of management, presented in the reproductive-infrastructural interpretation;
— universal in relation to various categories of industrial enterprises workers;
— due to the conditions of innovative economic development
Limitation Internal level of industrial enterprises

The disclosed elements make it possible to specify
the content of the infrastructure-reproductive approach
as a specialized and focused on the study of industrial
enterprises intellectual resources management and the
formation of appropriate management systems.

The use of the proposed approach in the context of
the enterprises intellectual resource management the

sample study (Table 2), allowed to obtain results to sup-
plement the theory of personnel management devel-
opment elements, consisting in the classification of in-
dustrial enterprises intellectual resource management
organizational levels,as well as identifying types of per-
sonnel policy, corresponding to a certain level of enter-
prises intellectual resources management organization.

Table 2. The main characteristics of the sample industrial enterprises

Classification criterion

Characteristics of the enterprise

The size of the enterprise

Appointment in the conditions of economy innovative
development

Type of innovation

Innovation strategy

The ability to ensure the creation, perception,
consolidation and development of innovations

Ukrainian Black Sea Region Agrarian Science, 25(1), 4-10

The number of staff is more than 1 thousand people

— commercialization and serial production of new products;
— industrial familiarization of new technologies

— grocery;
— process

Evolutionary change of products, technologies(violent (power)
strategy)

Technological (with marketing elements)



The classification of different industrial enterpris-
es intellectual resources management organizational
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levels by coverage of the personnel intellectualization
reproductive process elements is given in the Table 3.

Table 3. Organizational levels of intellectual resources management
by the personnel intellectualization reproductive process covering elements

The level of IEIRM management

Criterion of the IEIRMmanagement

IEIRM control elements

organization

Passive: the reproductive process of
intellectualizationcannot be organized

Moderately active: the reproductive
process of intellectualization is difficult
to organize

Active: the reproductive process of
intellectualizationcan be organized under
the condition of enterprise intellectual
resources
Management functions
development

Focused-active: thereproductive process
of intellectualization is organizedand
effective as an infrastructure of the
innovation process

The content of enterprises intellectual resources
management different organization levels is specified
in terms of effective management critical conditions,
whichinclude twotypes of conditions:necessaryand suf-
ficient. The necessary condition characterizes the qual-
ity level of intellectual resources and the completeness
of their use in the innovation process. By this criterion

EIR=EIRa=EIRgq, 1)
where E/R - the enterprise intellectual resources;

EIRa - intellectual resources that are actually used in
the innovation process; EIRg - intellectual resources of

Representation in theenterprise personnel
policy not less than one
element of IEIRM

Representation in theenterprise personnel
policy not less than two elements of IEIRM

Representation in theenterprise personnel
policy not less thanthree elements of
IEIRM

Representation in theenterprise personnel
policy completeelements set of IEIRM

organization level

1. Development of the enterprise
intellectual resources

1. Formation of the enterprise
intellectual resources.

2. Development of theenterprise
intellectual resources.

1. Formation of the enterprise
intellectual resources.

2. Development of the enterprise
intellectual resources.

3. Use of the enterprise intellectual
resources.

Balanced rational presentationto
the enterprise intellectualresources
management at allstages of the personnel
intellectualization reproductive cycle

the required quality, based on the need to achieve inno-
vative goals of the enterprise.

Sufficient condition allows us to optimize the ra-
tio of economic results from the use of intellectual re-
sources in the innovation process and the cost of their
formation and development.

Thus, the use of enterprise intellectual resources ef-
ficiency (K_, ) in the innovation process is greater than 1.

Characteristics of enterprises intellectual resources
management organizational levels under critical condi-
tions of effective management necessity and sufficien-
cy, revealing a certain organizational optimum in man-
agement achievement degree are given in the Table 4.

Table 4. Organizational levels of the enterprise intellectual resources management
under effective management necessity and sufficiency critical conditions

Organizational level

Characteristics according to the criteria of necessity and sufficiency conditions

1) irregular, unfocused formation and development of enterprise intellectual resources;
2) the enterprise intellectual resources are not fully used, but the level of their actual use meetsthe

production needs (the enterprise is inactive in the context of innovation);
3) K <1

Passive

1) unreasonably high costs for the formation and development of the enterprise innovationsphere
intellectual resources, which do not determine the investment return;
2) underutilization of the enterprise intellectual resources;
3) K <1
eire

e

Moderately active

1) total use of the enterprise intellectual resources, the quality level of which, however, does notmeet the
resource needs of the enterprise in the innovation sphere or the enterprise intellectualresources actual use

level is lower than the intellectual capabilities of staff;
2) K <1

1) optimal ratio between the quality level of the enterprise intellectual resources and thecompleteness of
their use in the innovation sphere: EIR = EIRa = EIRq;
2) Keir >1

e

Active

Focused active

Ukrainian Black Sea Region Agrarian Science, 25(1), 4-10
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From the solving problems point of view on the inno-
vative economic development trajectory formation, it be-
comes necessary the focused active level of the enterprises
intellectual resources management, presented by a single
set of interconnected elements formed on the principle of

The level of EIR

management organization

Passive
elements

Table 5. Identification of industrial enterprises personnel policy types in a knowledge-based economy

intellectual resources reproducible balance for industrial
enterprises innovative development. In accordance to the
intellectual resources management organization levels,we
consider the industrial enterprises personnel policies types
in terms of innovative economic development (Table 5).

Type of personnel policy

Passive, non-innovation-oriented: passive innovation-oriented direction of all personnel policy

Moderately active innovation orientation:

Moderately active

a) personnel policy is focused on providing the company with highly qualifiedpersonnel;

b) personnel policy passive innovation orientation in many areas is preserved

Active

Active innovation orientation: personnel policy is aimed at the formation anddevelopment of
professionals innovative team capable to ensure the innovative development of the enterprise

Focused active innovation orientation: personnel policy, formed on the principle ofthe enterprise

Focused active
development

The prospect of intellectual resources managing on
the basis of infrastructure reproductive approach will
avoid many typical problems in management practice,
which lead to inefficient use of intellectual potential in
terms of innovative economic development.As aresult of
the industrial enterprise intellectual resources manage-
ment organizational integration into the management
system, such administrative results become achievable.

1. Increasing the focus and systematization of the
enterprise intellectual resources formation and devel-
opment periodicity (up to continuity).

2. Optimization of costs for the enterprise intellec-
tual resources formation and development.

3. Ensuring the complete use of intellectual re-
sources, the quality level of which meets the enterprise
needs in innovation field.

4. Creating working conditions that eliminate the
underutilization of intellectual resources and, conse-
quently, reduce the subsequent associated economic
and moral-psychological losses for individual employ-
ees, the workforce and the enterprise as a whole.

Let’s note, that the inefficient reproduction of in-
tellectual resources in the innovation sphere, which is
essentially a mismatch between the potential of em-
ployees and the needs of the enterprise in innovative
development, is mainly due to multiple discrepancies:
between the growing needs of the enterprise in innova-
tive development and the existing professional level em-
ployees; in cases of irrational arrangement of executors
on workplaces in the innovative project; in the absence
of the necessary motivation or motivational fatigue of
employees; in case of dissatisfaction with work, etc.

CONCLUSIONS

The transition to a knowledge-based economy in-
volves profound institutional transformations, rethink-
ing the conceptual approaches and industrial values

Ukrainian Black Sea Region Agrarian Science, 25(1), 4-10

intellectual resources reproducible balance in the interests of ensuring its stable innovative

of “technogenic” culture, and the new culture values
emergence of informational and “homogeneous” na-
ture, which emphasizes the role and importance of in-
terdependent information and human resources.

An actual modern economy problem in connection
with the highlighted trends is the formation of a new
platform that provides stable positive dynamics in the
vector of the economy innovative development and
digitalization. One of the main factors in creating such
an innovative platform is the labor-groups innovation,
the mass and scale of which will allow it to form the
appropriate effect, which is determined mainly by intel-
lectual resources, namely their effective and purposeful
formation, development and use in innovation process-
es. Moreover, this effect becomes a determining factor
in the deep transformation of existing or the birth of
new economy institutions.

The main target of modern industrial enterpris-
es intellectual resources management should be the
achievement and stabilization of their required repro-
duction level, due to the needs of the enterprise in in-
novative development in accordance with the knowl-
edge-based economy stage. This guideline determines
the sequence of problem solving, tools, the order of re-
source allocation in the internal management process,
aimed at innovative results. In this regard, the need to
find adequate management approaches that allow de-
velop the necessary management systems and mech-
anisms, required in the implementation of domestic
economy innovative development promising directions.

The long-term continuation of the study tenden-
cies may be: further development of theoretical and
systemic ideas about the specifics of intellectual po-
tential development managing as a reproductive pro-
cess, improving methodology, methods, organizational
procedures and tools for evaluating the effectiveness
of management.
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YnpaBniHHSA iHTeNeKTyaJlbHMMM pecypcaMu NPOMMUCNIOBUX NiANPUEMCTB
B YMOBaX €KOHOMIiKU, 3aCHOBaHOi Ha 3HaAHHAX

FanuHa OcTpoBcbKa

KaHamMaaT eKOHOMIYHMX HaYK, OOLEeHT

TepHONINbCbKUIM HALIOHANbHUI TEXHIYHUI YHiBEpCUTET iMeHi |BaHa [yntos
46001, Byn. Pycbka, 56, M. TepHonNisb, YKpaiHa
https://orcid.org/0000-0002-9318-2258

AHoTauif. Y cTaTTi 06rpyHTOBaHO TEOPETUYHI NONOXEHHS Ta pO3p0BNEHO HAayKOBO-MPAKTUYHI pekoMeHaaLii Wwoao
NWUTaHb YNPaBNiHHS IHTENEKTyaNbHUMKU pecypcamu NpOMMUCIOBUX NIANPUEMCTB B YMOBAX CTAHOB/IEHHS €KOHOMIKM,
3aCHOBaHOI Ha 3HaHHAX. Po3kpuTO 3MicT Ta chOPMOBAHO OCHOBHI e1eMeHTH iHbPaCTPYyKTYPHO- BiATBOPHOBANLHOIO
niaxoay A0 YNpaBAiHHA iHTENEKTYaNlbHUMKU pecypcaMu NpOMMUCIOBUX NiANPUEMCTB. 3aNpONOHOBAHO Knacudikawio
OpraHisauiiHMX piBHIB YNpaBAiHHSA [HTENEKTyaJbHUMKU pecypcamu NPOMMUCIOBUX MIANPUEMCTB 3@ OXOMNEHHAM
eNeMeHTIB BiATBOPIOBANIbHOIO NpoLeCy iHTeneKTyanisauii nepcoHany. laeHTndikoBaHO TMNU KaApOBOi NOMITUKM, LLO
BiANOBIAAOTb MEBHOMY PiBHIO OpraHisauii ynpaBniHHSA iHTeneKTyanbHUMKU pecypcamu nignpuemcrea. Pesynbratu
[OCNIIKEHHS MOXYTb OYTM BMKOPWUCTaHI AN pPO3pOOKM iHCTPYMEHTIB, METOAIB, CMCTEM, @ TAaKOX MEXaHi3MiB
YNPaBAiHHS HTENeKTyalbHUMU pecypcaMu NPOMUCNOBUX MNiANPUEMCTB, CNPSIMOBAaHMX Ha MakcuMisauio edekTy
HOBaTOPCTBa, HEOOXiAHOrO A9 3abe3neyeHHs CTabibHOro iHHOBALIMHOIO PO3BUTKY Ha Cy4aCHOMY piBHi

KniouoBi cnoBa: eKOHOMiKa, 3aCHOBaHa HAa 3HaHHAX, NPOMMUCNIOBE NIAMNPUEMCTBO, IHHOBALIMHWIA PO3BUTOK,

iHTeneKTyanbHWUI MNOTeHUian, yNnpaBniHHA iHTENeKTyanbHUMU pecypcamu, edekT HOBATOPCTBA, iHTENeKTyasbHO-
iHHOBALiMHa aKTUBHICTb NepcoHany
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Abstract. Current conditions for the successful operation of enterprises are characterized by the globalization of
the economic sphere, the accelerated pace of scientific and technical progress, and the strengthening of innovative
trends. Therefore, any institution, when building its own strategy, first of all strives to provide conditions for
long-term and promising activity, which can be achieved only by creating a strong competitive advantage. In
particular, a recognized way to win the competition is cost leadership. Therefore, the search for a rational tool for
the organization of the cost management system is currently an urgent issue. In addition, the competitiveness
of modern enterprises depends on the model of financial flow management. Advantage and leadership in the
market goes to organizations that minimize business risks by calculating losses with constant and variable
components. CVP analysis is used to calculate the break-even turnover of each type of product. The purpose of
the work was to study the application of CPV analysis to solve the problems of multi-product production and cost
accounting in order to increase the efficiency of production activities. The article used the method of economic
analysis, calculation of break-even points, comparison, modeling. The features of CVP analysis in the conditions of
multi-product production are revealed, and the methods of its implementation are compared. The possibilities of
applying the results of the analysis when making management decisions in the operational controlling system are
determined. The problem of distribution of total fixed undistributed costs for certain types of products by various
methods, as well as determination of the break-even level of production and sale of certain types of products on
the basis of weighted average marginal profit, was investigated. The impact on profit of a change in the level of
fixed costs and specific variable costs with the help of operating leverage as part of an operational analysis at a
manufacturing enterprise was studied

Keywords: CVP analysis, variable costs, fixed costs, marginal profit, break-even point, operational analysis

INTRODUCTION

Modern operating conditions of enterprises are char-
acterized by further globalization of economic activity,
high rates of scientific and technical progress, innova-
tive development, and increased aggressiveness of the
competitive environment. Therefore, any organization,
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when building its own strategy, first of all, strives
to create conditions for long-term and perspective
activity, which is possible only by creating a strong
competitive advantage. In particular, cost leadership
is a recognized way of winning the competition, and
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in connection with this, the problem of creating an
effective cost management system at the enterprise,
capable of linking existing management information
into a single whole within the framework of a single
company, arises. Therefore, the search for a rational
mechanism for the organization of the cost manage-
ment system is currently quite relevant. One of these
mechanisms is cost controlling, which is a component
of the operational controlling system, the most fa-
mous and effective tool of which is CVP analysis.

Features of CVR analysis when used in the con-
trolling system in the process of analysis, planning and
control of costs and financial results of the enterprise
are revealed in the works of foreign and domestic econ-
omists: A. Upchurch [1], S.H. Kim [2], O. Klementyeva,
0. Zolotaryova [3], T. Odintsova, O. Nevmerzhitska [4],
A. Paskalova [5], O. Tereshchenko [6], AV. Kuprien-
ko [7], I.V. Baryshevska [8], A.H. Osadcha [9] and oth-
ers. However, the question of practical application of
this toolkit at enterprises that produce many types of
products remains understudied.

The purpose of the article is to test and determine
the features of the use of CVR analysis in the practical
activities of industrial enterprises, in particular in the
conditions of multi-product production.

RESULTS

Analysis of the ratio ‘cost-volume-profit” (Cost-Vol-
ume-Profit) is one of the powerful tools in cost man-
agement and boils down to establishing the break-even
point, i.e. determining the limit from which the com-
pany's revenues fully cover its costs. With the help of
such an analysis, it is possible to better assess the pos-
sibilities of making a profit, and the guarantees of the
company's break-even become obvious.

The break-even analysis can be performed main-
ly in the short term and is based on the following as-
sumptions [2; 6; 10]:

all costs can be Odivided into fixed and variable;

there is a certain linear relationship between total
costs,the volume of revenue and the volume of production;

in the planning period, fixed costs do not change
significantly along with changes in production volumes;

variable costs per unit of production are stable,
and total variable costs change in direct proportion to
the volume of production and sales;

prices for finished products and for resources
forming the cost of production are fixed at a certain level,;

labor productivity and product range are un-
changed;

the level of costs and profit changes only under
the influence of changes in the volume of production
and sales of products;

inthe planned period,the number of manufactured
products coincides with the volume of sold products.

CVP analysis is designed to reveal the optimal pro-
portions between costs, sales price, sales volume and,
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as a result, minimize business risk. To carry out the
above analysis, it is necessary to divide all costs of the
enterprise into fixed and variable. In practice, this distri-
bution creates many problems, being a rather time-con-
suming and complicated procedure, since many items
of expenses are mixed and contain both constant and
variable components.

Based on the analysis of previous studies [3; 9; 10],
it can be concluded that in most cases, CVR analysis is
carried out in the conditions of single-product produc-
tion. Indeed, in this case, its analytical significance is
great, and the obtained results are more accurate, since
the calculation is not affected by such factors as the
variety of assortment, the structure of production. And
in the case of multi-product production, the analysis is
reduced only to the identification of the impact on the
overall profit and break-even of production, but at the
same time, profit and profitability indicators by types of
products are not additionally calculated.

Among Ukrainian scientists, there are many opin-
ions regarding the distribution of fixed costs, with the
calculation of break-even turnover, profitability and
profitability by type of products. It is believed that the
most appropriate basis for the allocation of fixed costs
can be sales revenue, marginal profit or volume of pro-
duction. It follows that, depending on the distribution
base, we can calculate several indicators of cost, break-
even points,and profit. And this, in principle, contradicts
the main purpose of CVP analysis - to determine the
volume of products for which the received income will
be equal to the incurred costs, and such an indicator
should be unambiguous.

So, for example, T. Odintsova and O. Nevmerzhit-
ska, when applying CVP-analysis, propose to distrib-
ute fixed costs by types of products in proportion to
sales volume [4]. Let’s try to calculate such break-even
points using the example of the company “Kromberg &
Schubert”, whose main activity is the production of on-
board cable networks, special cables and completing
electrical equipment for cars. The enterprise is charac-
terized by a wide range of products. For the calculation,
we will use the indicators related to one of the produc-
tion shops of the enterprise with the corresponding list
of the nomenclature. An example of the calculation is
given in Table 1.

To calculate fixed costs, they were distributed ac-
cording to the sales structure for each type of product.
The obtained results of break-even points correspond
to the main idea - the obtained gross profit covers
fixed costs. But it is necessary to pay attention to the
fact that one of the key conditions is violated - the un-
changed structure of the assortment. The resulting dis-
tribution of fixed costs is also questionable. In general,
a lot of attention is paid to the issue of distribution of
fixed costs in the literature, but there is no universally
correct algorithm for all enterprises, since they differ in
the specifics of costs.
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Table 1. Calculation of the break-even point based on the division of fixed costs by the structure of product sales

SLK SL Motorrad Motorrad
Indicator\Product type NCV3 HLS SLS MG Sportwagen  Roadster Haupt- Total
) ) Autarke
Hauptleitung  Autarke leitung
. Haupt-
Issue volume, units 166,799 leitung 22,351 14,201 110,904 112,700 427793
Production structure, % 39 838 5 3 26 26 100
Selling price, euros 197 0.2 368 107 86 12
Sales volume, thousands of euros 32,859.4 392 8,225.2 1,519.5 9,537.7 1,352.4 53,822.7
Wage rate, EUR/hour 8.8 328.5 8.8 8.8 8.8 8.8
Time for the manufacture of the 3056 8.8 460 11 129 3
part, min.
Labor payment for one part, euros 44.8 442 67.5 16 18.9 0.4
Total salary, thousands of euros 7,476.1 64.8 1,507.9 22.9 2,098.3 49.6 11,209.2
Raw materials and materials for 1 120 543 235 60 43 9
part, euro
WELEIIEUIE O I WELETES, o pae 205 5,252.5 852.1 47689 10143 32,0754
thousands of euros
Variable cos.ts per unit of 165 171.8 202 62 62 9
production, euros
Totat variable costs, thousands of 574970 269.83 6,760.4 874.9 68672 10639 432846
Marginal profit per unit, euro 32 226.1 66 45 24 3
Gross profit, thousands of euros 5,367.4 122 1,464.7 644.5 2,670.6 288.5 10,538.1
Fixed costs, thousands of euros 8,607
Product sales structure, % 61.05 0.61 15.28 2.82 17.72 2.51 100.00
Fixed costs (distribution by sales ¢ ;54 7 525 1,515.3 2430 1,525.2 2163 8,607.0
volume), thousands of euros
Break-even product turnover, units 163,297 430 20,071 5,354 63,340 84,480 336,971
Production structure, % 48 0,1 6 2 19 25 100
Sl vl {OIR e 321695 1685 7386.1 572.8 54472 10137 46,7579
thousands of euros
Total variable costs, thousands of 269148 1160 6,070.8 329.8 39220 7975 38,150.9
Gross profit, thousands of euros 5,254.7 52.5 1,315.3 243.0 1,525.2 216.3 8,607

Source: built by the authors based on the internal reporting of the company “Kromberg & Schubert Ukraine”

Foreign scientists [1;2], when using CVP analysis in
conditions of multi-product production, avoid the dis-
tribution of fixed costs. Thus, the work of A. Upchurch
gives an example of determining the break-even point
using the weighted average marginal profit [1]. We will
perform a similar calculation on the example of the
same enterprise (Table 2).

The main feature of this calculation of the break-
even point is that it is necessary to adhere to the as-
sumption that the structure of production should re-
main unchanged. On its basis, the weighted average
marginal profit is further calculated, which is still used
to calculate the total break-even volume of production.

Leaving the structure of production unchanged, the
volume of break-even production is calculated for each
type of product. Also, the same results can be obtained
using the measure of total marginal profit. So, after cal-
culating the ratio between fixed costs and total margin-
al profit, we get the same total amount of break-even as
in the previous calculation.

Compared to the previous method of calculation,
the data are more realistic and appropriate for use,
because if the existing structure of production is pre-
served, as a result of the calculation, we get the break-
even volume of each type of product, which in the end
brings the marginal profit necessary to cover fixed costs.

Ukrainian Black Sea Region Agrarian Science, 25(1), 11-19
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Table 2. Calculation of the break-even point based on the calculation of the weighted average marginal profit

SLS AMG
Haupt-
leitung

Motorrad
Haupt-
leitung

SLK Sport-
wagen
Haupt-leitung

SL-Roadster
Autarke

Motorrad

el Autarke

Indicator\Product type

Fixed costs, euros 8,607,000
Production structure, % 39.0 0.2 5.2 3.3 259 26.3 100.0
Medium weighted 12.55 0.24 342 1.51 6.24 0.67 24.63
Marginal profit, euros 349,400
Break-even point, units 136,233 684 18,255 11,599 90,581 92,048 349,400
Breakeven turnover 26,837.9 268.3 6,717.9 1,241.1 7,789.9 1,104.6 43,959.7
Products, units 22,454.1 184.7 5,521.6 714.6 5,608.8 868.9 35.4
Scope of implementation 4,383.8 83.6 1,196.3 526.5 2,181.1 235.7 8,607.0

Source: built on the basis of the authors’ own calculations based on the data in Table 1

However, it cannot be said that the results of the
calculation of break-even points in the conditions of
multi-product production have a high analytical value.
For example, if there are products with a loss in the
production structure, the decision to increase the price
of the product is correct in principle, but when calculat-
ing for the enterprise as a whole, this product will not
break even until similar calculations are carried out for
the enterprise or shop as a whole. Therefore, for a more

detailed analysis, it is advisable to calculate additional
indicators. So, for example, from the break-even point
formula, you can calculate the size of fixed costs for
each type of product, from which it follows that fixed
costs are equal to the product of the marginal profit per
unit of production and the break-even volume (Table 3).
On the basis of the obtained data, it is possible to cal-
culate the indicators of total cost and profit for each
type of product.

Table 3. Calculation of profit by types of products based on the distribution of fixed costs, thousands of euros

SLK Sport-
Indicator NCV3 HLS L AMG wagen
QP Y Hauptleitung
Fixed costs 4,383.8 83.6 1,196.3
Totalvariable 55 49,9 226.1 6,760.4
costs
Cost of
manufactured 31,875.8 309.7 7,956.7
products,
_ Volume of 32,859.4 3285 8,225.2
implementation,
Profit 983.6 18.8 268.5

SL Roadster Motorrad Motorrad

Autarke Haupt-leitung Autarke
526.4 2,181.2 235.6 8,607.0
875.0 6,867.2 1,063.9 43,284.6
1,401.4 9,048.4 1,299.5 51,891.6
1,519.5 9,537.7 1,352.4 53,822.7
118.1 489.3 52.8 1,931.1

Source: built on the basis of the authors’ own calculations based on the data in Table 1

Such a calculation allows you to examine each
type of product from the point of view of the costs in-
curred for its production and the amount of profit it
generates. However, it must be remembered that such
data are not 100% reliable, because even with such a
calculation, the distribution of fixed costs is quite con-
ditional and may not correspond to reality. This is the
complexity and peculiarity of using CVP analysis in the
conditions of multi-product production. The obtained
data can only serve as a guideline for making further
management decisions.

Also quite often in the literature there is a division
of fixed costs depending on the amount of marginal
profit per product group. For comparison, we will per-
form the necessary calculations (Table 4).

Ukrainian Black Sea Region Agrarian Science, 25(1), 11-19

It is worth noting that as a result of this distribu-
tion, we get a very close volume of fixed costs, as in the
case of calculation using the weighted average mar-
ginal profit method. Accordingly, with this method, we
will get approximately the same break-even points as
in the previous case, because both methods are equiv-
alent given the fact that they involve the use of the
same indicators. Therefore, it can be argued that the
only adequate method of distribution of fixed costs in
conditions of multi-product production is the method
of distribution by the volume of marginal profit in any
variation. After all, such a distribution allows obtaining
the most real and expedient results for making further
management decisions related to the management of
the cost of production, namely, variable and fixed costs.
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Table 4. Distribution of fixed costs depending on the marginality of products

SLK Sport-
Indicators NCV3 HLS HaﬁLtslt:?t?m wagen
P 9 Hauptleitung
Volume of issue, pcs 166,799 838 22,351
Profit per unit, euros 32 122 66
MERYITEN i, 5,261.1 101.9 1,478.2
thousands of euros
Marginal profit
structure, % 50 1 14
Fixed costs
(IR 43633 83.2 1,190.7

marginal profit),
thousands of euros

SL Roadster Motorrad Motorrad
Autarke Hauptleit ung Autarke
14,201 110,904 112,700 427,793
45 25 3
646.1 2,732.4 285.1 10,504.7
6 26 3 100
5239 2,171.0 274.8 8,607.0

Source: built on the basis of the authors' own calculations based on the data in Table 1

In order to make informed decisions about changes
in the volume of production and sales of products, it is
also necessary to take into account additional factors
affecting the results of operations, such as changes in
demand for products, changes in prices for raw materi-
als, and other events that can cause significant devia-
tions from the planned results of operations. One of the
ways to take into account the factor of change in de-
mand for products is the calculation of optimistic and
pessimistic versions of CVP-analysis, presented in the
work of A. Pascalova [5], which is used precisely in the
conditions of multi-product production. The calculation
methodology consists in the fact that various options

for the sale of goods are considered depending on the
size of the marginal profit. It is assumed that goods with
a lower marginal profit are sold first, depending on de-
mand, or the situation may be the opposite. Taking into
account two multipolar options, the company receives a
reliable range of development of possible events.

Having estimated values of the marginal profit of
each type of product, it is obvious that some goods are
more profitable than others,and some bring a minimum
profit, which, most likely, with the correct distribution,
does not even cover the amount of fixed costs aimed
at its production. We rank the analyzed products by the
size of the marginal profit (Table 5).

15

Table 5. Product profitability ranking

Indicator\Type of Variable costs per unit of Marginal profit per unit,

Selling price, EUR

product production, EUR EUR
SLS AMG Hauptleitung 392 270 122 1
N 2 z
SL Roadster Autarke 107 61 46
NCV3 HLS 197 165 32 4
Motorrad Hauptleitung 86 62 24 -5
Motorrad Autarke 12 9 3 6

Source: built on the basis of the authors' own calculations based on the data in Table 1

First,let's use the optimistic scenario of CYP analysis.
Weassumethatinlinewiththeinterests ofthe enterprise,
first of all, given the possible demand, products with the
highest marginal profit will be sold, or we assume that
the market situation is such that the enterprise inde-
pendently chooses which product to sell first (Table 6).

From the data presented in Table 6, we can see that
under an optimistic scenario, the company will exceed
the break-even point by selling only 5 types of prod-
ucts. The proceeds from sales will cover all variable and
fixed manufacturing costs. The break-even point under
such conditions will be equal (Table 7):

BP1=42 932 574+9 537 744-
(1027 978/2 670 568)=46 603923 (euro). (1)

So, based on the volume of sales of 46,603.9 thou-
sand euros and on the condition that the goods with a
larger volume of marginal profit will be sold first, the
company will reach the break-even point. At the same
time, the volume of the first four products according
to the level of marginality remains unchanged, and the
Motorrad Hauptleitung product needs to be sold only
in the amount of 3,671.3 thousand euros, compared to
the input data in the amount of 9,537.7 thousand euros.

Ukrainian Black Sea Region Agrarian Science, 25(1), 11-19
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Table 6. Optimistic version of CVP analysis

Sales volume by

cumulative sum N
product euro ¢ euro euro coefficient

Profit (loss) by

Indicator\Type of  Sales volume, AR,

Variable costs, Marginal profit, Marginal profit

euro euro (=8607000)

Sl Avife 328,496 328,496 226,115 102,381 31% -8,504,619
Hauptleitung

SLK Sportwagen g 595 1¢g 8,553,664 6,760,432 1,464,736 18% -7,039,883
Hauptleitung

Sl omelizar 1,519,507 10,073,171 874,971 644,536 42% -6,395,347

Autarke

NCV3 HLS 32,859,403 42,932,574 27,492,034 5,367,369 16% -1,027,978

BT 9,537,744 52,470,318 6,867,176 2,670,568 28% 1,642,591
Hauptleitung

Motorrad Autarke 1,352,400 53,822,718 1,063,888 288,512 21% 1,931,103

Total 53,822,718 43,284,615 10,538,103 20%

Source: built on the basis of the authors' own calculations based on the data in Table 1

Table 7. Break-even point according to the optimistic version of the CVP analysis

Break-even

Indicators SLS AMG SLK Sportwagen  SL Roadster NCV3 HLS Motorrad

point, euro

Hauptleitung Hauptleitung Autarke Hauptleitung

Sales volume,

. 46,603,923 328,496 8,225,168 1,519,507 32,859,403 3,671,349
el e o 246,879 or 838 22,351 14,201 166,799 42,690

realization, pcs.

V""”aet:}f()g“ts' 37,996,923 226,115 6,760,432 874,971 27,492,034 2,643,371

Marginal profit, ¢ (7 400 102,381 1,464,736 644,536 5,367,369 1,027,978

euros

Source: built on the basis of the authors’ own calculations based on the data in Table 1

There is also a possible variant of the development Under the pessimistic version of the CVP-analysis
of events, in which the company will primarily be ableto  under the given conditions, the company breaks even
sellgoodswiththe smallest marginal profit perunit.Such  with the sale of only four types of products, which is
a development can be called pessimistic. Let's calculate  one position less than under the conditions of the op-
the break-even point under such conditions (Table 8). timistic version. Let's calculate the break-even point:

Table 8. Pessimistic version of the CVP analysis

Sales volume by
cumulative total,

Profit (loss) by
cumulative total,

Indicator\Type of  Sales volume,

Variable costs, Marginal profit, Marginal profit

product euros BUroS euros euros coefficient TG (8607000)
Motorrad Autarke 1,352,400 1,352,400 1,063,888 288,512 21% -8,318,488
Motorrad 9,537,744 10,890,144 6,867,176 2,670,568 29% -5,647,920
Hauptleitung
NCV3 HLS 32,859,403 43,749,547 27,492,034 5,367,369 16% -280,550
SL Roadster 1,519,507 45,269,054 874,971 644,536 43% 363,986
Autarke
SLCHRREEEN g s g 53,494,222 6,760,432 1,464,736 18% 1,828,721
Hauptleitung
SLS AMG 328,496 53,822,718 226,115 102,381 31% 1,931,103
Hauptleitung
Total 53,822,718 43,284,615 10,538,103 20%

Source: built on the basis of the authors' own calculations based on the data in Table 1
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BP2=43 749 547+1 519 507-(280 550/644 536)=44 410 950 (euro). )

Table 9. Break-even point according to the pessimistic version of the CVP analysis, euros

Break-even point,

Indicator Motorrad Autarke
euro
_ Scope of 44,410,950 1,352,400
implementation
or

Vel Gi7 396,584 112,700
realization, pcs.
Variable costs 35,803,950 1,063,888

el 8,607,000 288,512

profit

Motorrad SL Roadster
Hauptleitung b8 £ Autarke
9,537,744 32,859,403 661,403
110,904 166,799 6,181
6,867 176 27,492,034 380,853
2,670,568 5,367,369 280,550

Source: built on the basis of the authors’ own calculations based on the data in Table 1

So, according to the pessimistic forecast, the break-
even point is even smaller by 2,193.0 thousand euros
than according to the optimistic one. At the same time,
the number of types of products is also smaller. In the
pessimistic scenario, it is enough for the company to
sell only 3 types of products in full and SL Roadster
Autorke products in the amount of 661,403 euros. This
result is caused by the fact that the products with the
highest marginal profit in the total, taking into account
the number of units sold, are many times smaller than
the total amount of marginal profit of products with a
smaller amount of profit per unit. So, for example, such
a product type as NCV3 HLS received a unit profitability
rank of 4 out of 6, but at the same time, the volume of
the total marginal profit for this group of products is
more than 50% of the total marginal profit for the shop.

Therefore, for practical use it is more appropriate to use
the averaged methods of CVP analysis presented above.

Conducting a CVP analysis is not limited to the calcu-
lation of the break-even point. Its continuation is an op-
erational analysis, in the process of which the change in
profit is considered as a function of the following factors:
variable and fixed costs,the price of products (works, ser-
vices), the volume and range of products sold. The main
goal of such an analysis in modern conditions is to find
answers to the question: what will happen to financial
results if the specified factors are changed. O.Klementie-
va and 0. Zolotaryov [3] paid a lot of attention to this is-
sue in their research. Based on the obtained break-even
point with the help of operational analysis, we will try
to determine the margin of financial strength and oper-
ating leverage for the enterprise under study (Table 10).

Table 10. Operational analysis in enterprise profitability management

Change in sales

Change in fixed costs Change in variable

Indicator Base value
1. Sales volume, euros 53,822,718
2. Total wages, euros 11,209,228
3. Total cost of raw materials, euros 32,075,387
4.Total variable costs, euros 43,284,615
5.Marginal profit, euros (p. 1-4) 10,538,103
6. Fixed costs, euros 8,607,000
7. Break-even point, euro (p. 6/5*1) 43,959,729
8. Stock of financial strength, euros (p. 1-7) 9,862,989

9.Margin of financial strength, % (p. 8/1) 18

10. Profit, euros (p. 5-6) 1,931,103
11. Profitability ratio, % (p. 10/1) 3.59
12. Operating lever (p. 5/10) 5.46

volume (-10%) (+10%) costs (+10%)
48,440,446 53,822,718 53,822,718
10,088,306 11,209,228 12,330,151
28,867,848 32,075,387 35,282,926
38,956,154 43,284,615 47,613,077
9,484,292 10,538,103 6,209,641
8,607,000 9,467,700 8,607,000
43,959,729 48,355,702 74,602,079
4,480,717 5,467,016
9 10
877,292 1,070,403 -2,397,359
1.81 1.99 -4.45
10.81 9.84

Source: built on the basis of the authors' own calculations based on the data in Table 1

The indicator of the reserve of financial strength
reflects the size of a possible decrease in the volume
of product sales, which will not lead to a loss. So, under
basic conditions, the company can allow a decrease in

sales volume by 18%, or by 9,863.0 thousand euros. In
this case, it will be in the break-even zone.

To model changes in economic indicators, the enter-
prise needs to use the indicator of operating leverage,
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applying various scenarios of the development of
events. The action of the mechanism of operating lever-
age is based on the fact that the presence of any amount
of constant types of them in the composition of oper-
ating costs leads to the fact that when the volume of
sales of products changes, the amount of profit always
changes at an even higher rate. The higher the specific
weight of fixed costs in the total amount of costs of
the enterprise, the greater the amount of profit changes
relative to the rate of change in the volume of sales.

The effect of operating leverage can be observed
when the basic conditions change. In our example, in-
dicators were listed when changing such components
as the volume of sales, the volume of variable and fixed
costs. As you can see, the most critical for the enterprise
is the increase in variable costs - under such conditions,
the enterprise receives a loss, and the break-even point
increases almost twice compared to the basic condi-
tions. This indicates the expediency of managing vari-
able costs to a greater extent than fixed costs, because
with a 10% increase in fixed costs, according to our cal-
culations, the company usually loses part of the profit,
but this is the most acceptable option of all those men-
tioned. When the sales volume decreases by 10%, the
company suffers a loss of profit due to the fact that the
volume of marginal profit has decreased compared to
fixed costs - the operating leverage under such condi-
tions doubles. With the help of operational analysis, it
is also possible to monitor the combinations of variable
and fixed costs, sales price and volume of products sold
that are adequate for the enterprise. After all, in some
cases it is better to reduce the price of the product to in-
crease sales volumes,and in others to increase individual
items of fixed costs, which will ensure high demand [3].

Once again, we have a situation where the oper-
ational analysis involves the calculation of indicators
based on the total volume of sales, disregarding the
conditions of multi-product production, and in particu-
lar, it does not take into account the existing structure
of production and sales. This fact also makes the re-
sults of the analysis conditional, very generalized, so
they can only serve as a guide for making further man-
agement decisions.

CONCLUSIONS

The practical application of CVP analysis is related to
solving a number of operational controlling tasks,name-
ly: operating profit management, demand forecasting,
assessment of break-even guarantees. The most impor-
tant applied value of building a CVP-analysis model is
related to the possibility of quantitative assessment of
purposeful management of the ratio of fixed and varia-
ble costs in order to increase the efficiency of production
activities under various trends of the product market
situation and stages of the life cycle of the enterprise.

The complexity and peculiarity of the application
of CVP analysis in the conditions of multi-product pro-
duction is that its results are only indicative for making
management decisions. The problem lies in the dis-
tribution of fixed costs by types of products, which in
most cases is quite conditional and may not correspond
to reality. However, the implementation of detailed ac-
counting and detailed analysis at the enterprise will
ultimately allow to separate all fixed and variable costs,
which will increase the level of reliability of the results
obtained. At the same time, the practical application of
CVP analysis is limited, given the unreality of meeting
all its inherent conditions.

[1]
[2]

[3]
[4]
[5]
[6]
[7]
[8]

9]
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INTRODUCTION

The natural conditions of Ukraine are favorable for
growing a wide variety of fruit and berry crops. In recent
years, the domestic fruit and berry industry has been
developing rapidly, and fruit production has stabilized
at almost 2 million tons. Despite a significant reduction
in the area of plantings at fruit-bearing age, gross yield
was largely compensated by an increase in the level
of average yield [1, 2]. A noticeable growth potential
for the collection of vitamin products was observed in
the farms of the Steppe zone, as the most suitable for
growing heat - loving stone-fruit crops, where their
production increased 1.34 times over the past 15 years,
and the yield - 1.97 times [3].

The use of clone rootstocks is one of the reserves
for the intensification of fruit growing. Rationally se-
lected rootstocks depend not only on the strength of
growth and the period of entry of the garden into fruit-
ing, but also on the yield, winter hardiness, drought re-
sistance and durability of plantings. They make it pos-
sible to change the production technology, reduce the
variation in the growth and fruiting of grafted trees in
homogeneous plantings, accelerate the beginning of
fruiting, and improve the quality of fruits [4]. Taking into
account the peculiarities of the technological process
and market relations, the best rootstock-graft combina-
tions can make fruit production profitable.

Dwarf rootstock Pumiselect isolated in Germany
(Geisenheim Research Institute) [5], proposed for apri-
cot, cherry plum, peach and plum. It forms a powerful
root system. It is drought-resistant, cold- resistant, re-
sistant to Plum shark virus. Trees on the rootstock of
Pumiselect grow small-the growth Force is half that on
seedlings of cherry plums, wild apricot and almonds.
They are characterized by high bud awakening and
fruitfulness, low shoot-forming ability, high quantitative
and qualitative indicators of the crop during the early
entry of plantings into fruiting. Plants are demanding
of the soil, do not withstand flooding well. It is recom-
mended for intensive plantings of stone-fruit crops.

In this regard, studies on promising methods of
rootstock reproduction are relevant, taking into account
the biological characteristics of plants and a complex
of abiotic factors.

Due to analysis of recent research and publications.
Pumiselect rootstock is considered as promising for
laying intensive orchards of stone fruit crops in various
soil and climatic conditions, in particular, in the USA [6],
Poland [7-9], the Czech Republic [10], Serbia [11], Tajik-
istan [12] and Ukraine [13, 14]. The expediency of using
Pumiselect rootstock for Peach [4, 6, 8], apricot [9, 11],
plum [10] is shown. The classic technology of repro-
duction of plants of the Pumiselect clone rootstock in-
volves the use of a culture of vertical and horizontal
layering. At the same time, in practice, propagation by
lignified cuttings is also quite common. In [12], it was
shown that when propagated by lignified cuttings, the
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highest percentage of rooting of Pumiselect rootstock
cuttings was 86% in the variant treated with Kornevin
at a concentration of 0.1%. Based on research [13], it
was revealed that the Pumiselect clone rootstock was
characterized by a high degree of rooting for a long
time, which gave reason to consider its reproduction by
lignified cuttings in the conditions of southern Ukraine
as quite technological and promising. The rooting rate
of cuttings was 68.3-82.0%, the yield of standard plant-
ing material was 67.9-81.3%.

In [14], it was found that the quality of rootstock
plants obtained using the technology of reproduction
by lignified cuttings is significantly higher compared
to growing by Vertical cuttings. The yield of standard
rootstock plants when rooting cuttings was 91.78%,
while when propagating by vertical jigging it was only
60.19%. Final calculations showed that the profit from
production when growing rootstocks with lignified cut-
tings was 2.16 times higher compared to propagation
by vertical cuttings, and the level of profitability was
114.14 and 94.95%, respectively.

Analysis of scientific data obtained both in foreign
countries and in Ukraine indicated the prospects of us-
ing Pumiselect rootstock and conducting research on
its intensive reproduction. The issues of productivity
of the mother root & cuttings garden and the dura-
tion of operation of Pumiselect rootstock plantings for
harvesting lignified cuttings, depending on the biom-
etric indicators of mother root plants in the Steppe of
Ukraine, were not comprehensively considered.

The purpose of the research is to study the elements
of productivity of the mother root & cutting garden of
the Pumiselect clone rootstock and justify the period of
its effective operation in the Steppe of Ukraine.

MATERIALS AND METHODS

The research was carried out on the basis of the nurs-
ery of LLC “Pidguryevskoe” of the Pervomaisky District
of the Mykolaiv region, a branch of the Department
of viticulture and fruit and vegetable growing of the
Mykolaiv National Agrarian University. The experimen-
tal farm was located in the northern Steppe zone, the
northern Steppe subzone was insufficiently moistened
with ordinary chernozems. The terrain of the territory
was slightly sloping, the slope of the south-eastern ex-
posure was up to 1°.

The material for conducting the research was the
Clone rootstock of Pumiselect. The experiment was
laid in 2007 with improved planting material. The area
where the queen cells were located was separated from
the field crop rotation. Its predecessor was black fallow.
The soil of the experimental site was ordinary cher-
nozem,formed under mixed grass-feather grass-tipchak
vegetation on loess rocks. The humus content in the
arable layer was 3.3-3.8%, the humus layer was pow-
erful and reached 150 cm. At a depth of 50-60 cm, the
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humus content decreased to 2.8-3.0%. The content of
mobile phosphorus (by Machigin) was 21 mg/kg (aver-
age), the content of exchange potassium was 303 mg/
kg of soil (increased). The average hydrolyzed nitrogen
content was 90 mg/kg of soil (high). The calcium and
magnesium content was very high as 24.2 mg/100 g of
soil and 3.9 mg/100 g of soil, respectively. The amount
of absorbed base alkali was 28.8 mg/100 g of soil (in-
creased). Moreover, in the sum of the absorbed bases,
the main share was occupied by calcium (84.0%), the
smallest one was sodium (2.4%). The content of total
carbonates in the surface layer didn’t not exceed 1.1%,
the content of “active lime” didn’t not exceed 0.5%,
which was safe for fruit crops. The reaction of the soil
solution was slightly alkaline (pH=7.1). According to the
mechanical composition, the soil of the experimental
field was light clay, the content of physical clay ranged
from 55-60%. According to the complex of general
characteristics and indicators, the soil met all the con-
ditions for maintaining perennial fruit plantations with
additional application of mineral fertilizers.

The scheme of placement of mother plants in a
mother root-cuttings garden of 3.0x1.0 m. preparation
of the site, planting, care of plantings, harvesting of
rootstocks and cuttings was carried out in accordance
with generally accepted technologies and recommen-
dations for the care of mother root plantings.

The structure of queen cells according to biome-
tric indicators (height, diameter of plants, number of
shoots and their length) was determined at the end of
the growing season by measuring 100 plants (25 plants
in four-fold repetition). The number of shoots of zero
branching order per plant was taken as the main in-
dicator of variation. Subsequently, the entire array of
observations and records was ranked at intervals of 30
shoots. Harvesting of shoots for cuttings was carried
out on mother root plantings (mother root & cutting
garden) in the autumn (and decade of November) and
spring (and decade of March) terms.

Mathematical processing of the results was per-
formed in Microsoft Office Excel 2007.

RESULTS
During the first year of growing season of mother root
plantings, a complex of agrotechnical measures was
aimed primarily at the survival rate of planted plants. In
general, weather conditions contributed to a balanced
passage of growth processes, including the growth of
the root system and the aboveground part. At the end
of the growing season, the average height of plants was
0.85 m.A small number of shoots that grew at sharp an-
gles, and their length, contributed to the formation of a
compact habit. The area of the crown projection in rela-
tion to the area of nutrition that was allocated to mother
plantswas developed slowlyand amounted to only 0.3%.

During the first three years of cultivation, young
mother plants were fully formed and met the param-
eters that make it possible to transfer them to the cat-
egory of operational plantings. During this period (1-3
years), the height of plants gradually decreased from
1.89 m to 1.80 m, while the crown diameter did not
change and amounted to 1.69-1.70 m, relatively sta-
ble biometric indicators of the crown did not lead to a
change in its habit. Calculations showed that the crown
index was 1.09 up to 1.12, the crown projection area
was 2.11 up to 2.24 m?, and the ratio of the crown pro-
jection area to the feeding area was 0.71 up to 0.76.
The working row spacing remained wide enough, which
did not interfere with mechanized tillage, protecting
plantings from pests and diseases.

At the end of the 4th year of vegetation (2010), the
appearance of mother plants was rounded, the crown
habit index was 1.12 (Table 1). In plants of the 4th year
of cultivation, many shoots had large angles of depar-
ture, and the height of the plants exceeded their diam-
eter. Taking into account the fact that the plant place-
ment scheme was somewhat sparse (3.0x1.0 m), this did
not lead to the fact that the projection area of the plant
crown exceeded the allotted feeding area. A similar re-
lationship between the studied indicators was observed
at the end of the growing season in plantings of the 5"
and 6™ years of cultivation. In the future, some features
in the condition of mother root plantings were revealed,
taking into account their age and operating technology.

Table 1. Biometric characteristics of mother root & cutting plantings of the Pumiselect clone rootstock

Age of plantings  Plant height (H), m Plant diameter (D), m

4 1.89 1.69

5 1.86 1.70

6 1.80 1.64

7 1.65 1.55

8 1.11 1.20

9 0.89 0.84
Average 1.53 144
LSD 0.09 0.09

05
The annual mass harvesting of cuttings depleted

the mother root plants. Building up new shoots during
the year,and then removing them in the autumn period,
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I=H/D S projections, m? S projections/S nutrition
1.12 2.24 0.75
1.09 2.27 0.76
1.10 211 0.71
1.06 1.89 0.63
1.05 1.13 0.38
1.06 0.55 0.18
1.06 1.70 0.57

it did not leave the possibility of accumulating plastic
substances to undergo balanced growth processes in
the spring of the following year. This was manifested



in changes in the main indicators of habit, primarily
the height and diameter of mother root plants in the
next three years of their operation. Moreover, every year
there was a clear tendency to reduce the biometric in-
dicators of mother root plants.

So,already in the plantings of the 7*" year of cultiva-
tion, the average height of plants was only 1.65 m,in the
8™ year it was 1.11 m, in the 9 year it was 0.89 m. That
is, during the next 3-year cycle of operation of plant-
ings,there was a clear decrease in the average height of
plants, which was 89.2%, 60.0% and 48.1%, respectively,
compared to the average indicators of 2010-2012 yrs.

From the 4 to the 9™ growing season, the crown di-
ameter also gradually decreased-from 1.69 m to 0.84 m
and the crown projection area decreased from 2.24 m?
to 0.55 m% In the end, this led to the fact that the ratio of
crownindicators projectionarea/feedingareasignificant-
lydecreased from 0.75 to0 0.18.1t should be noted that the
shoots developed equally evenly in the radial direction.
This contributed to the fact that the working row spac-
ing of plantings even increased from 1.32 m to 1.80 m.

As records showed in the initial period of operation
of mother root plants, the crown diameter significantly
exceeded the distance between them in a row. In a row,
the shoots of one plant were placed in the adjacent
area of the projection of the crown of the neighboring
plant by an average of 22 cm. As the plantings aged,
as already noted, the crown diameter decreased and,

. Shoot
Age of plantings

length, cm number, PCs.

5 79.9 53.5

6 74.7 47.7

7 72.8 40.8

8 63.0 26.6

9 53.0 18.9
Average 71.1 379
LSD 4.86 2.61

05

In the 5%-7" years of operation, the largest num-
ber of shoots and their growth were observed both per
plant and per unit area. With increasing age of plant-
ings, the number of shoots per plant and their length
decreased, and these indicators were lowest in plants
of the 9™ year of cultivation. The average growth of
shoots of one mother root plant decreased from
42.7 m to 10.0 m, or 4.3 times, and the total growth
decreased from 142.3 thousand m/ha to 33.3 thou-
sand m/ha. In the 8™"-9* year of operation of mother
root plants, their significant depression was detected.
The average growth length decreased by 26.8-50.8%,
the number of shoots decreased by 20.1-28.3%. This
could not but negatively manifest itself in the overall
growth of plantings. If in the initial period (6-7 years)
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as a result, the penetration of shoots of one plant into
the crown of a neighboring plant decreased, too. So, in
the first years of operation of plantings (4-6 years of
cultivation), the penetration of shoots into the neigh-
boring zone of plants at the end of the growing season
was 32-35 cm. As the plantings aged, the penetration
of shoots significantly decreased and by the 8" year the
cultivation of plantings was only 10 cm.

The lowest biometric indicators were characterized
by mother root plants at the end of the growing season
of the 9t year of cultivation. The crown index was 1.06.
Moreover, the crown diameter was significantly small-
er than the distance between neighboring plants and
decreased to 0.84 m. The projection area was equal to
18.0% of the feeding area that was allocated for moth-
er root plants when laying plantings. Reducing the hab-
it of the crown, primarily its diameter, led to an increase
in technological passage in row spacing, but it did not
affect the use of equipment in any way.

The overall aging of plants and the decrease in
basic biometric indicators significantly affected the
productivity of mother root plantings. Thus, during the
5t-9t years of cultivation, there was not only a change
in the habit of mother root plants, but also its structur-
al components, first of all, the number and length of
shoots. There was an obvious tendency to reduce these
indicators during the entire cycle of operation of moth-
er root plantings (Table 2).

Table 2. Dynamics of shoot-forming ability of mother root plantings of the Pumiselect clone rootstock

Increment

plant, m ha, 1,000 m %
42.7 142.3 158.6
35.6 117.7 131.2
29.7 99.0 110.4
16.8 56.0 62.4
10.0 33.3 37.1
269 89.7 100.0

the decrease in the length of shoot growth, which fell
on one plant, was insignificant (7.0%), then in sub-
sequent years the tendency to reduce the length of
growth increased.

It is known that the placement of leaves on the
shoot, their self-shading negatively affects the process
of photosynthesis. One of the indicators that determine
the feasibility of the plant placement scheme and their
feeding area is the area of the assimilation surface,
which falls on the feeding area or the projection area
of mother root plants. The dynamics of reducing the
diameter of mother root plants was slower than the
dynamics of the area of the leaf apparatus, which led
to a significant decrease in the assimilation surface per
unit projection of the plant (Table 3).
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Leaf area, m?

Age of plantings plant Ha
5 4.72 15,733.2
6 3.25 10,833.2
7 2.59 8,633.2
8 1.43 4,766.6
9 0.64 2,1333
Average 2.53 8,419.8
LSD 0.18 =

05

Table 3. Dynamics of the leaf area of mother root plantings of the Pumiselect clone rootstock

Ratio

% Sl/Sn SI/Sp
186.9 1.57 2.08
128.7 1.08 1.54
102.5 0.86 1.37
56.6 0.48 1.26
25.3 0.21 1.16
100.0 0.84 1.64

Note: Sl - Leaf area, m?; Sn - plant nutrition area, m?; Sp - area of plant projections, m?

In young plants (5™ year of cultivation), the area of
the Leaf apparatus was slightly larger than the area of
nutrition, their ratio was 1.57. As the plantings aged,
this indicator changed significantly, it was the lowest
in the 9™ year of cultivation and it was only 0.21. That
is, if 1.0 m? of the area of nutrition of a 5-year-old
plant accounted for 1.57 m? of leaf surface, then in
the 9™ year - 0.21 m?, or 5.73 times less. Intensive
operation of the mother root & cutting garden for 4-5
years, in which a significant share of the growth was
alienated annually, caused its intensive aging, which
was manifested in a decrease in the biomorphological
indicators of plantings.

In the mother root & cutting garden of the Pum-
iselect clone rootstock, where the main indicator of the
feasibility of using plantings was the growth of the cur-

rent year, the number of shoots could be the basis for
gradation of plants into groups. Surveys showed that
more than 100 shoots could form on well-developed
plants during the year. Plants that had limited develop-
ment contributed to the regrowth of only 10-20 shoots.
In our work, the variation on this feature was in the
range of 10 up to 100 shoots.

At the beginning of the operation of mother root
plantings (the 5" year of cultivation), the plants were
of somewhat different quality, but at the same time
they were almost evenly represented in the established
groups (Table 4). Thus, the number of plants of Group |,
where 0-30 shoots were formed, was 30.5%, Group Il
(31-60 shoots) was 27.0%, and Group Il (61-90) shoots
was 26.3%. The lowest number was found for plants of
Group 1V (90-120 shoots) as 16.2%.

Table 4. Structure of the mother root & cutting garden of the Pumiselect clone rootstock, %

Plant groups by number of shoots

i Number ofplants per 1.0

Age of plantings i
31-60
5 30.5 27.0
6 35.2 315
7 437 330
8 68.0 25.2
9 87.0 13.0
Average 52.9 25.9

With anincrease in the age of plantings, there was
a decrease in their productivity not only in general,
but also the very structure of individual groups in the
mother root-cuttings garden changed. It was found
that the number of plants on which the maximum
number of shoots (Group IV) grew out of 540 PCs/
ha up to 216.7 PCs/ha significantly decreased. In the
8t-9t year of cultivation, plants of Group IV were
completely absent. The same trend was observed for
plants of Group Ill. The number of such plants in the
plantings of the 5" year of cultivation was 26.3%, the
7t year of cultivation it was 16.8%. There were abso-
lutely no such plants in the most summer plantings
of the 9t year of cultivation.
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61-90 ha, PCs
26.3 16.2 100.0
223 11.0 100.0
16.8 6.5 100.0

6.8 0.0 100.0
0.0 0.0 100.0
14.5 6.7 100.0

It is obvious that a decrease in the number of
the most productive mother root plants in plantings
with age leads to an increase in the proportion of
plants with lower productivity indicators in plant-
ings (Table 5). So, if in the plantings of the 5™ year of
cultivation the share of the least productive plants
(Group 1) was 30.5%, then in a year it was 43.7%, in
three years it was 43.7%, in five years it was 87.0%. A
slight increase in the proportion of plants belonging
to Group Il in plantings of the 6™-7t years of culti-
vation can be explained by the fact that over time
the proportion of plants of groups IlI-IV decreased,
and the proportion of unproductive plants increased
significantly.
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Table 5. Structure of the mother root & cutting garden of the Pumiselect clone rootstock, PCs/ha

Plant groups by number of shoots

Age of plantings I 1
31-60 61-90
5 1,016.7 900.0 876.6
6 1,173.3 1,050.0 743.0
7 1,456.6 1,100.0 560.0
8 2,266.6 840.0 226.7

9 2,900.0 4333 0.0
Average 1,762.6 864.7 481.3

LSD 128.1 60.9 33.5

05

Along with the number of shoots that grow on mother
root plants,a qualitative indicatorisimportantasthe length
of shoots. Less developed plants were characterized by the
fact that the average length of shoots was shorter than

Number of plants per 1.0 ha, PCs

540.0 3,333.3
366.0 3,333.3
216.7 3,333.3
0.0 3,333.3
0.0 3,333.3
224.7 3,333.3
15.2 =

that of the most developed plants. Moreover, this trend
continued with age, although the absolute values changed
slightly. Thus, the average growth for plants for the entire
period of research ranged from 61.6-82.0 cm (Table 6).

Table 6. The length of shoots depending on the condition of the mother root plants of the Pumiselect clone rootstock,cm

Plant groups by number of shoots

Age of plantings |
31-60

5 69.0 753

6 64.5 70.1

7 62.3 67.6

8 60.2 63.1

9 51.9 55.5
Average 61.6 66.3
LSD 4.38 4.51

05

The greatest length of shoots was observed in moth-
er root plantings in the first years of their operation. As
the plantings aged, the growth length decreased, and a
decrease in the average shoot length was noted regard-
less of the degree of development of the mother root
plants. Thus, in plants of Group IV, this indicator de-
creased by 5.4% over three years. For plants of Group I,
the average shoot length decreased by 12.0% over four
years, for plants of Group Il and Group | over five years
the length decreased by 13.4%. It should be noted that as

61-90

81.5 84.6 1124
773 81.1 105.1
72.3 80.3 97.9
68.1 0.0 88.6
20.0 0.0 74.5
74.8 82.0 100.0
5.42 5.69 -

the plantings aged, the growth rate decreased, which was
determined separately for each group of plants (Table 7).
So, if in the least developed plants in the initial period of
operation of plantings it was 10.4 m, then over the years
it decreased to 7.8 m. The same trend was observed for
mother root plants, in which the number of shoots was
31-60 as the total increase decreased from 33.9 m to
24.9 m. The decrease in the length of growth over five
years of operation of mother root plants in relation to
the average productivity ranged from 159.8% to 37.4%.

Table 7. Growth length depending on the condition of the mother root plants of the Pumiselect clone rootstock, m/plant

Plant groups by number of shoots

Age of plantings 1l

31-60

5 10.35 33.88

6 9.68 31.54

7 9.34 30.42

8 9.03 28.40

9 7.78 24.98
Average 9.24 29.84

LSD 0.67 2.17

05

As the mother root plantings aged, as already not-
ed, the number of shoots on one plant decreased. These

61-90

61.12 88.83 159.8
57.98 85.16 133.1
54.22 84.32 107.2
51.08 00.00 62.6
00.00 00.00 374
44.88 51.66 100.0
3.26 3.81 =

circumstances led to the fact that in the 8™ year of veg-
etation, no mother root plants of Group IV were found,
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which had the maximum growth length, and in the 9th
year as Group lll. A significant share in the plantings
was represented by plants of Group II,in which an aver-
age increase of 29.8 m was noted.

Taking into account the structure of the mother root
& cutting garden and age-related changes in plant-
ings, the dynamics of its productivity was established.
As could be seen from the above calculations, the qual-
itative composition of plantings decreased with aging,
which led to a decrease in the total length of growth. So,
if in the first years it was 133.1 up to 159.8% of the av-
erage productivity, then in the 8"-9t years of operation

Table 8. Total growth depending on the condition of mother root plants of the Pumiselect clone rootstock, thousand m/ha

it was much less as 37.4-62.7%. Basically, the decrease in
the productivity of plantings was noted due to the fact
that subsequently the most productive plants belonging
to groups IlI-IV were absent. Although, it should be noted
that more developed plants that moved from a larger
group to a smaller one slightly increased their indicators
(Table 8).The total growth of plants of Group I,taking into
account their number, increased from 10.5 thousand m/
ha (5™ year of cultivation) to 22.6 thousand m/ha (9t year
of cultivation). But a significant increase in the structure
of plantings of plants of the first group did not allow to
compensate for the losses of the most productive plants.

Plant groups by number of shoots

Age of plantings 1l

31-60

5 10.522 30.492

6 11.358 33.117

7 13.605 33.462

8 20.467 23.856

9 22.562 10.824
Average 15.703 26.350

LSD 1.02 1.85

05

Ifwe consider the productivity of mother root plantings
of the Pumiselect clone rootstock in order to obtain Ligni-
fied cuttings, then the negative dynamics with increasing
age of plantings is obvious. As the plants aged, their pro-

61-90

53.578 47.968 159.8
43.079 31.168 133.1
30.363 18.272 107.3
11.580 0.000 62.7
0.000 0.000 374
27.720 19.482 100.0

1.98 1.44 =

ductivity significantly decreased. In particular, for the 5%-
6t year of cultivation, the total increase allowed to harvest
474.9 up to 570.2 thousand units/ha of cuttings,and for 7-8
years it was 223.6 up to 382.8 thousand units/ha (Table 9).

Table 9. Productivity structure of mother root plants of the Pumiselect clone rootstock, thousand m/ha

Total length of shoots

Number of cuttings by size 0.25 m

Age of plantings Per mother rootplant, m Pe::'t't?nl;as l:::::;r:;;uiac:;t;lg- ThousandPCs/ha %
5 42.77 142.56 570.2 100.0
6 35.62 118.72 474.9 83.3
7 28.71 95.70 382.8 67.1
8 16.77 55.90 223.6 39.2
9 10.02 33.39 133.6 234
Average 26.77 89.19 356.8 62.5
In total 133.89 446.27 1,785.1 -

The lowest productivity of mother root plantings
was characterized by the 9™ year of cultivation as
133.6 thousand units/ha of cuttings, that is, there was
a decrease in the productivity of mother root plantings
during the five years of their operation by 4.3 times. It
should be noted that the total length of shoots that
grew per 1.0 hectares of the mother root & cutting
garden from the 5% to the 9™ years of vegetation was
446.3 thousand m, which made it possible to prepare
1.78 million cuttings with a size of 0.25 m.

As a result of the research, a general trend towards
a decrease in the productivity of the mother root & cut-
ting garden in the dynamics from the 5™ to the 9t year of
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vegetation of mother root plants of the Pumiselect clone
rootstock was noted. The length of shoots, the length of
growth, and the qualitative composition of plants de-
creased, which further affected the rooting of cuttings
and the quality of the resulting rootstocks. It is obvious
that cyclic operation of such plantings is needed, which
will help extend the duration of their productive use.

CONCLUSIONS

Based on the conducted scientific studies on the produc-
tivity of the mother root & cutting garden of the Pum-
iselect clone rootstock in the conditions of the Steppe
of Ukraine, the following conclusions were formulated:



1. During the first three years of cultivation, young
mother root plants formed morphostructural elements
that gave rise to transfer them to the state of opera-
tional plantings. The dynamics of the formation of the
height and diameter of mother root plants during this
period made it possible to sufficiently justify the opti-
mal plant placement schemes and feeding area.

2.Taking into account the almost complete aliena-
tion of annual growth after the end of the growing sea-
son, with an increase in the age of mother root plants,
a decrease in their habit was revealed, which led to a
decrease in the productivity of plantings. The height
of mother root plants for five years of intensive oper-
ation decreased by 2.1 times, the width decreased by
2.0 times, the crown projection area decreased by 4.1
times, the leaf apparatus area decreased by 7.4 times.

3. A direct relationship was found between an in-
crease in the age of mother root plants and changes
in habit indicators and the main morphological ele-
ments which determined their productivity. There was
an annual decrease in the number of growing shoots
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and their length, which, in turn, led to a decrease in the
total length of growth from 142.3 thousand m/ha to
.3 thousand m/ha, or 4.3 times.

4. In the most productive period of operation
of mother root plantings, it was possible to prepare
35.6 up to 42.8 m of growth per plant and 474.9 up to
570.2 thousand units/ha of cuttings, while from aging
plantingsitwasonly10.0upto 16.8 m of growth perplant
and 133.6 up to 223.6 thousand units/ha of cuttings.

Thus, the mother root plants of the Pumiselect
clone rootstock, when used intensively, significantly re-
duced their biometric indicators with increasing age of
plantings. Moreover, already in the 7%-9%" years of cul-
tivation, there was a sharp decrease in the productivity
of plantings and the quality of cuttings, which led to a
reduction in the duration of active plant life.

Prospects for further research are to develop el-
ements of cyclic operation of the mother root & cut-
ting garden, which will help to extend the duration of
productive use of mother root plants for harvesting
lignified cuttings.
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AHoTauis. [JocnigpkeHo AuHaMiKy NPOAYKTUBHOCTI MAaTKOBO-XWMBLEBOrO cady K/OHOBWMX Miglen nyMmicenekr 3
YPaxyBaHHAM TPYHTOBUX i KNiMAaTUYHWX YMOB 30HM CTeny YKpaiHW, a TaKOX TEXHOMOFYHUX aCnekTiB BedeHHS
KyNnbTypW.Y nepLui Tpy poku BereTauii MaTOYHMX POCMH BigbOYyBanocs iHTEHCMBHE HAPOLLYBAHHS HaA3EMHOI YaCTUHM
KYLLiB, LLO 43N0 MiACTaBy NepeBecTu iX B CTaH eKCnayaTauimHUX HacagkeHb. 3 ypaxyBaHHSAM LLOPIYHOIO MOBHOIO
BiYY)KEHHS NPUPOCTY B HACTyMHi 4-9 pokiB BiAbyBanocs 3Ha4YHe CTapiHHA POC/IMH, WO NPOSBASNOCS Y 3MEHLUEHHI
MOKa3HMKIB rabiTycy, KilbKOCTi NAroHiB i ix LOBXWHW. B KiHLEBOMY MiACYMKY 3HMXKYBanacs NpoayKTUBHICTb MaTOYHMX
HacamxeHb (KinbkicTb xuBLiB Big 570,2 Tvc. wr/ra po 133,6 TMc. wr./ra), wo obmexysano AOUIbHICTb TPUBANOro
BefEeHHS Ky/bTypU 3 METOI OTPUMAHHS 34EePEB'AHININX XMBLIB

KniouoBi cnoBa: nymicenekT, KNOHOBAa Niflena, MaToOYHi HACaKeHHS, MaroHW, BioMeTpMyHa XapaKTepuCTWKa,
34epeB'sHini XuBui
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Abstract. Currently, the trend of actively accelerating the pace of global warming has a negative impact on
the current situation in the field of agriculture in many parts of the globe. According to current forecasts, the
consequences caused by it will continue to intensify in the coming years. Many facts testify to the predominance of
the negative consequences of these influences, including: an increase in temperature regimes, an increase in their
variability, an increase in the amount and frequency of precipitation, an increase in periods of drought, and the
presence of extreme weather phenomena. In addition, climate changes, increased humidity and CO, in the air are
making adjustments to crop yields. The main fodder crop in the world is corn, therefore adaptation of agricultural
conditions to climatic fluctuations becomes an urgent stage for farmers. Today, corn meets demand not only in
the food industry, but also in medicine and energy supply. The purpose of the work is to determine changes in the
number of growing seasons and interphase periods of corn, to assess the photosynthetic productivity of crops and
to forecast yield indicators. During the research, the method of comparison, monitoring, as well as observation
and empirical research was used. The scenario of possible climate changes RCP 6.0 for the period until 2050
was used. The dynamic model of crop productivity, developed by A.M. Polovyi, was used as a research tool. The
article presents the results of assessing the impact of climate change on the formation of corn productivity in the
Western Forest Steppe of Ukraine. The value of the obtained results lies in their application in the development
and improvement of the corn cultivation model in view of the widest list of climatic deviations
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INTRODUCTION

Today, the rapid pace of global warming is already
affecting the agricultural sector in many parts of the
globe, and its effects will only intensify in the com-
ing years and decades. The predominance of negative
results of this impact is indicated by numerous facts:
increase in temperature and increase in its variability,
change in the amount and frequency of precipitation,
increased frequency of dry periods and droughts, in-
crease in the intensity of extreme weather events, sa-
linization of arable land and fresh water.

Reliable supply of the country's population with
food is of strategic importance in the conditions of the
global world, financial and economic crisis. In connec-
tion with the expected increase in air temperature in
the Northern Hemisphere, Ukraine's food security will
largely depend on how effectively agriculture adapts to
future climate changes.

In solving the problem of food security, a special
role belongs to corn grain as the most important and
socially significant product. Maize is the main fodder
crop in the world, as it is considered one of the best
types of grain for the production of concentrated fod-
der for animal feed. The need for corn and its fields of
application are not limited only to food purposes, the
products of its processing are actively used in indus-
try, animal husbandry and medicine. Today, corn is also
the main source of raw material for biogas plants in
Europe. This is due to its high yield and the absence of
significant problems in cultivation [1; 2]. In the world,
in recent decades, corn has been characterized by the
highest rates of yield growth among grain crops. In re-
cent years, there has been a tendency to increase the
areas devoted to corn cultivation.Adaptation of agricul-
ture to current and future climate changes is of crucial
importance today - effective planning and implemen-
tation of adaptation measures at various levels of state
institutions can help in the implementation of this is-
sue. Therefore, the assessment of future climate chang-
es is very important today, and not only for agriculture.

Today, there is no doubt that the change in climatic
conditions leads to significant variability in the yield of
many agricultural crops, including corn [3-5]. Up to a
certain level, an increase in temperature can contribute
to the growth of the yield of some crops in the “cooler”
parts of the globe, but if it exceeds the optimal level for
this crop or there is a shortage of moisture and nutrients,
thentheyield can decrease.An increase in the frequency
of extreme events, especially floods and droughts, also
damages agricultural crops and reduces theiryield [6; 7].

An increase in temperature, humidity and the level
of carbon dioxide (CO,) in the atmosphere contributes
to the spread of many weeds, pests and diseases. Ex-
treme temperatures combined with reduced precipita-
tion inhibit crop development, but most studies indi-
cate that these effects will change over time and vary
depending on where they occu [8; 9].
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A special report of the Intergovernmental Panel
on Climate Change [10] on emissions scenario issues
predicts the possibility of regional differences in global
production that could put more than 5 million people
at risk of hunger by 2100 [7]. According to [10], the pro-
jected increase in global warming to 1.5°C is likely to
reduce the yield of major cereal crops, including maize,
in sub-Saharan Africa, Southeast Asia, and Central and
South America. To ensure today's level of food security
and in the coming decades, efforts have been made to
create simulation models for corn aimed at predicting
the growth, development and yield potential of agri-
cultural crops under certain environmental conditions.
According to [3; 11-13], the main problem affecting the
growthanddevelopmentof cornisthe changeinweather
conditions, which lead to intraseasonal yield variability.

The impact of climate change on corn growing con-
ditions in Northeast China was considered by scientists
from the Institute of Geographical Sciences and Natural
Resources Research of the Chinese Academy of Scienc-
es [13]. The crop-environment synthesis model CERES-
Maize v4.5 was used to simulate future maize yields in
combination with data for the representative concen-
tration trajectory scenarios (RCP)-RCP 4.5 and RCP 8.5.
The results of the study indicate a trend towards a con-
tinued decline in maize yields for both climate change
scenarios. Thus, when the RCP 4.5 climate scenario
is implemented, the average corn yield will decrease
by 2.1% by 2020, by 12.9% by 2050, and by 22.7% by
2080. Moreover, reductions of 6.3, 18.4 and 47.5% are
expected in the corresponding periods under the RCP
8.5 scenario excluding CO,. In turn, the impact of CO,,
according to scientists' calculations, will be too small to
compensate for the negative effects of climate change.

Parks et al. [14] used the GLAM model to assess the
impact of climate change on maize cultivation in West
Africa. According to the results of the study, a decrease
in corn yield by 5.95% is expected when the tempera-
ture increases by 2°C, and under the conditions of an
increase in temperature by 4°C, a decrease in yield by
37% is expected. It is noted that significant crop fail-
ures, which previously occurred only once every 19.7
years, will be observed every 2.5 years.

The study of the influence of the current climate
of Ethiopia on the yield of maize was carried out using
the APSIM-maize and DSSAT CSM-CERES-maize mod-
els [15]. The climatic periods of the near future (2010-
2039), the middle (2040-2069) and the end of the 21st
century (2070-2099) were considered. Climate simu-
lations were performed using 20 general circulation
models (GCMs) and two representative concentration
trajectories (RCP 4.5 and RCP 8.5). The results of the
study showed that, according to the scenarios, a slight
increase in corn yield is expected (by 1.7-4.2%).

For the territory of Ukraine, the influence of cli-
matic changes on the conditions for the formation of



corn productivity was studied by T.K. Kostyukevich and
T.I. Adamenko [16]. The conducted comparative charac-
teristics based on average long-term data (1986-2005)
and climate change scenarios A2 and A1B showed that
the best conditions for the formation of corn produc-
tivity will be observed in the territory of Polissia, the
worst - in the territory of the Southern Steppe. For
the Western Forest-Steppe, under the implementation
of the A2 climate change scenario, a yield decrease of
4-8% is expected, under the climatic conditions of the
A1B scenario, a more significant decrease in yield is ex-
pected - up to 20%.

Most of the reviewed works are focused on fore-
casting the impact of climate change on corn produc-
tion in comparison with the adaptation and suitability
of the territory for corn cultivation. The process-based
models used to simulate maize vary in complexity but
share common comparable input parameters that in-
clude crop phenology, plant cover characteristics, and
biomass development. The comparability of the input
parameters in the models is relevant for climate change
studies, the results of which can be used to make deci-
sions and determine the direction of the policy for the
further development of agriculture.

The purpose of the study is to assess the possible
impact of climate change on the productivity of corn
crops (medium-ripening varieties and hybrids) in the
conditions of the Western Forest Steppe of Ukraine.

MATERIALS AND METHODS

One of the simplest methods of displaying possible
changes in the climatic regime of any meteorological
quantity is a comparison with past data, in particular,
average multi-year values for the base period. In this
study, the period from 1991 to 2010 is taken as the
base. To assess possible climate changes, we used the
RCP 6.0 scenario (representative concentration trajec-
tories), which is a stabilization scenario and is currently
considered the most realistic possibility [17] and the
RCP 6.0+CO, scenario, which takes into account a 30%
increase in CO,.

The impact of climate change on corn productivi-
ty was assessed based on the dynamic model of crop
productivity by A.M. Field [18]. The basis of the model
is the system of equations of radiation, heat, water bal-
ances and the balance of biomass (carbohydrates and
nitrogen) in the plant cover in the “environment - plant”
system. The "environment - plant” system is considered
as a complex dynamic system that develops under the
influence of internal and external factors. In this sys-
tem, the process of growth, development and forma-
tion of plant productivity in their complex interaction
are highlighted. Modeling the process of plant growth
and development contains a quantitative description
of the processes of photosynthesis, respiration, growth
and development of plants. The identification of model
parameters was carried out on the basis of observation
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data at the network of hydrometeorological stations
of the Hydrometeorological Service of Ukraine of the
State Emergency Service of Ukraine [19].

To characterize the indicators of photosynthetic
productivity of corn and agroclimatic growing condi-
tions under different climatic conditions, the following
were calculated: the dates of the onset of the phases
of corn development, the sum of positive air tempera-
tures and the sum of precipitation for interphase peri-
ods, the relative area of corn leaves, net photosynthetic
productivity, photosynthetic potential, and the increase
in total dry biomass in the period of maximum devel-
opment. It should be emphasized that the impact of
climate change on the formation of the productivity
of corn crops was considered under the conditions of
modern agricultural technology and modern varieties
and hybrids of the culture, assuming that they will not
change significantly.

RESULTS AND DISCUSSION

The possibility of using corn as the most important ob-
ject of agricultural culture in different soil and climatic
conditions indicates its high lability, the ability to suc-
cessfully adapt to significant fluctuations and various
combinations of vital factors. However, the conditions
necessary for the growth and development of corn can-
not be infinitely variable. The parameters of these con-
ditions are determined primarily by the ecological fea-
tures of plants, which have developed during the long
evolution of the species under the influence of natural
factors and the conscious activities of many genera-
tions of farmers. These features are determined by the
reaction of the plant to the influence of such factors as
moisture, soil and air temperature, soil acidity and its
provision of the necessary reserves of mineral nutrition
elements available to the plant, light, interaction be-
tween corn plants and other plants in the crop. Corn can
develop normally and accumulate a significant amount
of organic matter with an optimal combination of all
the above factors.

Corn is @ monocarpic annual plant of the spring
type of development. The duration of the life cycle of
corn, depending on the conditions of its growth and
varietal characteristics, varies greatly. In corn, the fol-
lowing are the most significant phases of plant forma-
tion: seedlings, fifth leaf, seventh-eighth leaf (period of
intensive growth), shedding of the panicle, flowering of
the panicle and cob, milky, waxy and full ripeness. The
occurrence and duration of each of them depends on
the complex of agrometeorological conditions.

In the western part of the Forest Steppe, corn is
sown at the end of the second decade of April (April
17). Under the influence of climatic changes, the sow-
ing dates are expected five days earlier - on April 12.
According to scenario calculations, the emergence of
seedlings is expected on May 8, which is three days ear-
lier than according to long-term data (May 11) (Table 1).
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Table 1. Maize development phases based on average multi-year data compared
to those expected under the RCP 6.0 climate scenario

Period, years Seedlings Ej: acr::glr:e :f Milk ripeness Wax maturity D::ar::::: ::;:e
1991-2010 17.04 11.05 26.06 20.07 16.08 121
2021-2050,RCP 6.0 12.04 8.05 20.06 17.07 2.08 112
Difference -5 -3 -6 -3 -12 -9

The assessment of agrometeorological conditions
for growing corn during the growing season based on
average multi-year data in comparison with those ex-
pected under the RCP 6.0 climate scenario was carried

out in interphase periods. For each period, the aver-
age air temperature, the sum of active temperatures,
the sum of precipitation and the duration of the period
were determined (Table 2).

Table 2. Evaluation of agro-meteorological conditions for growing corn during the growing season based
on average multi-year data compared to those expected under the RCP 6.0 climate scenario

Sum of active
temperatures for the
period, °C

Average air temperature

Sum of precipitation for
the period, %

Duration of the period,

Period, years days

for the period, °C

Sowing - seedlings

1991-2010 12.5 300 100 24
2021-2050 - RCP 6.0 126 328 141 26

Difference +0.1 +28 +41 +2

Seedlings - throwing out panicles

1991-2010 17.8 820 100 46
2021-2050 - RCP 6.0 19.1 804 98 42

Difference +1.3 -16 =) -4

Ejection of the panicle — milk ripeness

1991-2010 21.0 505 100 24
2021-2050 - RCP 6.0 22.6 498 88 22

Difference +1.6 =/ -12 =)

Milk ripeness - waxy ripeness

1991-2010 20.9 564 100 27
2021-2050 - RCP 6.0 230 483 76 21

Difference +2.1 -81 -24 -6

Seedlings - waxy maturity

1991-2010 18.1 2,189 100 121
2021-2050 - RCP 6.0 19.0 2,113 96 112

Difference +0.9 -76 -4 =)

The sum of active temperatures accumulated dur-
ing the sowing-seedling period according to the aver-
age long-term data is 300°C, according to the scenario
data, it is expected to be a little more — 328°C, but the
duration of the period according to the scenario data
is also expected to be two days longer. According to
scenario data, the average air temperature is expected
to be at the multi-year level. Significant changes will be
observed in the amount of precipitation - 41% higher
than in multi-year conditions (Table 1; Table 2).

The panicle shedding phase under perennial condi-
tions occurs on average at the end of June (June 26) with
the accumulation of the sum of active temperatures
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around 820°C, under the conditions of climate change,
this phase is expected six days earlier,the duration of the
period as a whole will decrease by four days,and the sum
of active temperatures will be close to 804°C. Under the
conditions of climate change, the average air tempera-
ture during the interphase period of emergence-ejection
of the panicle is expected at the level of 19.1°C,which is
1.3°C higher than under basic conditions. No significant
changes are expected in the amounts of precipitation.

After the phase of throwing out the panicle in
corn, the phase of milk maturity comes. According to
long-term data, it occurs when the sum of active tem-
peratures is around 505°C at the end of July (July 20),



under the conditions of climate change, the onset of
this phase is expected three days earlier (in general, the
duration of the period will decrease by two days) when
the sum of active temperatures is around 498°C.

Under the scenario conditions, the average air tem-
perature during the interphase period of panicle ejec-
tion — milk ripeness is expected to be 22.6°C, which is
1.6°Chigher than under baseline conditions. The amount
of precipitation is also expected to differ - according to
the scenario, the amount of precipitation decreases by
12% (Table 2). The milk ripeness phase is followed by the
wax phase. Under long-term conditions, it occurs with
the accumulation of the sum of active temperatures of
about 564°C in mid-August (August 16), under the con-
ditions of climate change, it is expected on August 2
with the accumulation of the sum of active tempera-
tures of about 483°C. In general, under the conditions
of the scenario, the duration of the period is expected to
be reduced by six days. Under the conditions of climatic
changes, the average air temperature during the period
of milk-wax maturity is expected to be at the level of
23.0°C,whichis 2.1°Chigher than under basic conditions.
A significant difference is also expected in the amount
of precipitation - due to climate change, the amount of
precipitation during the period will decrease by 24%.

No significant changes are expected during the
growing season, but there is redistribution, sometimes
very significant. So, for all periods according to the sce-
nario data, except for the period of sowing and planting,
a decrease in the amount of precipitation is expected. A
similar situation is observed with other indicators. Also,
under the conditions of climatic changes, a reduction
in the duration of interphase periods is expected, this
is due to an increase in the average air temperature,
which in turn causes an acceleration of the onset of the
phases of culture development.
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The study of the influence of certain technological
techniques on the growth and development of agricul-
tural crops is usually accompanied by observations of
the features of photosynthetic activity in crops. This
question is extremely important, because the change in
the conditions of plant growth inevitably, directly or in-
directly, affects the production process, and accordingly
- the formation of the crop. Numerous studies [20; 21]
show that plant productivity is closely related to growth
and photosynthesis — two cardinal physiological pro-
cesses. The creation of a photosynthetic apparatus of
high activity is the first condition for obtaining signifi-
cant sowing productivity. The second, no less important
condition is the creation of a photosynthetic apparatus
of sufficient size, i.e. obtaining the optimal leaf area.

The main indicators characterizing the production
process in crops are: relative leaf area, leaf surface in-
dex, photosynthetic potential, net productivity of pho-
tosynthesis, dry biomass.

The high productivity of corn is also due to the
fact that assimilation of carbon dioxide occurs, as in
other tropical plants belonging to the C4 plant group.
The photosynthetic productivity per unit of leaf surface
and per unit of time in corn is 2-3 times higher than
in agricultural crops from the temperate climate zone,
in which the assimilation of carbon dioxide passes
through the C3 cycle.

Let's consider the differences in the intensity of the
increase in leaf area in corn according to all options.
Thus, the leaf area during the period of maximum de-
velopment is 3.8 m?/m? on average over a long-term
period (Table 3),under the conditions of climate change
RCP 6.0, the leaf area is expected to increase to 4.3 m%/
m?, under the conditions of RCP 6.0+CO, , the area of
corn leaves is also expected to increase compared to
both previous options - up to 4.9 m?/m2

Table 3. Indicators of photosynthetic productivity of corn crops during the growing season according
to average multi-year data compared to those expected under the RCP 6.0 climate scenario

The period of maximum growth

; Option, Increase in total d Net productivi Dry biomass of the ity O
Period, years ) ry productivity Crop capacity, %
y L) el sur;'acez biomass, g/m? of photosynthesis, Whole plant, g/m’ e
area, m?/m 2
per decade g/m? per day
1991-2010 Basic 3.7 264.6 8.5 954.8 100
RCP6.0 43 249.7 6.8 9439 89
2021-2050
RCP 6.0+CO, 49 292.8 7.9 1,099.2 98

In Figure 1 presents the dynamics of accumulation
of the relative area of leaves of corn crops under the
conditions of climate change RCP 6.0 and RCP 6.0+CO,
in comparison with the base period. As you can see,
during the growing season, the dynamics of the growth
of the leaf area both according to climatic changes
and according to perennial conditions was almost the
same, but its quantitative indicators differ significantly.
But in all cases, these values correspond to the inter-

phase period of vegetation of panicle ejection — milk
ripeness. Photosynthesis forms the basis of the primary
biological productivity of natural ecosystems and de-
termines the formation of crops in agricultural crops.
The intensity of the photosynthesis process is affected
by illumination, temperature and other environmen-
tal factors. Let's consider the graph of the dynamics of
the average intensity of photosynthesis of corn crops
over a decade under the conditions of climate change

Ukrainian Black Sea Region Agrarian Science, 25(1), 29-36

33



34

he influence of climatic changes...

RCP 6.0 and RCP 6.0+C0O? in comparison with the base
period (Fig. 2). According to the climate scenario RCP
6.0, a slight decrease in the maximum value of the
intensity of photosynthesis per decade is expected to
30.1 mgCO,/(dm?-hour) in comparison with the basic

Leaf area m2/m?
N

conditions (31.8 mgCO,/(dm*hour)). And in the case of
the RCP 6.0+CO, scenario, on the contrary, the value is
expected to increase to 36.2 mgCO,/(dm?-hour). But in
all cases, these values correspond to the interphase pe-
riod of vegetation of panicle ejection - milk ripeness.

Base
RCP 6.0
RCP 6.0 + CO,

IMay IIMay lllMay lJune I[lJune IllJune TJuly Il July [lJuly | August Il August
Decades of vegetation

Figure 1. Dynamics of the relative area of leaves of corn crops during the growing season according
to average multi-year data compared to those expected under the RCP 6.0 climate scenario

The interrelationship of plants in agrocenoses is
unstable, depending on many factors. The main task
for obtaining high yields is the creation of such a crop,
in which the potential possibilities of photosynthetic
activity of plants in agrocenoses would be revealed
as much as possible. This can be achieved by creating
favorable conditions for the growth and development
of plants. The growth of a plant and its biological pro-
ductivity are primarily the result of photosynthetic ac-
tivity, during which up to 95% of organic compounds
are formed.

One of the indicators characterizing the production
process of plants is the net productivity of photosyn-
thesis. The maximum value of the net photosynthetic
productivity of corn crops is 8.5 g/m? on average over
many years (Table 3). Under the conditions of climate
change RCP 6.0, the value of net productivity is expect-
ed to be significantly reduced - 6.8 g/m? per day, under
the conditions of climate change RCP 6.0+CO, the value

40
35
30
25
20
15
10

5

Intensity of photosynthesis,
mgC0,/(dm2-hour)

of net productivity is expected at the level of 7.9 g/m?
per day. This is due to the reaction of plants to an in-
crease in CO, in the air.

Suchareactionofplantsdeterminedthe correspond-
ing level of dynamics of the total dry biomass of corn
and its growths. The maximum values of the increase in
the total dry biomass of corn crops will be 264.6 g/m?
per decade on average under long-term conditions (Ta-
ble 3).According to the climate scenario RCP 6.0+CO,, the
growth values are expected at the level of 292.8 g/m?
per decade, and under the conditions of climate change
RCP 6.0 - at the level of 249.7 g/m? per decade.

The maximum value of the total dry biomass of
corn crops on average according to long-term data is
954.8 g/m? (Table 3). An increase in dry biomass is ex-
pected under the implementation of the RCP 6.0+CO,
climate scenario - up to 1,099.2 g/m?, and under the
climate change conditions of the RCP 6.0 scenario, it is
expected to decrease to the level of 943.9 g/m2

Base
RCP 6.0
RCP 6.0 + CO,

IMay 1l May Il May 1June IlJune IilJune 1July I July I1HJuly I August Il August
Decades of vegetation

Figure 2. Dynamics of the average decade-long photosynthetic intensity of corn crops during the growing season
according to average multi-year data in comparison with those expected under the RCP 6.0 scenario

Thus, under the conditions of implementation of
the climate scenarios, a decrease in corn yield is ex-
pected: under the RCP 6.0 option - by 11%, and under
the RCP 6.0+CO, option - by 2%.
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CONCLUSIONS
On the basis of the climate change scenario and the
dynamic model of the formation of the corn crop,
the variability of the expected moisture-temperature



regime during the vegetation period of the crop to-
wards an increase in air temperature and a decrease in
the amount of precipitation compared to the current
climatic period was assessed. A regular reduction of
interphase periods and the vegetation period of the
crop as a whole has been established. The assessment
of the photosynthetic productivity of corn crops under
climate change was carried out through its main indi-
cators: the dynamics of the leaf area, the net produc-
tivity of photosynthesis, the dry biomass of the plant
and the grain yield. Compared to the current climatic
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conditions,a decrease in corn grain yield by 2-8% is ex-
pected, depending on the implementation of one (RCP
6.0) or the other (RCP 6.0+CO,) version of the scenario.

The perspective of further research is a more
detailed consideration of the spatial and temporal
variability of possible climate changes, conducting
research on the response to climate changes in rela-
tion to other groups of varieties and hybrids of corn,
as well as developing recommendations regarding the
adaptation of agricultural techniques for growing corn
in conditions of climate change.
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AHoTauif. Hapasi TeHAeHLUis aKTUBHOMO NPULLBUALIEHHS TEMMIB M06aNbHOIrO NOTEMNiHHA HEFATUBHO MO3HAYAETHCS
Ha MOTOYHIM cuTyauii y cdepi CiNbCbKOro rocnofapcrteBa y 6araTboX 4YacTMHaAxX 3eMHOI Kyni. 3a aKTyallbHUMM
NPOrHO3aMMu, Y HAUBAMXKYI POKM HACNiAKK, CIPUYMHEHI HUM, ByayTb M Hagani nocunoBatuce. LLono nepesaxkaHHs
HeraTMBHMX HacNigKiB UMX BNAMBIB CBigYaTb 6arato dakTiB, cepen SKMX: 3pOCTaHHS TeMNepaTypHUX PEXUMIB,
MOCUNEHHS X MIHAMBOCTI, 3pOCTaHHS KiNbKOCTI Ta 4acTOTM ONafiB, NOYACTIWAHHA MepioAiB 3aCyxW, HASIBHICTb
eKCTpeManbHUX norogHux eHomeHis. Kpim Toro, KniMaTuyHi 3Minu, miasuiwenHa sosorocti ta CO, y nosiTpi
BHOCSATb KOPEKTMBM B 0OCArM BPOXAWHOCTI CiNlbCbKOrOCNOAAPCbKMX KynbTyp. OCHOBHOK (ypaXkHOK KylbTypoto
y CBIiTi € KyKypyA3a, TOMY a4antauis CiNbCbKOroCMOAAPCbKMUX YMOB A0 KNIMAaTUYHMX KONIMBAHb CTAa€ HaraabHUM
eTanom Aans arpapiie. Ha cborogHi Kykypyasa 3a40BO/IbHIE NONUT He nuwe y chepi XapyoBoi NPOMUCIOBOCTI, ane
M MeLMUMHM Ta eHepreTMyHoro 3abesneyeHHs. MeTol poboTH € BU3HAUYEHHS 3MiHM KiNbKOCTI nepioaiB BereTaLii Ta
MixdasHMX nepioais KyKypyasu, ouiHKa GOTOCMHTETUYHOT NPOAYKTUBHOCTI NOCIBIB Ta NPOrHO3YBaHHSA NOKAa3HMKIB
BpPOXaMHoCTi. B xofi pocnigxeHHs 6yno BUKOPUCTAHO METOA, NMOPIBHSHHSA, MOHITOPUHIY, @ TAKOX CMOCTEPEXEHHS
Ta eMNipMYHOro AOCNigXeHHS. BukopuctaHo cueHapin moxnmeux 3miH knimaty RCP 6.0 Ha nepiog go 2050 poky.
SK anapaT LOCNigKeHb BUKOPUCTOBYBANACsS AMHAMIYHA MOAenb NpOAYKTUBHOCTI MOCIBIB CifIbCbKOrOCNOAaPCbKMX
KynbTyp, po3pobneHa A.M. MNonboBKM. Y CTaTTi NpeacTaBNeHO pe3ynbTaT OLiHKM BMIMBY KJIMAaTUYHWMX 3MiH Ha
hopMyBaHHA NPOAYKTUBHOCTI KyKYypyA3u B 3axigHoMy Jlicocteny YkpaiHu. LLiHHICTb OTpUMaHKX pe3ynbTaTiB Nnonsrae
y iX 3aCTOCyBaHHi B po3pobLi i BOOCKOHANEHHI MoAeni KYNbTUBYBAHHS KYKYpPYA3W 3 OMNSAY Ha HAWLLMPLUKIA Nepenik
KNiMaTUYHUX BiAXMNEHb
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Abstract. Currently, the issue of preserving organic matter, which is increasingly being replaced by synthetic
alternatives, is relevant and expedient. But these substitutes are alarming because of their possible threat of
dangerous after-effects, because the human body generally consists of what it consumes in everyday food. All
chemical elements undesirable for the body that can cause the appearance of diseases and health complications
fall under the category of dangerous food. In view of this, in order to preserve the volume of production of natural
food products, there is a need to increase the share of leguminous crops. In addition to the positive effect on soil
fertility, lequmes are naturally filled with biologically pure nitrogen.Also, this crop has a higher content of valuable
plant protein compared to cereal grain crops. In order to increase the production of pea grain, it is necessary to
use high-yielding varieties of the moustached morphological type. The purpose of the article is to identify the
influence of sowing dates and treatment of vegetable pea seeds with molybdenum and boron fertilizers on plant
development indicators in the conditions of Southern Ukraine. The research used the laboratory method, as well
as the methods of field experiment and phenological observation. It was established that the effect of boron
and molybdenum delays the onset of the phenological phases of crop development, and the use of two different
sowing times allows to delay the onset of the technological maturity phase by 6 days. This is important during
harvesting for minimal losses of the vegetable pea crop. The practical value of the results lies in the application of
combinations of molybdenum and boron fertilizers to increase the yield and nutritional value of leguminous crops
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INTRODUCTION

Currently, the issue of preserving organic matter, which
is increasingly being replaced by synthetic substitutes,
is relevant. But these substitutes are confusing because
of the threat of dangerous after-effects, because the hu-
man body generally consists of what it uses in everyday
food. At first glance, dangerous food includes all chemi-
cal elements that are undesirable for health, which can
cause the further development of diseases and health
complications. The reserve is the cultivation of legu-
minous crops, which are able to fix nitrogen from the
atmosphere or apply organic fertilizers [1].

Increasing the share of leguminous crops in the
structure of planted areas is the cheapest and most
effective way of increasing soil fertility, increasing hu-
mus and nitrogen content, and protecting land from
degradation. In addition to increasing the yield, such
agricultural methods contribute to the accumulation
of a greater amount of biologically pure nitrogen in it
after harvesting vegetable peas, compared to existing
technologies, they allow to extend the time of technical
maturity of the seed and the period of its processing,
which in the conditions of the south of Ukraine is a
very important and urgent problem. The technology of
growing green peas as one of the important lequminous
crops is energy-saving, since the energy accumulated
with the crop significantly exceeds its production costs.

Peas, compared to cereal grain crops, have a num-
ber of important advantages, especially in terms of
yielding valuable vegetable protein. In addition, the
cultivation of peas in crop rotations significantly re-
duces the total cost of crop production, improves the
phytosanitary condition of crops and increases the pro-
ductivity of arable land. Peas differ from other legumes
in that the stem of the plant is not prone to branching
and grows mainly in height.

In favorable years, due to overgrowth of plants,
pea crops are severely damaged, so 2-phase harvest-
ing should be carried out, which often leads to crop
losses. The priority direction of effective restoration of
cultivated areas and increase of pea grain production
should be the cultivation of high-yielding varieties of
the moustached morphological type with high potential
productivity, resistance to environmental stress factors,
lodging and suitable for harvesting by direct harvest-
ing [2]. That is why there is a need to improve the tech-
nology of growing peas that are not prone to lodging, in
order to increase the yield of this crop. Therefore, in the
system of measures aimed at increasing the productiv-
ity of peas, great importance is attached to the rational
use of fertilizers and the norms of sowing seeds.

The high yield potential of modern pea varieties
can be maximally realized when growing them using
technologies that involve the complex application of
intensification factors [3]. The priority direction of in-
creasing the sown areas of peas in the south of Ukraine
should be the cultivation of high-yielding varieties of
the moustached morphological type with high poten-
tial productivity, resistance to diseases and lodging,
suitable for harvesting by direct harvesting.

Ukrainian Black Sea Region Agrarian Science, 25(1), 37-43

In the system of measures aimed at increasing the
production of peas, an important place belongs to new
high-protein varieties, which must be high-yielding,
resistant to diseases, lodging, suitable for direct har-
vesting [1]. Thus, plants of low-growing varieties with
a strong stem begin to lay down only during flower-
ing, while tall varieties with a long stem - even be-
fore the beginning of budding (in the 10-leaf phase).
Short-stemmed pea varieties are characterized by a
well-developed mechanical tissue, and have a devel-
oped transport system of the stem.

For the successful cultivation of vegetable peas for
seeds, it is important to carry out a set of measures to
increase soil fertility. Many years of research conducted
by many scientists with various crops, including vegeta-
ble peas, testify that mineral fertilizers, along with im-
proving the nutrient regime of the soil and plants, also
affect the water regime, contribute to a more complete
and economical use of moisture for crop formation [3].

Peas are considered a relatively cold-resistant
plant. At the same time, it is demanding on soil mois-
ture, reacts negatively to high temperatures and lack
of moisture. Especially, the combination of heat and
drought, which is a common natural phenomenon in
the southern part of Ukraine, suppresses its growth and
development. Unfortunately, peas have to experience
drought and heat more and more often. Therefore, the
producers of our region have to sow earlier so that half
of the growing season falls on a period with moderate
heat and sufficient humidity [3]. However, it is possible
to sow even ordinary varieties of grain (shelled) peas
very early. For example, in the Kherson region, peas can
be sown during the winter or in early spring. However,
there is a great risk of freezing of pea plants.

At low temperatures, pea shoots appear later (after
15-20days)andunfriendly.Weakenedseedlingsareprone
to diseases, suppressed by weeds and damaged by pests.
This situation is especially negative for the growth and
development of plants of sugar and brain pea varieties,
for which the minimum germination temperature is 4°C.

It is also known that the optimal temperature for
the development of seedlings is from 15 to 16°C. At low
temperatures (less than 10°C), plants develop slowly
and are strongly affected by fungal and bacterial dis-
eases. The growth rate of peas at low positive temper-
atures is affected by the amount of reserve nutrients in
the seeds, so plants that were treated with nutrients
before sowing will germinate faster [4].

Seedlings of most pea varieties can tolerate short-
term temperature drops to minus 6°C. However, the
yield of “frozen” plants decreases by 10-30%, and the
ripening of beans is delayed by 7 days. If the surface of
the soil is covered with snow, then the seedlings can
withstand a drop in temperature to minus 10-12°C.
Seedlings can withstand a short-term drop in tempera-
ture to minus 1-2°C without a decrease in productivity.

There are several opinions among scientists who
study this problem regarding the methods of sowing
and the density of standing pea plants when grown for



seeds and green peas. Most of them recommend, for the
most part, the usual row method of sowing with a row
spacing of 15 cm,which is carried out with seed drills, for
example SZ-3.6,SZP-3.6.With this method of early sow-
ing, coulters are less clogged with moist soil and seeds
are sown more evenly than with narrow-row sowing [6].

Many experiments [4-6] of scientific research insti-
tutions and the practice of advanced product manufac-
turers have established the effectiveness of adding not
only phosphorus, potassium and nitrogen fertilizers,
but also organic fertilizers to peas or its predecessor.
It was noted that when they are used correctly, they do
not suppress, but, on the contrary, stimulate nitrogen
fixation by nodule bacteria [4]. The regularity in the in-
crease of the pea yield from the use of phosphoric fer-
tilizers was observed in experiments by some authors,
while the equivalence of terms and methods of appli-
cation of these fertilizers was established for both field
plowing and cultivation.

Inthe modern period of the development of agro-in-
dustrial production, one of the main conditions for the
increase of gross harvests and peas is the constant im-
provement of the technological elements of cultivation
in accordance with the morphological and biological
characteristics of the variety. Issues of improving the
grain quality of this important crop are also gaining pri-
ority. Modern cultivation technologies of grain legumes
should be based on the management of all processes
of ensuring high grain productivity and grain quality, as
well as be directed to the maximum use of the culture’s
biological productivity potential. For the normal growth
and development of plants, a suitable feeding area is
required, in which they will have enough nutrients, wa-
ter and solar energy to create the necessary vegetative
mass and grain formation. By increasing or decreasing
the feeding area, the effectiveness of mineral fertilizers
can be increased. The productivity of peas is the highest
when the optimal sowing rate is used. Its value depends
on soil fertility, climatic conditions, predecessor, fertiliz-
er, variety, terms and methods of sowing, seed quality.

Of the microelements, the role of molybdenum and
boron should be especially noted. With a lack of molyb-
denum, nodules of nitrogen-fixing bacteria are weakly
formed, the synthesis of free amino acids is disrupted
in them, and the synthesis of leghemoglobin is inhibit-
ed [7]. With boron deficiency, vascular bundles are not
formed in nodules, as a result of which the development
of bacterial tissue is disturbed [8].Also, the lack of boron
leads to a deterioration in the quality of the harvest-
ed crop of products in the phase of technical ripeness.

In order to increase the yield of pea, its seeds are
treated with boron - 2.7 kg/t, nitrogen and molybde-
num-acidic ammonium (25 g per hectare seed rate). In-
oculation of seeds with rhizorthorphin increases yield
by 2.0-4.2 ¢/ha and improves its quality. The protein
content increases by 2-5% [3].

British scientists [9; 10] believe that fertilizers
should not be applied to peas, even on poor soils, be-
cause nodule bacteria will not develop, and the use of
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fertilizers will be ineffective. In their opinion, the use
of nitrogen fertilizers is justified in small doses (N,
and only on late sowing of peas. High efficiency on pea
crops is ensured by the application of ammophos or su-
perphosphate enriched with boron and molybdenum.
The rate of P,O; is 10-20 kg/ha. On the chernozem soils
of the Steppe, molybdenum combines with alkalis and
alkaline cations, turning into compounds that are solu-
ble in water and inaccessible to plants [6].

It is known that boron plays an important role in
the processes of plant fertilization: it enhances the ger-
mination of pollen, the growth of pollen tubes and is
necessary for the formation of the vital activity of pol-
len. Boron is a necessary element of mineral nutrition
of plants. In addition, depending on the type of plants
and soil and climatic conditions, its amount in plants
varies within fairly wide Llimits. If the dry mass of grain
crops contains only 1-3 mg of boron per 1 kg of com-
pletely dry mass of plants, then in sunflower leaves -
50-60 mg, and in leguminous crops - 30-60 mg per
1 kg of completely dry mass [11; 12]. The development
of ovaries and seeds due to a lack of boron lags behind
normal, and the processes of seed maturation are dis-
turbed, therefore boron has a positive effect on the seed
productivity of many agricultural crops and the forma-
tion of fruits and berries in fruit and berry plants [13]. It
also plays an important role in the synthesis of carbo-
hydrates, which is necessary for establishing a normal
symbiosis between nodule bacteria and the plant.The
best results are provided by boron in combination with
molybdenum, since the latter is necessary for the bio-
chemical processes of fixing molecular nitrogen.

Being in the tissues of plants, boron can create
complex compounds with organic oxyacids, carbohy-
drates and polyatomic alcohols. Vitamins - riboflavin
and ascorbic acid also combine with boron. A number
of experiments established the effect of boron on the
activity of enzymes: catalase, dehydrase, invertase, etc.

Boron also affects osmotic processes and hydration
of colloids. A positive effect of boron on drought re-
sistance and salt resistance of plants was established.
And with a lack of boron, the content of vitamins in the
leaves decreases: ascorbic acid, thiamine, and ribofla-
vin. Lack of boron in plant nutrition delays the synthe-
sis of proteins and nucleic acids.

The effect of boron fertilizer on leguminous crops
was studied in Latvian collective farms in 1961-1962.
For dusting, 1-2 kg of fertilizer was used per 1 t of
seeds, and when applied to the soil, 60 kg/ha. Boron
increased the yield of peas by 2.5-3.0 t/ha. Favorable
results were obtained when pre-sowing treatment of
seeds with boron was combined with poisons [4].

Molybdenum fertilizers are also increasingly used
in the cultivation of legumes, vegetables and some oth-
er crops. This is explained by the fact that molybdenum
significantly affects the nitrogen metabolism of plants,
nitrogen-fixing bacteria,as well as some algae and fungi.
Molybdenum is involved in the fixation of molecular ni-
trogen by nodule bacteria in symbiosis with leguminous
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plants. It is also an active component of enzymes in-
volved in the reduction of nitrates in tissues to am-
monia, which is subsequently used in the processes of
formation of amino acids and proteins. Molybdenum,
changing its valency, participates in oxidation-reduc-
tion reactions and is an important link in the chain of
element transfer from the oxidizing substrate (electron
or hydrogen donor) to the substance being reduced.

The mainrole of molybdenum is thatit enhances the
activity of proteid enzymes associated with nitrogen me-
tabolism and participates in the enzymatic activation of
molecular hydrogen.Thus,according to some authors [5;
9], the green mass of leguminous plants contains from
1.9 to 9.1 mg, and in nodules on the roots of clover
and lupine plants up to 17 mg per 1 kg of raw mass [7].

The purpose of the study is to establish the influence
of early and late sowing and treatment of pea seeds
with boron and molybdenum fertilizers on the onset of
the main phases of plant development, based on a field
experiment accompanied by phenological observations
and analysis of plant samples.

MATERIALS AND METHODS

Experiments on the study of the influence of sowing
dates and the use of boron-molybdenum fertilizer were
conducted in the field crop rotation of the Kherson
State Agricultural and Economic University in 2017-
2018 according to the following scheme:

Factor A. Pre-sowing treatment of pea seeds:

1.N,,P,, - background

2.Background + treatment of seeds with boron

3. Background + seed treatment with molybdenum

4. Background + treatment of seeds with boron and
molybdenum

Factor B. Sowing dates:

1.The early term - the third decade of March

2. Late period - the first decade of April

The high-yielding variety ‘Alfa” was chosen as the
object of research, which is characterized by a high re-
sponse to the use of trace elements, and therefore has
a large area of cultivation. This variety is zoned in the
Steppe and Forest Steppe.

Experiments were carried out using the method of
split plots in accordance with the methodology of field
research. The experiment was repeated four times. The
total area of the plot was 72 m? and the accounting
area was 50 m?2 All observations were carried out on
the basis of the above options in two non-adjacent rep-
etitions. The field experiment was accompanied by phe-
nological observations. Plant height was determined on
fixed plants in two non-adjacent replicates. The results
of the obtained experimental data were subjected to
variance analysis [14].

RESULTS

Various external factors (environmental factors or the
influence of human activity) can within certain limits
change the timing of the transition from vegetative to
generative phases [7]. Studying the possibility of influence
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of various current factors on the above process is impor-
tant, first of all, for producers of agricultural products.

It is known that the phase of technical ripeness of
green peas is very short and lasts an average of 3-5 days
in the south of Ukraine, and producers of canned goods
must have time to collect the harvest from the field in
such a short time. This leads to the limitation of the pro-
duction of high-quality products and the irrational use
of expensive equipment of canneries during the season.
There are other ways to extend the terms of receipt of
raw materials for processing: the use of different sowing
times, the use of varieties of different maturity groups,
theintroduction of increased doses of nitrogen fertilizers.

The research was carried out with the nitrogen and
phosphorus indicator in the soil at the level of N30P40.
It has been previously established that with the onset
of the bean formation phase, a sharp change in the di-
rection of physiological and biochemical processes in
all plant organs occurs. Leaves, stems and roots work
only on beans until the end of the growing season. The
mass of above-ground vegetative organs and roots in-
creases to a small extent. The roots, and therefore the
tubers, receive less and less carbohydrates. Potatoes,
experiencing energy hunger (deficiency of carbohy-
drates), reduce the activity of nitrogen fixation, the out-
flow of nitrogen and other elements from vegetative to
reproductive organs increases, plants grow old, begin
the process of self-destruction. The plant mobilizes all
resources to produce the maximum possible number of
high-quality seeds. About 70-80% of the nitrogen ac-
cumulated before flowering in the vegetative organs
of legumes is redistributed to the seeds. Therefore, the
variant of the experiment chosen by us - background
N,.P,, is scientifically justified.

The studies studied the effect of trace elements
boron and molybdenum on the timing of the onset of
phenological phases of development and the length
of interphase periods of vegetable peas. It was estab-
lished that the studied factors had a certain influence
on these indicators. Data on the influence of boron and
molybdenum on the timing of the onset of the main
phenophases of pea for both sowing periods are given
in Table 1. The analysis of the data in the table shows
that the time of sowing had a significant effect on the
time of onset of the phase of technical ripeness of green
peas, which was also observed by other researchers.

It was established that the treatment of pea seeds
with boron in the first period of sowing did not affect
the length of its growing season, and in the second,
when the temperatures were high, it accelerated its de-
velopment by an average of 2 days.

The pattern described above was also observed
during the second term of sowing vegetable peas, but
in this case,the most noticeable effect on delaying the
onset of the technical maturity phase was obtained
by treating the seeds with molybdenum alone. The
duration of the interphase period of vegetable peas,
depending on the studied factors, is given in Table 2. It
should be noted that the passing of the interphase pe-
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riod “blooming - seed pouring”and “seed pouring - tech-
nical maturity of seeds” in all variants of the experiment

practically did not depend on the studied factors and dif-
fered little from the control for both methods of sowing.

Table 1. Calendar date of the onset of phenophases depending
on the elements of agricultural technology (2017-2018)

The term of onset of phenophases according to the terms of research
The first sowing period (the third decade of March)

The second sowing period (the first decade of April)

Research options

. . . Technical . . . Technical
Sowing Seedlings Flowering maturity Sowing Seedlings Flowering maturity
N,,P,, - background 19.03 02.04 28.05 18.06 02.04 12.04 03.06 24.06
Background * treatment of ;g 7 02.04 28.05 18.06 02.04 12.04 01.06 23.06
seeds with boron
Background + seed
treatment with 19.03 03.04 04.06 24.06 02.04 14.04 08.06 23.06
molybdenum
Background + seed
treatment with boron and 19.03 04.04 03.06 24.06 02.04 14.04 09.06 30.06

molybdenum is compatible

Table 2. The duration of the interphase period of vegetable peas depending on agricultural technology (2017-2018)

The duration of the interphase period, days

Seedling Whisker
- whisker

formation

Research options

Sowing -

seedling bldding

formation -

Pouring
seeds -
milky
ripeness

Milky
ripeness -
technical
ripeness

Flowering -
pouring
seeds

Budding -
flowering

Seedlings -
harvesting

Sowing period is the third decade of March

N,,P,, - background 12 12 29 9 8 9 2 70
Background + treatment of 12 12 29 8 9 8 2 69
seeds with boron
Background + seed
treatment with 12 14 31 9 8 9 2 74
molybdenum
Background + treatment
of seeds with boron and 14 15 32 9 7 9 2 75
molybdenum
The period of sowing is the first decade of April
NP, - background 8 10 28 8 8 8 2 64
Background + treatment of 7 10 29 7 9 8 3 66
seeds with boron
Background + seed
treatment with 11 11 27 9 7 7 2 63
molybdenum
Background + treatment
of seeds with boron and 11 14 27 9 8 8 2 68

molybdenum

As for the duration of the period of technical maturity
of the seeds, it was a maximum of 4 days in all variants,
after which the phase of waxy maturity of the seeds came
and it sharply lost its quality due to the change of green
color to yellow, the amount of sugars in it decreased (up
to 3%) and the amount of starch up to 9-12%, which,
according to many authors, makes it impossible to pro-
cess it into canned green peas [6]. The total duration of
the vegetation period “seedlings - technical maturity of
seeds” in the control version was 70 days for the first
and 64 days for the second sowing period. It was the
longest in the “background + seed treatment with boron
and molybdenum” option during the first sowing period

The effect of molybdenum was reversed: in all cas-
es, it delayed the onset of the technical maturity phase
by an average of 4 days, both when applied in its pure
form and in combination with boron.

Also, in our research for 2017-2018, we expected to
achieve an increase in productivity due to an increase
in the number of seeds per 1 vegetable pea plant both
by increasing the productivity of beans and increas-
ing their number. Data showing the influence of boron
and molybdenum treatment of seeds on the number of
flowers, beans and the distance between them in the
interphase period of “flowering-bean formation” are
given in Table 3.
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The dataindicate that the number of flowers and beans
during the years of research, both in the early and late sow-
ing periods, did not differ significantly,and the influence of

the studied factors on them was significant. The yield in-
crease in our experiments was due to the number of beans
on one plant, and not the number of seeds in one bean.

Table 3. The influence of seed treatment with microfertilizers on reproductive indicators

Options

Number of flowers, pcs.

of pea in the interphase period “flowering - pod formation” (average for 2017-2018)

Phases of development

The number of seed
primordia, pcs.

Distance between
flowers, cm

The first sowing period

N,,P,, — background
Background + treatment of seeds with boron
Background + seed treatment with molybdenum

Background + treatment of seeds with boron and molybdenum

The second sowing period

N,,P,, - background
Background + treatment of seeds with boron
Background + seed treatment with molybdenum

Background + treatment of seeds with boron and molybdenum

Analyzing the data in the Table 3, it can be seen
that the number of beans on the plants of the boron
and molybdenum seed treatment option was 13.5 dur-
ing the first sowing period, compared to the control 7.9,
i.e.the increase was 1.7 times. Despite the decrease in
the weight of 1,000 seeds, the average yield increase
for 2017-2018 in this variant was 30.3% in the first
sowing period, and 30.7% in the second sowing period.
The greatest yield increase in the second term (30.7%)
was found in the variant with molybdenum and molyb-
denum seed treatment.

When conducting biometric studies on the meas-
urement of the height of the vegetable pea in the main
phases of development, it was simultaneously estab-
lished that the studied factors had a positive effect on
the growth and development of the plant.

CONCLUSIONS

The analysis of experimental data shows that treat-
ment of peas with boron and molybdenum, as well as
the timing of sowing, significantly affect the timing of
the onset of the technological phase of crop maturity,
which is also observed by other researchers. Summariz-
ing the above, the following conclusions can be drawn:

7.9 5.3 8.1
10.9 5.9 10.1
1255 6.5 10.7
135 7.2 11.3
7.5 5.1 7.4
10.1 7 9.6
114 6.0 10.5
12.6 6.6 111

- the maximum delay in the onset of subsequent
phenophases of the development of pea is observed
during the period of intensive growth of the vegetative
mass of the crop;

- during the development of generative organs,
seed treatment with trace elements has almost no ef-
fect on the length of interphase periods;

- the use of two sowing periods with a difference
of 14-16 days allows delaying the onset of the phase of
technical seed maturity by 4-6 days,and in combination
with seed treatment with trace elements in various com-
binations - delays this phase by 11 days compared to the
control, and this allows to extend the crop harvesting
period in southern Ukraine with minimal crop losses;

- the number of flowers and beans during the years
ofresearch,both duringthe earlyand late sowing periods,
did not differ significantly, but the influence of the stud-
ied factors on them was significant. The yield increase
in our experiments was due to the number of beans on
one plant, and not the number of seeds in one bean.

The obtained data can be used at enterprises in the
south of Ukraine, which are engaged in the processing
of products for the cannery, in order to make pea puree
for baby food and green peas for salads.
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AHoTauif. Hapasi akTyanbHUM Ta OOUINbHUM € MUTaHHSA 36epexeHHs OpraHiyHoi pevyoBMHM, HA 3aMiHy SKOi yce
yacTilwe NpUXOoAsTb CUHTETUYHI anbTepHATUBU. Ane Ui 3aMiHHUMKM HACTOPOXYIOTb CBOED MOX/MBOIO 3arpo3oto
Hebe3neyHoCTi Nicnaaii, agke opraHiaM NIOAMHM B3arani CKNaAA€ETbCA 3 TOTO, L0 BOHA CMOXMBAE Y NOBCAKAEHHY DXKY.
Mip BMAOM Hebe3neyHoi ixi NOTpannsTb i BCi HeOaXaHi AN OpraHi3My XiMiYHi eneMeHTH, Lo MOXYTb CPUYUHUTH
nossy xBopob Ta ycknagHeHb 340pOB4. 3 ornafy Ha Le, 3 MeToto 36epexeHHsi 06€MiB BUPOOHMLTBA HATypanbHUX
Xap40BUX MPOAYKTIB MOCTAE HEOOXiAHICTb PO3WMPEHHS YacTKMn 3epH06060BMX KynbTyp. OKpiM NO3UTUBHOIO BNAMBY
Ha pOAKYICTb I'PyHTIB, 6060BMM BNACTMBO HAMOBHIOBATMCSA GiONOMYHO YMCTUM a30TOM. TaKoX LS KynbTypa Mae
BULLMI BMICT LLIHHOMO POCAMHHOIO 6inKa y NOPIBHSAHHI i3 31aKOBMMU KONOCOBUMU KYNbTypaMu. 3314 36inblieHHs
BMPOOHMLTBA 3epHa ropoxy MoTpibHO BMKOPWUCTOBYBAaTM BWCOKOMPOAYKTUBHI COPTM BycaTtoro MopdonoriyHoro
TMNY. MeTol CTaTTi € BMAB/EHHS BMNIMBY CTPOKIB CiBOM Ta 06pOOKM HACIHHA rOpOXy OBOYEBOrO MOJiOAEHOBUM i
60pHUM [0OPMBAMM Ha MOKA3HUKM PO3BUTKY POCAUH B yMoBax [liBaHS YkpaiHW. Y [OCNiAKEHHI 3aCTOCOBYBaNMUCS
nabopaTopHuii MeTof, @ TaKOX MeTOAM MONbOBOro JOCAIAY Ta (EHONOrivYHOro cnocrepexeHHs. BctaHoBneHo, LWo
nis 6opy Ta MonibaeHy 3aTpUMYE HaCTaHHS GeHonoriyHMx $as po3BUTKY KyIbTypu, @ 3aCTOCYBAaHHS ABOX Pi3HUX
CTPOKIB CiBOW LO3BOSISIE 3aTPMMATH HAaCTaHHS a3 TEXHOONYHOI CTUINOCTI Ha 6 fib. Lie BaxnunBo npu 36upaHHi gns
MiHiManbHMX BTPAT BPOXa ropoxy 0BOYEBOr0. [1paKTUYHA LiHHICTb pe3ynbTaTiB NOASrae y 3aCTOCyBaHHI KOMBiHaLiN
MonibaeHoBUX Ta HOpHUX LOOPMB ANS NiABULLEHHS BPOXAMHOCTI Ta NMOXMBHOI LLIHHOCTI 3epHO6060BUX KYNbTYP

KnwouoBi cnoBa: ropox OBOYEBMM, €IEMEHTU XMBEHHS, OOpHI Ta MonibaeHoBi [0OpMBA, NMOKA3HUKKM POCTY Ta
PO3BUTKY POC/IMH
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Abstract. The production of fodder from ecologically clean raw materials is an effective way of increasing the volume
of fodder while reducing the economic costs of their production. The use of natural feed additives in feed improves
their consumption. Innovative engineering in the technology of production of feed additives is carried out through
the improvement of the technology of feed additives using fruit and vegetable raw materials. At present, sufficiently
large stocks of fruit and vegetable raw materials are permanently accumulated in Ukraine, which are insufficiently
used in fodder production. At the same time, improving the consumption and increasing the efficiency of the use
of feed, as well as obtaining the maximum livestock productivity is increasingly ensured by the use of natural feed
additives in the composition of feed. That is why the production of fodder from ecologically clean raw materials,
as a transition to alternative technologies, is one of the most effective ways to increase the volume of fodder with
a decrease in the economic costs of their production. Today, there is no such practice in private households. The
inclusion of fruit and vegetable raw materials in feed formulations is relevant for improving their quality. The aim of
the work was to expand the range of animal feed and to improve the production technology of extruded feed mixture.
The laboratory and analytical method was used in the work. The authors presented the technology, which consists
in preliminary preparation of raw materials: cleaning, grinding, dosing according to the composition of the recipe,
mixing and special processing to improve technological properties and increase feed value with processes: pre-
mixing,aging and extruding the mixture, cooling and grinding the product depending from the purpose of feed.The
results canbe usedtoimprove the technologyforthe production of nutritious feed foranimals and provide more farms
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INTRODUCTION
Innovation is the process of applying advanced tech-
nologies, products, or the result of study in the form
of new methods, products, technological processes, etc.
Innovative engineering in the technology of production
of feed additives is carried out through the improve-
ment of the technology of feed additives using fruit and
vegetable raw materials, aging and extrusion of feed
mixtures according to the composition of the recipe,
cooling and grinding of the extrudate.

Quite large stocks of fruit and vegetable raw ma-
terials are constantly accumulating in Ukraine, which
are still insufficiently used in fodder production. At the
same time, improving consumption and increasing the
efficiency of feed use, as well as obtaining maximum
animal productivity is increasingly ensured by the use
of natural feed additives in the composition of feed.
That is why the production of fodder from ecologically
clean raw materials, as a transition to alternative tech-
nologies, is one of the most effective ways to increase
the volume of fodder with a decrease in the economic
costs of their production. Today, private households do
not have technologies for extruding a mixture of grain
and fruit and vegetable raw materials as a natural, eco-
logical and safe feed for fattening animals.

In order to improve the nutrition of animals and im-
prove the quality of feed, including in private farms of
the population, it is important to add fruit and vegeta-
ble raw materials to the recipe composition of the feed.

To ensure the successful development of highly
productive animal husbandry, it is necessary to con-
stantly expand the raw material base and the range of
products of compound feed production [1].

Feed additives are used to balance feed rations due
to the lack of certain nutrients,improve the consumption
of basic feeds, increase the digestibility and assimila-
tion of feed nutrients, and are used as prevention of the
stressful state of farm animals, etc. [2; 3]. The main feed
additives include non-protein nitrogenous substances,
energy, mineral, vitamin substances, as well as antibiot-
ics, probiotics, enzymes, antioxidants, organic acids, etc.

The methods of production of feed additives are
different and depend on the enterprises that produce
them and on the physical and technological proper-
ties of the raw materials. The preparation of additives
for introduction into compound feed takes place along
separate technological lines depending on the variant
of the technological process, for example, minerals, vi-
tamin substances, antibiotics, probiotics, enzymes, an-
tioxidants, organic acids are introduced into the com-
position of premixes along the lines of the same name;
supply to production - along the supply line of protein
and mineral raw materials [4-6].

The purpose of the work is to expand the range of
compound feed for animals by improving the tech-
nology of extruding a mixture of grain raw materials
with fruit and vegetable components. Methods of de-
termining the physical and technological properties of
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compound feed components. Sampling and separation
of the weight from the extruded mixture was carried
out in accordance with DSTU ISO 6497:2005 “Feed
for animals. Sampling methods” (ISO 6497:2002, IDT)
and DSTU ISO 6498:2006 Animal feed. Preparation of
samples for research (ISO 6498:1998, IDT), which were
adopted to replace GOST 13496.0-80 “Compound feed,
compound feed raw materials. Sampling methods”.

The modulus of grain size was determined based
on the results of studying the residues on sieves (GOST
13496.8-92). For this, a laboratory classifier and sieves
with round holes with a diameter of 5.0 were used; 4.0;
3.0; 2.0; 1.0 mm. A sample weighing 100 g was taken
from the sample of the crushed product. It was then
sifted on a laboratory classifier for 5 minutes. Residues
from each sieve and collection bottom were weighed
on PS/X2 “Radwag” scales with an accuracy of 0.01 g.

The coarseness module (M) of the crushed product
is determined by the formula:

d1P14 daPy++dyPy I diPi

M= 100 - _100 ! (1)

where d, is the average size of the holes of two adjacent
sieves,mm; P, —fraction massyield (residue on eachsieve),
%; n is the number of fractions into which the weight is
divided. The degree of crushing of root crops was deter-
mined in the same way as for grains. But considering that
chopped vegetables have low flowability, the technique
is slightly different. Determination of the dispersity of
pulp (the VNIIICOP method). The size of the particles
and their number are determined using a sieve analysis

Equipment: a set of metal sieves with perforations
from 5 to 3 mm; chemical beaker for 300 ml; technical
scales for 200 g; kapron sieve No. 18.

MATERIALS AND METHODS

From the average pulp sample, after thorough mixing,
weigh 150 g in a chemical beaker on technical scales.
Blot with paper towels to remove residual moisture. A
set of sieves is collected so that their perforation grad-
ually decreases. A kapron sieve is put on the lower sieve
with a perforation of 3 mm from the lower side. Pour
water almost to the top in a glass with a sample, stir
gently and pour the mixture onto the top sieve. The
pulp is slightly leveled on the surface of the sieve and
the entire set of sieves with perforations of 5.0, 3.0 mm
and kapron mesh, without disassembling, is brought to
the water tap under a calm stream of water. Washing
is carried out for 5 minutes, slowly rotating the sieve
so that the entire mass on the sieve is evenly washed
with a stream of water. After washing, pulp particles are
carefully collected from each sieve into a napkin made
of two layers of gauze and squeezed by hand until the
release of water stops. Then each fraction is careful-
ly collected with gauze on filter paper, soaked on both
sides with filter paper and weighed on a technical scale
with an accuracy of 0.1 g.
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RESULTS
Fruit and vegetable crops are used to improve the
taste and nutritional qualities of feed. As experimen-
tal samples, we selected root vegetables of standard
quality: table beet, table carrot, parsnip, potato, fruit:
grape pomace and extruded products from their mix-
tures with grain crops. The organoleptic evaluation of
fruit and vegetable crops revealed full correspondence
of the characteristics of these plants to certain species.
The physical properties of fruit and vegetable cultures
indicate the possibility and favorable conditions for
their use at all stages of the technological process [11].

Cleaning of grain raw materials
Grinding

Dosage

An analytical review of the literature on the study of the
assortment, nutritional value of compound feed and
means for improving the taste of feed [1-3; 6],as well as
research on the physical and technological properties
of fruit and vegetable raw materials - table beets, car-
rots, parsnips, potatoes [11] testify to the possibility of
using these plants in the production of feed additives.
That is why the next stage of the work was the improve-
ment of the technology for the production of feed ad-
ditives using fruit and vegetable raw materials - beets,
carrots, potatoes, parsnips and grape pomace (Fig. 1).

Cleaning of grain raw materials
Grinding

Dosage

Mixing

Extrusion

Cooling

Grinding

Sifting

Storage

Figure 1. Block diagram of advanced extrusion technology

One of the stages of studying the process was ex-
trusion in laboratory conditions of UNUS on a Ukrain-
ian-made KMZ-2M press-extruder. Research was also
conducted on a PEK-40x5B laboratory extruder at the
National University of Food Technologies [7].

The grain was crushed on a hammer crusher (brand
DM-03), using sieves with different hole diameters (6.0,
4.0,3.0 mm).We obtained a product with different grind
size and different granulometric composition.Vegetable
components were cleaned from soil and other impuri-
ties by sorting and washing. Mixtures with the addition
of vegetable components to the grain in their native

form were created by hand, by mixing different ratios
of components. The product was fed into the extruder
manually and with the help of a vibratory feeder. During
the extrusion process, the readings of the ammeter and
thermometer were recorded and the time was recorded.
After extrusion, the product was cooled at room tem-
perature and relative humidity of 60%. After cooling,
the product samples were packed in a separate her-
metic container, part of which was previously crushed.

Our improved technological scheme for the pro-
duction of feed additives using fruit and vegetable raw
materials is presented in Figure 2.

Final
Product

Figure 2. An improved technological scheme for the production of extruded feed additives using fruit and vegetable
raw materials: 1 - bulk bunker; 2 - transporter-noria; 3 - storage hopper; 4 - dispenser; 5 — magnetic catcher;
6 — hammer crusher; 7 - mixer; 8 — conveyor; 9 - root crop washer-shredder; 10 — hopper-dispenser of crushed root
crops; 11 - extruder feeder; 12 — extruder; 13 - cooler; 14 - sifter
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The production of a high-quality product at a
large-tonnage production involves preliminary clean-
ing of grain raw materials from foreign impurities on
a two-chamber pneumatic separator CA-4, with a ca-
pacity of up to 6 t/h, which does not require connec-
tion to the power grid, because it works due to the flow
of air created by the crusher. Next, the grain is sent by
pneumatic transport for grinding on the DKR-5D ham-
mer crusher with a capacity of up to 5 t/h. The required
grinding size is determined by the sizes of the sieve
holes on the crusher.

7
9
5
.
15 10
11
12
1
14 13
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The crushed productisunloaded by pneumatictrans-
portintoa3-tonsuper-dosinghopper,andthendosedinto
a mixer to create a mixture of the required composition.

Cleaning of root crops - table beets, carrots, pars-
nips, potatoes from extraneous impurities takes place
on the CSC-5 installation (Fig. 3), which simultaneously
cleansand grinds raw materials.Before starting work, the
bath is filled with water. The necessary level of water in
the bath is maintained by a drain nozzle located on the
conveyor casing. The rotating movement of water in the
bath is created by an impeller fixed on the auger shaft.

1 - Frame

2 - Transporter-stone catcher
3, 6,10 - Electric motors
4 — Water sprayer

5 - Casing

7 - Ejector

8 - Shredder

9 - Shredder cover

11 - Sink auger

12 - Bath

13 - Impeller

14 - Luke

15 - Water supply valve
16 - Auger drive pulley

Figure 3. CSC-5 vegetable chopper

The root crops loaded into the bath are suspended
under the action of the rotating water flow, picked up
by the auger and sent to the chopper. Partially washed
roots and tubers in the bath are additionally washed
with a jet of water in the auger housing. Stones and
other heavy objects fall to the bottom of the tub and
are thrown by the impeller into the conveyor-stone
catcher. After cleaning, the root crops are chopped with
horizontal knives and sent to the lower disk, where they
are finally chopped with vertical knives. To obtain fine
grinding, the product is additionally passed through a
tray. The crushed product is discharged through the tray
using the blades of the lower disc.

Cleaning and grinding of grain is carried out using
the modes that are given in the “Rules for the organiza-
tion and management of the technological process of
the production of compound feed products” [9].

The raw material prepared in this way is fed into
the periodic weighing doser, where it is dosed in the
specified ratios. The dosed mixture enters the mixer,
where the components are evenly mixed, then it is fed
to the 5-ton hopper for aging before extrusion.

The mixture of crushed grain and wet components
is fed to the KMZ-2M extruder or another brand, with
a grain processing capacity of 380 kg/h. The resulting
product is cooled in a vertical or horizontal cooler to a
temperature that does not exceed the ambient temper-
ature by more than 15-18°C, if necessary, it is crushed
on hammer crushers and sifted on separators using
sieves that provide the required size prescribed by the
standard. Extrusion and cooling of the mixture is car-
ried out using the established modes “Rules of organi-

zation and management of the technological process of
compound feed production” [10].

We calculated the cooling process of the mixture of
extruded grain with fruit and vegetable raw materials
after processing in KMZ-2M and PEK-40x5B extruders.

Output data: temperature of the mixture at the exit
from the extruder, Q1=120°C; moisture content of the
extruded mixture, W1=11.0%; productivity of the KMZ-
2M extruder for wet product G1=430 kg/h; PEK-40x5V
extruder for wet product G1=30 kg/h; number of ex-
truders - 1 pc.; temperature of the extruded mixture af-
ter cooling, 02=28°C; moisture content of the extrudate
after cooling, W2=10.0%; air temperature, t1=15°C; rel-
ative air humidity, 91=67%; exhaust air temperature,
t2=25°C; relative humidity of exhaust air, 92=40%.

The amount of moisture that evaporates during
cooling of the extruded mixture:

_ _W2_ o) ke
w=61(wi-2-w2)% (2)
for KMZ-2M:
_ 100 _ kg
w=430(110-32-100) = 482, (3)

for PEK-40x5V:

w=30(1L0-22-10,0) = 03332 (4)

0

The average performance of the extruder on the dry
mixture:

1w ke
G2=61-Ww,2 5)
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for KMZ-2M:

G2 =430 - 4,8 = 42522, ©6)
for PEK-40x5V:

G2=30-033 = 29,672, 7)

The amount of heat introduced into the cooling
unit by the hot mixture:

anp = (57) - €(01 - Q2),2

of evaporated moisture. (8)

The average specific heat in the mixture is 1.927J/
(kg-degree):

for KMZ-2M:
— (2232). — = LI4
qup = ( = ) 1,927(120 - 28) = 15704 ;2
of evaporated moisture, 9)

for PEK-40x5V:

29,67

_ (2987 . _ = LIA
qnp = (0'33) 1,927(120 — 28) = 15939 -

of evaporated moisture. (10)

The difference between the amount of heat intro-
duced into the cooler together with the extruded mix-
ture and its amount removed from the cooling unit:

A cool = qup + (Q1 — qH.cep),%

of evaporated moisture, (11)
for KMZ-2M:
Aoxn.= 15704 4+ (120 —0) = 15824,:—;
of evaporated moisture, (12)
for PEK-40x5V:
A cool = 15939 + (120 — 0) = 16059,:—;
of evaporated moisture. (13)

According to the I-d diagram of moist air, we deter-
mine the specific air consumption for cooling the ex-
truded mixture, which is |=555 dry air/kg of evaporated
moisture.

Total weight consumption of air for cooling the ex-
truded mixture:

L=1-w% (14)
hr
for KMZ-2M:
L =555-48 = 26642
hr

for PEK-40x5V:
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L =555 %0,33 = 183 ’;—j’ (16)

Volume flow rates of moist air at the entrance to
the cooling unit:

3

Vin =L Vo, (17)
for KMZ-2M:
Vin = 2664 0.8421 = 2243, (18)
for PEK-40x5B:
Vi = 183 0.8421 = 154, (19)

at t1=15°C, p=67 %, V0=0.8421 m>/h of dry air.
The amount of air at the outlet of the cooling unit:
for KMZ-2M:

Vout = 266409727 = 2591, (20)
for PEK-40x5B:
Vout = 154+ 0.9727 = 150, 21)
at t1=25°C, 0=40%.
Specific air flow in the cooling unit:
for KMZ-2M:
m3
2243 _ h -
w30 = 5.22 . of mixture, (22)
for PEK-40x5V:
m3
154 _ T i
0 = 5.13, p of mixture. (23)

According to the above calculations, the specific
air consumption in the cooling unit should be 5.1-5.2
(m3/h)/kg of the mixture.

At the final stage of production, the finished prod-
uct is checked in magnetic separators for the presence
of metallomagnetic impurities, weighed on automatic
scales and sent to packaging and storage. It is also pos-
sible to use a feed additive as a raw material for the
production of compound feed for farm animals.

In order to find out the behavior of vegetable raw
materials in the mixing process, we conducted a study
to determine the effectiveness of the mixing process
based on the statistical characteristics of the mixtures
that included vegetable raw materials. Such a charac-
teristic is the coefficient of variation (heterogeneity)
of the distribution of the key component in the mix-
ture. Research has established that the coefficient of
variation of the distribution of the key component is
4.6...5.4%, which indicates a good distribution of the
key component - salt. Therefore, it can be concluded
that other components of feed additives are well dis-
tributed in the mixture.



The traditional technological scheme for the pro-
duction of compound feed involves the following main
lines: line of grain raw materials; film separation line;
a line of floury raw materials; line of loose herbal flour;
line of pressed and lumpy raw materials; line of fodder
products of food industries; line of meal; salt prepara-
tion line; chalk and other mineral raw material prepara-

1 - magnetic protection
2 - sifter

3 - crusher

4 - bunkers

5 - weight dispenser

6 - mixer

Kostetska et al.

tion line; a line for processing packaged raw materials
and a line for introducing premixes [10].

Based on the results of the conducted research, we
recommend introducing feed additives into the compo-
sition of compound feed at the meal line. The technolog-
ical line for the introduction of feed additives is included

in the technological scheme, which is shown in Figure 4.

meal line

waste
3

finished product

Figure 4. Technological diagram of the extruded raw material input line

Accordingtothe giventechnologicaldiagram (Fig.4),
feed additives are fed to the hopper, from where to the
sieve (2) to remove random impurities. For this purpose,
the installation of sieve frames No. 100 with hole sizes
of 10 mm diameter or No. 8 with cells of 8x8 mm size
is provided, which are used to separate random impu-
rities of large sizes. The passage from this sieve is sent
through the magnetic separator (1) to the overdosing
hoppers. Cleaning from extraneous impurities is carried

out using the regimes established by the “Rules for the
organization and management of the technological pro-
cess of the production of compound feed products”[10].

Basedonthefactthatthemacromoleculesoftheextru-
dates are packed rather loosely, cavities are often formed
between the molecules, into which water enters,and as a
result, the volume and degree of swelling increase. Phys-
ical indicators of mixtures of corn grain with vegetable
root crops of different concentrations are given in Table 1.

Table 1. Physical indicators of a mixture of corn grain with root vegetables depending on their concentration (n=3, P20.95)

Mixture of corn grain with root Volumetric el Angle of natural  Flowability, Swelling
vegetables mass, kg/m3 9 9 slope, degree cm/s coefficient
Beet
initial 637.1 4.17 32 22 -

B 0 (K)
2 extruded 138.4 8.53 414 37 3.23
()
S 55 initial 654.9 4.13 34.6 20 -
o .
g extruded 149.5 8.43 413 3.5 3.06
; initial 668.7 4.07 36.7 19 -
2 5.0
2 extruded 157.2 8.23 42.7 3.0 2.63
g initial 692.4 3.98 39.8 17 -
el 10.0
S extruded 198.3 7.42 432 2.7 1.73
2 5o initial 732.1 3.89 415 15 -
‘a':; ' extruded 240.8 6.07 438 2.5 1.53
§ initial 778.7 3.74 46.4 13 -
o 22.5

extruded 270.9 4.43 45.4 2.3 1.02
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Table 1, Continued

Carrot
initial 625.2 417 32,0 22

R 0(K)
" extruded 135.6 8.50 414 37 3.23
[T}
£ s initial 667.7 412 346 20 -
Q. .
g extruded 142.3 8.49 415 3.5 3.19
% o initial 700.4 406 36.2 19 -
g ' extruded 1525 8.43 426 3.0 228
g initial 700.4 3.92 393 17 -
< 10.0
E extruded 193.8 7.77 412 27 1.65
2 150 initial 733.1 3.83 424 15 -
£ ' extruded 245.2 6.65 43.9 25 1.34
£ initial 7743 3.73 459 13 -
S 225

extruded 258.5 456 452 23 1.05

Thus, in extruded corn grain with root vegetables,
the degree of swelling is 8.53 ml/g, while in the un-
treated form it is only 4.17 ml/g (Table 1).

Increasing the number of root vegetables in the
corn feed mixture reduced the swelling of the mixture.
Thus, the degree of swelling of the mixture with a con-
centration of components of 2.5%, depending on the
root crop, was 8.43-8.49 ml/g. In turn, increasing the
content of root vegetables to 10% caused a decrease
in the indicator to 7.40-7.77%, and 15% of vegetable
supplements reduced the degree of swelling to 6.07-
6.65%. Increasing the concentration of root vegetables
in the mixture to 22.5% reduced swelling to the level
of 4.43-4.56%.

Thus, the swelling of a mixture of corn grain
with vegetable root crops of different concentrations
showed that with an increase in the amount of the veg-
etable component, the swelling of the extruded prod-
uct significantly decreases, which indicates a decrease
in the ability of the mixture with high concentrations of
components to absorb water.

The angle of natural inclination in the raw mate-
rial was 32 degrees. An increase in the concentration
of vegetable components in the fodder mixture con-
tributed to a gradual increase in the angle of natural

inclination to 45-46 degrees. Extrusion helped increase
this indicator by 1-9 degrees. The parameters of the raw
mixture and the finished extrudate were equalized by
the amount of root vegetables at 22.5%, and the angle
of natural inclination was 45-46 degrees. In turn, with
an increase in the concentration of vegetable compo-
nents, the flowability of the products decreased. Signif-
icant changes were noted in the amount of swelling of
the material, which is directly related to the volumetric
mass. Thus, the coefficient of swelling of extruded corn
was 3.23.In the extruded mixture of corn and table beet,
as its concentration increased, the coefficient tended to
decrease from 3.06 at 2.5% content to 1.02 at 22.5%
content. On the other hand, in the extruded mixture of
corn with table carrots, with an increase in its concen-
tration, the coefficient of swelling tended to decrease
from 3.19 at 2.5% content to 0.97 at 1.03% content.

The technological scheme for the production of
compound feed provides for the installation of an ad-
ditional extrusion line for carrying out special heat
treatment of a mixture of grain crops and obtaining an
extruded feed mixture.

The technological indicators of processing a mix-
ture of corn grain with root vegetables in the extruder in
the pre-matrix zone of the extruder are given in Table 2.

Table 2. Technological indicators of grain-vegetable mixture processing in an extruder

Content and type Beet, % Carrot, %
o (K)
of vegetables, % 2.5 5.0 100 150 225 2.5 5.0 100 150 225
Productivity, kg/h 27 28 27 25 23 18 27 25 23 20 17
Extruder motor load 6.4 5.8 5.2 4.8 4.5 43 5.7 5.4 4.7 4.4 4.2
Specific electricity 117 102 94 93 95 115 104 103 98 105 120
consumption of energy, kWh/t

Temperature, °C 171 164 158 147 139 132 166 159 146 139 133

Productivity by adding 2.5% of crushed beets to
corn grain increased by 1 kg/h. When the concentration
of vegetables increases to 22.5%, productivity decreas-
es to 15-17 kg/h.
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The specific consumption of electricity when ex-
truding corn grain is 117 kWh/t, and with the addition
of fruit and vegetable raw materials it decreases by
2.5% to 102-104 kWh/t. The reduction process contin-



ues up to a concentration of 10.0% and is 93-96 kWh/t.
A further increase in the concentration of fruit and veg-
etable raw materials caused an increase in the specific
consumption of electricity to 115-120 kWh/t.

In general, the energy consumption for extruding
mixtures with carrots was higher than for the addition
of beets and differed by 2-5 kWh/t.

Thereisno significant difference in the extrusion pa-
rameters of mixtures of corn grain with carrots and beets.

CONCLUSIONS

The improved technology for the production of
fodder mixture consists in preliminary preparation of

Kostetska et al.

raw materials: cleaned, crushed, dosed according to the
composition of the recipe, mixing and special process-
ing to improve technological properties according to
the processes: pre-mixing, aging and extrusion of the
mixture, cooling and grinding of the product depending
on the purpose of the feed.

It was established that with an increase in the con-
centration of vegetable roots in the extruded mixture,
the physical properties of the feed improve, in particu-
lar, the volumetric weight of the mixture with a concen-
tration of vegetable roots up to 15% increases, with a
simultaneous decrease in the flowability and swelling
coefficient of the extruded mixture.
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AHoTauif. BupoBHMUTBO KOpMIB i3 €KOMOriYHO YWUCTOi CMPOBMHU € edeKTMBHUM CnocoboM 36inblieHHs 06EMIB
KOPMIB 3i 3MEHLUEHHSAM EKOHOMIYHMX BUTPAT Ha iX BUPOOHMUTBO. BUkopucTaHHS NpMpoaHMX KOpMOBMX [,06aBOK
y CKNaai KOpMiB MONIMWYE iX CMOXMBAHHA. |HHOBALIMHWIA [IHXWHIPUHT y TexHonorii BMPOOHMLTBA KOPMOBMX
[063BOK 34iMCHIOETCS Yepe3 yA0CKOHANEHHS TEXHONONii KOPMOBMX L0OABOK 3 BMKOPUCTAHHAM M10400BOYEBO]
CcupoBuHU. Hapasi B YKkpaiHi MepMaHeHTHO HAaKONUUyTbCA OOCTaTHbO BEAMKI 3amacu NaoL0OBOYEBOI CUPOBUHM,
SKi € HefLOoCTaTHbO 3aCTOCOBYBAHMMM Yy KOPMOBMPOOHMUTBI. BoaHOYAC, NONINWEHHS CNOXMBAHHSA Ta MiABULLEHHS
e@eKTUBHOCTI BMKOPUCTaHHS KOPMIB, @ TakoX OTPUMAHHA MaKCMManbHOI TBAPUHHMLbKOI MPOAYKTUBHOCTI BCe
yacTiwe 3a6e3nevyeTbCs BUKOPUCTAHHSIM NPUPOLHMX KOPMOBMX A06ABOK Yy cknaai kopmy. Came ToMy, BUpOOHMLTBO
KOPMIB i3 €KOIOMiYHO YMUCTOi CUPOBUHM, SIK Nepexif Ha anbTepHaTUBHI TEXHONOTIT, € OAHUM i3 Halbinbw edeKTUBHUX
cnocobiB 36inbleHHs 06CAriB KOPMIB 3i 3HWXXEHHSM E€KOHOMIYHWMX BMTPAT Ha iX BMPOOGHWMUTBO. Ha cborogHi y
NPUBATHUX rOCNOAAPCTBAX HACENEHHS BIACYTHA Taka NpaKTuUKa. BKNoYeHHs Nnofo00BoYEBOi CUPOBUHM A0 PeLEenTypu
KOPMIB € aKTya/ibHUM ON19 MiABULLEHHS iXHbOI SKOCTi. MeTol poboTu 6yno po3WMPUTU aCOPTUMEHT KOPMIB AAs
TBAPUH Ta YAOCKOHANUTU TEXHOOTiK0 BUPOOHULITBA EKCTPYLOBAHOI KOPMOBOI CcyMili. Y poboTi 6yno 3acTocoBaHO
nabopatopHuit Ta aHaNiTUYHKWIA MeToA. ABTOpM NpeacTaBuAM TEXHOMOFI, WO MOASIra€ y nonepenHii nigrotoBLi
CUPOBWHMU: OYMLLEHHI, NOAPIOHEHHI, i1 L03YBaHHI BiANOBIAHO [0 CKNaAy peLenTy, 3MillyBaHHI Ta cnewianbHin 06pobui
ON8 NOKpaWEeHHS TEXHONOTYHMX BNACTMBOCTEW | MiABMLLEHHS KOPMOBOI LIHHOCTI 3 mpouecamu: nonepesHbLoro
3MillyBaHHS, BiAJEXYBAHHS Ta EKCTPYAYBaHHA CyMilli, OXONOOXEHHS Ta NOAPIOHEHHS MPOAYKTY 3aNeXHO Bij,
NpU3Ha4YeHHs KopMy. Pe3ynbtat MoXyTb OyTWM BUKOPUCTaHi ANS BOLOCKOHANEHHS TEXHONOTiT BUPOBHMULTBA MOXKMBHUX
KOpMIB AN TBapuH i 3abe3neyeHHs BiNblIOi KiNbKOCTi rocnofapcTs

Kniouosi cnoBa: 3epHo, N10400BOYEBA CUPOBMHA, KOPMOBI A0BABKM, TEXHONOTIA EKCTPYLYBAHHA
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Abstract. The article discusses the main elements of the Danish model of organic agriculture, reveals the reasons
for Denmark’s choice of such a development path, shows the successes of farms that are based on organic
production, demonstrates the relevance of the transition of all agriculture to organic production, as one of the
bioetic components of the development of society in modern world and the implementation of large-scale shifts
in the consciousness and actions of people around the world
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INTRODUCTION

Organic agriculture is a holistic production manage-
ment system that promotes and improves the health
of the agroecosystem, and in particular biodiversity,
biological cycles, and soil biological activity. It empha-
sizes the use of management practices in preference to
them, to the use of inputs external to the farm, bear-
ing in mind that regional conditions will require locally
adapted systems. This is achieved by using, whenever
possible, cultural, biological and mechanical methods,
as opposed to the use of synthetic materials, to fulfill
each function specific within the system (Codex Ali-
mentarius Commission, 1999) [1].

The definition of organic agriculture was proposed
by the IFOAM (International Federation of Organic Ag-
riculture Movements) General Assembly in Australia,
1985 - “Organic Agriculture is a production system that
sustains the health of soils, ecosystems, and people. It
relies on ecological processes, biodiversity and cycles
adapted to local conditions, rather than the use of in-
puts with adverse effects. Organic Agriculture combines
tradition, innovation, and science to benefit the shared
environment and promote fair relationships and good
quality of life for all involved” [2].
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As emphasized and interpreted by IFOAM, Organ-
ic Agriculture is based on 4 principles: health, ecology,
fairness, care [3].

Principle of HEALTH. Organic Agriculture should
sustain and enhance the health of soil, plant, animal,
human and planet as one and indivisible. Health is
the wholeness and integrity of living systems. It is the
maintenance of physical, mental, social and ecological
well-being. Immunity, resilience and regeneration are
key characteristics of health. The role of organic agri-
culture, whether in farming, processing, distribution,
or consumption, is to sustain and enhance the health
of ecosystems and organisms from the smallest in the
soil to human beings. In particular, organic agriculture
is intended to produce high quality, nutritious food that
contributes to preventive health care and well-being. In
view of this it should avoid the use of fertilizers, pes-
ticides, animal drugs and food additives that may have
adverse health effects.

Principle of ECOLOGY. Organic Agriculture should be
based on living ecological systems and cycles, work with
them, emulate them and help sustain them. This prin-
ciple roots organic agriculture within living ecological
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systems. It states that production is to be based on
ecological processes, and recycling. Nourishment and
well-being are achieved through the ecology of the
specific production environment. For example, in the
case of crops this is the living soil; for animals it is the
farm ecosystem; for fish and marine organisms, the
aquatic environment. Organic farming, pastoral and
wild harvest systems should fit the cycles and ecolog-
ical balances in nature. These cycles are universal but
their operation is site-specific. Organic management
must be adapted to local conditions, ecology, culture
and scale. Inputs should be reduced by reuse, recycling
and efficient management of materials and energy in
order to maintain and improve environmental quality
and conserve resources. Organic agriculture should at-
tain ecological balance through the design of farming
systems, establishment of habitats and maintenance of
genetic and agricultural diversity. Those who produce,
process, trade, or consume organic products should pro-
tect and benefit the common environment including
landscapes, climate, habitats, biodiversity, air and water.
Principle of FAIRNESS. Organic Agriculture should
build on relationships that ensure fairness with regard
to the common environment and life opportunities.
Fairness is characterized by equity, respect, justice and
stewardship of the shared world, both among people
and in their relations to other living beings. This princi-
ple emphasizes that those involved in organic agricul-
ture should conduct human relationships in a manner
that ensures fairness at all levels and to all parties -
farmers, workers, processors, distributors, traders and
consumers. Organic agriculture should provide every-
one involved with a good quality of life, and contribute
to food sovereignty and reduction of poverty. It aims
to produce a sufficient supply of good quality food
and other products. This principle insists that animals
should be provided with the conditions and opportu-
nities of life that accord with their physiology, natural
behavior and well-being. Natural and environmental
resources that are used for production and consump-
tion should be managed in a way that is socially and
ecologically just and should be held in trust for future
generations. Fairness requires systems of production,
distribution and trade that are open and equitable and
account for real environmental and social costs.
Principle of CARE. Organic Agriculture should be
managed in a precautionary and responsible manner to
protect the health and well-being of current and future
generations and the environment. Organic agriculture
is a living and dynamic system that responds to internal
and external demands and conditions. The new tech-
nologies need to be assessed and existing methods re-
viewed. Science is necessary to ensure that organic ag-
riculture is healthy, safe and ecologically sound. Organic
agriculture should prevent significant risks by adopting
appropriate technologies and rejecting unpredictable
ones, such as genetic engineering. Decisions should
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reflect the values and needs of all who might be affect-
ed, through transparent and participatory processes.

Currently, 179 countries of the world are develop-
ing organic agriculture, more than 2 million producers
are employed in it, 89 countries have their own laws in
the field of production and circulation of organic prod-
ucts. The annual production growth is 12-15% and, ac-
cording to forecasts, such rates will remain until 2025.

In 2018, the global organic market expanded to
€ 90 billion. Among the largest markets, experts point
out the United States (40 billion euros), Germany (10
billion euros), France (7.9 billion euros) and China (7.6
billion euros) [4].

Among all countries engaged in organic farming,
Denmark is of particular importance. Her experience
in this matter isinvaluable; therefore it is necessary to
consider the Danish model of organic development.

MATERIALS AND METHODS

The study was conducted on the basis of open access
materials of Internet resources on the Danish model
of the organic way. Methods of analysis, synthesis and
generalization are used.

RESULTS

Denmark was the first country in the world to introduce
rules for organic production, to develop national organic
standards and to launch an organic label. Denmark was
also the first country in the world to introduce a target
for 60 per cent organic products in public sector kitchens.

Denmark has the highest market share of organic
food and beverages in the world. In 2017, the organic
market share reached about 13.3%. Per capita consump-
tion of organic food was DKK 2,500 in 2017 ~EUR 335.
Organic sales have grown every year in the past decade.
Growth rate in retail was 14% in 2017.93% of all Danes
occasionally buy organic products. 51.4% of all Danes
bought organic food every single week in 2017.

In 2019, sales of organic food in Danish stores in-
creased by 9% and accounted for 11.5% of total sales.
The first place in the shopping list belongs to such
products - organic milk, grains, flour and vegetables, but
other product categories also account for a significant
increase and indicate that organic food has become
mainstream for most Danes.

Denmark’s rapid growth in exports of organic prod-
ucts to EUR 400 million over the last 5 years has been
ensured by a high level of food safety, healthy quality
food and a unique organic control system.

Danish companies export to near markets such as
Germany, Sweden and France and to distant markets
in Asia, the Middle East and US. The three largest ex-
port markets in 2017 were Germany, Sweden and China
respectively. Denmark has many livestock production
companies - large and small - that are committed to
organic production and to export. It is therefore not
surprising that the largest export products are dairy



products - fresh milk,cheese,butterand powdered milk -
and pork. Danish companies are also well positioned to
supply eggs and poultry as well as vegetable products
such as feedstuffs, vegetables, groceries and drinks.

The fine reputation of organic products is based
on the success of Denmark’s agricultural sector, which
has turned Denmark into a recognized and respected
food nation that supplies high quality food to global
consumers: food that is known for its high standards of
food safety, traceability, quality and sustainability. Col-
laboration underpins the success of organic production.
Collaboration that has involved all actors across the
entire value chain for more than 30 years - farmers,
companies, organizations, official bodies, advisers, pol-
iticians, the retail sector, food service and consumers.
They have all helped to develop a market-driven organ-
ic sector - a type of production that takes account of
the environment, nature, animal welfare and sustaina-
bility as demanded by many modern consumers.

How and why organic food has become one of the
Danish food cluster’s strengths in a world that is in-
creasingly demanding sustainable food products?

Organic food is produced according to organic
rules - all the way from farm to fork — and contributes
to animal welfare, the environment and nature.

Organic production is an overall system of farm
management and food production that combines best
environmental practices, focus on preservation of natu-
ral resources,a high level of biodiversity and application
of high animal welfare standards. Organic production is
based on four principles: ecology, health, fairness and
care. They have been formulated by the International
Organic Organization, IFOAM, and provide the basis for
organic producers and their way of thinking and acting.
They also form the basis of the laws and rules regulat-
ing organic production. Before products can be sold as
organic, organic farms have to go through a conversion
period after starting organic plant and/or livestock pro-
duction. The conversion period takes two years. During
this transition period produce from the farm cannot be
sold or labelled as organic [5].

Organic farmers work to preserve the natural en-
vironment, including soil fertility, water resources and
biodiversity.

The most important agricultural principles are:

Careful monitoring of the soil’s fertility, what
farmers put in and take out of the soil, and how their
activities affect its composition.

Adopting a wide and varied crop rotation to
break weed and pest cycles and to allow soil recovery
time while supplying useful nutrients.

Nutrients are provided by legumes (via biolog-
ical nitrogen fixation from the atmosphere) as well as
effective recycling of organic material such as crop res-
idues and livestock manures.

The primary use of preventive natural methods or
mechanical methods to control weeds, diseases and pests.
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Non-use of chemical plant protection or synthet-
ic fertilizers in order to protect the environment as a
whole, including lakes, rivers, drinking water, etc.

Planting of hedges and meadows to prevent soil
erosion and nutrient loss.

The impact on biodiversity: organic farmers pre-
serve and enhance biodiversity as much as they can, i.e.
by means of multi-annual crop rotations or by employ-
ing mechanical and physical methods of soil cultiva-
tion in order to achieve optimum results for soil health
structure. Organic cultivation methods provide for more
native plants and animals and a higher concentration
of micro-organisms and earthworms in the soil.

The impact on emissions: studies from different
universities in Europe have shown that organic agricul-
ture can produce low carbon emissions per hectare of
land and consequently may contribute to reducing cli-
mate change - even more so if yields in organic farming
can be improved. Possible contributing factors include:

Carbon sequestration in organic matter because
organic farming enhances the humus content in the soil.

Reduced energy consumption through recycling
of waste and by-products. facts about organic food Or-
ganic food is produced according to organic rules - all
the way from farm to fork - and contributes to animal
welfare, the environment and nature.

No use of synthetic fertilizers produced in energy
intensive processes.

Retention of more native and general vegetation.

Animal welfare. Animal welfare is an important
feature of organic farming. The aim is to provide suit-
able conditions for natural behavior. This means that:

Animals have access to grassland or outdoor areas.

Animals have ample space in their housing units.

Animals eat organic feed.

For cows, the number of animals is balanced
with the area of available land.

Any use of substances to promote growth or the
use of hormones or similar substances to control repro-
duction or for other purposes is prohibited. Synthetic
allopathic veterinary medicinal products are not used
for preventive treatment.

Non-GMO: use of genetically modified organisms
(GMOs) and products produced from, or by, GMOs is not
allowed.

Processingoforganicfood:onlyingredients of natural
originareaccepted whenprocessingorganicfood.Only53
of the 390 food additives approved in the EU are allowed
in organic production. Synthetic flavorings, colorants,
sweeteners, GMOs and irradiation are strictly prohibited.

Healthy food. Studies comparing the nutritional
quality of organic versus conventional products indi-
cate the presence of certain health promoting factors
in organic products:

Organic dairy products and beef contain signifi-
cantly higher levels of omega-3 fatty acid, linoleic acid
and vitamin E.
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Organic fruit and vegetables have a higher level
of antioxidants.

Food that matters:

Organic food is authentic, high-quality and tasty.

Organic labelling guarantees that all enterprises
in the organic sector are

regularly inspected by authorities.

Organic production provides food without syn-
thetic flavorings, colorants

and sweeteners.

Organic fruit and vegetables rarely contain trac-
es of plant protection agents.

Only a limited number of mostly natural addi-
tives are allowed in the processing of organic products.

- Genetically Modified Organisms (GMOs) are pro-
hibited in organic farming and in the further processing
of the products.

Organic farming contributes to a high level of
biodiversity and the preservation of species and natural
habitats.

Organic farming enhances soil life and natural
soil fertility.

a) b)

As chemical plant protection is prohibited,organic
farming contributes to the protection of the environment
and can be practiced in drinking water protected areas.

Organic farming promotes animal welfare and
provides good conditions for natural behavior. All or-
ganic animals have access to outdoor areas.

Use of antibiotics and other drugs is severely restrict-
ed.Organic animals are raised without the use of hormones.

Regulations and control:

Consumers across the world have great confi-
dence in Danish organic food.

Many rules and regulations govern all aspects of
food production.

Rules and regulations are monitored by meticu-
lous government control.

Focus on food safety and traceability.

Organic control from farm to fork.

Denmark was the first country in the world to
establish government organic control in 1987.

Yearly physical inspections of all organic farms
and companies.

Organic food labels (Fig. 1).

c)

Figure 1. Organic food labels:
a - organic state-authorized label certifying that the product has been controlled by the Danish food authorities;
b - Mandatory label on all organic products sold in the EU; ¢ - Danish certification system for large-scale kitchens
(restaurants, school kitchens, catering etc.) indicating the percentage of organic raw material used in the kitchen

The widespread success of organic food products in
Denmarkwasfacilitated bythe established Danishorgan-
icbrand —a unique and state-certified o-label certificate.

Denmarkwas the first in the world to introduce state
control over organic products, which helped to increase
consumer confidence in organic products. In 2020, the
Danish label Red Organic celebrated its 30" anniversary.

A “farm-to-fork” philosophy of organic production
takes into account nature, the environment and animal
welfare as much as possible. The Danish red @ label as
well as EU’s green organic logo are guarantee of organ-
ic quality [6]. Organic producers are inspected at least
once a year. Checks are carried out in accordance with
government regulations for organic production by agen-
cies of the Ministry of Food, Agriculture and Fisheries.
Danish AgriFish checks primary products and Danish
Veterinary and Food Authority checks food companies.

As noted in the source “Organic Denmark’, in 2009,
The Ministry of Food, Agriculture and Fisheries intro-
duced labels for the marketing of organic food in large-
scale kitchens, restaurants, cafés, hospitals, schools and
larger businesses. The Organic Cuisine Label is a free
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state-controlled labelling scheme for eateries. The Or-
ganic Cuisine Label shows the total share (in %) of or-
ganic raw ingredients and beverages used in preparing
the entire menu.
The Organic Cuisine Labelisavailable inthreeversions:
Gold (90-100%), Silver (60-90%) and Bronze (30-60%) [7].
Paving the way to success - Cooperation:
Cooperation is the key driver behind organic
sales growth in Denmark.
Close collaboration on organic market development.
Cooperation with all supermarkets at strategic level.
Support to supermarkets in their expansion of
organic product lines.
Courses for small organic companies in their col-
laboration with retail and foodservice sectors.
Advisory service on product development.
Motivating consumers - 80% of Danes purchase
organic products — more than 50% buy organic food
every week.
Paving the way to success - policy development:
Danish organic policy is a catalyst for organic in-
novation and growth.



Involvement of many stakeholders in political
policy development.

Interaction between organic farms and food
companies, consumers, the labour market and environ-
mental and farm organizations in the creation of organ-
ic food policy in Denmark.

Organic farming as a tool in broad national poli-
cies for the protection of nature, drinking water supply,
climate, green growth and rural development.

Push and pull strategy. “Pull” from the market -
“push” towards the farmers.

Funding of organic development activities in the
Fund for Organic Agriculture.

Paving the way to success - Organic research:

The development of organic production is based
on knowledge and innovation.

Denmark has a strong research tradition in or-
ganic farming and food systems.

Organic research supports development of new
solutions and new knowledge throughout the supply
chain.

ICROFS - International Centre for Research in
Organic Food Systems - coordinates the research.

Denmark
Switzerland
Sweden
Austria
Luxembourg
us

Germany
France
Netherlands
Italy

0 2 4
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Stakeholder driven research - scientists, practi-
tioners and advisers work together.

Short pathway from new knowledge to practical
implementation on farms and at companies.

More than 20 years of targeted research has con-
tributed to the success of organic production in Denmark.

General reasons for buying organic food:

Safe, healthy and natural food - without syn-
thetic flavorings, colorants and sweeteners. GMOs are
prohibited.

Good animal welfare — natural behavior with ac-
cess to outdoor areas.

Protection of the environment and drinking wa-
ter - chemical pesticides are prohibited.

Strong focus on sustainability.

High consumer confidence in organic food due to
state certification system.

Food trends: local, healthy & natural, and “easy-
to-make”.

The organic market share is presented in Figure 1.
The largest share of total sales of organic products was
recorded in Denmark, in second place is Switzerland, in
third place - Sweden [8].

6 8 10 12

Organic marcet %

Figure 2. Organic market share

Source: FiBL (2019)

According to statistics GfK Consumer Scan the 10
most popular, organic products of Danish consumers
anno 2019 are: natural yoghurt (48.6%), carrots (45.2%),
oatmeal (43.1%), bananas (36.5%), cooking oil (34.3%),
milk (32.3%), oranges (29.9%), eggs (29.6%), pasta
(29.0%), flour (29.0%) [9].

Let us summarize the main positions regarding the
organic production of individual industries.

1. 10% of Danish farms are organic. They cultivate
11% of the agricultural land in Denmark. They produce
good healthy raw materials with the utmost care for the
environment, biodiversity and animal welfare. All farm-
ers receive 3-5 years of specialist agricultural training.
Some organic farms are highly specialized - others
produce a diverse range of product for direct sales.
The specialized farmers focus on either production of
vegetables, cattle, pigs or poultry. Focus is on devel-
oping and improving their products and yields through

sound organic practice. Organic Farming - plant pro-
duction. Chemical plant protection and synthetic ferti-
lizers are not allowed. Nutrients provided by legumes
and recycling of organic materials as crop residues and
livestock manures. Enhances soil life and natural soil
fertility. Contributes to a high level of biodiversity and
the preservation of species and natural habitats. Con-
tributes to the protection of the environment. The yield
from organic fields is typically 10-30% lower compared
to conventional plant production.

2. Animal welfare in organic milk and beef produc-
tion. Good conditions for natural behavior. Access to
pasture from 15% April to 1% November. Ample space
in their housing units. The winter housing system must
ensure freedom of movement. Feed must be 100% or-
ganic with a lot of roughage. Use of antibiotics and oth-
er drugs is severely restricted. If treated with veterinary
medicine - the withdrawal period is twice as long as the
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non-organic withdrawal period. Cows are raised with-
out the use of hormones.

3.Animal welfare in pig production. Good conditions
for natural behavior. Access to grassland or outdoor are-
as. Ample space in their housing units. No tail docking.
In Denmark, sows farrow in an outdoor hut with access
to pasture. 100% organic feed in Denmark. Plenty of
roughage, which benefits the pigs’ digestion. Use of an-
tibiotics and other drugs is severely restricted. If treat-
ed with veterinary medicine - the withdrawal period
is twice as long as the non-organic withdrawal period.
Organic pigs are raised without the use of hormones.

4. Animal welfare in organic egg production. Good
conditions for natural behavior. Access to outdoor areas.
Outdoor areas have to be covered with vegetation. The
minimum outdoor stocking density is 4 m%/hen. Indoor
stocking density is maximum 6 hens/m2. The building
must have natural day-light and a resting period of
at least 8 hours is required. Organic feed with a lot of
roughage. Access to perches and to areas for dust bath-
ing and scratching. Beak trimming is not allowed. Use of
antibiotics and other drugs is severely restricted.

5. Animal welfare in organic poultry Production.
Slow-growing breeds. Good conditions for natural be-
havior. Access to outdoor areas. Outdoor areas have
to be covered with vegetation. The minimum outdoor
stocking density is 4 m?/boiler Indoor stocking densi-
ty is maximum 10 boilers/m?. The building must have
natural day-light and a resting period of at least 8
hours is required. Access to areas for dust bathing and
scratching. Organic feed with a lot of roughage. Beak
trimming is not allowed. Use of antibiotics and other
drugs is severely restricted. Danish companies export

to near markets such as Germany, Sweden and France
and to distant markets in Asia, the Middle East and US.
The three largest export markets in 2017 were Germa-
ny, Sweden and China respectively. Denmark has many
livestock production companies - large and small -
that are committed to organic production and to export.
It is therefore not surprising that the largest export
products are dairy products - fresh milk, cheese, butter
and powdered milk — and pork. Danish companies are
also well positioned to supply eggs and poultry as well
as vegetable products such as feedstuffs, vegetables,
groceries and drinks.

CONCLUSIONS

Organic agriculture is knowledge intensive and should
be adapted to local conditions and the farmers’situation.
Thus, there is need for further development in line with
the principles of organic agriculture and there is a need
for improved knowledge transfer systems which ac-
knowledges traditional as well as scientific knowledge.

The Danish model of the organic path of devel-
opment is of great importance for the perception of
the population of the world around the principles of
bioethics in their daily lives. This model has proven
its effectiveness for more than 30 years. The difficult
period of human development that the whole world is
going through encourages the revision of traditional
food production and the transition to organic farming.
This path, of course, is not easy and requires great ef-
fort and will to implement such plans. The health and
life of all living things on the planet will be the key to
large-scale changes in the minds and actions of peo-
ple around the world.
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OaHcbKa Mofaesib OpraHiYHOro CiflbCbKOro rocnogapcrea
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AHoTauif. Y cTaTTi po3rnsHYyTO OCHOBHI €n1eMeHTU AaHCbKOT MOAeNi OpraHiyHoro CifibCbKOro rocnoaapcTea, pO3KpUTO
npuunHu Bubopy JlaHi€lo Takoro wnsaxy po3BuTky. [MokasaHo ycnixu gepmepcbKMX rocnofapcTs, SKi 3aCHOBaHI
Ha opraHiyHoMy BMpOBHMLUTBI. [pOAEMOHCTPOBAHO aKTyaNlbHICTb Nepexoay BCbOro CifIbCbKOrO rocrnogapcrBa Ha
OpraHiyHe BUPOBGHULITBO, IK OAHOTO 3 Bi0ETiYHMX CKNAA0BUX PO3BUTKY CYCMiIbCTBA B CY4aCHOMY CBITi i 34iMCHEHHS
MacwTabHMX 3pyLlleHb Y CBIAOMOCTI i AiaX NOAeN BCiX KpaiH CBIiTy

KntouoBi cnoBa: opraHiyHe cinbCbke rocnogapctso, [laHcbka MOAeNb, pernaMeHT, KOHTPOb
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Abstract. On the international and domestic markets of agricultural products, there is an increase in demand
for oilseed crops, in particular annual sunflower and its processing products. Sunflower seeds are in permanent
demand, which proves their high relevance. Cultivation of this crop is quite profitable for agricultural producers
and does not require significant additional costs. That is why the scientifically based observance of crop rotation
in the process of growing sunflowers is gaining more and more importance. Soil pollution affects the productivity
of cultivated crops. The order of fertilization and cultivation of the sown area is important in improving its
microbiological condition. The search for a method of rational and effective application of fertilizers is an urgent
task for workers in the agricultural sector. The purpose of the work was to determine the number of weeds and
weeds in a field of stationary grain-row crop rotation, to compare the type of weediness between the unfertilized
and control variant of the soil, and to choose a more effective method of soil cultivation. In the course of the work,
the laboratory method, as well as methods of observation and generalization, were applied. The article examines
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Hutianskyi et al.

the influence of the main tillage and fertilization system on the weediness of sunflower crops in a stationary
crop rotation during 2016-2018 in the conditions of the eastern part of the Forest Steppe of Ukraine. The largest
number of types of weeds and weeds in crops was found on the background without fertilizers (plowing) and
on the organic-mineral intensive background (manure residue, 30 t/ha + N, P, K., chiseling). The type and level
of weediness of sunflower crops depends significantly on the studied factors. The scientific novelty consists in
establishing a method of soil fertilization that ensures maximum crop productivity

Keywords: crop rotation, fertilizers, weeds, herbicides, eastern Forest-Steppe of Ukraine, crop protection, plowing

INTRODUCTION

On the global and domestic markets of agricultural
products, there is an increase in demand for oil crops,
especially annual sunflower (Helianthus annuas L.) and
its processing products. Sunflower seeds are in con-
stant demand, which proves their high liquidity. Culti-
vation of this crop is quite profitable for agricultural
producers and does not require significant additional
costs. That is why the scientifically based observance of
crop rotation in the process of sunflower cultivation is
becoming more and more important [1].

The obtained scientific data indicate that sunflower
should occupy no more than 20% of the crop rotation
structure. An important factor in increasing the produc-
tivity of this oilseed crop in crop rotation is the main
tillage, which ensures the preservation of productive
moisture reserves, the improvement of the microbio-
logical condition of the soil, and the control of weeds.
The last factor is of great importance in modern sun-
flower cultivation technologies [2].

In the conditions of the left-bank Steppe of Ukraine,
it was established that, regardless of the weather and
agrotechnical conditions of sunflower cultivation, weed
seedlings appear in the period from the beginning
of field work to the closing of the rows of dominant
agrophytocenoses. Typical for sunflower crops are such
weeds as Amaranthus retroflexus L., Sinapis arvensis L.,
Xanthium strumarium L., Chenopodium album L., Setaria
viridis (L.) Beauv., Cirsium arvense (L.) Scop., Lactuca ta-
tarica (L.) C.A.Mey, Lappula squarrosa (Retz.) Dumort. The
results of model experiments showed that the yield of
sunflower is affected by both species and quantity of
weeds. Under the short-term type of weeding, the yield
of sunflower decreases by 1.42 t/ha, under the mixed
type - by 1.56 t/ha, and by the predominance of peren-
nials - by 1.69 t/ha, compared to areas without weeds.
On average, the presence of one Tatar lettuce plant per
1 m? reduces the yield of sunflower by 0.035 t/ha, white
quinoa - by 0.016 t/ha, common sedge - by 0.024 t/ha,
and bent scotch - by 0.012 t/ha [3].

For the entire north-central moderately arid sub-
zone of the Steppe northern zone of Ukraine, the main
agrophytocenoses with the participation of sunflower
are the following weed species: wild radish (Rapha-
nus raphanistrum L.); the bent sphincter; Echinochloa
crus-galli (L.) Roem. et Schult.; field mustard; Xanthium
albinum (Widder) H. Scholz; Ambrosia artemisiifolia L.;

white quinoa; Setaria glausa (L.) Beauv. As single plants
in the crops, there are Persicaria Maculosa S.F. Gray, Ly-
copsis arvensis L., mousey green, black solanum (Sola-
num nigrum L.),one-year primrose (Stachys annua L.), etc.
It was established that the highest crop losses are ob-
served during the simultaneous vegetation of the crop
with young species from the beginning of development
to harvesting. In particular, the presence of 10 pcs./m?
of these weeds with a raw above-ground weight of
170 g/m? leads to crop yield losses of 8.6%, compared
to the control. Such indicators as the diameter of the
basket (by 3.4 cm), the number of seeds from one bas-
ket (by 6 pcs.), the weight of 1,000 seeds (by 5.6 g) are
reduced. In the case of an abundance of young spe-
cies of 20 pieces/m? with a biomass of 197.5 g/m?,
sunflower seed yield losses reach 14.1%; 30 pcs./m?
(241.3 g/m?) - 19.6%; 40 pcs./m? (300.5 g/m?) - 23.9%;
50 pcs./m? (327.5 g/m?) - 28.2%. Natural weeding
by young species (293 pieces/m? with a weight of
455 g/m?) leads to a decrease in the yield of sunflower
seeds by 44.2%, with a significant decrease in all indi-
cators of the yield structure: the diameter of the bas-
ket - by 8.3 cm, the number of seeds from one basket -
for 91 pieces, weight of 1,000 seeds - for 19.1 g [4].
According to the results of A.l. Babenko'’s research,
the main polluters of sunflower crops in the right-bank
Forest-Steppe of Ukraine are young monocotyledonous
and dicotyledonous weeds (94%). Root weeds, repre-
sented by pink thistle (Cirsium arvense (L) Scop.) and
field birch (Convolvulus arvensis L.), occupy 6%. Among
the young weeds, the main specific weight is the ear-
ly spring ones - common plantain and common bit-
tersweet (Amaranthus retroflexus L.). Among the early
spring varieties, white quinoa is preferred. It was estab-
lished that the critical period of competition between
sunflower and weeds depends on the level of weedi-
ness, the duration of competitive relations, and the
length of the growing season. In particular, the lowest
yield of sunflower seeds was obtained in the variant
where cultivated plants competed with weeds for life
factors throughout the growing season. On these plots,
97 weeds/m? were counted, the raw above-ground mass
of which was 2,131 g/m?,and the seed yield was 1.4 t/ha,
which is 2.9 t/ha or 67% less than in the version without
competition from weeds. In the variants where sunflow-
er plants competed with weeds for a certain growing
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season, the number and mass of weeds depended on
the duration of the competition. The fewest weeds were
in the option where they were removed within 60 days
after the emergence of seedlings (25 pcs./m?, based on
the raw above-ground mass of 307 g/m?). Yield reduc-
tion occurred by 0.4 t/ha or 9%. It was also established
that weeds have the most significant effect on sunflow-
er productivity when they are present in the first 60
days after the emergence of crop seedlings. For exam-
ple, with the presence of weeds in the crops within 20
days after sunflower germination, the yield reduction
was 11%, and 60 days after germination - 41% [5].

The sunflower crop is significantly reduced by a
weed parasite, the sunflower wolfberry (Orobanche
cumana Wallr.), the seeds of which can be stored in the
soil for many years. Thus, according to the long-term
data of the Mykolaiv State Agricultural Research Sta-
tion, when sunflower is returned to its previous place
in the crop rotation after 10, 6 and 4 years, the number
of sunflower beetles in crops is 2, 12 and 38 pcs./m?,
respectively. The yield of sunflower when returning it
to its previous place in crop rotation after 10, 6 and 4
years was 2.01, respectively; 1.33 and 1.11 t/ha [6].

In the last decade, there has been a massive spread
of the virulent spring annual weed (Cyclachaena xanthi-
folia (Nutt.) Fresen.) in sunflower crops. It leads to huge
losses of the harvest and deterioration of its quality,
causes mass diseases of people due to polynomia. The
dynamics of the emergence of black-leaved black-leaved
weevil in sunflower crops is unfriendly and depends on
weather and geographical conditions. In the Steppe
zone, most of the seedlings of this weed in crops ap-
pear in the first decade of May,and in the Forest-Steppe
zone - in the second decade of May. The total number
of black-leaved aphids in sunflower crops in the For-
est Steppe, southern Steppe, northern Steppe, and Dry
Steppe zone is 40,44,43,and 47 pcs./m?,respectively [7].

According to V.S. Zuza’s long-term research, cereal
annual weeds and millet weeds (Panicum miliaceum L.)
are very common in sunflower crops in the conditions
of northeastern Ukraine. The second place by mass and
the third in number among weeds belongs to dicotyle-
donous perennial species. Dicotyledonous weeds stand
out due to the variety of their species composition,
among which the most harmful are vigorous species.
At the same time, overwintering species are not infe-
rior to warm weeds in terms of number, but they take
second place in terms of mass. In total, about 50 types
of weeds were found in the sunflower crops, of which
the most numerous are common flat grass, gray mouse
and common schirytsia. Also, the definition of the types
of weediness shows that in the conditions of ordinary
farms, in almost half of the fields under sunflower, the
dominant position among the weeds is occupied by rhi-
zome species. In the fields of experimental farms and
experimental plots, under the conditions of observing
the crop rotation system and carrying out the main

Ukrainian Black Sea Region Agrarian Science, 25(1), 60-68

cultivation of the soil under the culture by the method
of improved sedge, rhizome species prevail in only 20%
of sunflower crops [8].

According to A.M. Kovalenko, sunflower crops were
the least weedy in crop rotation with black steam, while
in crops of other crop rotations, the number of weeds
increased by 12.6-30.2%, and their mass increased by
1.4-2.0 times. The most widespread were early spring
weeds, the share of which in crop rotation with peas
was 52.2%, and in other crop rotations - 63.2-67.8%. In
crop rotation with peas, the share of early spring weeds
increased slightly - up to 28.9% and perennial weeds -
up to 19.2%, compared to other crop rotations - 15.0-
24.2% and 13.0-19.2%, respectively [9].

As evidenced by the results of M.V. Shevchenko’s
research, the use of various methods of tillage for sun-
flower, compared to plowing, led to an increase in the
number of weeds in crops by 12-29% [10]. I.D. Tkalich
and co-authors point out the increase in weediness of
cultivated areas and the decrease in sunflower yield in
the direction from plowing to zero tillage. In their opin-
ion, this is caused by the deterioration of the physical
condition of the soil and its moisture regime [2].

The conducted studies show that in the sowing
of agricultural crops, including sunflower, against the
background without herbicides in variants of the use
of tillage, the number of short-term and perennial
weeds, compared to plowing, increases by 10-20% and
by 1.5-2%, respectively ,0 times. Accordingly, the mass
of weeds also increases — by 20-30%. The use of her-
bicides before sowing sugar beets and sunflowers, as
well as during the growing season for crops of contin-
uous sowing, reduced the number of weeds by 4-4.5
times, compared to the herbicide-free background.
That is, the introduction of herbicides against the back-
ground of tillage significantly reduces the difference in
weediness, compared to systematic plowing [11; 12]. It
is also possible to replace plowing with chisel tillage
when growing sunflowers without herbicides, or diag-
onal loosening with a combination of mechanical and
chemical methods of weed control [10].

Research by S.P. Tanchyk and A.l. Babenko indicate
that the number of weed seedlings in the agrocenosis
depends on the sunflower cultivation technology, the
biological characteristics of the culture and weeds, as
well as weather conditions. Thus, in the phase of 6-7
leaves in sunflower, there were the fewest weed seed-
lings after plowing. In the variant without herbicides
and mechanical weeding during the growing season,
83 pieces/m? of wild plants were counted. Against the
background of chisel cultivation, the number of weeds
increased by 2.3 times and amounted to 195 pcs./m2.
Carrying out shallow and surface cultivation with disk
tools contributed to the increase of vegetative weeds
by 2.6 and 3.0 times, respectively. Protection of sun-
flower crops from weeds significantly reduced their
number. Thus, when applying herbicides against the



background of plowing, their number decreased by
87-92%. At the same time, against the background of
tillage, the effectiveness of herbicides was lower, com-
pared to plowing. This is explained by the fact that the
post-harvest residues and applied organic fertilizers
are contained in the upper layer and adsorb part of the
chemicals, which reduces their phytotoxicity, especially
in dry years. The survival rate of weed seedlings in the
phase of 6-7 leaves of the crop ranged from 38 to 14%.
Carrying out one pre-emergent and post-emergent
harrowing against the background of plowing, as well
as one inter-row loosening in the phase of 5-6 leaves
of the culture contributed to the reduction of weedi-
ness by 86%, and against the background of no-shelf
cultivation - by 75-80%. With the use of mechanical
measures, the weeds grew mainly in the row, especial-
ly under shelf-less tillage, and in the inter-rows they
were destroyed by the working bodies of the tooth har-
row and the cultivator [13]. In other studies, no regular
influence of the main tillage on the effectiveness of
herbicides was found. In addition, the introduction of
soil herbicides against the background of direct sow-
ing is ineffective, because the drug, remaining on the
surface of the soil, evaporates under the influence of
wind and solar energy. At the same time, it was shown
that the species composition of weeds is formed under
the influence of different methods of soil cultivation
and herbicides [14].

The results of research by O.l. Polyakov and his
co-authors show that the number of weeds in sunflow-
er crops changes under the influence of the method of
main soil cultivation and is almost independent of the
fertilizer option. So, after caring for the crops (two in-
ter-row cultivations) at the end of the growing season,
the following was calculated: 7.2-7.6 pcs./m? - for the
classical system of the main soil cultivation (discussion
in two tracks, plowing); 9.1-9.3 pcs./m? - for bladeless
(disking in two tracks, bladeless processing); 15.0-
16.1 pcs./m? - for the minimum (disking in two tracks,
cultivation). At the same time, the air-dry mass of weeds
changed under the influence of the main tillage sys-
tem and the background of mineral nutrition. Under the
classical system of basic tillage, it was equal to 22.1-
33.1 g/m2. In sunflower crops under the no-till system,
the air-dry mass of weeds increased by 11.5-13.5 g/m?in
relation to the classic one,and by 16.1-18.3 g/m? under
the minimum tillage system. In variants with mineral
fertilizers, it increased by 5.7-11.0 g/m?, 4.3-10.7 g/m?,
4.9-12.4 g/m?, respectively. Sunflower plants were the
most competitive in the fight against weeds in the
classic tillage system. The highest yield of sunflower
was obtained when growing under the classical system
of basic tillage and applying fertilizers in the dose of
N,,PsK,, for pre-sowing cultivation [15].

The purpose of the research is to establish the in-
fluence of the methods of basic tillage, fertilization
and protection systems on the weediness of sunflower
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crops placed in the semi-grain-row crop rotation of the
eastern part of the Forest Steppe of Ukraine.

MATERIALS AND METHODS

The research was carried out during 2016-2018 in a
stationary 9-type steam-grain-row crop rotation of the
Department of Plant Breeding and Varietal Research of
the Institute of Plant Breeding named after V.Ya. Yuryev
National Academy of Agrarian Sciences (black steam -
winter wheat - sugar beets - spring grain ears — peas for
grain — winter wheat - corn for grain %2 + soybean %2 -
spring grain ears - sunflower), where the plots of the first
order were the backgrounds of nutrition, and the second
order - methods of basic soil cultivation in crop rota-
tion. The scheme of the experiment included options:
1 - without fertilizers (control) - the agro background
formed due to the alternation of crop rotation; 2 - organ-
ic background (application of 30 t/ha of manure under
corn and in the field of black steam, which amounted to
6.6 t of manure per 1 ha of crop rotation area); 3 — organ-
ic-mineral background (a trace of manure + N P, .K..); 4,
5 - organic-mineral intensive background (a trace of ma-
nure + N, P, K, ). In options 1-4, fertilizers were applied
under plowing, and in option 5 — under tillage (chiseling).

The system of protection of sunflower crops from
weeds based on herbicides during the years of research
was as follows: 2016 - Trophy 90 EC (active substance
and its content — acetochlor, 900 g/l; preparation form -
emulsion concentrate; applicant (registrant), manufac-
turer - “Dow Agro Sciences WmbH?”, Australia), 2.5 I/ha
before seedlings + Fusilade Forte 150 EC (active sub-
stance and its content - fluazifop-P-butyl, 150 g/L; prepa-
ration form - emulsion concentrate; applicant (regis-
trant), manufacturer - Syngenta, Switzerland), 2.0 l/ha
during the growing season of the crop; 2017 - Hortus
(active ingredient and its content — acetochlor, 900 g/l;
preparation form - emulsifiable concentrate; appli-
cant (registrant), manufacturer — Company Ukravit LLC,
Ukraine, Agrochemical Factory LLC, Ukraine), 2.5 l/ha
to seedlings + Queen Star Max (active substance and its
content - hizalofop-P-ethyl, 125 g/l; preparation form -
emulsifiable concentrate; applicant (registrant), manu-
facturer - Ukravit Company LLC , Ukraine, LLC “Factory
of Agrochemicals”, Ukraine), 1.2 l/ha during the growing
season of the crop; 2018 - Teaser (active substance and
its content - propisochlor, 720 g/l; preparation form -
emulsifiable concentrate; applicant (registrant), manu-
facturer — Ukravit Company LLC, Ukraine, Agrochemical
Factory LLC, Ukraine ), 3.0 l/ha to seedlings.

The years of research were different in terms of
meteorological conditions. Thus, in April and May 2016,
the amount of precipitation exceeded the long-term
norm by 29.2 and 43.9 mm, respectively, and the aver-
age daily air temperature exceeded the long-term norm
by 4.6 and 1.5°C, respectively. In June, the average daily
air temperature was higher than the norm by 1.9°C, and
the amount of precipitation was lower than the norm
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by 21.7 mm. The average daily air temperature in July,
August and September was higher than normal by 1.9;
2.7 and 0.6°C, respectively. However, the amount of pre-
cipitation in July exceeded the norm by 40.0 mm, and in
August and September they fell below the norm by 8.8
and 24.4 mm, respectively.

The average daily air temperature in April 2017 was
1.2°C more than the optimal level, and in May it was
almost at the level of the long-term norm. The amount
of precipitation in April exceeded the norm by 5.7 mm,
and in May it was less than the norm by 12.2 mm. In
June, July, August and September, the average daily air
temperature was 1.0; 0.3; 4.6 and 3.5°C higher than
the climatic norm. The amount of precipitation in June,
July, August and September was less than the norm by
46.6%; 34.8; 43.5 and 13.4 mm, respectively.

The average daily air temperature in April 2018 was
4.1°Cmore than the optimal level,and in May - by 4.4°C.
The amount of precipitation in April was less than the
climatic norm by 22.4 mm, and in May by 31.9 mm. In
June, July, August and September, the average daily air
temperature was higher than the climatic norm by 2.2;
1.6;4.5 and 4.6°C, respectively. The amount of precipita-
tion inJune,July and September was less than the norm
by 21.5%; 37.7 and 3.6 mm, respectively. There was no
precipitation in August.In general,according to the indi-
cator of the amount of precipitation, 2016 can be char-
acterized as sufficiently moistened, and 2017-2018 -
insufficiently moistened. An excess of average daily air
temperatures for the spring-summer period was also
noted, compared to the average long-term indicators.

Inspection of sunflower crops for weediness was
carried out in September according to the method of
V.S. Zuzy, R.A. Gutyanskyi [16]. For each option, a sepa-
rate form was allocated, in which after the survey, the
identified types of weeds or litterers (including carrion
from the seeds of field crops) were entered. At the same
time, both dominant and subdominant species of weed
plants were counted. The dominant role of each species
was assessed quantitatively, based on its share in the
formation of the total mass of the segetal grouping on
the variant. Those species whose weight exceeded 10%
of the total weight of all weeds were considered domi-
nant, and subdominant - 3-10%, respectively.

When determining the type of weediness in its
name, the group that was most represented in the total
mass of weeds was put on the first place, and on the
second or third - groups of weeds in accordance with
their participation in the segetal grouping. The level of
weediness in each option was determined by the specif-
ic share of weeds in the total mass of agrophytocenosis:
up to 1% - very weak; 1-5% - weak; 6-15% - average;
16-45% - strong; more than 45% is very strong.

RESULTS

In the Table 1 summarizes the results of our three-year
research, which shows ten main types of weeds, which
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according to the occurrence rate are classified from very
widely (76-100%) to widely (51-75%) common species
in sunflower crops. Among them, gray mouse, common
flat and white quinoa were present in all variants every
year. In addition, the following were found annually: in
option 1 - common sedum, bitter gorse (Polygonum lap-
athifolium L.), pink thistle and field birch; in option 2 -
nightshade black and bitter gorse; option 3 - common
sedum, black nightshade and bitter gorse; option 4 -
common scotch, nightshade, bitter gorse and field birch;
option 5 - common sedum, nightshade, garden purslane
(Portulaca oleraceaL.),ragweed and malva neglecta Wallr.

The category of moderately common (26-50%)
weed plants in terms of the species occurrence rate
in sunflower crops includes: birch fallopium (Fallopia
convolvulus (L.) A. Love), waste millet (Panicum miliace-
um var. ruderale Kitag.), netreba common, black-leaved
black-leaved, the curls are neglected, triticale (Triticose-
cale Witt.), field plantain (Thlaspi arvense L.), hairy pea
(Vicia villosa Roth.).

The category of rare (1-25%) species in crops in-
cludes: green mouse, common sedge (Avena fatua L.),
annual sedge, common bitter gourd, bird’s sedge (Polyg-
onum aviculare L.), sunflower sedge, spring barley (Hor-
deum vulgare L.), spring wheat (Triticum L.), buckwheat
(Capsella bursa-pastoris (L.) Medik.), spring sedge (Sene-
cio vernalis Waldst. et Kit.), Canadian sedge (Erigeron
canadensis L.), Sisymbrium Loeselii L., field violet (Viola
arvensis Murr.), medium star (Stellaria media (L.) Vill.),
white milkweed (Melandrium album (Mill.) Garcke), spot-
ted hemlock (Conium maculatum L.), yellow field thistle
(Sonchus arvensis L.), common wormwood (Artemisia
vulgaris L.),wild chicory (Cichorium intybus L.), large bur-
dock (Lappa major Gaertn.), dandelion (Taraxacum offici-
nale Web. et Wigg), meadow clover (Trifolium pratense L.),
common flax (Linaria vulgaris Mill.), curly sorrel (Rumex
crispus L.), mo Tatar locan (Lactuca tatarica (L.) S.A. Mey).

In total, 42 species of weeds and weeds (includ-
ing carrion from the seeds of field crops) were de-
tected in sunflower crops after spring grain ear crops.
Bright species predominated among them. Thus, 21
species were included in the group of early and late
spring weed plants: gray mouse, green mouse, com-
mon plantain, common millet, white quinoa, common
sorrel, black solanum, garden purslane, ragweed, broad-
leaved mustard, Birch-like fallopium, common netreba,
black-leaved black-leaved, neglected curlews, common
spore, common sedge, sunflower wolfberry, spring bar-
ley, spring wheat, spring triticale. The group of overwin-
tering, winter and two-year weeds was represented by
10 species: common buckwheat, spring sedge, Lozel’s
dry rib, field sedge, field violet, Canadian sedge, medi-
um star, white hemlock, spotted hemlock, and hairy pea.
The group of perennial weeds included 11 species: pink
thistle, yellow field thistle, field birch, common worm-
wood, wild chicory, large burdock, medicinal dandelion,
meadow clover,common flax, curly sorrel, Tatar molokan.



The highest number of the weed component was
recorded in the control (option and on the organic-min-
eral intensive background, where fertilizers were ap-
plied under no-till tillage (option 5). Thus, in options
1,2, 3,4 and 5, respectively, 29, 23, 21,23 and 27 types
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of weeds and clogs. The share of spring early and late
types of weed plants in variants 1, 2, 3,4 and 5 was 62,
65, 62, 56 and 63%, respectively, wintering, winter and
two-year - 24,22,9,22 and 11%, perennial - 14, 13, 29,
22 and 26%.

Table 1. Species composition, dominant role and share of the occurrence of main weeds in sunflower crops depending
on the methods of the main tillage and fertilization system (2016-2018)

Types of

weeds

Yellow bristle

33 33 11 11 33
gras
Echinochloa -y, 4y 33 11 33
crus-galli
Common 33 22 33 22
lambsquarters
Livid 33 11 2 1
amaranth
So.Lanum 27 33
nigrum
Purslane 22 11
Common 11 22 11 11 11
ragweed
Pale 11 33 33
smartweed
Pink sow
thistle 11 22 33 12 22
Field
bindweed e &

Meeting
share,
%

22 33 22 33 11 11 33 100
11 33 11 33 11 11 33 100
33 2 33 22 33 100
33 22 33 11 33 93
33 11 33 33 93
22 22 33 67
1 22 11 22 11 33 67
33 33 33 93
12 22 11 22 22 22 73
22 33 22 73

Note: Dominance (d), subdominance (s) and presence (p) of weed plants in sunflower crops during: 1 - one year; 2 - two

years; 3 — three years of research

The system of protection of sunflower crops from
weeds was different in the years of research, but each
year soil herbicides from the chloracetomidine group
were used in crops: Trofi 90 ES, Hortus and Tizer. This af-
fected the indicators of dominance and subdominance
of certain weed species in the years of research. Thus,
in 2016, after the composition of Trofi 90 EC and Fusi-
lade Forte 150 EC, sunflower crops were significantly
dominated by white quinoa, primarily in the variants
with fertilizer application. In addition, the dominant
and subdominant positions in individual variants were
occupied by the pink thistle, the gray mouse and the
flat common thistle. This is explained as follows: white
quinoa is moderately sensitive to Trofi 90 EC, pink this-
tle is resistant to these drugs, and overgrown plants of
annual cereals did not completely die under the action
of the graminicide Fusilade Forte 150 EC.

In 2017, sunflower crops were dominated by pink
thistle, gray mouse thistle, and common flatleaf thistle.
The presence of pink thistle in crops is due to the lack
of influence on it by the soil herbicide Hortus and the
graminicide Queen Star Max. The incomplete effective-
ness of the anti-grass herbicide Queen Star Max against

gray mouse and common flat mouse is associated with
adverse weather conditions during the treatment period.

Sunflower crops in 2018 were dominated and
sub-dominated by white quinoa, common sedum, and
ragweed in most variants. The insufficient effectiveness
of the Tizer soil herbicide in relation to white quinoa
and ragweed is associated with their moderate sensitiv-
ity to this drug, and in the case of common vetch - with
a lack of precipitation during its application. In addition,
according to our observations, the process of forming
resistance to chloracetomidine herbicides, especially to
the active substance propisochlor (in our case, to the
Tizer drug), is currently taking place in common sedum.

It was found that 6 types of weediness were formed
in sunflower crops depending on fertilizer, tillage and
weed protection system over the course of three years
of research (Table 2):

1) dicotyledonous-cereal annual-rhizome;

2) dicotyledonous-rhizophilic-cereal annual;

3) dicotyledonous-cereal annual,

4) annual cereal-rhizome-perennial dicotyledonous;
) cereal annual-dicot nomaloric-rhizome;

)

5
6) rhizome-cereal annual-dicotyledonous annual.
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Table 2. Type of weediness of sunflower crops depending on the methods of the main tillage and fertilization system

Avyear of research

2017

1 dicotyledonous-cereal annual-rhizome
2 dicotyledonous-cereal annual-rhizome
3 dicotyledonous-cereal annual-rhizome

4 dicotyledonous-cereal annual-rhizome

(O}

dicotyledonous-cereal annual-rhizome

ltwasestablishedthatin2016,inallvariants,dicotyle-
donous species predominated in the total mass of weeds.

In 2017, cereal annual weeds prevailed in the ferti-
lized variants, and rhizomes prevailed in the control. At
the same time, in 2018, dicotyledonous annual species
prevailed in the fertilized variants, and cereal annual
species prevailed in the control.

That is, in 2017-2018, the type of weediness of
sunflower crops in the control variants differed from

cereal annual-rhizome-dicotyledonous annual
cereal annual-rhizome-dicotyledonous annual
cereal annual-rhizome-dicotyledonous annual
cereal annual-rhizome-dicotyledonous annual

cereal annual-rhizome-dicotyledonous annual

dicotyledonous-cereal annual
dicotyledonous-cereal annual
dicotyledonous-cereal annual
dicotyledonous-cereal annual

dicotyledonous-cereal annual

the type of weediness in the fertilized variants.m The
level of weediness in 2016 and 2018 in option 1 was
medium, and in options 3-4 and 5 - strong and very
strong, respectively. In 2017, options 1 and 5 showed
a high level of weediness, while the others showed a
medium level.

That is, a higher level of weediness was observed
annually in the option with no-shelf main tillage (chis-
eling) than in most options with plowing (Table 3).

Table 3. The level of weediness of sunflower crops depending on the methods of the main tillage and fertilization system

Avyear of research

1 average

2 average

3 strong

4 strong

5 very strong
CONCLUSIONS

When sunflower was placed in the last field of a sta-
tionary 9-field steam-grain-row crop rotation after the
predecessor of spring grain ear crops, 42 types of weeds
and weeds were found in its crops. The main types of
weeds in the crops were yellow bristle grass, Echino-
chloa crus-galli,common lambsquarters, livid amaranth,
solanum nigrum, purslane, common ragweed, pale
smartweed, pink sow thistle and field bindweed. The
herbicide application system significantly influenced the
indicators of dominance and subdominance of certain
weed species inthe years of research.The largest number
of different types of weeds and polluters was determined
in the control (without fertilizers, plowing) and on the
organic-mineral intensive background (manure residue,
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2017
strong average
average strong
average strong
average strong
strong very strong

030t/ha+N, P, K, ,chiseling).For the most part,the type
of weediness of sunflower crops in the control variants
differed,compared to the non-fertilized variants.The lev-
el of weediness in the no-till option was strong and very
strong, and in the other options — medium and strong.

So, on the basis of the obtained data, it can be stat-
ed that plowing, which has advantages in reducing the
weediness of crops, is the best method of the main cul-
tivation of the soil for sunflower in the conditions of
the eastern part of the Forest Steppe of Ukraine, com-
pared to plowing the soil without tilling (chiseling).

Further research should be directed to a detailed
study of the impact of long-term fertilization systems
on the weediness of sunflower crops under the condi-
tions of a semi-grain-row crop rotation.
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AHoTauif. Ha MiXHapoaHMX Ta BITYM3HAHMX PUHKAxX MPOAYKLIi CinbCcbkorocnogapcbkoi chepu cnocTepiraeTbcs
NiABULLEHHS MOMNWUTY Ha ONIMHI KYNbTypW, 30KpeMa COHSALWHWK OAHOPIYHMM Ta NPOAYKTM MOro nepepobku.
COHSILIHMKOBE HACiHHS KOPUCTYETbCA MEPMAHEHTHUM MOMMTOM, WO [OBOAWUTb MOr0 BUCOKY PEeNneBaHTHICTb.
BupoluyBaHHS Li€i KynbTypu € LOCUTb peHTabenbHNM A8 CilbCbKOroCnoaapCbkMx TOBapOBUPOOHUKIB | HE BUMArae
CYTTEBMX A0AATKOBMX BMTpaT. Came TOMy Bce Binblioro 3HaYeHHs OTPUMYE HAaYKOBO OOrpYHTOBaHE LOTPUMAHHS
CiBO3MiHM Y NPOLECi BUPOLLYBAHHS COHALWHUKY. 3a0ypaHEHICTb I'PYHTY BMIMBAE HA NPOAYKTUBHICTb BUPOLLYBAHUX
CiNbCbKOrocnoaapcbkmx KynsTyp. MNopspok ynobpeHHs Ta 06pobiTKy MOCIBHOT MAOLWL MA€E BaX/IMBE 3HAYEHHS Y
noninweHHi ii MikpobionoriyHoro ctaHy. MNowyk cnocoby pauioHanbHOro Ta ePeKTUBHOIO 3acTOCyBaHHS LOOpWB
€ HaranbHWM 3aBAAHHAM MNpaUiBHMKIB arpapHoi chepu. Metoo poboTn Byno BU3HAUYEHHS KiNbKOCTi OYp9HiB i
3aCMivyBaYiB y Noi CTaLioOHApHOT 3epHO-NPOCANHOI CiBO3MiHW, NOPiIBHAHHSA TUMY 3a0ypAHEHOCTI MiX HeyaobpeHUM
Ta KOHTPOJIbHUM BapiaHTOM I'pyHTY, BUOiIp ePeKTUBHILOro cnocoby o0bpobiTky FpyHTY. Y xoai npoBeaeHHs poboTu
3aCTOCOBAHO N1abOpaTOPHUIA METOA, @ TaKOX METOAM CNOCTEPEXEHHS Ta y3arajbHeHHS. Y CTaTTi 4OCNIAKEHO BMIMB
OCHOBHOrO 06pOBITKY FPYHTY Ta CUCTEMU YA0OPEHHSA HA 3a0YPAHEHICTb NOCIBIB COHALUHMKY B CTAL,iOHAPHIN CiBO3MiHi
BnponoBx 2016-2018 pp. B yMoBax cxigHoi yacTuHu Jlicocteny Ykpainu. HabinbLwy KinbKicTb pi3HOBUAIB BYP'AHIB i
3aCMivyBaYiB y NoCiBax BUSBNEHO HA QOHi 6e3 106pMB (OpaHKa) Ta Ha OpraHiYHO-MiHepasbHOMY iIHTEHCMBHOMY (DOHI
(nicnaais rvoro, 30 7/ra + N, P, K, , unsentoBaHHA). Tun i piseHb 3aBypAHEHOCTi NOCIBIB COHALIHMKY CYTTEBO 3aNEXUTb
Bif AOCNiAXyBaHMX (akTopiB. HaykoBa HOBM3HA NoNsrae y BCTaHOBNEHHI MeToAy yA0OpeHHs rpyHTY, Wwo 3abe3neyye
MaKCMManbHY NPOAYKTUBHICTb KYNbTYpH

KniouoBi cnoBa: ciBo3MiHa, ,obpuBa, bypaHu, repbiuman, cxigHuii Jlicocten YkpaiHu, 3axXmucT NociBiB, opaHka
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Abstract. The study of the development of the organism, taking into account the genotype of animals and
environmental conditions, makes it possible to significantly speed up the process of improving existing breeds. The
intensity of growth and development is of great importance, because premature young animals reach the term of
economic use faster with lower feed costs per unit of growth. By the dynamics of live weight with age, it is possible
to characterize the intensity of growth, the nature of metabolism, prematurity and the state of the body as a whole.
Therefore, it is of scientific and practical interest to study the features of growth and development of purebred
and cross-breed sheep of the meat direction of productivity. Precocious young animals reach the term of economic
use faster with lower feed costs per unit of growth. The dynamics of live mass indicate the intensity of growth, the
nature of metabolism, precociousness and the state of the organism. The purpose of the article was to determine
the crossbreeding option that has the highest genetic potential for meat productivity and growth intensity. In the
course of the study, the authors used the method of laboratory analysis, comparison, synthesis and forecasting.
Peculiarities of growth and development of lambs of three different genotypes from birth to six months of age
were studied, in particular: purebred young Askanian thin-wool breed (ATB); crosses of this gene pool with Texel
(ATBxT) and Merinolandscape (ATBxM) breeds. Control over the growth and development of experimental animals
was carried out by the method of weighing in different age periods. Evaluation of meat qualities was carried out
based on the results of slaughter. It was established that the best development parameters were characterized by
crossbreeds of the Texel with the Ascanian fine-wool breed, therefore this crossbreeding option has the highest
genetic potential for meat productivity. The practical value consists in obtaining a potentially greater increase in
the live weight of sheep in a shorter period of time and in the laboratory study of the properties of the offspring
of the obtained breed

Keywords: sheep, genotype, live weight, linear parameters, growth intensity

INTRODUCTION
Studying the development of the organism taking into  live weight in different age periods, are of great impor-
account the genotype of animals and environmental tance, since premature young animals reach the term
conditions makes it possible to significantly accelerate  of economic use faster with lower feed costs per unit
the process of improving existing breeds. The intensity  of growth. The dynamics of live weight with age can
of growth and development, as well as the increase in  be used to judge the intensity of growth, the nature of
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metabolism, prematurity and the state of the body as a
whole. Therefore, it is of scientific and practical inter-
est to study the features of growth and development of
purebred and cross-breed sheep of the meat direction
of productivity.

Today, a new domestic breed of sheep is being cre-
ated at the Askania-Nova Institute of Animal Husband-
ry by crossbreeding using imported high-yielding meat
rams of the Texel and Merinolandscape breeds on ewes
of the local Merenos breed.

The Askanian thin-fleece breed belongs to the
wool-meat direction of productivity. Due to its valuable
hereditary and productive qualities, good adaptability
to environmental conditions, it has received general
recognition and wide distribution and is the main breed
for obtaining merino wool [1].

Taking into account the current state and trends in
the development of sheep breeding in Ukraine and the
world, the question arises as to the feasibility of us-
ing the Askanian fine-wool breed in industrial crossing
with breeders of foreign selection.

The Texel is one of the most common breeds in the
world and is extremely popular in Europe, America, New
Zealand and Australia. They easily adapt and adapt to the
external environment, are characterized by increased re-
sistance. The main distinguishing feature of the animals
is the high content of muscle tissue in the carcasses. This
breed is widely used for selection purposes when cross-
ing with other genotypes to increase the meat productiv-
ity of existing and create new genetic formations [2; 3].

The Merinolandscape breed has a meat-wool pro-
duction direction. Old types of German and French
Prekos and a number of English breeds took part in
its creation. Today, in Germany, meat merino, thanks to
high indicators of productivity and competitiveness, oc-
cupies a leading place [4].

Taking into account the mentioned useful features
and biological features, the use of Texel and Merino
Ladshaff breeders is promising, therefore it is appro-
priate to study the growth and development of young
sheep obtained using these genotypes.

Scientists note that the relationship between the
processes of growth and development is the corre-
spondence between the quantitative and qualitative
changes that occur in the animal's body during on-
togenesis [5]. Many scientists studied the impact of the
intensity of animal growth on their productive qualities,
which was reflected in their scientific works [6-9]. The
intensity of formation is determined by heredity and
conditions of keeping, as evidenced by the breed and
constitutional features of animals [10-13].

Since the productivity of adult animals is related
to growth and development in early ontogeny, and
their level is established during the period of growing
young animals, live weight is the subject of in-depth
study. K.B. Svechin in his works emphasized the im-
portance of the peculiarities of the periodization of
individual growth and development of animals in on-
togenesis [8].

Ukrainian Black Sea Region Agrarian Science, 25(1), 69-76

Modern researchers, when studying the intensity of
growth of young animals of various options for select-
ing parental pairs, found that the best indicators of av-
erage daily growth have animals obtained in selections
using rams of meat types [14].

Inview of the above, studying the patterns of growth
and development of young animals of various origins is
relevantand hasbothscientificand practicalsignificance.

The purpose of the article is to study the efficiency
of using breeding rams of the specialized meat breeds
Merinolandshaf and Texel with ewes of the Askanian
fine-wool breed and their effect on the meat qualities
of the obtained young, in particular on the live weight,
absolute, average daily, relative growth of crossbred
lambs in steppe conditions zones of Ukraine.

MATERIALS AND METHODS

The research was carried out in the conditions of the
SEEF “Askania-Nova”, which is subordinate to the Insti-
tute of Animal Husbandry of Steppe Regions named af-
ter M.F. Ivanov “Askania-Nova” and is located in the vil-
lage of Askania-Nova, Chaplin district, Kherson region.

Lambs of three experimental groups served as the
object of research: 1%t group - purebred Ascanian meri-
nos (ATB), n=20; 2" group - crossbreeds of half blood
Merino x Merinolandshaf (ATBxM), n=21; 3 group -
crossbreeds of %2 blood Merino x Texel (ATBxT), n=15.

Growth and development of lambs was monitored
by individual weighing for six months.

Exterior evaluation was carried out by measuring
the main dimensions: height at the withers, height
at the withers, width of the chest, depth of the chest,
oblique length of the trunk, width at the withers, chest
girth, wrist girth, head length, head width. Based on
the results of the measurements, the following indi-
ces of body structure were calculated: long-legged,
stretched, pelvic-thoracic, massive, bony, thoracic, short,
deep-chested, large-headed. Measurements were taken
from animals at birth at 2,4 and 6 months of age.

Based on the data on the dynamics of live mass, the
indicator of the intensity of the formation of live mass
of young animals (dt) was determined, according to the
method of Yu.K. Svechyn [9]:

Wi —Wo We—Wy

AT = - (1)

T 05(WatWy)  0.5(Wg+ws)

where AT is the intensity of formation; W, W, W, -
live weight of lambs at birth and at the age of 4 and 6
months, respectively, kg.

The index of uniformity (lu) and tension (It) of
growth was calculated according to the method of
V.P. Kovalenko [16]:

Wy —Wo We—W,

AT = - 2)

T 05(WatWy)  0.5(We+Ws)

where / is the growth uniformity index; AG - average
daily growth from birth to 6 months of age, kg.

A
I, = = AG, (3)



where AG is the average daily growth from birth to 6
months of age; RG - relative growth from birth to 6
months of age.

All quantitative indicators were determined by the
method of variational statistics according to the algo-
rithms of M.O. Plokhinsky [16].

The study of meat productivity was carried out
based on the results of the control slaughter of lambs
at the age of 6 months (3 heads from each group). At
the same time, the live weight after a 24-hour starva-
tion period and the results of the initial processing of
carcasses were taken into account.

Biometric data processing was carried out using MS
Excel software using statistical functions.

RESULTS

Growth and development indicators are one of the cri-
teria for evaluating sheep genotypes, in particular their
meat qualities.Animal growth is a process of increasing,

lovenko and Hladiy

first of all, live mass. At the same time, knowledge of
the prematurity of lambs in the period from birth to
weaning from ewes makes it possible to assess their
biological capabilities in relation to growth speed.

The development of sheep and the shape of their
physique are judged by live weight and linear param-
eters. This assessment allows you to identify positive
and negative features of the animals’ exterior and get a
more complete picture of them.

The growth rate has an important economic value
because animals with high growth intensity have a bet-
ter feed conversion. The live weight of lambs at birth
is an indicator of the interaction of a large number of
external and internal factors that affect the degree of
fetal development in the embryonic period. In general,
as the results of our research show, the development in
the post-embryonic period and the formation of subse-
quent productivity are related to the parameters of live
weight of lambs at birth (Table 1).

Table 1. Live weight dynamics of lambs in different age periods

Genotype
Age, months ATB (n=20) ATBxM (n=21) ATBXT (n=15)
C.% C.,%
At birth 4.7%0.18 17.48 4.7%0.23 24.42 5.8+0.36° 26.24
2 20.1#0.61 10.84 19.8+0.94 22.71 20.9%0.93 18.23
4 26.3%0.87 14.37 27.7%¥1.43 23.06 32.4%1.51" 17.42
6 33.7¢1.15 13.67 34.5+1.73 20.69 39.1+¥2.19° 18.56

Note: * - p<0.1; ** - p<0.01; *** - p<0.001

It was established that at birth and during the en-
tire period of the experiment, the lambs were charac-
terized by a relatively high live weight. With regard to
their growth, it was found that crossbreeds obtained
from crossing ATBxT had a probably higher live weight
at birth - 5.8 kg (P<0.1). Peers of other genotypes are
inferior to them by 1.1 kg (P<0.1). A similar situation
occurred up to the age of 6 months. At the same time,
the variability of this feature in the presented group at
birth was the highest, Cv=26.24%. For comparison, in
the environment of purebred animals, the coefficient
of variability was only 17.48%. During the next growing

period, the identified difference was preserved and,
for example, at the age of 6 months, purebred animals
were inferior to their counterparts in this indicator by
4.89-7.02. That is, the established dependence indi-
cates that local sheep with a long history of breeding
are more consolidated in terms of body weight and are
better adapted to environmental conditions compared
to newly created genotypes.

A more detailed result of the growth and develop-
ment of lambs was obtained by means of a complex
analysis through the assessment of average daily, abso-
lute and relative growth (Table 2).

Table 2. Dynamics of increases in live weight of lambs, X*Sx

Genotype
Age, months
ATB ATBxM ATBXT
Absolute gains, kg
0-2 15.1%0.53 15.1+0.84 15.0+0.70
2-4 7.1+0.65 7.6*0.69 11.3%0.74™
4-6 7.7%0.50 7.120.42 6.8+0.80
0-6 27.5%1.93 29.9%1.65 33.1£1.92°
Average daily increments, g

0-2 247.9+8.28 271.1+14.15 255.6%13.39
2-4 88.8+7.46 98.7+8.46 140.0+8.54™
4-6 108.1£7.01 100.2£5.88 95.1+11.32
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Table 2, Continued

Genotype
Age, months
ATB ATBxM ATBXT
0-6 130.5+8.48 147.0£7.10 156.6%8.52
Relative gains, %
0-2 120.2£2.07 122.1£3.02 111.9%2.86°
2-4 29.9+2.23 31.9%£2.20 42.4%2.31™
4-6 25.9+¥1.74 24.1+1.79 19.1£2.03
0-6 148.0£2.24 152.6%£2.41 146.3%£2.62
Growth rate
0-2 4.1+0.14 4.3%0.20 3.6x0.16
2-4 1.4+0.03 1.4%0.03 1.5+0.04
4-6 1.3%0.02 1.3%0.02 1.2+0.02
0-6 6.8%0.35 7.8%0.47 6.7£0.42

Note: * - p<0.1; ** - p<0.01; *** - p<0.001

It was established that the ATBxT group exceeded
its peers in terms of absolute growth during the entire
study period (ATB - 27.5; ATBxM - 29.9; ATBXT - 33.1).
That is, at that time, the animals obtained from crossing
the Ascanian fine-wool breed with the Texel breed were
more stress-resistant.

During the period from birth to 6 months of age,
these same genotypes had the highest average daily
gains (156.6 g versus 130.5 and 147.0 g).

As for relative growth, a rather interesting situation
is observed.From birth to 2 months of age and from birth
to 6 months of age, ATBxM hybrids had a significant ad-
vantage, and the ATBxT group had the lowest indicators
throughout the entire period, except for the period from
2 to 4 months of age: | = 29.9%; 1l - 31.9%; 11l - 42.4%.

During the period from birth to 6 months of age,
these same genotypes had the highest average daily
gains (156.6 g versus 130.5 and 147.0 g).

As for relative growth, a rather interesting situa-
tion is observed. From birth to 2 months of age and
from birth to 6 months of age, ABTxM hybrids had a
significant advantage, and the ATBxT group had the

lowest indicators throughout the entire period, except
for the period from 2 to 4 months of age: | - 29.9%;
[1 - 31.9%; Il - 42.4%. Regarding the overall growth
factor, in general, differences between individual gen-
otypes of lambs were observed only in the period from
birth to 2 months of age (4.1; 4.3; 3.6) and from birth
to 6 months of age (6.8; 7,8; 6,7), where the ATBxM
group predominates.

In this way, it was established that the best indica-
tors of the development of live body weight during the
six-month period of ontogenesis are characterized by
local young animals of the Ascanian fine-wool breed
and the Texel breed.However, there is no linear dynam-
ics of the value of this feature, which is related, in our
opinion, to different feeding conditions of these ani-
mals at different stages of growth.

The value of the linear parameters of young an-
imals was studied at birth at the age of 2, 4 and 6
months (Table 3).

The superiority of the specified genotype over
peers of other groups of lambs under investigation is
fully confirmed by body structure indices (Table 4).

Table 3. Linear parameters of body sexes of lambs in different age periods, X*Sx

Measure, sm
Genotype heig.h S heig.h i chest width chest depth LR LE chest girth
withers, withers, length
At birth

ATB 38.1£0.45 39.1+0.46 9.4%£0.22 14.2+0.19 31.2+0.54 40.7%0.57
ATBxM 39.3%£0.57 40.1%0.60 9.5+0.21 14.2+0.24 32.5%0.67 40.6%0.56
ATBxT 40.5%0.58 41.3+0.58 10.9+0.30™ 14.9%0.25 33.8+0.77 43.4%0.86

2 months
ATB 53.3+0.84 54.2+0.83 17.0+0.37 24.3%0.25 57.5%1.03 71.8%£1.03
ATBxM 53.7%0.73 54.1%0.77 17.5%0.42 23.6%0.39 56.1+1.00 70.6%1.84
ATBxT 54.1+0.77 54.4%0.78 18.5+0.41" 24.3%0.46 55.8+0.72 75.0%1.38

4 months
ATB 58.2+0.46 58.7%0.50 22.3%0.41 27.7%0.28 60.7£0.74 81.6%£2.12
ATBxM 60.9+0.90 60.7%0.93 20.7%0.63 28.9%0.50 61.9%1.33 83.0+1.81
ATBxT 61.1£1.01 61.2+0.97 23.5%0.41° 30.1%0.61 62.9%0.96 87.5+2.03°
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Table 3, Continued

Measure, sm
Genotype height at the height at the chest width chest depth DIl 1L chest girth
withers, withers, length
6 months
ATB 58.7%0.82 59.8+0.87 22.1%0.42 27.7%0.37 61.6%0.86 96.1%£1.22
ATBxM 57.1+1.04 58.5+1.23 21.8+0.57 27.0£0.44 64.2+1.31 94.4%2.22
ATBXT 59.1#1.15 60.4%1.33 24.0¢0.41" 28.8%0.68 66.0+1.4° 104.0¢2.3"

Note: * - p<0.1; ** - p<0.01; ™ - p<0.001

Table 4. Indices of body structure of lambs, X = SX

Genotype Index
Sprains Overgrowth Bones Contusion Chest Massiveness
At birth
ATB 82.1%£1.23 102.8+0.59 18.3%0.33 130.7+1.69 66.2%1.22 107.2+1.63
ATBxM 82.6%1.26 101.9%0.29 17.3%0.17 125.9+1.88 66.9+1.29 103.5%0.65
ATBxT 83.5%1.29 102.1+0.36 19.3%0.27 128.6+1.87 73.2%1.65 107.0+1.05
2 months
ATB 108.2+2.39 101.8+0.55 17.5£0.22 125.2#1.99 70.1¢1.23 135.2%£2.75
ATBxM 104.5+1.44 100.7%0.28 16.3£0.21 125.8+2.73 74.0+1.09 131.2%¥2.76
ATBXT 103.3#1.41 100.5%£0.41 16.9+0.20 134.4+1.94" 76.7+1.68 138.6%1.61
4 months
ATB 104.3+1.06 100.9+0.49 16.7+0.28 134.6+£3.47 80.8+1.38 140.2+3.54
ATBxM 101.5¢1.16 99.8+0.48 15.9+0.28 134.4+2.01 71.6%1.68 136.2+1.96
ATBXT 103.2+1.24 100.3%0.73 16.3£0.32 139.1£2.35 78.3%1.29 143.5+£3.01
6 months
ATB 105.1+1.64 102.0+1.01 17.3£0.52 156.1+1.29 79.9%1.67 164.0+2.02
ATBxM 112.6%1.72 102.3+0.81 17.5%0.52 147.2%2.67 80.7£1.55 165.1+2.00
ATBXT 111.6%1.47 102.1+1.05 16.7%0.61 157.61.64 83.5%1.40 175.9+¥2.53™

Note: * - p<0.1; ** - p<0.01; *** - p<0.001

Thus, at birth and at the age of two, four, and six
months, these young animals had higher values of the
indices of rump, thoracic,and massiveness. For example,
chest at the age of 6 months was 83.5 cm against 79.9
and 80.7 cm.The index of collapse is 157.6 at the age of
6 months, which is 10.4 more than the age group; mass

index at 6 months of age was 175.9 cm versus 164.0 and
165.1 cm in the other two groups (P<0.001). Differences
between genotypes were also determined by indicators
of growth intensity (Table 5). It was established that the
higher intensity of formation is characteristic of ATBXT
andwas 1.21,whichis 0.01-0.06 higher than peer groups.

Table 5. Indices of growth intensity of lambs

Genotype
dt
ATB 1.15
ATBxM 1.2
ATBXT 1.21

According to the research results, it was also es-
tablished that ATBxT animals were characterized by the
highest growth tension (1.29), which is 0.14-0.28 high-
er than in other tested genotypes.

In the creation of new genotypes of sheep for meat
productivity, in addition to growth parameters, the de-
velopment of their meat qualities is extremely impor-
tant. Sheep meat has a number of distinctive features

Indicator
I, A
0.06 1.01
0.06 1.15
0.07 1.29

compared to the meat of other farm animals and is in
demand among the population. Mutton belongs to valu-
able human food products and is characterized by good
taste, aroma and dietary properties. Sheep fat is distin-
guished by its high energy content and low cholesterol
content. This product is obtained from sheep of all
breeds, but breeds specialized in meat, meat-wool and
meat-fat directions have the highest meat productivity.
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Sheep meat productivity and meat quality are af-
fected by manyfactors,including breed, sex,age, feeding
and maintenance, belonging to a certain type of consti-
tution [17-19]. Formation of fleshiness in young sheep
also occurs under the influence of environmental factors.

The formation of meat qualities of animals occurs
during the period of growth and development. Features
of meat productivity manifest themselves at an early
age and are closely related to the exterior of animals
[20]. The highest increase in muscle tissue occurs in
early ontogeny before puberty. In adult animals, weight
gain occurs mainly due to fat deposition. It has also
been proven that in the absence of fat deposition in

Indicator
ATB

Number of animals 3
Pre-slaughter weight, kg 34.7%0.67
Weight of the steamed carcass, kg 14.2%0.46
Mass of internal fat, kg 0.54+0.08
Slaughter weight, kg 14.8+0.54
Slaughter yield, % 42.6*0.76

Note: * - p<0.1; ** - p<0.01; *** - p<0.001

As for the slaughter yield, according to the data of
many scientists [23; 24], it has been established that
depending on the direction of productivity of sheep,
this indicator ranges from 35-60% and depends on the
sex, age, breed, fatness of the animals, as well as the
number of lambs born. According to the results of our
research, the slaughter yield of crossbred lambs at the
age of 6 months was 46.3% (ATBxM) and 47.4% (ATBxT)
of the pre-slaughter weight, respectively. In purebred
lambs, this indicator was at the level of only 42.6%.

As for visceral fat, ATBxM animals had a higher in-
dex than peers, and ATBxT animals had the lowest.

The carcasses of crossbred animals are significantly
and positively different from those of purebreds. There
is also a noticeable difference between groups of hy-
brid genotypes in favor of the ATBxT variant.

In general, we can make a preliminary conclusion

Table 6. Slaughter qualities of rams in different age periods

the carcass, it is impossible to achieve maximum mus-
cle growth. [21; 22]. It is known that the best quality
parameters are characterized by young lamb obtained
from animals at the age of 6-8 months. In this context,
below are the results of research on the relevant local
young. Objective indicators of sheep meat productivity
are the pre-slaughter weight of the carcass, the slaugh-
ter weight, the ratio of bones and pulp in animal car-
casses, and the slaughter yield.

Table 6 shows the slaughter qualities of rams in dif-
ferent age periods. It was shown that the carcasses of
ATBXT rams significantly outperformed the indicators
of the other two groups in terms of certain parameters.

Genotype
ATBxM ATBXT
3 3
37.8+0.44" 39.5#1.50™
16.8+0.42" 18.3¥0.91"
0.68+0.10 0.46*0.05
17.5%0.33" 18.7%0.96
46.3+0.33" 47.4+1.20°

that domestic rams are characterized by better slaugh-
ter qualities, and ATBxT genotypes have a special ad-
vantage, which indicates their early maturity.

The morphological composition of the carcass de-
pends on the breed, sex, age and fatness of the sheep.
Lamb carcasses contain more bones, less pulp and fat
than adult animal carcasses. With increasing fatness,
the content of pulp and fat increases, the specific mass
of bones decreases. At the same time, the output of the
most valuable offcuts increases - the back part, shoul-
der blade, brisket and rear part.

The morphological composition of the carcass
is established by deboning its individual cuts. Since
deboning carcasses is a time-consuming process, indi-
cators characterizing the meatiness of carcasses with-
out deboning have been proposed. Indicators related to
these data are presented in Table 7.

Table 7. Morphological composition of carcasses of experimental animals

Indicator

ATB
Mass of chilled carcass, kg 13.3*0.42
Muscle and fat tissue, kg 9.6+0.39
Bones and tendons, kg 3.8+0.03
Yield, %: pulp 71.8%0.64
bones 28.2+0.64
Coefficient of fleshiness 2.5+0.08

Note: * - p<0.1; ** - p<0.01; ™ - p<0.001

It was established that animals of the ATBXT cross-
breed had the largest weight of the chilled carcass
(17.3 kg), which is 1.4 kg more than ATBxM and 4 kg

Ukrainian Black Sea Region Agrarian Science, 25(1), 69-76

Genotype

ATBxM ATBxT
15.9+0.43" 17.3#0.89"
11.2%0.27° 12.6+0.81°
4.6%0.16 4.7%0.13™
70.9%0.32 72.6%1.13
29.1%0.29 27.4%1.13
2.4+0.04 2.7+0.14

more than ATB. ATBXT crossbreds had the highest mass
of muscle and fat tissue, and purebreds had the lowest,
in particular, 12.6 kg versus 9.6 kg (p<0.1). And domestic



animals ATBxM - 1.4 kg less than ATBxT. The same sit-
uation was observed with regard to bones and tendons
(ATBXT - 0.9 kg more than ATB; and 0.1 kg from ATBxM).

According to the percentage of the yield of pulp and
bones, the following is established. Local animals of AT-
BxT have the largest output of pulp and the smallest -
bones. Their pulp yield was 72.6%, in ATBxM it was 1.7%
less,and in purebred animals it was 0.8% less. The yield
of bones in these lambs was 27.4%, which is 1.7% less
than from cross-breeds and 0.8% from purebred animals.

The fleshiness coefficient of ATBXT was 2.7 %, which
is 0.3% more than that of ATBxM crossbred animals and
0.2% more than that of purebred Merinos.

lovenko and Hladiy

CONCLUSIONS

It was established that the best development pa-
rameters were characterized by crossbreeds of the
Texel with the Ascanian fine-wool breed, therefore
this crossbreeding option has the highest genetic po-
tential for meat productivity. In contrast to purebred
Merino peers in the early post-embryonic period, they
are characterized by probably higher parameters of
live weight gain, growth intensity, growth tension, as
well as better characteristics of meat qualities of young
lamb. That is, due to their adaptive abilities, these an-
imals are quite suitable for breeding in the conditions
of southern Ukraine when creating new highly pro-
ductive genotypes of the meat sector of productivity.
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XapaKTepuUCcTUKa POCTY, PO3BUTKY Ta M’AICHUX IKOCTEN
MONOAHSAKY OBeLlb Pi3HUX reHoTUNIB

Bacunb loBeHko

[loKTOp CiNnbCbKOrocnoaapcbkux Hayk, npodecop

[HCTUTYT TBapUHHMLTBA CTEMOBMX panoHiB iMeHi M.M. IBaHoBa «AckaHis-Hoga»
75230, Byn. CobopHa, 1, cMT AckaHig-Hosa, XepcoHcbka 06nacTb, YKpaiHa
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|[HCTUTYT TBAaPUHHULITBA CTENOBMUX ParioHiB iMeHi M.M. IBaHoBa «AckaHif-HoBa»
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AHoTtauig. [locnigxeHHs po3BUTKY OpraHi3My, BPaxoBYHUM reHOTUN TBAPWH Ta YMOBM CEpPEAOBULLA, LAE MOXKIMBICTb
CYTTEBO MPULIBUAWNTU MPOLEC YAOCKOHANEHHS iCHYHOUYMX MOPpiA. IHTEHCUMBHICTb POCTY i PO3BMTKY MAa€E Barome
3HAUEHHS, TOMY LLO CKOPOCTUINIMIA MONOAHSK LWBKMALWE AOCAraE CTPOKY rOCNOAAPCbKOr0 BUKOPUCTAHHS 3 MEHLIMMU
BMTPATaMu KOPMY Ha OAMHULIO NPUPOCTY. 38 AMHAMIKO XXMBOT MaCK 3 BIKOM MOXHA XapaKTepU3yBaTH iIHTEHCUBHICTb
pOCTY, XapakTep 06MiHYy peYOBMH, CKOPOCTUMICTb i CTAH OpraHiaMy B LifnoMy. TOMy NpeacTaBAsie HAYKOBWM i
NPaKTUYHUI iHTepec BUBYEHHS 0COBAMBOCTEN POCTY i PO3BUTKY YUCTOMOPOAHMUX i MOMICHUX OBELb MICHOMO HaMNpsiMy
NpoayKTMBHOCTI. CKOPOCTUINMI MONOAHSK LWBMALE AOCATAE CTPOKY rOCMOAAPCbKOr0 BUKOPUCTAHHS 3 MEHLIMMM
BMTpPaTaMu KOPMY Ha OAMHULIO MPUPOCTY. Ha iHTEHCMBHICTb pOCTY, XxapakTep 0BMiHy pe4yoBMH, CKOPOCTUIAICTb i
CTaH OpraHi3My BKa3ye AMHaMiKa XMBOi Macu. MeToto cTaTTi 6yN10 BU3HAUUTKU BApiaHT CXPELLYBaHHS, SKWUIA BONOLIE
HaNBULLMM FEHETUYHUM MOTEHLiaNOM MACHOI NPOAYKTUBHOCTI Ta IHTEHCMBHOCTI POCTY. Y X0O4i AOCNIAXEHHS aBTOPH
BMKOPUCTaNM METOA, NabopaTOPHOro aHanily, mopiBHAHHS, CUHTE3Y Ta NPOrHO3yBaHHA. [locnigkeHo 0co6aMBOCTI pocTy
Ta pO3BUTKY BapaHUMKiB TPbOX Pi3HUX FEHOTUNIB B HAPOAXKEHHS A0 LLeCTUMICAYHOrO BiKy,30KpeMa: YNCTONMOPOLHOIO
MONOAHSKY aCKaHiMCbKOT TOHKOpPYHHOI nopoau (ATT); nomicen uboro reHodoHAy 3 nopopamu Tekcenb (ATTIXT)
Ta MepuHonaHawad (ATMxM). KoHTponb 3a poCTOM i pO3BUTKOM MiAA0CNIAHMX TBapWH 3AIACHIOBaNAU METOA40M
3Ba)XKYBaHHA Y pi3Hi BikoBi nepioan. OLiHKY MACHMX SKOCTEM NPOBeAEHO 3a pe3ynbTaTamu 3a60t. BctaHoBNEHO,
WO KpalmMMmM NapaMeTpamMmn po3BUTKY XapakTepusyBaanca NoMici TeKCenb 3 aCKaHiMCbKOK TOHKOPYHHOK NOPoaoH),
TOMY Liel BapiaHT CXpeLLyBaHHS MA€ HAMBULLMIM FEHETUYHWUI NOTEHLian MACHOT NPOAYKTUBHOCTI. [IpakTUYHa WiHHICTb
NoN_ra€e B OTPUMaHHI NOTEHLIAHO BiNbLIOro NPMPOCTY XXMBOI MAaCK OBELLb 33 KOPOTLLMI Nepiog, Yacy i nabopaTopHOMy
BMBYEHHI BaCTMBOCTEN NOTOMCTBA OTPUMAHOI NOpoaM

KntouoBi cnoBa: BiBLi, reHOTUM, )XMBA Maca, NiHiliHI NapaMeTpu, iIHTEHCUBHICTb pOCTY
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Abstract. There has been an increase in demand of corn in the world. This requires the use of high-performance
agricultural machinery, including combine harvesters. However, corn harvesters have high grain losses and their
apparatuses must be improved. The aim of the article was justification of corn picker operation by developing a
mathematical model of the process of cobs separation in the complex combination several forces. To verify this
model the results of the simulation were compared to experimental data. The wave theory has proved to be more
accurate compared to the static model. The results of the theoretical researches of the methods of corn-cobs
separation from stems are given and mathematical models are worked out. The technological process of corn-
cobs separation fulfilled by the combination of different forces and the valuation of the resulting tension. The
technological process of cobs separation is considered in combination of many forces, and making assessments of
the resultant tension. Further research will be focused on the intensification of this process by the integration of
stretching the stalk together with its twisting

Keywords: corn, cob, separation, cob separation system, mathematical model

INTRODUCTION

For the long time corn has ranked third among cereals
in the world [1]. Corn is the world's largest crop and
important feedstock for food, fodder and ethanol pro-
duction. World ethanol production is expected to be
doubled in the nearest future. Moreover, corn cobs are
agricultural biomass and they can be feedstocks for re-
newable energy industries to abate the current energy
and the greenhouse gas problems.Corn cobs can be used
for producing variety of energy and fuels such as heat,
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electricity, gaseous, liquid and solid fuels, as well as a
number of chemical products. It results in an increase of
corndemand.The growth is expected to occur in Ukraine
too, which currently is a large producer in Europe.

One of the important technological processes which
regulate qualitative and quantitative indexes while har-
vesting corn for seeds is the separation of cobs from
stems. The most widespread commercial method of sep-
arating is the cutting with a sharp blade. Unfortunately
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this cutting operation may sever the upper part of the
cob. It results in reducing the harvest obtained. The loss-
es are around 20%. However, installed on the majority of
the world’s corn-harvesting machines picker-strapping
cob- separating apparatus are not on appropriate level
of quantitative indexes of operation. The improper qual-
ity of this technological process fulfilling is explained
mostly by the fact that their operation is based on the
principle of separation at the expense of longitudinal
stretching that leads to its rupture. But in some cases the
resistance of the stem rupture may be less than in the
stalk. This may lead to harvest losses by free cobs [2]. In
addition,due to the considerable tension of the stalk and
its violent destruction, we cannot exclude the possibility
of throwing the cob outside the reaper after separation.

That’s why the development of a new design of
a cob separation apparatus is an important scientific
problem. Its solving would give a possibility to increase
general technical level of corn-harvesting machines.

Design engineers need reliable and simple math-
ematical apparatus to create effective corn harvesters
and corresponding equipment. That is why the aim of
this study is to develop the mathematical model for the
cob-separating in the cases of static and dynamic loads
with choosing of the best option.

LITERATURE REVIEW

Scientists of various research institutions carried out a
significant amount of work to improve the cob-separat-
ing apparatus (particular elements of this question were
solved in the design bureau of Kherson Combine Plant).

Classification of corn cob recovery systems are with-
in the following domains: separation method, separa-
tion location,and storage location. The corn cobs can be
separated by the following methods: mechanical, pneu-
matic, and combined. This process can be carried out
on board the harvester and in stationary conditions. In
Ukraine combine based methods of separation are used.

There are patents to solve this problem. They pro-
pose the following ways: removing intact whole ker-
nels of corn from the cob [3]; a dual action corn cob
separation [4]; the use of conveyer system [5].

On the basis of the research a common thought ap-
peared that the most promising way to improve cob-sep-
arating apparatuses is stabilization of the parameters of
the cob-separating process. That is, the transition from
structures in which the separation of the cobs is random,
chaotic in nature, to structures in which these process-
es are predicted on the basis of certain regularities [6].

Researchers have studied the mechanical properties
of corn stalk. Threshing forces of corn stalk have been
tested by X.P.Li & L.X.Gao [7],X.F.Lietal.[8],L.X.Gao et
al.[9]and H.D.A.Dominguezetal.[10].In the above publi-
cationstheeffects ofanumberoffactorswere considered.

To design agricultural and processing machines re-
quires specificof knowledge,including mechanical prop-
erties of biological materials. They are necessary to de-
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velop agricultural machines that operate in aggressive
and severe conditions. Therefore, mechanical properties
of biological materials produced by agriculture have
been the object of studies. The above knowledge is use-
ful for the development of technological processes [11].

C.D. Akritidis has revealed the mechanical factors
affecting the cut of corn stalks [12]. He analyzed the
stalk cutting taking into account the mechanical prop-
erties of the corn stalk and the cutting blade. A. Ese-
haghbeygi [13] carried out the measurement of the
shear stress of stalk for the following conditions: differ-
ent moisture content; different cutting heights of stalk.
The optimal knife oblique for the lowest shearing pres-
sure has been found. Its value was determined at 30
degree. Prasad & Gupta [14] studied the shearing force
for cutting corn stalks. They found that the maximum
shearing force depends on the shearing velocity.

P.Miu [15] found the impact of a number of factors
(mechanical and physical properties of stalks, the me-
chanical forces exerted through the harvester combine,
plant curvature,and pick up cobs) on the cutting process.

To design agriculture machines it is necessary to
know the physical and mechanical properties of the
plants. The geometrical dimensions, ultimate tensile
strength, angle of friction of corn cob, etc. are essential
for the designing of harvester units.

RESULTS

The conventional cob-separating apparatus operation
process was considered. They use the principle of the
stretching of a stalk. The corn stalk was considered as
a tensile elastic constant section thread of permanent
intersection. It has area of S. This physical model was
selected to develop the mathematical model.

This thread is stretched by pull rollers. The stretch-
ing process continues until the cob meets the stripper
plates. The process from the moment of contact with
the stripper plates to the moment of separation of
the cob was considered. The moment of contact was
accepted as the origin of time (t=0). The pulling force
of the rollers is replaced with the applied force No to
the free end of the cob (z=l). The left side of the cob is
clamped with stripper plates and could be considered
to be fixed between the stripper plates. The length of
the cob is equal to L.

Stripper
plates Cob

No

ANN
\

Figure 1. The calculation scheme



In the case of the stalk static load, a tension of the
same length appears in the pattern thread [16]:

N
o==
So

,Pa, 1)

where S is the section of the stalk, m”.
Initial conditions are considered to be zero, and at
the initial time (t=0) they are described by expression:

du(0,z)

t=0;u(0,2z) = 0; "

0, Q)

where tis the time, sec; u is the function of longitudinal
deformations, m; z is the longitudinal coordinate, m.

The boundary conditions are the following: z=0,
u=(0, t). In this point the stalk is clamped. No force is
applied to the other end of the cob. Its longitudinal co-
ordinate is z=[. The maximum value of the stalk defor-
mation u (£, 2) is reached at the moment of time:

21
ty =, sec, ©)

where g, is the speed of sound into the plant, m/s.

The maximum value of the stalk deformation is de-
termined by the equation:

16Nyl

Uy = Y. = n=135..),m )

EST? n2’

where [ is the cob length, m; E is the modulus of elas-
ticity (Young's module) of the corn cob, Pa.

Loay Al-Zube et al. studied the modulus of elasticity
values of the dry maize stalks obtained using different
mechanical loading modes. All methods showed that
the modulus of elasticity ranges from 6 to 16 GPa [17].
In the case of the dynamic load, the longitudinal func-
tion is equal to:

2Nyl
Uy = 52, (5)

In the case of the static load, the longitudinal func-
tion is halved:

Nyl
Umax = E_;o , M. (6)

The maximum force in the thread can be found by
the following expression:

n—1
SNOESOZ -172
n

Tmax = 2
Tqoag

N, (7)

where g, is the weight per unit length of the thread
(cob), kg/m.

Thus, the dynamic destruction of the thread by
force N, will give an effort at the point of fastening the
stalk and the cob [16]:

T =2N,N ®)

max

Thus the dynamic force is twice the force under
static load. The tension in the thread when it is de-
stroyed is:

Hruban et al.

_ Tmax _ 2Np
Omax = % _T'Pa' )

The separating of cobs in the in the piker-strapping
apparatus is accompanied by an impact to the stripper
plates. Therefore, the next stage of this study is the in-
vestigation of this phenomenon.

The interaction of a cob and the stripper plates
was considered as a strike of an elastic rod (the moving
speed is equal to V) on a stationary plate (Fig. 2). The
weight of the stationary plate exceeds the weight of
the rod. We accept the following interaction conditions:

the stripper plates do not deform;
the stripper plates remain stationary.

Stripper/
plates / Cob

)

NN

/

Figure 2. Scheme of the interaction of the cob
and the stripper plates

Two models of strike were considered. In the first
case, the wave processes in the cob is neglected. We
believe that the cob deforms along the whole length
at the same time. The distribution of the tension in the
cob can be determined by the equation:

o(z) = aoi,Pa. (10)
where z is the coordinate whose size differs from the
free end of the stalk; o, is the tension at the base of the
cob, Pa; [ is the length of the cob, m; ¢(2) is the tension
in the point with the coordinate z, Pa.

The force in the cob is determined as:

T(2)=S,0(z), N (11)
The full work of cob deformation is:
A= TSy (12)

6E

Having equated the work of deformation (11) to ki-
netic energy, we obtain the tension [6]:
0o = \/§Z—‘;E Pa. (13)

where V, is the velocity, m/s.
Then, substituting (12) in (10), we obtain the ex-

pression for determining the force in the cob during the
impact:
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T =43 Z—‘; ES,,Pa. (14)

We can see from formula (13) that in order to per-
form the technological process of separation of cobs
more effectively, it is necessary to strive in increasing
the speed of rotation of the stretching rollers. However,
rather high dragging speeds and significant separation
efforts lead to the cobs throwing beyond the reaper,
thereby reducing the harvest.

In the second case, we solve the same problem
using the wave model of the rod. The maximum value
of the movement of the right end of the cob (z=l) is
reached by t=l/a, [18]:

BVOZ( 1, 1 Vol
u = 1+—+—+~')=—m
max 9 25 ao’

n2ag

(15)

Themaximumforceatthe pointz=0isachievedatthe
moment of time t,=l/a, is calculated by the expression:

4VoESo Zoo (_1)n+1 _EES —
may n=l on—1 ag 0

= —VySo+/PE (n =13,5...),N.

Tmax -
(16)

Thus, the exact solution of the problem differs from
the approximate one by the multiplier V3. The approxi-
mate solution gives a higher force.

To analyse the deformation of cob, its physical prop-
erties were used. Such data as length, diameter, porosi-
ty and angle of friction are necessary for our study. The
selected physical properties of corn cobs are shown in
Table 1.The length of cob varies from 20.17 to 23.2 cm.
And the average length of 21.68 cm is assumed [11].
The diameters of a corn cob are within the range from
3.78 to 5.69 cm [11]. The average diameter is 4.94 cm.
The porosity of cob ranges from 42.81 to 52.78%. The
average repose of angle of corn cobs was 26.76 de-
grees, and the angle of friction was 32.90 degrees.

Table 1. Physical properties of corn cobs

Parameter Unit
Length of corn cob cm
Diameter of corn cob cm
Porosity %
Repose angle of corn cobs degree
Angle of friction of corn cobs degree

The bulk density of whole corn cobs are within the
range from 163 to 316 kg/m3 [20]. This value depends
on species of corn and moisture content. The true den-
sity is a function of the bulk density and porosity:

100
~ 100-¢

Pt Py kg/m?, (17)
where p, is the bulk density, kg/m?; ¢ is the porosity, %.
The deformation chart of the cob and the time de-
pendent force is of significant scientific interest. To find
the above, new variables have been introduced:
n=2k-1. (18)
And the dimensionless time 7 = aT"t Moreover, to
make the equation more compact new abbreviations
are applied u, =V,l/a,, and To=ES -V /a,,.
Then equation for the longitudinal deformation
can be represented in the following form:

o (DT Tr(k-1)
u(l,7) = 2u02k=1[n(2k_1)]2 [" - ] (19)
2
And the equation for the force is:
sin[n(Zk_l)T]
T(0,7) = —2T, X, W:N- (20)
2

For the graphic interpretation of the results of cal-
culating the longitudinal deformation, the dimension-
less function was used:
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Minimum Maximum Average
20.17 23.2 21.68
3.78 5.69 494
42.81 52.78 46.74
19.1 37 26.76
28 38 329
() =52 (21)

We introduce a dimensionless function to deter-
mine the force:

(22)

The calculation results are shown in Figure 3 and
Figure 4.

To verify the mathematical model, the pulling
force for the separation of a corn cob was calculated
and compared to the experimental results. Initial data
have been taken from research conducted by Al-Mite-
wty et al. [21]. The following data were assumed for
computation:

The diameter of stalk is 2.21 cm;
The weight of a corn cob is 0.42 kg;
The length of corn cob is 21.68 cm;
The diameter of corn cob is 4.94 cm.

Al-Mitewty et al. reported that the pulling force
ranged from 307.9 to 330.18 N. Our computations
had the following results. In the case of the static
load, the pulling force was 355-396 N. The use of the
wave theory resulted in a less separating force. This
force varies from 290.9 to 324.6 N. The developed
mathematical model has good correspondence to ex-
perimental data and, therefore, it can be used for the
corn harvester design.
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Figure 3. Graph of the deformation in the end of the cob

Figure 4. Force in the point of interaction of the cob and the stripper plates

Based on the above, we can conclude that the use of
wave theory will give more accurate results. This theory
more accurately describes the processes that take place
in the cob during its separation due to the impact on
the stripper plates. However, the impact in the process
of cob separation remains undesirable, because as a re-
sult of such interaction of the cob with stripper plates
there is a high probability of destruction of the cob
base. It can result in partial and complete dropping-out
of grain during its transportation by corn harvesting
machines, thereby increasing the overall yield loss.

CONCLUSIONS

To analyze the separating force, the threshing prop-
erties were tested. The mathematical model has been

developed under quasi-static loading. As the result of
the research conducted the mathematical model of
major methods of cob separation has been developed,
which makes it possible to establish the regularities of
the change of the main kinematic parameters of the
cob-separating apparatus of the multifactorial action.

If we consider the combination of several forces in
the process of cob separation, then one of the promis-
ing ways to intensify this process is the integrated use
of stretching the stalk together with its twisting. In this
case, the torsion will be an additional destructive force.

Further research after checking the received re-
sults at a laboratory will focus on the practical imple-
mentation of them in the design and manufacture of
corn-harvesting machines.
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AHoTauig. Y CBiTi cnocTepira€TbCs 3p0CTaHHA NONUTY Ha KYKYpyA3y. Lle BMMarae BUKOpUCTaHHS BUCOKOMPOAYKTUBHOI
CiNbCbKOroCnoAapCbKoi TEXHIKKU, B TOMY YMC/Ti 3epHO30MpanbHMX KoMBaiiHiB. MpoTe KyKypya3036upanbHi KOMBaHK
MaltTb BMCOKi BTpaTWM 3epHa, a iXx 0bnagHaHHS noTpebye BAOCKOHaneHHsd. MeTow CTatTi Byno o6rpyHTYBaHHS
poboTH KyKypyL3036MpanbHOro KoMbalHa WisxomM po3pobku MaTeMaTUUYHOI Mogeni NpoLecy BigAiNneHHs KavyaHiB
Yy KOMMNAEKCHOMY NOEAHAHHI KinbKox cun. [lns nepesipku Ui€i Moaeni pe3ynstaTu MOAENOBAHHS MOPiBHIOBANNCS 3
eKCnepuMeHTanbHUMMU AaHUMU. XBM/IbOBA TEOPIN BUSABMIACSA TOYHILIOK NOPIBHAHO 3i CTaTUYHOK Modennto. HaBeaeHo
pe3ynbTaTM TEOPETUYHUX AO0C/ILKEHb CNOCO6IB BiOKPEMIEHHS KayaHiB KYKypya3u Big ctebna 1a po3pobneHo
MaTeMaTUYHi Moaeni. TeXHONOriYHMIM NpoLec cenapauii KavyaHiB KyKypyA3u BUKOHYETLCS WNSXOM NOEOAHAHHS Pi3HUX
3YCWAb | OLIHKM pe3ynbTyo4oro HanpyXeHHs. PO3rnsiHyTo TeXHONOrYHUIM npouec cenapauii KayaHiB y NOEAHAHHI
H6araTboX Cun i OLiHLI pe3ynbTy4oro HanpyxeHHs. MNoganblwi gocnigxeHHs 6yayTb 30cepemkeHi Ha iHTeHCUdiKaLii
LLbOro MpOoLLECY WASXOM iHTerpaLii po3TaryBaHHs ctebna pa3oM i3 Moro CKpyyvyBaHHAM

KntouoBi cnoBa: Kykypyasa, kayaH, cMcteMa cenapaLii KayaHiB, MaTeMaTU4Ha MOAENb
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INTRODUCTION

The sustainable development of energy systems in the
Republic of Moldova and Romania cannot be conceived
without a continuous development of energy produc-
tion based on renewable resources. Biomass energy
presents the most viable and promising prospects for
the conditions of the Republic of Moldova and the re-
lated regions of Romania (Botosani, lasi, Vaslui and Ga-
lati counties) [1-3].

For the areas metioned above, the main sources
suitable to be used as raw material for the production
of densified solid biofuels (DSBF) are agricultural wood
residues, in particular those of apple, plum, cherry, sweet
cherryandpeartrees,walnutbushes,aswellasvines[4;5].

During the last decade there has been a growing
interest of economic agents for the cultivation of dif-
ferent species of shrubs, in particular sea buckthorn [6],
blackberry, raspberry, blackcurrant, etc. [7]. in these ar-
eas. These crops also generate large volumes of plant
residues, suitable to be used as raw material for the
production of DSBF [8].

The use of agricultural waste as a raw material is
argued, both because it helps to reduce dependence on
fossil fuels and emissions of harmful gases into the at-
mosphere,and because it is a stimulus to establish some
new small and medium-sized enterprises in rural areas.

DSBF are produced in the form of briquettes and pel-
lets. This paper focuses on the study of DSBF produced
from pellet-shaped agricultural residues, although
some results can be adopted for all types of DSBF.

Pellets are prepared from shredded biomass, with
or without additives, by dehydration and compression
to double energy density of green wood. It is an en-
vironmentally friendly fuel, which, when beeing burnt,
eliminates the same amount of CO, that is absorbed
during the plant growth [9, pp. 96-98]. Moreover, the use
of pellets significantly reduces the generation of dust,
allows the use of various mixtures and mixtures of raw
materials - the process that allows to manage certain
qualitative characteristics of the finished product [10].

The management of agricultural residues for the
pellet production involves several specific technologi-
cal operations, the realization of which is influenced by
a number of factors with a significant share of ensuring
the quality of the finished product.

Although, the analysis of the factors that influence
the DSBF quality is quite complete in the literature [11-
14],the problem of influencing factors that occur during
the production of pellets from indigenous agricultural
residues,requires a specificapproach for each type of bi-
omass used as raw material. In addition, there is practi-
callynodataontheuse of residues derived from different
species of shrubs for energy purposes in the literature.

Thus, the study of the quality of pellets produced
from indigenous agricultural residues is relevant and
requires a detailed analysis of the factors that influence
it. The research problem has been structured based on
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the findings and it consists in ensuring the quality of
fire pellets, produced from various agricultural wood
residues, by identifying and studying the influencing
factors distributed throughout the production process.

Agricultural wood residues collected on both banks
of the Prut River served as the object of research.

LITERATURE REVIEW

Topics related to the quality of fire pellets have al-
ways been an important study topic. The EN ISO 17225
standard specifies two classes of pellets: the first one is
for residential and household uses, and the second one
is fors industrial uses. Quality requirements for pellets
differ from class to class, however, there are mandatory
quality characteristics for both groups of pellets that
give them the ability to satisfy consumer requirements
to a greater or lesser extent.

The SE ISO 17225 standard regulates several quali-
tative characteristics of fire pellets, the most important
of which are: moisture content, ash content, bulk densi-
ty, fine fraction content, durability, lower calorific value
at reception, S, N and Cl content.

The quality of pellets is influenced by several fac-
tors that can be grouped as follows: raw material vari-
ables and manufacturing process variables [9, p. 39-46;
155-162; 15; 16].

The raw material variables, which show the maxi-
mum influence on the quality of pellets, refer to the or-
igin of the biomass, moisture content, impurity content,
storage time and particle sizes [17-19].

According to the classification of solid biofuels by
origin, the research object of this paper is classified
in group 1.1.7 “Sorted wood from gardens, parks, road
maintenance, vineyards, orchards and floating wood
material from fresh water”, and according to the classi-
fication of biomass for energy purposes it can be found
in the category - residues, wastes and agricultural plant
by-products [9, p. 35].

Our earlier research has shown that the quantity
of the plant wood biomass derived from agricultural
wastes makes up approximately 9% of the total amount
of agricultural residues [4], and this is exactly the type
of the plant biomass that can ensure the production of
the above-mentioned quality characteristics in accord-
ance with the requirements of EN Plus 3 international
standards [17].

The data presented by several researchers [20; 21]
show the influence that the moisture content of the
undensified raw material has on the quality of DSBF
densification. For example, Tumularu experimentally
demonstrated that the best conditions for the forma-
tion of adhesion and cohesion bonds between bio-
mass particles are formed when the moisture content
initiates optimal conditions for the growth of contact
surfaces due to van der Waals forces that occur under
certain densification conditions [22; 23]. Other authors
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provide similar explanations [11; 24; 17; 25], they con-
sider that optimum conditions of particle agglomera-
tion upon pelletizing shall be ensured by the moisture
content equal to 10£2%.

Several researchers have shown that the mecha-
nism of forming cohesion bonds when densifying pellets
produced from the biomass of different origin differs
from case to case. Thus, Stelte and others explain the
peculiarities of cohesion and adhesion bonds formation
between biomass particles by the amount of extractives
present in the biomass and lignin diffusion, which de-
pends on the processing temperature and moisture con-
tent in the biomass before it is pressed. They concluded
this, having studied the adhesion mechanism between
biomass particles and the evolution of structural fail-
ures in pellets produced from hard, soft and straw bio-
mass types (Beech, spruce and wheat straw) [26-28; 22].

Production variables also demonstrate an impor-
tant influence on the structure and properties of pel-
lets. Thus, they include: technological regimes (com-
pression pressure, grain formation temperature; roller
speed); constructive parameters of the mold (diameter
and length of the channels, the gap between the roller
and the mold), etc.

Some of the most important properties influenced
by the production variables of pellets include: mechan-
ical durability, bulk density and fine fraction content.

It is obvious that production variables influence
the mechanism of bond formation between biomass
particles. However, up to now there is no single theory
of this mechanism. The existing data are in most cases
limited to experimental treatments for certain biomass
types [29; 30; 12].

There are some proposals regarding the calculation
of the pelletizing pressure depending on the sample
plasticity, the Poisson ratio, the friction coefficient and
the compression ratio [31],though the values calculated
according to these recommendations are approximate
and need to be specified for certain conditions [17].

Dependence of the pellet mechanical properties
and energy consumption on the temperature and mois-
ture content, fiber orientation [30], extractive substance
content and storage time [32] - also refers to certain
types of biomass.

Therefore, raw material and production variables
are provided in the literature largely enough, which is
why the analysis of SDBF qualitative parameters pro-
duced from indigenous agricultural residues is argued.

The aim of the work is to establish the energy poten-
tial of the main indigenous agricultural wood residues
and to analyze the quality of pellets produced from
these residues.

To achieve the proposed aim, the following objec-
tives have been put forward:

quantitative and qualitative analysis of agricul-
tural wood residues specific to the climatic zone of the
Prut River;
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analysis of the influence of production factors
on the quality of SDBF produced in the form of pellets
from indigenous agricultural residues;

qualitative analysis of pellets produced from
agricultural wood residues collected in the Republic of
Moldova and Botosani, lasi, Vaslui and Galati counties
of Romania.

MATERIALS AND METHODS

The research implied several distinct stages.

At the first stage, plant biomass was collected from
different development areas of the Republic of Moldo-
va and from the counties adjacent to the Prut River in
Romania. All residues were coarsely shredded right on
the field and transported to the Laboratory of Solid Bi-
ofuels, SAUM. Before processing, the biomass was dried
by the natural conversion method in the dryer provided
by the laboratory to M=10£2%, then grinded at the SV 7
hammer mill with a 6 mm mesh size of the sieve.

At the second stage, there was carried out a quan-
titative analysis of wood residues collected on the ter-
ritory of the Republic of Moldova that can be used as
raw material. There was determined the energy poten-
tial of the agricultural wood residues generated from
one hectare of plantations. Thus, there were identified
the theoretical energy potential (PTRM=10%) and the
sustainable one (PSIM=10%). The calculation was made
for the moisture content of the biomass equal to 10%,
which corresponds on average, to the moisture content
of the finished product at reception.

The theoretical potential is the maximum amount
of energy that can be obtained from the residues gen-
erated from one hectare with the condition it is fully
used for energy purposes. It is determined by means of
the following relationship:

Myec—10
PTRM =10% = My prec. (1 - T) ’

“Krezrec” pnet. M=10%> %' (1)
where m , represents the basic production mass at
harvest from one hectare, kg/ha; K_ - unit conver-
sion factor for that crop at harvest; M - moisture con-
tent of the biomass at harvest, %; g, .. ..o, — lOWeEr
calorific value of the biomass with moisture content
equal to 10%.

The sustainable implementation potential repre-
sents the amount of energy calculated considering the
technical, economic and sustainability availability of
the residues generated by the corresponding crop and

was calculated by means of the following relationship:
M)
PSly=109% = PTRu-100kar—c " (1 = kper), 50 (2)

where k, _is the factor of sustainable technical and
economic availability for energy purposes of the res-
idues with reference to the corresponding crop, kper is
the coefficient of unavoidable residue losses.



At the third stage there were produced pellets at
the mini semi-automatic pellet production line MGL 200
within the Laboratory of solid biofuels, SAUM. A hori-
zontal mold with two rotating rollers and the mesh size
of the sieve of 6 mm was used as a working body. The
fourth stage was devoted to determining the properties
of pellets made from the studied agricultural residues.

The higher calorific value was obtained using the
LEGO is operibolic calorimetric pump (model MC 10)
in accordance with the procedures described in the EN
ISO 18125 standard. The lower calorific value was de-
termined for humidity equal to 10% using the following
relationship:

Gy peareso=1G, g0~ 212,2W(H) .~ 0.8[W(0) +w(N) ]}
(1-0.01M)-24.43M, ©)

where: g, ., is the lower calorific value in the dry base
at constant pressure, J/g; Qg0 is the higher calorific val-
ue at constant volume, J/g; w(H), - the mass content
of hydrogen, %; w(0), - the mass content of oxygen in
the dry base, %; w(N), - the mass content of nitrogen in
the dry base, %; M - the moisture content at which the
lower calorific value was determined (M=10%).

The ash content was determined for samples of
crushed pellets in advance at a German mill SM 100
by passing through the sieve with the mesh screen of
1 mm. The samples were calcined according to the EN
ISO 18122 standard by keeping them for 6 hours at a
temperature of 550°Cin the LH 05/13 chamber furnace.

The content of N, S and Cl was established as the re-
sult of the chemical analysis performed at the elemental
analyzer Vario MACRO cube CHNS & CL.The bulk density
was determined in accordance with the EN ISO 17828
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standard for pellets with a moisture content of (10+2)%.

The mechanical durability was established by de-
termining the ability of the pellets to resist shocks and
wear being subjected to controlled blows in accordance
with the EN ISO 17831 standard. The test was carried
out for pre-screened pellet samples with a mass of
500£10 g. The samples were taken and sampled in ac-
cordance with the requirements of the EN I1SO 14780
and EN ISO 18135:2017 standards.

The samples were rotated in the plant to determine
durability with a frequency of 50£2 m for 10 min-1.The
durability value was calculated with the ratio of the
pellet mass before and after the test and sifted through
a sieve with a 3.15 mm mesh screen.

The content of the fine fraction was determined as
the ratio percentage of the mass of the particle fraction,
formed after sifting a certain amount of pellets through a
vibrating sieve with mesh screen dimensions of 3.15 mm
and the initial amount of the tested pellet sample.

The energy density was determined as the amount
of energy stored per unit of volume as follows:

E =Bqu,net,M=10' (4)

density

RESULTS AND DISCUSSION

The raw material analysis. In order to justify the use
of different types of residues as raw material for the
production of SDBF, it is necessary to know the poten-
tial available for different types of residues and their
quality. Table 1 shows the estimate of the theoretical
and sustainable energy potential of agricultural wood
residues calculated on the basis of the average harvest
obtained during the years 2017-2019.

Table 1. The energy potential of plant biomass generated by agricultural wood residues in the Republic of Moldova

m, . kg/ha

2017 2018 2019 Average

K

ez.rec. max.
=10%

.M
In MJ/ha

[
S

c
2 o
nw £ o
o o™
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Seed fruit, and namely:

Apples 10710.0 147600 160300 138333 029 080 010 190 168 571 411
Pears 20600 20600 3200 14800 022 080 010 196 174 3.9 28

Stone fruit, and namely:
Cherries 30100 59100 5960.0 49600 016 080 010 194 172 115 8.3
Sweet cherries 46400 53200 39300 46300 024 080 010 208 185 169 122
Apricots 28500 23300 55100 35633 031 080 010 195 173 164 118
Pﬁzgthaerfnaer;d 19500 18700 13400 17200 026 080 010 200 178 6.7 48
Plums 56400 8170.0 83900 74000 030 080 010 201 178 297 214
Nuts,almonds,etc.  340.0 6100 5400 4967 010 080 010 169 144 0.5 0.4
Fruit shrubs 8500 33200 39100 26933 070 080 010 199 168 235 169

Vines, and namely:

Table varieties 71900 74800 76400 74367 06 07 0.1 190 169 548 345
Technical variables 4480.0 5490.0 43700 47800 0.4 07 0.1 183 163 205 129

Note: conventional ratings are provided according to formulas 1 and 2
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The results presented in Table 1 show that practical-
ly all the studied agricultural residues, as calorific value,
can be used as raw material for the production of pellets
for residential and similar uses having a calorific value
at 10% humidity greater than 16.5 MJ/kg, with the ex-
ception of nuts and residues of vines, technical varieties.

The highest energy potential can be obtained from
the emondation of apple trees (41.1 Gl/ha), followed
by that of vines, table varieties (34.5 GJ/ha) and the
one received from the emondation of plums (21.4 GJ/
kg). Thus, it can be concluded that the studied residues
are an important source of raw material for SDBF pro-
duction, in particular pellets. The influence of produc-
tion factors on the quality of pellets. The properties of

pellets, regulated by the EN ISO 17225-2 standard, are
grouped into physical and chemical properties. Physi-
cal properties influence the combustion efficiency and
logistics of pellets; chemical properties are responsible
for the environmental impact, durability and smooth
operation of thermal power plants [17].

The quality analysis results of the pellets produced
from different types of agricultural wood biomass are
presented in Table 2.

The first thing that interests the beneficiary is the
amount of heat obtained from the combustion of a unit
mass of pellets that is expressed in the upper (gross)
calorific value, the lower (net) calorific value and the
energy density.

Table 2. Qualitative parameters of pellets produced from agricultural wood residues

Name of residues FF,% E,GJ/m3
Apples 17.72 0.9 98.25 680 0.42 12.05 0.25 0.03 0.02
Pears 17.31 1.47 97.9 674 0.44 11.67 0.26 0.03 0.03
Cherries 17.10 1.11 98.1 682 0.51 11.66 0.27 0.03 0.03
Sweet cherries 18.00 1.42 98 680 0.52 12.24 0.3 0.03 0.03
Apricots 17.04 1.08 98.3 654 0.48 11.14 0.3 0.03 0.03
Peaches and nectarines 17.07 1.38 97.9 658 0.54 11.23 0.28 0.03 0.03
Plums 17.70 0.74 98.2 684 0.41 12.11 0.3 0.03 0.03
Sea buckthorn 17.05 1.3 98.1 685 0.38 11.68 0.98 0.05 0.04
Blackberries 15.7 1.62 97.4 656 0.66 10.30 0.88 0.06 0.04
Black currants 15.3 2.53 97.2 654 0.72 10.01 0.87 0.05 0.03
Vines, table variables 16.8 2.6 98.10 702 0.66 11.79
Vines, technical varieties 16.5 2.5 97.9 696 0.67 11.48

The lower calorific value, calculated for moisture
equal to 10% for all pellet samples, except those of
blackberries and black currants, falls within the limits
stipulated by the ENPlus 3 norms, i.e.exceeds 16.5 Mj/kg.

Energy density, derived from the lower calorific val-
ue and bulk density, is important for transporting and
storing pellets.

The obtained results show that the energy density
of pellets, produced from agricultural wood residues is
quite high. The lowest energy density was reported in
black currant and blackberry pellets with the follow-
ing values of 10.01 GJ/m?* and 10.30 GJ/m? respectively;
the highest energy density was noticed in sweet cherry
pellets (12.24 GJ/m?) followed by those produced from
plums (12.11 GJ/m?) and apples (12.05 GJ/m?3).

The lower density of blackberry and black currant
pellets can be explained by their lower calorific value
as well as by their low bulk density in relation to the
other pellet samples.

The bulk density of the studied pellets does not vary
greatly from one biomass type to another, ranging from
654 kg/m? for the black currant pellet sample to 702 kg/
m? for the pellet sample produced from vine residues.
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The indicative limits for wood pellets are speci-
fied by En Plus 3 with the range of 600<BD>750 kg/m?.
Thus, all the studied pellets fall under the ENPlus 3
regulations.

The ash content is one of the most important
qualitative characteristics of pellets, which influenc-
es, above all, the calorific value; the combustion pro-
cess and the corrosion degree of boilers. It is for these
reasons that the ENPlus rules have become more de-
manding, reducing the allowed amount of ash from
1.5 to 1.2% for Class ENPlus A2 and from 3 to 2% for
Class En-B (9 p. 171).

The obtained results demonstrate that the ash con-
tent of pellets produced from black currant and vine
plant residues exceeds the allowed norms for residen-
tial pellets, however, this qualitative parameter allows
their application for industrial uses. The least amount
of ash results from burning plum and apple pellets.

The content of N, S and Cl have a negative impact
on the environment and the functioning of thermal
power plants. Thus, nitrogen, when being burnt, forms
nitrogen oxides, which leads to the formation of acid
rain and smog.



The ENPlus 3 rules limit the nitrogen content for
residential pellets up to 0.3% for Class Al pellets, up to
0.5% for Class A2 and up to 1% for Class EN- B.

The requirements for nitrogen content in the pel-
lets for industrial uses are more severe, having the
following restrictions: 0.3% - for classes 11 and 12 and
0.6% - for Class I3.

Looking at the data, provided in Table 2, we can
state that all pellet samples scored a percentage of N
less than 1% and can be classified into different classes
of pellets for residential uses. At the same time, black-
berry, sea buckthorn and black currant pellets cannot
be used for industrial uses.

The sulphur content for residential pellets is lim-
ited by ENPlus 3 up to 0.04% for Class A2 and up to
0.05% for classes A2 and EN-B. The sulphur content
must not exceed 0.05% in the case of all classes of pel-
lets for industrial uses.

All analyzed samples had an S content of less than
or equal to 0.05%, with the exception of those of black-
berries which exceeded the maximum allowed limit
insignificantly.

Chlorine content participates in the formation of
various compounds, in particular HCl and dionines/
furans. CL compounds strengthened by condensation
processes cause intense corrosive effects of metal com-
ponents of heating systems; such effects significantly
reduce their reliability. Therefore, the ENPlus 3 regu-
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lations limit the CL content in pellets up to 0.02% for
classes Al and A2 and up to 0.03% for Class EN-B.

The CL content allowed by ENPlus 3 is higher for
industrial pellets: Class 11<0.03%; 12<0.05% and 13<1%.
Thus, all pellet samples analyzed at this parameter cor-
respond to the requirements of ENPlus3 for different
quality classes.

Improving the quality of pellets by creating bio-
mass mixtures from agricultural residues. The follow-
ing research refers to the quality assessment of pellets
produced from mixtures that consist of vegetable agri-
cultural residues, have lower calorific value and are less
studied. Since the energy potential of agricultural resi-
dues from shrubs is the highest and the quality proper-
ties are lower than those of other agricultural residues
fromtrees (Table 1),one has studied the pellets produced
from mixtures of blackberry and sea buckthorn residues.

Table 2 shows that murine residues have regis-
tered the following parameters: the calorific value
(@, perper05=15-7 MI/kg), ash 1.62%, nitrogen 0.88% and
sulfur content 0.06%, and pellets from sea buckthorn
residues have a calorificvalue (q,,,,~10%=17.05 MJ/kg),
ash content 1.3%, nitrogen 0,98% and sulphur 0,05%.
These indicators prove the possibility to use these two
types of biomass in the mixture.

Ten samples of mixtures with a different content
and a step of 5% were studied. The results are present-
ed in Table 3.

Table 3. Quality parameters of pellets produced from mixtures of murine residues (RM) and sea buckthorn residues (RCA)

Nr.of -~ oopwk% SBR,w% Tomeemee A % DB, kg/m3 FF, % N, %
sample MJ/kg
1 0 100 1705  13(#0.021)  98.03(:0.15)  685(:25)  042(:0.022) 098 005 0.04
2 10 90 1764 130015 9803 (0.1)  682(15)  042(0018) 098 005 0.04
3 15 85 17214  135:001)  98(:0.21) 680(£3) 042(:001) 096 005 004
4 20 80 1684  136(0016) 9798(:014)  680(2.8)  0.44(0.019) 096 005 004
5 25 75 1654  14(:0012)  9793(017)  677(:32)  045#0.009) 097 005 0.04
6 30 70 1652 139(001)  979(:021)  676(1.8)  044(0.02) 095 04 004
7 35 65 1652  141(0011) 9786(:018)  674(1.5)  046(0.01) 094 005 004
8 40 60 165  143(001)  9782(:0.14)  674(2.1)  048(0.017) 094 004 004
9 45 55 165  145(:0018) 9775(021)  673(#21)  052(0.022) 093 004 004
10 50 50 161  146(:0012) 9775(022)  670(15)  052(0.016) 093 004 004

The obtained results demonstrate the efficiency
of biomass mixtures produced from bush prunning. All
qualitative parameters of samples 1...9 fall within the
limits stated by MS EN ISO 17225- 3:2016 standard.

Improving the quality of pellets produced from ag-
ricultural residues by torrefaction. The research results
presented in Table 3 show that as to the calorific value,
a part of the studied biomass samples has a net calorif-
ic value of less than 16.5 MJ/kg or is close to this value.

One of the effective methods to improve the qual-
ity of SDBF produced from the biomass with lower
characteristics, is the heat pre-treatment of the raw

material with the absence of oxygen. The process,
called torrefaction, consists of slowly heating the bio-
mass or the finished product in an inert environment
at relatively low temperatures (200...300)°C under the
atmospheric pressure and at the speed that does not
exceed 50°C/min.

The torified biomass is more easily ground, so the
bulk density of the biomass before densification is low,
therefore the densification expenditure is reduced and
the particle density of the finished product is changed. At
the same time,the chemical composition of the biomass
changes too because a significant amount of moisture
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and volatile matter is removed, which leads to dehydra-
tion, dehydrooxylation and decarboxylation reactions.

Due to the degradation of hemicellulosis during
torrefaction, caused by the interaction of the drying
phenomenon with incomplete pyrolysis, the content of
lignin that has more carbon is increased, which leads to
an increase in the calorific value of the product.

Obviously, since it is a thermochemical process, tor-
refaction is influenced by several factors, in particular
torrefaction temperature and time. In order to estimate
the effect of torrefaction, one studied the biomass mix-
ture, which consisted of 50% of the sea buckthorn and
50% of the blackberry shrubs.

The torrefaction experiment was carried out accord-
ing to a polyfactor program with two influence factors
(Table 4). A laboratory facility was used to simulate the
torrefaction process in an oxygen-free environment by
creating a vacuum atmosphere in a closed space (Fig. 1).

Table 4. Experimental plan to study the effect of torrefaction

Coded coordinates Natural coordinates

T,°C 6, min T,°C ¢, min
1 1 1 1
-1 -1 -1 -1
0 0 0 0
0 0 0
1 1 1 1
-1 -1 -1 -1
0 0 0 0

1 1 1
-1 -1 -1 -1
3 2 1
7 6 4 5

Figure 1. The laboratory installation used to torrefact
biomass samples in vacuum
Note: 1 - the sealed furnace door; 2 - the furnace frame;
3 - the air outlet with a vacuum meter; 4 - the thermostat
support; 5 - shelves; 6 — the control panel and the control
of thermal regimes; 7 — the vacuum pump.

A vacuum drying furnace was used as a reactor to
torrefact biomass samples under laboratory conditions
(Fig. 1). The air from the furnace is discharged by a
vacuum pump that provides a depression of 0.08 MPa.
The temperature inside the furnace was monitored and
controlled with a thermocouple at the predetermined
temperature within the range of +35 - +350°C with a
sensitivity of #2°C.

The obtained results are shown in Figure 2. Exem-
plified by the contours of the response surfaces, the
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Pareto diagram and dominated effects. The torrefac-
tion temperature influences the calorific value most of
all. Basically, the maximum point is outside the aim of
the experiment, but this area is limited by the maxi-
mum temperature that can be used at torrefaction, and
namely 300°C. The duration of torrefaction also has an
increasing trend of influence, though it is slower in the
case of temperature.

a)

b)

Figure 2. Calorific value of the biomass mixture that
includes 50% of blackberry, 50% of sea buckthorn
according to torrefaction temperature and time:

a) Contours of Estimated Response Surface;

b) Standardized Pareto Chart for D, rere10%

(A - Torrefaction temperature, °C; B - Torrefaction Time,
min); ¢) Main Effect Plot for D, et of thermal regimes;
7 — the vacuum pump.

The obtained results demonstrate that the calorific
value of the mixtures consisting of 50% of blackber-
ry residues and 50% of sea buckthorn residues can be
increased by up to about 20% using heat treatment
and torrefaction. In order to get this performance it is
necessary to re-establish torrefaction at a temperature,
which is as close to 300°C as possible and maintain
this temperature for at least 40 minutes. The longer the
torrefaction time, the better the expected result.



CONCLUSIONS

As to the quality and the possibility of the use of ag-
ricultural wood residues for the production of solid
biofuels in the form of pellets, it has been found out
that the existing data in the literature refer to particu-
lar types of plant biomass, and does not sufficiently
reflect the integrity of the situation with regard to the
quality of solid biofuels in the form of pellets made
from agricultural wood residues, collected in the spe-
cific climate of the Prut River. This conclusion is based
on the knowledge accumulated at both national and
international levels.

The results of the quantitative study of the agricul-
tural wood residues, suitable to be used as raw material
for the production of solid biofuels in the form of pellets
under the conditions of the Republic of Moldova and the
counties of Botosani, lasi, Vaslui and Galati, Romania,
have shown that the potential energy that is sustain-
able for the implementation of agricultural residues,
which is estimated from a hectare of plantation, is an
important source of raw material for the production of
solid biofuels. It has been stated that plantations of ap-
ples (41.1 GJ/ha), vines (34.5 GJ/ha), plums (21.4 Gl/ha),
sweet cherries (12.2 GJ/ha) and apricots (11.8 GJ/kg)
show higher energy potentials.

The estimation of the qualitative parameters of pel-
lets produced from agricultural wood residues collect-
ed in the areas adjacent to the Prut River have shown
that they largely correspond to ENPlus 3 requirements
for most qualitative parameters except for those pro-
duced from blackberry and black currant residues.

The highest net calorific value is recorded in the
case of sweet cherry (11.8 Ml/kg), plum (17.7 MJ/kg), ap-
ple (17.72 MJ/kg) and pear (17.31 MJ/kqg) pellets.
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The obtained results can be applied by pellet pro-
ducers to argue the use of different types of agricul-
tural wood residues in the production of pellets. At the
same time the results of this study can be used for fur-
ther research in the field of quality management of the
finished product by forming mixtures of different types
of plant biomass and by improving the technological
process of processing pellets and other types of densi-
fied solid biofuels. It is also interesting to study the way
the moisture content, processing temperature, origin
and particle size affect the flow properties of polymers
in agricultural wood biomass during pelletizing.

Experimentally it has been shown that the arbore-
al residues, received from prunning some types of fruit
shrubs, can be used to produce pellets by creating mix-
tures with different proportions, and their qualitative
characteristics can be significantly improved by ther-
mo-chemical pre-treatment of the raw material.

ACKNOWLEDGEMENTS

This study was made possible thanks to the funding of
the cross-border grant project 2SOFT/1.2/44 “Improv-
ing the Quality of Solid Biofuels are Produced from the
Raw Material Collected from Both Sides of the Prut Riv-
er” within the Joint Operational Programme Romania -
Republic of Moldova 2014-2020, financed by the ENI
CBC and fruitful collaboration of the staff of the Labo-
ratory of Solid Biofuels from the Sate Agrarian Univer-
sity of Moldova, and the Mechanical Faculty, Gh. Asachi
Technical University of lasi, Romania.
Theresearchrelated to the analysis of plant biomass
mixtures resulted from prunning shrubs was possible
duetothe support of project 20.80009.5107.13 no.50-PS
within the State Programme of the Republic of Moldova.

REFERENCES
[1] Habasescu,l., & Cerempei,V.(2012). Potentialul energetic al masei vegetale din agricultura Republicii Moldova.
Mater. conf.“Energy of Moldova - 2012”,355-359. Retrieved from https://ibn.idsi.md/ro/vizualizare_articol/57991.
[2] Marian,G.,Shirakawa,Ya.,Muntean,A.,Gudima,A., & Drucioc,S.(2013).Estimarea capacitatii calorifice a biomasei
lignocelulozice provenite din diferite zone ale Republicii Moldova fn conceptul de producere de combustibili
solizi. Stiinta agricold, 1, 56-62. Retrieved from http://dspace.uasm.md:8080/handle/123456789/4385.

[3] Scarlat, N., Blujdea, V., & Dallemand, J.F. (2011). Assessment of the availability of agricultural and forest
residues for bioenergy production in Romania. Biomass and Bioenergy, 35(5), 1995-2005. doi: 10.1016/].

biombioe.2011.01.057.

[4] Pavlenco, A., Marian, G., & Gudima, A. (2018). Calitatea potentialului energetic al reziduurilor agricole: studiu
de caz pentru Regiunea de Dezvoltare Nord, Republica Moldova. Stiinta Agricold, 2, 141-148. Retrieved from

https://ibn.idsi.md/en/vizualizare_articol/71556.

[5] Gudima, A. (2017). Evaluarea utilizarii reziduurilor agricole pentru scopuri energetice. Studiu de caz pentru
raionul Soroca, Republica Moldova. Meridian ingineresc, 1, 26-29. Retrieved from https://ibn.idsi.md/ro/

vizualizare_articol/53570.

[6] Cimpoies, G., & Popa, S. (2018). Cdtina Albd. Chisinau: UASM.

[7] Balan,V, Sava, P, Calalb, T., Ciorchina, N., Cumpanici, A., Dodica, D., Rosca, I., Todiras, V., & Zbanca, A. (2017).
Cultura arbustilor fructifieri si cdpsunului. Chisindu. Retrieved from https://agrobiznes.md/wp-content/
uploads/2018/03/Manual-didactic-Cultura-arbustilor-fructiferi-si-a-capsunului.pdf.

[8] Marian, G.,Banari,A., Gudima, A., Daraduda, N., & Pavlenco, A. (2020). Caracterizarea reziduurilor provenite din
lantul tehnologic de producere a catinii albe. Stiinta agricold, 2,91-96. doi: 10.5281/zenod0.4321228.
[9] Marian, G. (2016). Biocombustibili solizi, producere si proprietdti. Ch: Bons Offices.

Ukrainian Black Sea Region Agrarian Science, 25(1), 84-93

91


https://ibn.idsi.md/ro/vizualizare_articol/57991
http://dspace.uasm.md:8080/handle/123456789/4385
https://doi.org/10.1016/j.biombioe.2011.01.057
https://doi.org/10.1016/j.biombioe.2011.01.057
https://ibn.idsi.md/en/vizualizare_articol/71556
https://ibn.idsi.md/ro/vizualizare_articol/53570
https://ibn.idsi.md/ro/vizualizare_articol/53570
https://agrobiznes.md/wp-content/uploads/2018/03/Manual-didactic-Cultura-arbustilor-fructiferi-si-a-capsunului.pdf
https://agrobiznes.md/wp-content/uploads/2018/03/Manual-didactic-Cultura-arbustilor-fructiferi-si-a-capsunului.pdf
https://journals.indexcopernicus.com/api/file/viewByFileId/1192294.pdf

92

Quality of pellets produced from agricultural wood residues specific...

[10] Iftikhar, M, Asghar, A., Ramzan, N., Sajjadi, B., & Chen, W. (2019). Biomass densification: Effect of cow dung on
the physicochemical properties of wheat straw and rice husk based biomass pellets. Biomass and Bioenergy,
122,1-6.doi: 10.1016/j.biombioe.2019.01.005.

[11] Miranda, T, Montero, I., Sepulveda, FJ., Arranz, J.l., Rojas, CV., & Nogales, S. (2015). Review of pellets from
different sources. Materials, 8(4), 1413-1427. doi: 10.3390/ma8041413.

[12] Jewiarz, M., Mudryk, K., Wrobel, M., Fraczek, J., & Dziedzic, K. (2020). Parameters affecting RDF-based pellet
quality. Energies, 13(4), 910. doi: 10.3390/en13040910.

[13] Beretta, C., Stoessel, F., Baier, U., & Hellweg, S. (2013). Quantifying food losses and the potential for reduction
in Switzerland. Waste Management, 33(3), 764-773. doi: 10.1016/j.wasman.2012.11.007.

[14] Gudima, A. (2011). Stadiul actual cu privire la utilizarea deseurilor agricole si silvice pentru obtinerea
energiei termice in conditiile Republicii Moldova. Conferinta, 28, 212-214. Retrieved from https://ibn.idsi.md/
vizualizare_articol/85345.

[15] Alakangas, E. (2016). Biomass and agricultural residues for energy generation. Fuel Flexible Energy Generation,
59-96.doi: 10.1016/B978-1-78242-378-2.00003-1.

[16] Portugal-Pereira, J., Soria, R., Rathmann, R., Schaeffer, R., & Szklo, A. (2015). Agricultural and agro-industrial
residues-to-energy: Technoeconomic and environmental assessment in Brazil. Biomass and Bioenergy, 81,521-
533.doi: 10.1016/j.biombioe.2015.08.010.

[17] Gudima, A, Marian, G., & Pavlenco, A. (2017). Stadiul actual al cercetarilor cu privire la influenta variabilelor
de productie asupra calitdtii biocombustibililor densificati in forma de peleti. Meridian Ingineresc, 1, 51-60.
Retrieved from https://ibn.idsi.md/ro/vizualizare_articol/53575.

[18] Niedziodtka, 1., Szpryngiel, M., Kachel-Jakubowska, M., Kraszkiewicz, A., Zawislak, K., Sobczak, P., & Nadulski, R.
(2015). Assessment of the energetic and mechanical properties of pellets produced from agricultural biomass.
Renewable Energy, 76,312-317.doi: 10.1016/j.renene.2014.11.040.

[19] Paiano, A., & Laqioia, G. (2016). Energy potential from residual biomass towards meeting the EU renewable
energy and climate targets. The Italian case. Energy Policy, 91,161-173. doi: 10.1016/j.enpol.2015.12.039.

[20] Steubing, B, Zah, R., Waeger, P., & Ludwig, C. (2010). Bioenergy in Switzerland: Assessing the domestic
sustainable biomass potential. Renewable and Sustainable Energy Reviews, 14(8), 2256-2265. doi: 10.1016/].
rser.2010.03.036.

[21] Toklu, E. (2017). Biomass energy potential and utilization in Turkey. Renewable Energy, 107, 235-244.
doi: 10.1016/j.renene.2017.02.008.

[22] Tumuluru,).S, Tabil, L.G.,Song, Y., Iroba, K.L., & Meda, V. (2015). Impact of process conditions on the density and
durability. Bioenergy Research, 8, 388-401. doi 10.1007/s12155-014-9527-4.

[23] Tumuluru,J.S, Sokhansanj, S., Hess, J.R., Wright, C.T., & Boardman, R.D. (2011). A review on biomass torrefaction
process and product properties for energy applications. Industrial Biotechnology, 7, 384-401. doi: 10.1089/
ind.2011.7.384.

[24] Albashabsheh, N.T., & Stamm, J.L.H. (2021). Optimization of lignocellulosic biomass-to-biofuel supply chains
with densification: Literature review.Biomass and Bioenergy,144,105888.d0i:10.1016/j.biombioe.2020.105888.

[25] Serrano, C., Monedero, E., Lapuerta, M., & Portero, H. (2011). Effect of moisture content, particle size and
pine addition on quality parameters of barley straw pellets. Fuel Processing Technology, 92(3), 699-706.
doi: 10.1016/j.fuproc.2010.11.031.

[26] Stelte, W., Holm, J.K., Sanadi, A.R., Barsberg, S., Ahrenfeldt, J., & Henriksen, U.B. (2011). A study of bonding and
failure mechanisms in fuel pellets from different biomass resources. Biomass and Bioenergy, 35(2), 910-918.
doi: 10.1016/j.biombioe.2010.11.003.

[27] Samuelsson, R., Thyrel, M., Sjostrom, M., & Lestander, T.A. (2009). Effect of biomaterial characteristics on
pelletizing properties and biofuel pellet quality. Fuel Processing Technology, 90(9), 1129-1134. doi: 10.1016/].
fuproc.2009.05.007.

[28] Samuelsson, R., Larsson, S.H., Thyrel, M., & Lestander, TA. (2012). Moisture content and storage time
influence the binding mechanisms in biofuel wood pellets. Applied Energy, 99, 109-115. doi: 10.1016/].
apenergy.2012.05.004.

[29] Stelte, W., Holm, J.K., Sanadi, A.R., Barsberg, S., Ahrenfeldt, J., & Henriksen, U.B. (2011). Fuel pellets from
biomass: The importance of the pelletizing pressure and its dependency on the processing conditions. Fuel,
90(11), 3285-3290. doi: 10.1016/j.fuel.2011.05.011.

[30] Nielsen,N.PK.,Holm,J.K, & Felby, C. (2009). Effect of fiber orientation on compression and frictional properties
of sawdust particles in fuel pellet production. Energy Fuels, 23(6), 3211-3216.doi: 10.1021/ef800923v.

[31] Holm, J.K., Henriksen, U.B., Hustad, J.E., & Serensen, L.H. (2006). Toward an understanding of controlling
parameters in softwood and hardwood pellets production. Energy Fuels, 20(6), 2686-2694. doi: 10.1021/
ef0503360.

Ukrainian Black Sea Region Agrarian Science, 25(1), 84-93


https://doi.org/10.1016/j.biombioe.2019.01.005
https://doi.org/10.3390/ma8041413
https://doi.org/10.3390/en13040910
https://doi.org/10.1016/j.wasman.2012.11.007
https://ibn.idsi.md/vizualizare_articol/85345
https://ibn.idsi.md/vizualizare_articol/85345
https://doi.org/10.1016/B978-1-78242-378-2.00003-1
https://doi.org/10.1016/j.biombioe.2015.08.010
https://ibn.idsi.md/ro/vizualizare_articol/53575
https://doi.org/10.1016/j.renene.2014.11.040
https://doi.org/10.1016/j.enpol.2015.12.039
https://doi.org/10.1016/j.rser.2010.03.036
https://doi.org/10.1016/j.rser.2010.03.036
https://doi.org/10.1016/j.renene.2017.02.008
https://doi.org/10.1007/s12155-014-9527-4
https://doi.org/10.1089/ind.2011.7.384
https://doi.org/10.1089/ind.2011.7.384
https://doi.org/10.1016/j.biombioe.2020.105888
https://doi.org/10.1016/j.fuproc.2010.11.031
https://doi.org/10.1016/j.biombioe.2010.11.003
https://doi.org/10.1016/j.fuproc.2009.05.007
https://doi.org/10.1016/j.fuproc.2009.05.007
https://doi.org/10.1016/j.apenergy.2012.05.004
https://doi.org/10.1016/j.apenergy.2012.05.004
https://doi.org/10.1016/j.fuel.2011.05.011
https://doi.org/10.1021/ef800923v
https://doi.org/10.1021/ef0503360
https://doi.org/10.1021/ef0503360

Marian et al.

[32] Nielsen, N.PK., Gardner, DJ., & Felby, C. (2010). Effect of extractives and storage on the pelletizing process of
sawdust. Fuel, 89(1), 94-98. doi: 10.1016/j.fuel.2009.06.025.

AKicTb NneneT, BUroTOBJIEHUX 3 CilbCbKOrocnoAapcbKMUX AepeBHUX Biaxoais,

XapakTepHux ana 6acemHa piuku MpyT

lpuropiit MapaH

HokTop rabinitoBaHuit, npodecop

HepxaBHuit arpapHuin yHiBepcuteT Mongosu
2049, Byn. Mipuewri, 42, M. KuwuHis, MongoBga
https://orcid.org/0000-0002-9975-2522

Anyc leny

Kananpart, noueHT

SICCbKMIM TEXHIYHMM YHiBEpcuTeT iM. [eopre Acaki
700050, bynbe. npodecopa LimiTpie MaHrepoHa, 67,
M. fcun, PyMyHis
https://orcid.org/0000-0002-2998-0992

borpaH Ictpare

Kanampat, poueHT

SICCbKUM TEXHIYHUM yHiBepcuTeT iM. [eopre Acaki
700050, bynbe. npodecopa LimiTpie MaHrepoHa, 67,
M. fcn, PymyHis
https://orcid.org/0000-0003-0817-3523

Anppin lyauma

KaHaunaat, CTaplimnin HayKoBUIM JOCAIAHUK
[lep>xxaBHuit arpapHuit yHiBepcuteT Mongosu
2049, Byn. Mipuewri, 42, M. KnwuHis, Mongosa
https://orcid.org/0000-0002-7250-8423

bopuc Hasap

KaHnaupar, ooueHT

[epxasHuit arpapHuit yHiBepcuteT Mongosu
2049, Byn. MipuewrTi, 42, M. KuwuHis, Monaosa
https://orcid.org/0000-0002-9262-5061
Anppiit NMaBneHko

KaHaunaat, Ctaplumnii HayKoBWIM AOCIAHUK
[epxaBHuit arpapHuit yHiBepcuteT Mongosu
2049, Byn. Mipuewrti, 42, M. KuwuHis, Monaosa
https://orcid.org/0000-0002-3320-2907
Anekcanppy baHapi

HaykoBuit gocnigHmK

[epxaBHuit arpapHuit yHiBepcuteT Mongosu
2049, Byn. MipuewrTi, 42, M. KuwuHis, Monaosa
https://orcid.org/0000-0001-9132-610X
Hikonae Oapapyana

HaykoBuit gocnigHuK

[epxaBHuit arpapHuit yHiBepcuteT Mongosu
2049, Byn. Mipuewrti, 42, M. KuwwuHis, Monaosa
https://orcid.org/0000-0001-5683-0431

AHoTawif. Y cTaTTi npencraBneHo MepcnekTMBM BUKOPUCTAHHA AEpeBHUX CiNlbCbKOrocnoAapCbkux BiAXOMIB,
XapakKTepHUX AN KNiMaTUYHOi 30HM, NpUNernoi Ao piuku MpyT,a TakoX SKiCHi XapaKTePUCTUKM YLLiNbHEHOrO TBEPAOTO
H6ionanueayBUINSAi NeneT,0TpPUMMaHNX 3 OCHOBHMX BUALIB AepeBHOI CiIbCbKOroCnoAapcbkoi 6ioMmacu, xapakTepHoi ans
Pecnybniku Monpoga i nogitie botowanu, dcecun, Bacnyi i lanau, 3 PymyHii. MeToto cTaTTi € BUSHAYEHHS eHEPreTUYHOro
noTeHL,iany 0CHOBHUX MiCLLEBMX CiNbCbKOrOCNOAAPChbKUX AEePEBHNX BiAXOAIB i aHANi3 AKOCTi neneT,BUpobAeHUX 3 LMX
Bigxoais. Pe3ynstatv OOCNIAKEHHS NOKa3anu, Wo nenetn, oTpUMaHi 3 BUBYEHMX CilbCbKOrOCNOAapCbKMX BiAXO0AiB,
3HaYHOIO Mipoto BignosiaatoTe BUMoram ENPLus 3 3a BinbLuicTio SKiCHUX NOKA3HWKIB, 338 BUHATKOM MNeneT, OTPUMaHMX
3 BiAXOLIB OXWHM Ta CMOPOAMHMU. Bigxoau, oTpuMaHi Big 06pi3kM NEBHUX TUMIB NIOA0BUX YarapHUKIB, MOXYTb BYTH
BMKOPWCTaHIi AN BUPOOHULTBA NeneT WasxoM hopMyBaHHS CyMillei pi3HUX NPONOPLi, a iX AKiCHi XapaKTepuUCTUKK
MOXYTb OYTM 3HAYHO MOAIMLLEHI WASXOM NonepeaHboi TEPMOXiMiUHOT 06pO6KM CUPOBUHM

KniouoBi cnoBa: pocinHHa 6iomaca, ylwinbHeHe TBepae 6ionanueo, nenetu, 6ionanueo, eHepreTUUHUIA NoTeHLian,
AepeBHi CiNIbCbKOroCnoaapchki Biaxoam
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Abstract. The production of high-quality products stimulates Ukrainian manufacturers to enter the European and
international markets, which at the same time stimulates domestic manufacturers to produce competitive products
on a par with high-quality foreign alternative products. The promotion of competitive high-quality products to
the European and world markets will make it possible to strengthen the national currency, which will actively
contribute to the improvement of the economy of Ukraine, will create appropriate conditions for the development
of entrepreneurial activity, fair competition, and improvement of the level of well-being of the population. The
only approach to evaluating the quality of products is designed to quickly monitor indicators throughout the entire
cycle of its production. In order to most economically and quickly achieve the goal in the field of qualimetry without
violating the current restrictions, there is a need to optimize the requirements for product quality indicators.
There are a number of methods that have their own advantages and disadvantages for each object of quality
measurement. The purpose of the work is to analyze the mechanisms of quality metrics and to combine their
advantages into a joint assessment model. The research was conducted using the methods of analysis, synthesis,
comparison, generalization and induction. The article presents the methodology for determining the generalized
quality indicator of quality measurement objects of various nature, including: products, technological processes,
systems, or anything that requires a step-by-step assessment. Based on the analysis of existing non-linear
relationships between the measured quality indicator and its assessment on a dimensionless scale, a method
based on the use of generalized quality indicators is proposed. The application of the proposed method will
provide a high-precision assessment of a wide range of objects with the fixation of changes over time

Keywords: technological process, shape parameter, production cycle, use of statistical information, mathematical
dependence

INTRODUCTION

Production of high-quality products enables Ukraini-
an manufacturers to enter European and internation-
al markets, which in turn stimulates national manu-
facturers to produce competitive products alongside
high-quality foreign counterparts. Promotion of com-
petitive high-quality products to European and world
markets will strengthen the national currency, which
will contribute to the growth of the economy of Ukraine,
will create favorable conditions for the development of
entrepreneurial activity, fair competition, improvement
of life and health of the population.

Leaders of the world economy have proven that in
order to achieve high results in the field of quality, a
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constant process of their evaluation, research and man-
agement is necessary. Qualimetry objects have a dif-
ferent nature, and it is not always possible to measure
their quality indicators, so they have to be evaluated by
various existing methods [1]. Objects of various nature
can include products, services, products, processes, sys-
tems or anything that is subject to evaluation for the
purpose of quality management.

To maintain a high level of product quality, there
should be a single approach to evaluation that will be
applied at all stages of the product production cycle. A
typical product production cycle includes the stages of
its creation from raw materials to finished products.Each
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ofthese stages hasits own qualityindicators,established
in regulatory documents of different levels and periods
of publication with different units of measurement.

It is not always advisable to increase all indicators
of product quality. Products must be competitive, that
is, the ratio of quality and price must meet the require-
ments of consumers. Therefore, it is necessary to op-
timize the requirements for product quality indicators.
Optimization consists in determining and establishing
such values of quality indicators, at which the set goal
in the field of quality is most economically and quickly
achieved without violating existing restrictions, that is,
laws or regulatory documents.

As an optimization method, a method based on the
use of generalized quality indicators is proposed. With
this approach, a number of advantages are achieved,
which include increasing the methodological reliability
of quality assessment, reducing the Llist of controlled
indicators, the possibility of unifying diagnostics, etc.
However, there are certain difficulties associated with
the definition of a generalized quality indicator.

A number of scientific works by domestic scientists
are devoted to the problems of assessing the quality
of quality measurement objects. B.I. Stadnyk [2] in his
works considered the main problems of the develop-
ment of qualimetry, namely, the use in the theory and
practice of qualimetry of the conceptual concept “qual-
imetric measurements” as one of the types of meas-
urements, which in turn made it possible to combine
the methodology of qualimetry and metrology and
significantly to expand the capabilities of qualimetry
regarding the reliability and accuracy of the obtained
product quality assessments. R.1. Baitsar [3; 4] proposed
a method of harmonizing the quality management sys-
tem of an industrial enterprise according to the new
ISO 9001:2015 standard, this method makes it possible
to more efficiently organize the passage of information
flows, decentralize responsibility for product quali-
ty, and improve interaction with the customer. In the
works of P.G. Stolyarchuk [5], the essence of methods
and means of determining product quality indicators is
revealed, the peculiarities of classification and appli-
cation of quality indicators for various types of prod-
ucts are indicated, and the basic provisions of qualim-
etry are also outlined. Considerable attention is paid to
the applied aspects of determining the quality indica-
tors of objects of various nature and their application.
M.I. Novytskyi [6] described a systematic approach to
product quality management and considered the organ-
izational and methodological foundations of product
certification and metrological activity. H.G. Azgaldov [7]
is generally the initiator of the creation of the scientif-
ic discipline of qualimetry, which studies the method-
ology and problems of quantitative assessment of the
quality of objects of any nature: objects or processes,
products of labor or products of nature that have a ma-
terial or spiritual nature.

Kim

Inthe scientific works of foreign scientists: C.Fletch-
er [8], L.C. Struckenbruck [9], P.G. Tzamalis, D.B. Panagi-
otakos, E.H. Drosinos [10], M.F. Rebelo, G. Santos, R. Sil-
va [11],topical issues of quality assessment of of quality
metrics, namely how to manage quality and projects.

The analysis of the scientific literature of domestic
and foreign authors showed that the existing methods
are mainly aimed at evaluating the quality of products
and consist in the averaging of single quality indicators
when determining a complex or integral quality indica-
tor [12]. This approach should not be used to assess the
quality of such quality metrics as processes or systems.

The purpose of the article is to study the method of
determining the generalized indicator of the quality
of quality measurement objects of various nature, in-
cluding products, technological processes, systems, or
anything that is subject to evaluation. Therefore, the
task was set to develop and scientifically substantiate
new quality assessment methods that would take into
account the heterogeneity of indicators of objects of
different nature.

RESEARCHING THE MECHANISMS OF QUALITY
METRICS AND COMBINING THEIR ADVANTAGES
INTO ACOMMON ASSESSMENT MODEL

In qualimetry, when assessing the quality of objects of
various nature, an important place is occupied by the
type of dependence between the measured quality in-
dicator and its assessment on a dimensionless scale.
After all, quality indicators are not always evenly dis-
tributed and do not always have a linear mathematical
relationship with their assessment. The development
of objective mathematical dependencies is a time-con-
suming and urgent task that requires a deep and com-
prehensive study of the object, which can be explained
by the fact that in most existing methods of quality as-
sessment fairly approximate formulas are used, which
poorly reflect the main ideological principles of the
quality assessment process [12].

To ensure and maintain a high level of product
quality, there should be a single approach to evalua-
tion, that is, there should be a single metric that will be
used at all stages of the product life cycle. One of these
approaches is to consider the production of products
at all stages of the life cycle as a single technological
system aimed at obtaining high-quality products. A typ-
ical production life cycle includes the stages of its cre-
ation from raw materials to finished products. Each of
these stages has its own quality indicators, established
in regulatory documents of different levels and periods
of publication with different units of measurement.

A technological system is understood as a set of
interconnected technological processes, equipment,
equipment, devices for measurement, analysis and con-
trol, as well as a management process intended for the
manufacture of products. The basis of such a techno-
logical system is information integration of all stages
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of product creation.It involves the use of information
models that describe products and their production
technologies, which allows having the same methods
of managing processes. In such conditions, some quality
indicators may be underestimated, which may lead to a
decrease inthe qualityof finished products oranincrease
in the price of subsequent operations, while others may
be overestimated, which will increase their cost [13].

For the effective use of information models oper-
ating within the technological system, it is desirable
to have a unified system for evaluating the quality of
products and technological processes at all stages of
the life cycle of its creation. This will improve the effi-
ciency of using statistical information.

To optimize quality indicators, it is necessary to car-
ry out a number of works in order to obtain additional
information or reduce its uncertainty. There is always
uncertainty, so there is a problem of finding a compro-
mise, for example, between the cost and the quality of
the product [14].

To optimize quality indicators, it is proposed to use
a method based on the use of generalized quality indi-
cators. With this approach, a number of advantages are
achieved, which include increasing the methodological
reliability of quality assessment, reducing the list of con-
trolled indicators, the possibility of unifying diagnos-
tics, etc. However, there are certain difficulties associat-
ed with the definition of a generalized quality indicator.

Determining the generalized indicator of product
quality is related to the creation of a single assessment
that quantifies quality through its indicators. The task
can be solved by introducing a single artificial metric for
all indicators of product quality and processes. The set
of values of each quality indicator needs to be matched
with a certain standard analogue, with a single quality
rating scale from zero to one. This scale should be the
same for all indicator values. The construction of this
scale is related to the distribution of quality indicators
as random variables. This task can be solved by com-
bining single evaluations of product quality indicators
with a generalized quality indicator.

Any quantitative assessment of quality defined by
a single number is a point estimate and is subject to
error. Therefore, the task was set - in addition to the
point generalized assessment of product quality, to
find a generalized interval assessment of quality, which
allows optimizing quality indicators at all stages of
the product life cycle and creating a unified system
of assessing the quality of technological systems.The
definition of a generalized indicator of product quality
is related to the creation of a single assessment that
quantifies quality through its indicators. The task can
be solved by introducing a single, artificial metric for all
quality indicators of products and processes.

To solve the set goal, an analysis of the existing
non-linear dependencies between the measured qual-
ity indicator and its assessment on a dimensionless
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scale was carried out and, taking into account their
shortcomings, a new type of dependencies is proposed:

@ == (1)

where a, b - coefficients of process quality indicators;

g - quality indicator; k is a shape parameter that affects

the function, it is used to evaluate processes of different

importance with different quality requirements [15].
The coefficients a and b are found as:

1
b = b, @

_ (1=9max) Imin (3)

1 u“lmin)‘lmax’

g..and g - are the minimum and maximum permis-
sible value of a single quality indicator.
After normalization, the coefficient a is found as:

q = 8=0min) pregmin 4)
dmin

. . . . !
Function (1) has an inflection point at Giny = %

The shape parameter k affects the steepness of the
function along the OX axis. By changing k, it is possible
to control the curvature of the function (1) and thus
obtain different estimates with the same results of the
quality indicator measurements.

In graphic form, dependence (1) at k=1 is shown in
Figure 1. On Figure 1 quality indicator is conditionally
selected, which varies from S =0.1 no S, _=0.2 with a
step of 0.01 to visually show the type of dependence (1).
Regardless of the units of measurement and the digits
of the value of the quality indicator on the OX axis, the
type and form of the dependence will not change. A
change in the shape parameter - k will lead to a change
in shape. How to choose this parameter is the goal of
further research.

Figure 2 shows a series of five dependences, with k
varying from 1.2 to 0.8 in steps of 0.1 from left to right.
On the OX axis, the scale corresponds to the scale of
measurement units and can be changed for each in-
dividual quality indicator. The leftmost value on this
scale “0” corresponds to Q - the minimum permis-
sible value of the quality indicator. The extreme right
value on this scale “1” corresponds to Q__ - the max-
imum permissible value of the quality indicator. They
correspond to the respective values of each individual
quality indicator. So, if the object of qualimetry has n
quality indicators, then for each of them it is necessary
to determine the coefficients a and b according to for-
mulas (4) and (2), respectively.

Figure 2 shows that with a quality indicator of 0.6,
measured in units of measurement, its assessment on a
dimensionless scale varies from 0.95 at k =1.2 to 0.43
at k=0.8. So, having one measured value of the quali-
ty indicator of any object of qualimetry, we can obtain
a range of values of its estimates on a dimensionless
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scale. Such a situation allows you to choose one of the  sionless scale. The size of the interval of quality indica-
power indicators in function (1) and change the esti- tors estimates on a dimensionless scale with different
mate of the measured quality indicator g on a dimen-  parameters of the form k is shown in Figure 3.
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Figure 1. Type of dependence (1) at k=1.0
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Figure 2. Series of dependencies (1) at k=1.2-0.8 with a step of 0.1 from left to right
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Figure 3. The value of the interval of quality indicators estimates on a dimensionless scale with different shape

parameters k

To obtain the values of the intervals, the value of  quality indicators on the dimensionless scale is in the

the tolerance field T=g__-g

max Tmin

was divided into ten parts, middle of the tolerance field and is 0.6. Approaching

and the values of the intervals in each of them were de-  the extreme values, the interval of estimates practically
termined. As shown in Figure 3, the largest interval of  does not change. Therefore, it can be concluded that in
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the middle of the tolerance field, the shape parameter
k has the greatest influence on the quality assessment.

In order to effectively apply the proposed mathe-
matical relationship between the measured quality in-
dicators and their assessment on a dimensionless scale
in practice, when assessing the quality of qualimetry
objects, it is necessary to know their numerical char-
acteristics. This will make it possible to create a stand-
ardized methodology that will be universal and can
be applied in the assessment of any objects of quality
measurement, regardless of their complexity, etc.

To obtain the values of the intervals, the value of
the tolerance field T=q__-g_. was divided into ten parts,
and the values of the intervals in each of them were de-
termined. As shown in Figure 3, the largest interval of
quality indicators on the dimensionless scale is in the
middle of the tolerance field and is 0.6. Approaching
the extreme values, the interval of estimates practically
does not change. Therefore, it can be concluded that in
the middle of the tolerance field, the shape parameter
k has the greatest influence on the quality assessment.

In order to effectively apply the proposed mathe-
matical relationship between the measured quality in-
dicators and their assessment on a dimensionless scale
in practice, when assessing the quality of qualimetry
objects, it is necessary to know their numerical char-
acteristics. This will make it possible to create a stand-
ardized methodology that will be universal and can
be applied in the assessment of any objects of quality
measurement, regardless of their complexity, etc.

Let's consider a number of practical problems that
may arise when evaluating objects of quality measure-
ment [16]. For example, if we take the desirability func-
tion (1) and set by a fixed parameter of the form k, then
it is possible to find the limits within which the quality
indicator g must fall, provided that the value of its as-
sessment Q. is in the given interval [Q _-Q ].Since the
quality assessment interval on the dimensionless scale
varies from “0” to “1”, the condition must be fulfilled:

0<Q  <0.<Q <1, (5)

=min =i =~

where Q . and Q  are the lower and upper limits of
the given interval of assessment of Q. on the dimen-

sionless scale QY. Therefore:

Qmin = [ min) T (6)
where g . - the value of the quality indicator on the
OX axis, which corresponds to its Q . rating on the OY
scale at the given shape parameter k. After performing
the transformation, we will obtain the minimum value
of the quality indicator g_. - on the OX axis, which cor-
responds to its estimate Q . on the OY scale with the
given shape parameter k:

1 In 1-Qmin (7)

-kinb aQmin

Amin =
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Accordingly, in the same way we can obtain the
maximum value of the quality indicator g__ - on the

OX axis, which corresponds to its estimate Q _on the
QY scale at the given shape parameter k:
1 1-Q
Amax = —ma ®)

—klilnb aQmax

Note that the length of the interval in which the
measured indicator of the quality of the object of qual-
imetry should be located will be:

1 1-Q
L = qmin + Gmax (—klnb In aQ;Zcx) B

— (; In H?_min). 9)
—kinb aQmin
Let the limits of estimates of the quality indicator

of the object of quality measurement Qi be specified in
the given interval [Qmin-Qmax] as follows:

0<Qmin<Qi <Qmax<1’ (5)

and the measured value of the quality indicator qi is
known, then it is possible to find the interval for the
measured quality indicator g, at which the fulfillment
of the condition (5) will be guaranteed. In other words,
let's define all the functions that, at a given (measured)
value of g, will provide a given quality assessment on a
dimensionless scale.

As a result of algebraic transformations, we get an
interval:

1 1- 1
Qmax > q > >
—kinb —kinb

1-Qmin

aQmin

n

aQmax (10)
So, in this way, it is found the interval in which the

measured quality indicator g should be at the given

evaluations on the dimensionless scale OY.

Let's set one more possible condition. Let a fixed
estimate of the indicator Q=x be given, while the meas-
ured value of the quality indicator g is in the interval
[9..-q.,], then it is possible to determine the range of
values of the shape parameter k, at which the given
conditions will be fulfilled [17]. In other words, let's
define all the functions that, given the range of giv-
en (measured) values of g, will provide a given quality
estimate Q=x on a dimensionless scale. To solve this
problem, it is solved equation (1):

1
f@ =17 1)
According to condition (5):
0<Q,,,<fl9)<Q,,<1. (11)
So:
1
Qmin < m < Qmax~ (12)

As a result of mathematical transformations, we
will obtain an interval for parameters of the form k of
function (1), in which condition (11) will be fulfilled:



1 1-Qmax <k< 1 In 1-Qmin

—qinb aQmin

—qinb aQmax (13)

So, with the help of desirability functions, it is pos-
sible to determine a number of useful numerical char-
acteristics of process quality indicators, using which
you can manage quality estimates, reduce or increase
them, which will allow you to effectively manage the
quality of qualitative objects of various nature.

As a result of the given formulas, we can get an
estimate of a single quality indicator on a dimension-
less scale. But, as a rule, it is necessary to know the
estimate of the generalized dimensionless quality in-
dicator, which consists of n indicators. As a general-
ized indicator of quality, it is suggested to find one of
the averages: arithmetic average; medium harmonic;
geometric mean.

Taking into account the ideology of quality assess-
ment, it is proposed to use the geometric mean value of
individual quality indicators as a generalized indicator,
since the geometric mean is less than the arithmetic
mean value and, most importantly, if at least one of the
quality indicators Q. is zero, then the generalized value
of the quality indicator W will also be zero. Also, W=1 if
and only if all single quality indicators Q=1.In addition,
note that the generalized value of the quality indicator
W is very sensitive to small values of the single quali-
ty indicators Q. That is, if one of the individual quality
indicators is close to zero, it will significantly affect the
generalized quality indicator.

So, the generalized quality assessment can be
found using the formula:

W = VI, @ (14)
where Q. - value of the i-th quality indicator on a di-
mensionless scale. Also, to determine the generalized
quality indicator, it is possible to recommend an assess-
ment in a different form, for example, determine W by
the formula of the harmonic mean, since the geometric
mean of positive values is greater than or equal to their
harmonic mean

_lgp 1

T nfislgy

1
v (15)
where Q. is a unit estimate of the i-th quality indicator,
calculated according to formula (1).

Another generalized quality estimate W can be
proposed as the arithmetic mean of the single val-
ues Q, determined by formula (1), since the arithmetic
mean is greater than the geometric mean and the har-
monic mean:

1
W==-3,0Q: (16)

By choosing a method for obtaining a generalized
quality indicator, you can lower or raise the require-
ments for object quality assessment.

Kim

We offer a step-by-step method for determining
the generalized indicator of the quality of the object of
qualimetry:

1. Determination of single indicators of the quali-
ty of the object of qualimetry. As a rule, those quality
indicators that are decisive for this object, established
by regulatory documents, determined by the consumer
(customer) and managed are defined. They can be iden-
tified by a group of experts.

2. For each of the unit quality indicators, their max-
imum permissible, minimum permissible and optimal
(best) values are determined.

3. These quality indicators are measured, and the
results are recorded in a specially prepared table.

4. Formula (1) determines the assessment of a
single quality indicator on a dimensionless scale. For
this, it is necessary to use formulas (2-4) and assign the
shape parameter k. The form parameter is determined
depending on the level of the quality indicator: high,
medium, low or general, and depending on the impor-
tance and responsibility of the indicator. The form pa-
rameter is assigned either by a group of experts or by
the customer (consumer).

5. The level of the generalized quality indicator is
determined: high, medium or low, depending on the
importance and responsibility of the object. It is rec-
ommended to use formula (14) at a high quality level,
(15) at an average level, and (16) at a low level. In any
case, determining the method of obtaining a general-
ized quality indicator is a debatable task and is decided
in each individual case.

CONCLUSIONS

To maintain a high level of product quality, there should
be a single approach to evaluation that will be applied
at all stages of the product production cycle. A typical
product production cycle includes the stages of its cre-
ation from raw materials to finished products. Each of
these stages has its own quality indicators, established
in regulatory documents of different levels and periods
of publication with different units of measurement.

Based on the analysis of scientific sources and ex-
isting non-linear relationships between the measured
quality indicator and its assessment on a dimension-
less scale, a technique based on the use of generalized
quality indicators is proposed.

The proposed methodology can be used to evalu-
ate the quality of objects of various nature, including
products, technological processes, systems, or anything
that is subject to evaluation. If you evaluate objects in a
certain order, you can build a time series of changes in
quality indicators over time and get additional gener-
alized information for making management decisions.
When using this technique, a number of advantages are
achieved,which include increasing the methodicalrelia-
bilityof qualityassessment,reducingthelistof controlled
indicators, the possibility of unifying diagnostics, etc.
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AHoTauifl. BUrotoBneHHs skicHoi NpoAyKLii CTUMYNIOE yKpaiHCbKMX BUPOOHMKIB A0 34iACHEHHS BUXOAY HA EBPONECbKi
Ta M>XKHApPOAHi PUHKM,LLL0 BOLHOYAC CTUMYJIHOE BHYTPILLHIX BUPOOHMKIB 4,0 BUMYCKY KOHKYPEHTOCMPOMOXHOT NpOoayKLi
Ha piBHi 3 BMCOKOAKICHUMU 33aKOPOOHHWMM aNbTEPHATUBHUMMU TOBapaMU. [1pOCYBAHHS KOHKYPEHTHOCMPOMOXHOI
BMCOKOSKICHOT NPOAYKLii Ha EBPONENCHKi Ta CBITOBI PUHKM AACTb 3MOTY YKPINUTU HALLiOHANbHY BantoTy, WO aKTUBHO
CNpUATUME MOKPALLEHHIO eKOHOMIKM YKpaiHW, CTBOPIOBAaTUME HAaNeXHi YMOBM AN8 PO3BUTKY MiANPUEMHULIbKOT
LiSNbHOCTI, CNpaBeanBOi KOHKYPEHLii, NOKpALLEHHS piBHS 61arononyyus HaceneHHs. EAMHUIA Niaxia 40 OLiHIOBaHHS
SKOCTi NPOAYKLIT MOKAMKAHWUIA ONEepaTUBHO BiACTEXYBATU NMOKA3HMKM BNPOAOBXK YCbOro UMKAY ii BUroTOBNEHHS. Ang
Ha6iNnbL eKOHOMIYHOTO | LWBMAKOIO JOCATHEHHS MeTH y chepi KBaniMeTpii 6e3 NopyLueHHs Ailoumx obMexeHb NoCcTae
HeobXifHICTb ONTUMI3aLii BUMOr O NOKA3HMKIB SKOCTi NPOAyKLii. ICHYe HM3KA MEeTOAiB, WO MakTb A1 KOXHOro
06'ekTa KBaniMeTpii CBOi NepeBary Ta Hegonikn. MeTo poboTU € aHasNi3 MexaHi3MiB KBaniMeTpii Ta MOEQHAHHS X
nepesar y chifibHy MoAenb OuiHOBaHHS. [loCniaXeHHS NPpOBOAMAOCS i3 BUKOPUCTAHHSAM METOAIB aHanisy, CUHTE3Y,
NOPIBHAHHSA, y3aranbHEHHS Ta iHAYKLUiiL. Y CTaTTi NpeacTaBneHo MeToAMKY BM3HAYEHHS y3arafibHEHOro NoKasHMKa
SKOCTi 0O€EKTIB KBaNiMeTPii pi3HOI Npupoau, cepen SKUX: NPOAYKLiS, TEXHONOMYHMIA NPOLLEC, CUCTEMA, UM Byab-LLO,
Lo noTpebye MOEeTanHoro ouiHBaHHA. Ha OCHOBI NpoBeAEHOro aHanisy iCHYHUMX HENiHIMHUX 3aNeXHOCTEN MiX
BMMipIOBaHMM MOKA3HMKOM SKOCTi Ta MOro OLIHKOK Ha 6e3p03MipHili WKani NpONOHYETbCS MEeTOoA, 3aCHOBaHMM
Ha BMKOPMUCTAHHI y3arasbHEHWX MOKAa3HMKIB SKOCTi. 3aCTOCYBaHHS 3aMpONOHOBAHOrO MeToAy A03BOSUTb HAaAATU
BMCOKOTOYHY OLLIHKY LUMPOKOrO CNeKTpy 0O€EKTIB 3 PiKCALLi€ 3MiH Y Yaci

KniouoBi cnosa: TexHonoriyHui npouec, napametrp GOpMH, LUKN BUMPOOHULTBA, BMKOPUCTAHHS CTAaTUCTUYHOI
iHbopMaLii, MaTeMaTUYHA 3aNeXHICTb
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lonoBHMIt pepakTop
B'auecnas LUebaHiH

YneHu pepakuiiHoi Konerii
Banepii laBpuw

MapuHa Oy6iHiHa
IpnHa KcboHXMK
Anacracia NMonTtopak
Harans CipeHko
Onena 3aitueBa
3opsaHa Mauyk
AHHa Bxo30BcbKa

AH-Yp6an CaHpan
Doxynia On6pexr

Onbra BuwHescbka
AnboHa KniouHuk
OneHa Kotukosa
Onekcanap HogikoB
Hartanga MotpuBaeBa
IBaH YepseH

Onena LLle6aHiHa
Panbd LLinaynepep
Muxaitno ®epopuyk

KatepuHa [laBuaeHko

Bitanii Jllo6uy
Onekcanap Xykos

Irop KoBaneHko
Bitanii Niuypa

Nipia MiweHko

bopuc boiHuaH
BaneHTtuHa lamaroHoBa
Nipia AvTMnosa

Mukona CamoiineHko

PepakuinHa Konerisa

[-p TeXH. HayK, npodecop, pekTop, MMKONAiBCbKMIM HaLLiOHaNbHWI arpapHuiA yHiBepcuTeT, YkpaiHa

[i-p €KOH. Hayk, npocdecop, 3aBiayBay kadeapu TPAKTOPIB Ta CisIbCbKOrOCMOAaPCbKUX MALLMH,
eKcnayaTauii i TeExHiYHOro cepaicy, MMKONQiBCbKMIA HALLiOHANbHMIM arpapHuiA yHiBepcuTeT, YkpaiHa
[-p EKOH. HayK, Nnpodecop, 3aBiayBay kadeapw 06iky i onoaatkyBaHHs, MUKoNaiBCbKui
HauiOHaNbHWI arpapHuUit yHiBepcuTeT, YKpaiHa

[-p EKOH. HayK, npodecop, npodecop kadeapu 06aiky i onosatkyBaHHs, MUKONAiBCbKMIA
HauiOHaNbHWI arpapHuUit yHiBepcuTeT, YKpaiHa

[i-D EKOH. HayK, OLLEHT, 3aBiayBay Kadenpu MeHeLKMEHTY Ta MapKeTUHry, MUKonaiBCcbkuii
HauiOHaNbHWI arpapHuUit yHiBepcuTeT, YKpaiHa

[-pP €KOH. HayK, npodecop, 3aBifyBay kadpeapu diHaHCiB, GaHKIBCbKOI CnpaBu Ta CTPaxyBaHHS,
MuKONAIBCbKMIA HALLIOHANbHUI arpapHuii yHiBepcuTerT, YKpaiHa

KaHA. EKOH. HayK, [OLEHT, npodecop Kadenpu MapKeTuHry, [lep>KaBHUii TOProBesibHO-
€KOHOMIiYHWI YHiBepcuTeT, YKpaiHa

[-p eKOH. Hayk, npodecop, 3aBiayBay Kadenpu diHaHCiB, IBaHO-MDpaHKiBCbKMI HALLIOHANbHUIA
TeXHIYHMI yHiBepcUTET HadTH i rasy, YkpaiHa

[-p E€KOH. HayK, npodecop kadenpu 6isHec-iHPopMaTUKK, HeCTOXOBCbKMIA TEXHONOTIYHWUI
yHiBepcuteT, Pecny6bnika lMNonbwa

[-P E€KOH. HayK, npodecop, pekTop, IHCTUTYT SIHa-YpbaHa CaHpana, Hopseris

A-p dinocodii, npodecop, npodecop kadbenpu xapyyBaHHS Ta MEAUYHMX HAYK, YHiBepcuTeT
He6packu-JlinkonbH, Cnony4yeHi LWtatn AMepuku

[-P E€KOH. HayK, npodecop, AeKaH 06/1ikoBO-GhiHaHCOBOro dakynbTeTy, MUKONAIBCbKUI
HauiOHaNbHWI arpapHuUit yHiBepcuTeT, YKpaiHa

[-pP €KOH. HayK, npodecop, 3aBigyBay kKadgeapw nybaiyHOro ynpasniHHS Ta afMiHICTPYBaHHS i
Mi>XHapOAHOI eKOHOMiKM, MMKONATBCbKMIA HaLiOHaNbHWIA arpapHUi yHiBepCUTET, YKpaiHa

[-p E€KOH. HayK, npodecop, 3aBigyBay kadeapu eKOHOMiKM MigNPUEMCTB, MUKONAIBCbKUN
HauiOHaNbHWI arpapHuUit yHiBepcuTeT, YKpaiHa

[-pP €KOH. HayK, Npodecop, NPOpeKTop 3 HayKoBOi po60TH, MMKONATBCbKMIA HaLiOHAaNbHWIA
arpapHuit yHiBepcuTeT, YKpaiHa

[-p €KOH. HayK, npodecop, npodecop kadeapu 06aiky i onosatkyBaHHs, MUKONAIiBCbKMIA
HauioOHaNbHWI arpapHuUit yHiBepcuTeT, YKpaiHa

[-pP €KOH. HayK, npodecop, 3aBifyBay Kadeapwu roteflbHO-pecTOpaHHOi CpaBu Ta opraHisauii
6i3Hecy, MMKONAiBCbKMIM HALLIOHANbHMI arpapHuii yHiBepcuTeT, YkpaiHa

[-P E€KOH. HayK, npodecop, AeKaH PaKynbTeTy MeEHEOXMEHTY, MUKONAIBCbKMIA HALLiOHAIbHUIA
arpapHuit yHiBepcuTeT, YKpaiHa
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