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Abstract. Modern pipeline systems,both main and industrial, allow transporting
a wide range of liquid and gaseous substances, including a variety of solid
bulk materials, minerals, building materials and mixtures. However, the
development of pipeline transport systems today is hindered by the lack of
theoretical developments in the implementation of practical engineering
projects for the creation of both main and industrial product pipelines for
various purposes. Therefore, the further development of the theory of flows
of various substances in pipelines and the creation of universal methods for
engineering calculations of design parameters of pipeline systems based on
this theory are priority tasks for the further development of product pipeline
transport. The studies were carried out in accordance with the condition of
stochastic transformation of the coagulation-thixotropic structure of the gel
flow into sol. Such a stochastic transformation of the coagulation-thixotropic
structure can be observed both when reaching the mode that determines the
turbulent motion of a viscous colloidal solution, and somewhat earlier - at
the stages of the laminar flow regime of the solution. Based on the formal
phenomenological analysis, it has been determined that during the transition
of the laminar mode of motion of the Newton fluid flow in a cylindrical tube
to the turbulent mode, the transported structured gel flow is guaranteed to
collapseinto a colloidal sol.Based on the example of a typical design calculation
of a technological (production) pipeline for the transportation of motor oils of
the SAE-10 and SAE-40 grades, the optimal conditional internal diameters of
the product pipeline were determined. The compliance of the design structural
parameters of the pipelines with the corresponding physical and mechanical
properties of the transported liquids was established.The proposed methods of
engineering calculations of design parameters for technical objects of pipeline
transport should expand and supplement the regulatory documentation for
the preparation of projects for the construction of both main product pipelines
and technological “interoperable” production pipelines

Keywords: pipeline, flow, gel, laminar mode, turbulent mode, pipeline design
parameters
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Analytical criterion for the strength of bonded-dispersed gels during...

INTRODUCTION
The accelerated development of pipeline transport
systems in the second half of the 20™ century is
conditioned by its technical efficiency and significant
operational advantages compared to other technologies
for transporting various materials [1-3]. In particular,
these are such advantages as: large capacity due to the
continuity of the transport process [2]; the absence of
intermediate operations that require the creation of
special equipment and training of qualified support
personnel [1; 3]; the absence of transport losses of
material [2]; transport and environmental safety for
the implementation of the transportation process and
minimisation of landscape and destruction violations [2];
independence from weather and climatic conditions [3].

At the same time, the improvement of the tech-
nical capabilities of pipeline transport, the appearance
and technical improvement of hydraulic transport sys-
tems [3] facilitated the significant expansion of the
range of transported substances and materials [4; 5].
Modern pipeline systems, both main and industrial,
allow transportating various solid bulk materials [2; 4],
minerals [6], building materials and mixtures [2], indus-
trial and household waste [3], chemical raw materials
and substances [2; 7; 8], etc. However, prolonged stay
in pipelines and changes in transportation modes lead
to changes in the properties and characteristics of the
transported substances and materials [7; 9; 10]. At the
same time, these changes can both worsen and improve
the quality of not only the materials transported by
pipelines, but also the liquid “technological carrier of
the transported material”[6; 11].It is stochastic changes
in the quality indicators of substances and materials
transported in pipelines that necessitate in-depth ex-
perimental studies aimed at developing theoretical
foundations and practical recommendations for the op-
timisation of the motion of pressure and gravity flows
of gels and sols in pipelines [6; 11; 12].

During the operation of main oil pipelines, de-
posits in the form of resinous-paraffin compounds
accumulate on the internal surfaces of pipes,and intense
corrosion and stratification of metal is observed [12].
This leads to a decrease in the working cross-section of
the pipeline, an increase in the absolute roughness of
the inner walls of pipes,and consequently,to an increase
in hydraulic resistance, a decrease in the service life of
pipelines, and a reduction in the volume of petroleum

LU

g

products pumped [2].To prevent these negative processes,
from the moment the pipeline is put into operation and
during the entire period of its service life, there is a need
for periodic cleaning of the internal surfaces of pipes of
main oil pipelines [1; 3; 13-15]. The use of so-called
‘gel pistons” has become widely used for cleaning the
internal surfaces of product pipes [13; 15]. The basis for
the manufacture of the gel piston is polyacrylamide (PAA),
which is able to form a branched spatial structure, which
gives viscoelastic properties to the “gel separator of
petroleum products” As a result, the so-called gel piston
creates a proppant effect and when it moves through
the pipeline, it completely covers the internal working
section of the pipe and all deposits of dirt and resinous-
paraffin compounds are collected in the tail part of the
piston in the course of its motion [12; 13; 15].

However, theoretical developments in the field
of hydrodynamics of complex colloidal flows today are
mostly semi-empirical [2; 12; 14] and are far from ex-
haustive and complete. It significantly complicates
the application of these theoretical developments in
the implementation of practical engineering projects
for the creation of both main and industrial product
pipelines for various purposes. As for experimental
studies of hydrodynamics of complex colloidal flows,
including methods of physical modeling of the dynamics
of these flows, and corresponding engineering and
technological equipment, such studies require signifi-
cant capital expenditures [4; 6; 11] and fail to provide
generalised universal results [2; 3].

Thus, the further development of the theory of
dispersed flows of gels and soles in pipelines and the
development of universal (generalised) methods of en-
gineering calculations of design parameters of systems
and individual technical objects of pipeline transport
based on the appropriate analytical studies are priority
tasks for the further development of product pipeline
transport.

The purpose of the study is to ensure stabilisation
of the quality indicators of substances and materials
transported by pipeline transport systems.

MATERIALS AND METHODS

The study considers the motion of a viscous fluid be-
tween two parallel layers, which is caused by some
infinitesimal shear stress (Fig. 1).

— VtdV

h:
z dz

/
=

T

Figure 1. Motion of a viscous structured liquid between two parallel layers
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Assume that the velocity of a liquid at a certain zdepth
is v, which means that the change in this velocity over
depth z (velocity gradient) will be dv/y,. In general (see
Fig. 1) the velocity gradient will be defined as [13; 14]:

dv v 1 du_d(%) 1)

dz h h dt  dt
In equation (1), the value u/, is the offset gradient,
which we will later denote as y. And then it follows
from equation (1) that the time derivative of the offset
gradient y is equal to the velocity gradient dv/;,:
=5 @
dz
Therefore, the tangential stress t that occurs be-
tween the liquid layers will be proportional to the ratio
of the velocity difference in the liquid layers to the
distance dz between these adjacent infinitely closely
located thin layers. Within each of these layers, it is as-
sumed that the velocity in the liquid layer is a steady-state
value and changes by a value dv only when crossing the
boundary between neighboring layers. Then:
dv
T=no ()
where: dv - velocity difference in adjacent liquid layers;
dz - distance between the midpoints of the adjacent
liquid layers under consideration (layer thickness);
n - dynamic viscosity, which is essentially a tangential
stress, which is necessary to cause the liquid layers to
move relative to each other at a speed equal to 1.
Given equations (3) and (1), the dynamic viscosity
has the dimension of the product of tangential stress
and time.Taking into account equation (2), the following
is obtained:

T=n"y (4)

The resulting equation (4) is essentially a for-
malised expression of Newton's law of viscosity, which
models (Fig. 2) phenomenological properties of a viscous
rheological body [5; 12] and determines the dynamics
of motion [5] of a viscous liquid in a cylindrical tube (Fig. 3).

Figure 2. Model of a Newtonian rheological body
(viscous fluid flow):
P - shear forces applied to the model; n — dynamic viscosity
of the liquid; T - tangential stresses between the liquid
layers; y - derivative of the displacement gradient
between the liquid layers

Sheludchenko et al.
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Figure 3. The motion of a viscous Newton fluid in a
cylindrical tube

Consider a cylindrical liquid column with radius
r and length I The side surface of such a column will
be 2 - m-r -1 and the total resistance to fluid motion
will be 2 - - r- 1.7 (r- tangential stresses between
the liquid layers, see Fig. 2). If the specific pressure on
the considered column of liquid with a radius r is p and,
accordingly, the total pressure is equal to p - - 1%, then
the equilibrium condition for the considered column of
liquid will be:

prr?=2-mr-l-t=0 (5)

from where:
_pr 6
- ©)

In equation (1), the value z is substituted with
the radius r of the liquid column under consideration:

dv=y-dr (7)

From equation (3) and taking into account (6)
and (7), the following is defined:

p
_ o 8
dv—z_l_nrdr (8)

and after integrating expression (8), the following is
obtained:
v=4.7.n-r2+c 9)
An arbitrary constant C can be determined if the
boundary conditions for (9) assume that the liquid layer
that is directly in contact with the inner wall of the
pipe has a velocity v = 0. And then, if r = R (Fig. 3) the
following is obtained:

___p 2 (10)
and,as a consequence:
__ b (11)
v = Ry (R =1°)

The sign “~”in equation (11) means that the motion of
fluid occurs in the opposite direction to the increase
in pressure p. Therefore, it follows from equation (11)
that the distribution of the fluid velocity over the
longitudinal section of the cylindrical flow is delineated
by a parabola with an extremum (maximum) lying on the
longitudinal axis of the section.Assuming that r—0, then:
Vmax = 7 s (12)
v determines the flow rate of the fluid (pro-
ductivity of the product pipeline Q) by the formula for
the paraboloid of rotation (Poiseuil equation) [12]:

1 2
QZE'”'R * Umax

(13)
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From where, taking into account (12), the follow-
ing is obtained:
_T.P
Q=5 7,k (14)
Thus, the obtained equation allows analysing
the flow volumes in pipelines and the critical value of
the flow rate in terms of the transition of the laminar
flow regime to the turbulent one, determined by the
Reynolds number:

Re:p'U'DhZU'DhZQ'Dh (15)

n v v-A
where: p- density of the liquid (colloidal gel); v -
characteristic flow rate; D, - hydraulic diameter (inner
diameter of the product line); n — dynamic viscosity of
the fluid (colloidal gel); v - kinematic viscosity of the
fluid (colloidal gel); Q - flow rate (product pipeline
capacity Q); A — internal cross-sectional area of the pipe.

At the same time, the transition of the laminar
flow mode to the turbulent one is guaranteed to lead to
the destruction of the transported structured gel flow
into a colloidal sol.

RESULTS AND DISCUSSION

Admittedly, the main sign of the destruction of the
coagulation-thixotropic gel system is the destruction
of the spatial structure formed by the dispersed compo-
nent (phase) of the colloidal solution. And the nature and
moment of onset of such destruction are determined
mainly by the internal diameter 2R (or D, and A) of
the product pipeline, its productivity Q, flow rate v,
characteristics of the coagulation-thixotropic gel system
p, 1, v, specific pressure p in the product pipeline, tan-
gential stresses T and the velocity gradient dv/y,,.

The condition for stochastic transformation of the
geltransported by the pipeline (coagulation-thixotropic
structure) into sol is the destruction of its spatial structure,
which is formed by the dispersed phase of the colloidal
solution. Such a stochastic transformation of the coag-
ulation-thixotropic structure can be observed both
when reaching the mode that determines the turbulent
motion of a viscous colloidal solution, and somewhat
earlier — at the stages of the laminar flow regime of
the solution. In this case, the average movement speed
of the colloidal solution in the pipe according to the
Poiseuil equation in accordance with (13) and (14) will be:

_0 1,
Uavg—m—g'm'R (16)

Given that the values of the tangential stresses
can be determined from the dependence (6) and for r =R,
the following is obtained:

17
Uavg—z'E'R (17)
If the maximum tangential stress that causes
stochastic destruction of the spatial structure of the
dispersed phase of a colloidal solution is T, then,
consequently, (17), the following is obtained:
1) _ l X Tmax

Vo =7 — R
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where: Vc(sl)— critical velocity of the laminar mode of
movement of a gel colloidal solution at which the spatial
structure of its dispersed phase is destroyed in a pipeline
with an internal pipe radius R.

The critical rate of transition of the laminar mode
of motion of a gel colloidal solution to the turbulent mode
of motion, which leads to the destruction of its spatial
structure, according to the Reynolds criterion Re (15),
will be:

@ _ Re 17
Ves”™ = 7 ’ p—R
where: Vc(f) - critical rate of transition of the laminar
mode of motion of the gel colloidal solution to the
turbulent mode, at which the spatial structure of the
dispersed phase of the solution is guaranteed to be
destroyed in a pipeline with an internal pipe radius R.

Equation (18) shows that the critical velocity of the
motion of gel colloidal solution at which the spatial struc-
ture of the dispersed phase is destroyed under laminar
conditions in the pipeline increases with the internal
pipeline diameter. On the other hand, as follows from
equation (19), the rate at which the movement of the
viscous gel in the pipeline acquires signs of turbulence,
which is guaranteed to cause the destruction of the
coagulation-thixotropic structure of the colloidal
solution, is higher.

Upon equating (18) and (19), the following is
obtained:

(19)

1 Typax  Re 7
T R=T
Having defined the internal radius of the pipeline
at which both critical velocities are equal to each other
as the critical radius R, the following is obtained:

R =2 Re
e 7 2P Tiax

A graphical interpretation of dependencies (18),
(19), and (21) is shown in Figure 4.

(20)

(21)

\4
]
Ves

2
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R
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Figure 4. Critical flow rates of the
coagulation-thixotropic structure of a colloidal
solution in a product pipeline

Following from the analysis of Figure 4, at R<R
the coagulation-thixotropic structure of the colloidal
solution in the pipeline is destroyed, it occurs before the




movement of the liquid flow reaches the turbulent re-
gime. At the same time, at R>R , the turbulent regime,
the gel flow begins at a certain velocity value v_, which
is still safe to prevent stochastic destruction of the co-
agulation-thixotropic structure of the gel.

To prevent the stochastic destruction of coagula-
tion-thixotropic structures of gel flows in pipelines, it is
necessaryto distinguish several important characteristic
values of tangential stresses t:

- the elastic limit 7, which in this case coincides
with the yield strength and at 7<7 , the flow of a colloidal
solution with a coagulation-thixotropic structure is vis-
cous, cannot be observed;

- conditional limit T of the initial strength of the

Sheludchenko et al.

structure; up to this limit, the spatial coagulation-
thixotropic structure is preserved without destruction;

- conditional yield strength Ty (according to Bingham);
beyond this limit, uncontrolled avalanche-like stochastic
destruction of the coagulation-thixotropic structure
begins (Fig. 5);

- the limit 7, of structural viscosity, upon reaching
which there is a gradual transition to a viscous flow of
“Newtonian fluid”;

- the conditional limit T of ultimate destruction of
a coagulation-thixotropic structure (ultimate structural
strength); at >7_ , a dispersed system (solution), as a rule,
can only be in the form of sol and reveals only the prop-
erties of a rheological Newton body (viscous fluid flow).

T
ﬂ-—-—'——-—
~ . astic —
P N sl AN core |
—— T T T " ] =
— [ — v0 —— TfB

Figure 5. Movement of the Bingham rheological body in the cylindrical tube of the product pipeline

Consequently, the nature of deformation of the
structure of a gel-like coagulation-thixotropic colloidal
solution during transportation in the pipe of the
product pipeline continuously changes.The ‘rheological
models” (rheological characteristics) and corresponding
mechanical properties of such structures change.

Next,the study considers the possibility of practi-
cal application of the obtained analytical results at the
design stage of technological (production) pipelines for
transportation of SAE-10 and SAE-40 engine oils. The
main physical characteristics of these lubricants are as

follows: dynamic viscosity - n = 0.065 (Pa - c) for the
SAE-10 brand and i = 0.319 (Pa - c) for the SAE-40
brand; density - p = 800 (kg/m3) for both brands; destruc-
tion limit of the coagulation-thixotropic structure of the oil -
7= 0.02 (Pa) - pressure-free gravity flow and t__ = 20 (Pa)
flow movement created in the pipe by pumps SP1, SP2
and GP3; Reynolds criterion — Re = 2500.

The results of design calculations of technological
(production) pipelines for transportation of SAE-10 and
SAE-40 engine oils are presented in Table 1.

Table 1. Results of design calculations of optimal pipeline diameters for the transportation of
SAE-10 and SAE-40 engine oils

SAE-10 engine oil

SAE-40 engine oil

flow motion generated
by pumps SP1, SP2

Property indicator

gravity-fed flow

flow motion generated

by pumps SP1, SP2 gravity-fed flow

and GP3 motion and GP3 motion
Dynamic viscosity (Pa - c) 0.065 0.065 0.319 0.319
Density, k‘g/ms 800 800 800 800
Structure destruction limit, Pa 0.2 20 0.2 20
Reynolds criterion 2500 2500 2500 2500
Flow radius, m 0.5 0.05 1.2 0.13

Optimal product pipeline
diameters, mm:
- minimum
- maximum

100
not limited

250
not limited

Scientific Horizons, 2021, Vol. 24, No. 2

13



14

Analytical criterion for the strength of bonded-dispersed gels during...

The above example of design calculation shows
the possibility of further development and creation of
a universal regulatory framework that would be clearly
focused on the needs of designers of pipeline transport
systems for main product pipelines and for purely
technological “interoperable” production pipelines. At
the same time, such technological pipelines under
certain production conditions would not only maintain
the quality indicators of the transported materials,
but under certain transportation modes they could
perform specific production functions, such as certain
technological operations aimed at obtaining finished
products.

CONCLUSIONS

The proposed analytical method of engineering
optimisation of the design diameter of the transport
pipeline, based on the strength criterion of bound-
dispersed coagulation-thixotropic gel structures, al-
lows establishing optimal technical characteristics of
the pipeline at the design stage, in particular, the con-
ditional internal diameter of the pipe, steel (cast iron)

product pipelines. The basis for such optimisation
was the basic physical properties of the transported
material (density, kinematic and dynamic viscosity,
tangential shear stresses), as well as the structural and
technological parameters of the pipeline (productivity
or technological flow rates, speed of the transported
gel, specific pressure in the product pipeline). Op-
timised structural and technological parameters of
“interoperable” production pipelines provide not only
transport functions through technological transitions,
but can also be included in production processes as
direct technological operations.

Further studies of dispersed flows of gels and
solesinpipelinesshould beaimedatimprovinguniversal
(generalised) methods of engineering calculations of
design parameters of systems and individual technical
objects of pipeline transport and the development of
appropriate regulatory documentation. Such measures
would ensure the automation of design work at the
stage of preparation of projects for the construction
of both main product pipelines and technological
"interoperable” production pipelines.

(1]
(2]
(3]
(4]
(5]
(6]
[7]

(8]

(9]
[10]
[11]

[12]

[13]

[14]
[15]

REFERENCES

Vasyliuk, V.M. (2004). Enhancing the reliability of the main oil pipelines AUAC “Ukrtransnafta”. Bulletin of
National Gas Association of Ukraine, 4, 11-14.

Sapozhnikoy, O.D., Moroziuk, V.V., & Moroziuk, O.A. (2012). Non-standard approach to monitoring the objects of
pipeline transportation. Pipeline Transportation, 5(77), 24-26.

Slobodian, V.I. (2012). Reliability and safety of the main pipeline transportation. Pipeline Transportation, 1(73),
22-23.

Sheludchenko, B.A. (2014). Introduction to the design of natural and technogenic geo eco-systems (landscape and
territorial aspect). Kamyanets-Podilskyi: PDATU.

Sheremeta, R.(2019).Review of reological models. Bulletin of Lviv National Agrarian University: Agroengineering
Research, (22), 22-30. doi: 10.31734/agroengineering2018.01.022.

Chudyk, L.I., Dudych, I.F., & Tokaruk, V.V. (2020). Well washing process modelling. Prospecting and Development
of Oil and Gas Fields, 2(75), 62-68. doi: 10.31471/1993-9973-2020-2(75)-62-68.

Lee, S., Moon, N., & Lee, J. (2012). A study on the exit flow characteristics deter-mined by the orifice
configuration of multi-perforated tubes. Journal of Mechanical Science and Technology, 26(9), 2751-2758.
doi: 10.1007/512206-012-0721-z.

Korshak, A.A., & Hussain, M.N. (2008). Conditions for anti-turbulence additive effective use in the process of
increasing oil pipeline capacity. Problems of Gathering, Treatment and Transportation of Oil and Oil Products,
1(71), 41-45. Retrieved from http://ntj-oil.ru/article/view/2544

Reiner, M. (1965). Rheology. Moscow: Nauka.

Konoval, A., & Makarov, A. (2020). The temperature dependence of dynamic viscosity and tyxotropy of high-
viscous oil in the high alcohols presence at different concentration. Ukrainian Chemistry Journal, 86(6), 99-107.
doi: 10.33609/2708-129X.86.6.2020.99-107.

Hassan, J.M., Mohamed, T.A., Mohammed, W.S., & Alawee, W.H. (2014). Modeling the uniformity of manifold
with various configurations. Journal of Fluids, 2014, article number 325259. doi: 10.1155/2014/325259.
Grudz, Ya., & Slobodian, B. (2020). The effects of physical properties of liquids on the process of the main
pipeline cleaning up from liquid pollutants. Prospecting and Development of Oil and Gas Fields, 1(74), 89-95.
doi: 10.31471/1993-9973-2020-1(74)-89-95.

Afanasyey, S.V,, Volkov, V.A., Turapin, A.N., & Shevchenko, Y.N. (2017). Gel compositions for cleaning up oil
pumplines from sediments. Chemical Engineering, 10,12-13.

Biletskiy, V.S., & Fick, M.1. (2019). The basis of natural carbohydrate transportation. Kharkiv: STA KPI.
Turapin, A.N., Volkov, VA., & Afanasiev, SV. (2017). Gel separation pigs for displacement of oil, oil products as
well as of different pollutants from the main pipelines. Oil, Gas, Innovations, 8, 40-45.

Scientific Horizons, 2021, Vol. 24, No. 2




Sheludchenko et al.

AHANITUYHUA KPUTEPIUA MILHOCTI 3B'A3AHO-ANCNEPCHUX FENEN
MPU TPAHCMNOPTYBAHHI IX Y TPYBOMNPOBOOAX

borpaH AHatoniitoBuu LWenynueHko, IpuHa MasnisHa CiocapeHko, Oner bopucoeuu MnyxHikoB,
Bnapucnas OnekcitoBuu Ly6eHko, Biktop PomaHoBuY bineubkuii,
Biktop MukonarioBuu bopoBcbKuit

MonicbKMii HaLioOHaNbHWI YHIBEPCUTET
10008, 6-p Crapu#, 7, M. Xutomup, YkpaiHa

AHortauis. CyyacHi TpybonpoBiaHi cucteMu, K MaricTpasnbHi, Tak i MPOMMUCIOBI, 403BOISKOTL TPAHCMOPTYBATH WMPOKY
HOMEHKIATypy He /ule piaKuX i ra3onofibHMX pevyoBuH, ane ¥ pi3HOMaHITHI TBepAi CUMKi MaTepianu, KOPUCHI
KonanuHu, bynisenbHi Matepianu Ta cymiwi Towo. OgHaK, po3BMTOK TPyOONPOBIAHMX TPAHCMOPTHMX CUCTEM B
Cy4aCHUX YMOBAX CTPUMYETbCS HELOCTATHICTIO TEOPETUYHUX HANpPaLoBaHb 3a peanizauii NPaKTUYHUX iHXEHEPHUX
NPOEKTIB CTBOPEHHA K MariCTpasbHUX, TaK i MPOMMUCNOBMX MNPOAYKTOMPOBOAIB Pi3HOrO MpusHayeHHs. OTxe,
noAanblinii pO3BUTOK TeOopii NOTOKIB Pi3HOMaHITHUX pe4yoBUH Yy TpybonpoBoaax i CTBOPEeHHS Ha NiACTaBi Li€i Teopii
YHiBEpCaNbHMUX METOLIB iHKEHEPHUX PO3PaXyHKiB MPOEKTHWUX NapameTpiB TpybONpoBiAHMX CUCTEM € NPIOPUTETHUMM
3aBAAHHAMM ANS NOAANBLIONO PO3BUTKY NPOAYKTONPOBIAHOrO TpaHcnopTy. locnigKeHH BUKOHYBANMUCh BiANOBIAHO
[0 YMOBM CTOXACTMYHOrO NEPETBOPEHHS KOarynsauiiHO-TMKCOTPOMHOI CTPYKTYpU reneBoro MoTOKY B 30/b. Take
CTOXaCTUYHE NepeTBOPEHHS KOArynsauifnHO-TUKCOTPOMHOT CTPYKTYPU MOXKE COCTEPIraTUCh K 33 AOCATHEHHS PEXUMY,
L0 BU3HaYaE TypOyNeHTHUI pyX BAI3KOr0 KOIOIAHOro PO34YMHY, Tak i AeLL0 paHille — Ha CTafisX 1aMiHAPHOTO pexXuMy
Teyii po3umnHy. Ha niacrasi popmanbHO-HEHOMEHONOTIYHOIO aHaNi3y BU3HAYEHO, WO Nif Yac nepexoay AaMiHapHoro
pexuMy pyxy MOTOKY pifuHKM HblOTOHa y UMNIHAPUYHIK Tpybi B TypOYyneHTHMI pexxMMm rapaHToBaHO BifOyBa€eThCS
pYyMHYBaHHS TPaHCMOPTOBAHOrO CTPYKTYPOBAHOrO reneBoro MOTOKY B KOMOiAHMM 30Ab. Ha niacrasi npuknagy
TMMNOBOrO MPOEKTHOIO PO3paxyHKy TEXHONOrIYHOro (BMpobHMYOro) TpybonpoBoay Ans TPAHCMOPTYBAaHHS MOTOPHUX
onuB Mapok SAE-10 T1a SAE-40 BM3HauyeHO OMTMMAanbHi YMOBHI BHYTPIlIHi AiaMeTpu Tpyd NpoayKTONpPOBOAY,
BCTAHOB/IEHO BIiAMOBIAHICTD MPOEKTHUX KOHCTPYKLIiMHMX napameTpiB TpybonpoBoAiB BiANOBiAHMM  (i3unKo-
MEXaHIYHUM BIACTUBOCTAM TPAHCMOPTYEMUX PiAMH. [IPOMNOHOBaHI MeTOAM iHXEHEPHWUX PO3PaxyHKiB MPOEKTHUX
napaMeTpiB TEXHIYHMX 0OEKTIB TPyOONPOBIAHOIO TPAHCMOPTY MAKOTb PO3LIMPUTH Ta LOMOBHUTU TUMOBY HOPMATUBHY
[OKYMEHTALi0 NiAroTOBKM MNPOEKTiB OymiBHMUTBA $SK MariCTpasbHUX MPOLYKTONPOBOAIB, TaK i TEXHOMOTIYHUX
«MiXomnepauiiHux» BUpobHUUMX TPyOONpPOBOAiB

KniouoBi cnosa: Tpybonposia, NOTiK, refb, NaMiHapHWUIA pexuM, TypOyneHTHUI pexuM, MPOEeKTHI napameTpu
Tpybonposoay
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INTRODUCTION

Providing animals with high-quality feed at a competi-
tive price in accordance with a balanced diet determines
the effective operation of animal husbandry. One of the
factors of the unstable development of animal hus-
bandry in Ukraine is the supply of poor-quality feed [1].
The development of new and improvement of con-
ventional technical and technological support for feed
production for organic animal husbandry should be
carried out taking into account the criteria of efficiency,
energy and resource saving and competitiveness of
its products. This is possible by improving the quality
of the feed base with the help of technological and
technical innovations [2; 3].

The value of liquid feed is determined by the ap-
propriate technological operations during their prepa-
ration. Liquid feed should have a high degree of uni-
formity in the fraction composition. In this regard, feed
grinding should be provided with the same fractional
composition for each of the components of plant raw
materials that are part of the feed. In addition, the feed
must be homogeneous in the distribution of compo-
nents in the liquid mixture. That is, the mixing process
should be provided with a high coefficient of variation
in the distribution of components of raw materials of
vegetable origin in the mixture volume. Prepared liquid
feed should preserve nutrients and vitamins, do not
contain substances that can adversely affect the health
and productivity of the animal,and also ensure a waste-
free transformation of plant raw materials. That is, the
technological process of feed preparation must meet
the specified conditions [4; 5].

These conditions correspond to the processes
of homogenisation and dispersion of feed components
using cavitation treatment. According to [6], dispersion
is a technological process that results in dispersed
systems (suspensions, powders, aerosols, emulsions)
formed by grinding and redistributing components of a
solid material, liquid, or gas. For a heterophase system,
a decrease in the degree of inhomogeneity of the
phase and component distributions occurs during the
technological process of homogenisation [6]. The phys-
ical process of cavitation is determined by the build-up
and collapse of bubbles (cavities) in liquid media with
the release of a large amount of energy (shock wave) [7].
Bubbles resulting from cavitation contain liquefied steam.
A decrease in the pressure in the liquid and an increase
in its velocity leads to the phenomenon of hydrodynamic
cavitation. The bubble formed as a result of hydrody-
namic cavitation moves with the flow of liquid into the
high-pressure zone. Further, as a result of collapse, the
bubble emits a shock wave. By its nature, hydrodynamic
cavitation has the same mechanism of action as a shock
wave in air that occurs when a solid body overcomes a
sound barrier. The cavitation phenomenon is local in nature
and occurs within the appropriate conditions [8]. In the
process of cavitation treatment, the feed components
are crushed under the action of a shock wave.
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Based on the analysis [9-11], it was established
that the production of liquid feed and feed supplements
based on cavitation treatment is effective. Cavitation
dispersion improves the biochemical qualities of liquid
feed.This process allows using any components of plant
origin. Cavitation treatment affects the protein complex
of plant components. This ensures a high degree of fat
emulsification, which leads to an increase in its digest-
ibility by animals (by 6.3%). As a result of cavitation
dispergation, the extraction of biologically active sub-
stances and soluble proteins is accelerated. That is, the
obtained biochemically prepared liquid feeds are highly
efficient when fed to farm animals of all kinds.

Thus, the scientific and practical task is to ensure
the value of liquid feed by applying technological processes
of dispersion, homogenisation with cavitation treatment
of feed components in the preparation process.

The purpose of the study is to simulate the process
of cavitation treatment of liquid feed with a rotary cavita-
tion disperser-homogeniser and substantiate its rational
design and technological parameters.

MATERIALS AND METHODS

To implement the process of cavitation dispersion and
homogenisation of liquid feed, the following design and
technological scheme of the corresponding technical
means is proposed, which is shown in Figure 1 [12; 13].
To perform the simulation, a CAD model grid of
the area between the rotor, stator,and working chamber
of arotary cavitation disperser-homogeniser with a base
cell size of 0.001 m was constructed in the Star CCM+
software package.The geometric parameters of the rotor
and stator of a rotary cavitation dispersant-homogeniser
were used for modelling, which is shown in Figure 2-3.
The working chamber was adopted with a diameter of
340 mm and a height of 270 mm.The absolute roughness
of the rotor and stator surfaces - € = 2.5-:10°m.
Numerical simulations were performed using the
Eulerian multiphase model, multiphase interaction,and
the volume of fluid method (VOF). The motion of the
liquid phase follows the k- model of turbulence.To de-
termine the flow of the liquid phase and the presence
of the cavitation phenomenon, the mixture is taken as a
medium of two phases (liquid-gas). In addition, the gas
is represented as the gaseous phase of a liquid (steam).
It is accepted that the liquid phase in the process of
motion had a constant density, and the gas was real
and obeyed the Van der Waals equation. The gas-liquid
phase interaction corresponds to the model of cavitation
(Schnerr-Sauer) and volume of fluid (VOF-VOF) [14-16].
For this numerical simulation, the iteration period
was 0.001 ms. At the initial point in time, the area be-
tween the stator and the rotor was filled only with liquid,
that is, its content was o = 1. At the initial time, the tem-
perature was 300 K (27°C), the pressure was 101.3 kPA.
Accepted: constant liquid density p,.= 997.6 kg/m?, dy-
namic viscosity p, = 8.88-10 Pa-s, saturation pressure
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Simulation of the process of cavitation treatment of liquid feed

a molecular weight M, = 18 kg/kmol, a thermal con-
ductivity coefficient Ag =0.0253 W/(m-K), and a specific

heat capacity C = 1938 J/(kg-K).

p,= 2338 Pa,molecular weight M, = 18 kg/kmol, thermal
conductivity coefficient A, = 0.62 W/(m-K), specific heat
capacity C,= 4181 J/(kg-K). In turn, the gaseous phase of
the liquid has a dynamic viscosity p_ = 1.267-10° Pa-s,

Figure 1. Design and technological scheme of a rotary cavitation disperser-homogeniser:
1 - loading tank; 2 - tank cover; 3 - outlet pipe; 4 - loading sleeve; 5 — branch pipe for liquid components;
6 - stator; 7 - diffuser; 8 - through-hole; 9 - rotor; 10 - resonators; 11 - blades; 12 - shaft; 13 - bearing unit;
14 - asynchronous electric motor; 15 - electric crane; 16 - electric pump; 17 - flap; 18 - stepper motor shaft;
19 - liquid flow sensor; 20 - electric tap; 21 - heater; 22 - temperature sensor; 23 - control unit

i i
|
S
g| R
af f R A
| St e
. “ N ‘;‘ 16x45 16x45
sl | §
| e
g
‘ !
| 45—7‘
\ 240 iz
- 37
%5

Figure 2. Geometric dimensions of the rotor of the rotary cavitation disperser-homogeniser
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Figure 3. Geometric dimensions of the stator of the rotary cavitation disperser-homogeniser

The 3D model grid of the area between tankand  number of resonators Nhole were selected as research
working bodies of the cavitation disperser-homogeniser ~ factors. The limits and intervals of research factors are
in Star CCM+ is shown in Figure 4. shown in Table. 1.

The rotor speed n, the Inlet diameter Din,and the

Figure 4. The 3D model grid of the area between the tank and working bodies of the cavitation
disperser-homogeniser in Star CCM+

Table 1. Limits and intervals of numerical modelling factors

Level Rotor speed n, rpm. (x,) Inlet diameter D_, m (x,) Number of resonators N, , (x,)
Upper (+1) 3000 0.06 48
Average (0) 2250 0.05 32
Lower (-1) 1500 0.04 16
Interval 750 0.01 16

Scientific Horizons, 2021, Vol. 24, No. 2
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In the process of numerical modelling, it was de-
termined for each experiment:
- maximum movement speed of the liquid phase of
the mixture in the inlet V, .
- maximum movement speed of the liquid phase of
the mixture in the diffuser V. :
- maximum pressure of the liquid phase of the
mixture in the inlet P, .
- maximum pressure of the liquid phase of the
mixture in the diffuser P :
- minimum pressure of the liquid phase of the
mixture in the diffuser P .
The qualitative criterion for evaluating the cavi-
tation phenomenon in the developed equipment is the
maximum and minimum cavitation number X and
X ., which is calculated using the equations (1-2):
_ Z(Protmax PS)’ (1)

Xmax - V
p rotmax

_ Z(Protmin - Rq) (2)

min — i

erotmin
where: P - hydrostatic pressure of the incoming flow
in the diffuser, Pa; P_- saturated vapour pressure of the
liquid (for water vapour P_= 2314.4 Pa); p - density of
the medium (for water p = 997 kg/m?); V. - flow rate in
the diffuser, m/s.

When the flow of a two-phase medium reaches
the maximum velocity, at the moment when the pressure
inthe flow becomes equal to the pressure of vaporisation
(saturated vapours), the cavitation phenomenon occurs.
The specified velocity corresponds to the value of the

V, m/s

I12

cavitation criterion X, which determines the type of flow:

- at X > 1 - continuous (single-phase) flow;

- at X =1 - two-phase cavitation flow;

-at X< 1 - film flow;

- at X << 1 - supercavitation.

The criterion for the dispersion productivity is the

value of the mass flow of the mixture, which is calculated
using the equation (3):

Q = Vin maxPSin = Vin maxpT[DiZn' (3)

where S, - area of the entrance opening, m”.

The higher the value of Q, the greater the mass
of the mixture per unit time to be dispersed. Rational
designand mode parameters of the cavitation disperser-
homogeniser can be achieved if the productivity of the
dispersing process is maximised while minimising the
value of the cavitation number.

The simulation was performed by iterating through
all levels of factors. The total number was 27 experiments.
After that, a second-order regression model was calcu-
lated using the Mathematica software.

RESULTS AND DISCUSSION

Based on the results of numerical modelling, the distri-
bution of the velocity of movement of the liquid phase
in the working chamber of a rotary cavitation disperser-
homogeniser is obtained (Fig. 5). This visualisation shows
that the entire mixture is captured by the rotor in the
through-hole of the stator and passes through diffusers
and resonators, in which the dispersion process takes
place.

0

Figure 5. Distribution of movement velocity of the liquid phase of the mixture in the working
chamber of the rotary cavitation disperser-homogeniser

Figure 6 shows the distribution and dynamics
of pressure in the diffuser of a rotary cavitation dis-
perser-homogeniser. This visualisation shows that the
average difference between the maximum and minimum
pressure values in the diffuser is more than 90 kPa.
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At the same time, such a pressure change occurs in
0.004 seconds. This allows stating that the phenom-
enon of hydraulic shock occurs in the diffuser, which
contributes to the dispersion process.
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Figure 6. Pressure distribution and dynamics in the diffuser of a rotary cavitation disperser-homogeniser

Based on the results of simulation and process-
ing of the obtained data in the Mathematica software,
regularities of changes in the value of the maximum
velocity of movement of the liquid phase of the mixture
in the inlet are obtained from research factors in en-
coded form (4):

v . =472+100333x -3.03551-10™ x>+ 1.09667 x* -

in max

-5.2384-10" x, x,+ 0.1 x,2 - 0.271667 x, - 0.01 x, x, -
-0.0275 x, x, + 0.085 x,? 4)

Statistical processing of equation (4) is presented
in Table 2. As a result of the analysis of Table 2, corre-
sponding reduction of insignificant coefficients accord-
ing to the Student's t-test and decoding of equation (4),
the study has finally obtained the dependence of the
change in the maximum velocity of the liquid phase of
the mixture in the inlet on the research factors (5):

v =—0665+151667 D, +1000D, *+0.00133778 n- (5)

n max

00296354 N, -0.171875 D, N, , + 0.000332031 N, ,*

Coefficient Value Error Student'’s t-test Probability
Ay, 4.72 0.0193396 244.059 1.41494-10%
a, 1.00333 0.00895249 112.073 7.81436-102%¢
a,, 1.09667 0.00895249 122.499 1.7257-10%
a,, -0.271667 0.00895249 -30.3454 3.01715-107%
a, -5.2384-10°¢ 0.0109645 -4.7776-10% 1
a, -0.01 0.0109645 -0.912033 0.374504
a,, -0.0275 0.0109645 -2.50809 0.0225708
a, -3.03551-10% 0.0155062 -1.95762-10% 1
a,, 0.1 0.0155062 6.44905 5.99957-10°
a 0.085 0.0155062 5.48169 0.00004052

33

The maximum movement speed of the liquid
phase of the mixture in the inlet V.

nmax

=7.3m/s is achieved
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Figure 7. Dependence of the maximum movement speed of the liquid phase of the mixture in the inletV, _ on the

rotation speed of the rotor n, the diameter of the inlet Din and the number of resonators N

v

at n = 3000 rpm.,D, =0.06 m,N, = 16.Graphical inter-
pretations of dependency (5) are shown in Figure 7.
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Based on the results of simulation and processing of
the obtained data in the Mathematica software, reqularities
of changes in the value of the maximum velocity of move-
ment of the liquid phase of the mixture in the diffuser are
obtained from research factors in encoded form (6):
V.....=172533+631667 x, - 2.34467-10" x,* + 0.178333 x, -
-4.13185-10" x, x, +0.135 x,> + 2.33333 x, + 1.11 x, X, -

-0.1525 x, x, +0.36 x,? (6)

Statistical processing of equation (6) is presented

in Table 3. As a result of the analysis of Table 3, corre-
sponding reduction of insignificant coefficients accord-
ing to the Student's t-test and decoding of equation (6),
the study has finally obtained the dependence of the
change in the maximum velocity of the liquid phase of
the mixture in the diffuser on the research factors (7):
V.. .=0845+178333 D +000546222n-0152292N,  +
+0.0000925n N,  +0.00140625 N, ’ (7)

Table 3. Statistical processing of equation (6)

Coefficient Value Error Student'’s t-test Probability
Ay, 17.2533 0.164711 104.749 2.46127-10%
a, 6.31667 0.0762462 82.8457 1.31798-10%
a,, 0.178333 0.0762462 2.33891 0.0318103
a,, 2.33333 0.0762462 30.6026 2.6202-101
a,, -4.13185-10% 0.0933821 -4.42467-10 1
a, 1.11 0.0933821 11.8866 1.16332-10°
a,, -0.1525 0.0933821 -1.63307 0.120836
a,, -2.34467-10 0.132062 -1.77543-10"* 1
a,, 0.135 0.132062 1.02225 0.320993
a 0.36 0.132062 2.72599 0.0143729

33

The maximum movement speed of the liquid
phase of the mixture in diffuser V = 27.5 m/s is

rot max

achieved at n = 3000 rpm., D, = 0.06 m, N, = 48.
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Graphical interpretations of dependency (5) are shown
in Figure 8.
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Figure 8. Dependence of the maximum movement speed of the liquid phase of the mixture in the diffuser V. on the
rotation speed of the rotor n, the diameter of the inlet D, and the number of resonators N, .

Based on the results of simulation and processing
of the obtained data in the Mathematica software, reg-
ularities of changes in the value of the maximum pres-
sure of the liquid phase of the mixture in the inlet are
obtained from research factors in encoded form (8):

P =124551+15.6894x, -1.81164 x,* + 546905 x, +
+0.524858 x, x, - 0.323984 x, + 5.3878 x, + 0.04055 x, X, +
+1.21828 x, x, + 3.88243 x,”. (8)

Statistical processing of equation (8) is pre-
sented in Table 4. As a result of the analysis of Table 4,
corresponding reduction of insignificant coefficients

Scientific Horizons, 2021, Vol. 24, No. 2

according to the Student's t-test and decoding of equa-
tion (8), the dependence of the change in the maximum
pressure of the liquid phase of the mixture in the inlet
on the research factors (9) was found:
P =50.7694+303249D, +00354123 n - 3.22069-10°n’ -
-101458 N, +761425D N, +0.0151657N, * (9)
The maximum pressure of the liquid phase of
the mixture in the inlet P, = 154.4 kPa is reached at
n =3000 rpm., D, =0.06 m,N, = 48.Graphical inter-
pretations of equation (9) are shown in Figure 9.
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Table 4. Statistical processing of equation (8)

Coefficient Value Error Student'’s t-test Probability
Ay, 124551 0.666684 186.821 1.328-10%
a,, 15.6894 0.308615 50.8382 5.14025-10%
a,, 5.46905 0.308615 17.7213 2.13958-1012
a,, 5.3878 0.308615 17.458 2.72515-1012
a, 0.524858 0.377974 1.38861 0.182879
a, 0.04055 0.377974 0.107282 0.915821
a,, 1.21828 0.377974 3.22318 0.0049921
a, -1.81164 0.534536 -3.38918 0.00348852
a,, -0.323984 0.534536 -0.606104 0.552454
a 3.88243 0.534536 7.26317 1.3255-10°®

33
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Based on the results of simulation and process-
ing of the obtained data in the Mathematica software,
regularities of changes in the value of the maximum
pressure of the liquid phase of the mixture in the diffuser
are obtained from research factors in encoded form (10):
p ., =171763+19.3513 x, - 3.90839 x>+ 3.98246 x, -

- 0357417 x, x, - 0.0684029 x,* + 6.15596 x, +
+0.0130833 x, x, - 1.56583 x, x, + 2.63001 x,” (10)
Statistical processing of equation (10) is presented

40
730 N

., M s
it 0.050 -

20

0.060
Figure 9. Dependence of the maximum pressure of the liquid phase of the mixture in the inlet P, on the rotation

speed of the rotor n, the diameter of the inlet D, and the number of resonators N,

in Table 5.As a result of the analysis of Table 5, the corre-
sponding reduction of insignificant coefficients according
to the Student's t-test and decoding of equation (10),
the dependence of the change in the maximum pressure
of displacement of the liquid phase of the mixture in
the diffuser on the research factors was obtained (11):
P =411716+711412 D +00570688 n-6.94825-10°n’ +
+0216568 N, -9.78644D N, +00102735N, * (11)

Table 5. Statistical processing of equation (10)

Coefficient Value Error Student's t-test Probability
ag, 171.763 0.780301 220.125 8.17623-10%
a, 19.3513 0.361209 53.5736 2.11995-10%°
a,, 3.98246 0.361209 11.0254 3.63528-10°
a,, 6.15596 0.361209 17.0427 4.01849-10*2
a, -0.357417 0.442389 -0.807924 0.430295
a,;, 0.0130833 0.442389 0.0295743 0.976751
a,, -1.56583 0.442389 -3.53949 0.00251884
a, -3.90839 0.625632 -6.2471 8.84795-10°¢
a,, -0.0684029 0.625632 -0.109334 0.914218
a 2.63001 0.625632 420376 0.000596762

33
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The maximum pressure of the liquid phase of the
mixture in the inlet P, =154.4 kPa is reached at n =
3000 rpm., D, = 0.06 m, N, = 48.Taking into account
the research factors alternately at the specified level,
graphical interpretations of the dependence (11) are
shown in Figure 10.

Based on the results of simulation and process-
ing of the obtained data in the Mathematica software,
regularities of changes in the value of the minimum
pressure of the liquid phase of the mixture in the
diffuser are obtained from research factors in encoded
form (12):

p . =545321-19.3513 x, + 3.90839 x,> + 2.097 x, +
+0.357417 x, x, + 0.47866 x,* - 245528 x, -
- 0.0130833 x, x, - 0.401844 x, x, - 2.22782 x> (12)

Statistical processing of equation (12) is presented
in Table 6.As a result of the analysis of Table 6, the corre-
sponding reduction of insignificant coefficients according
to the Student's t-test and decoding of equation (12),
the dependence of the change in the minimum pressure
of displacement of the liquid phase of the mixture in
the diffuser on the research factors was obtained (13):
P . =133276+209.7D, -0.0570688 n+6.94825-10°n” +

+0.403501 N, -0.00870244 N, °. (13)

The maximum pressure of the liquid phase of
the mixture in the inlet P, =372 kPa is reached at n
=3000 rpm.,D, = 0.06 m,N, = 16.Taking into account
the research factors alternately at the specified level,
graphical interpretations of the dependence (13) are
shown in Figure 10.

Table 6. Statistical processing of equation (12)

Regression coefficient regress\{:’nu:ooeffﬁcient Stz::;rd t-statistic P-Value
a,, 54.5321 0.641455 85.0131 8.50496-10%
a, -19.3513 0.296936 -65.1699 7.69801-1022
a,, 2.097 0.296936 7.06212 1.90842-10°
a,, -2.45528 0.296936 -8.26873 2.32092-107
a,, 0.357417 0.363671 0.982803 0.339486
a,;, -0.0130833 0.363671 -0.0359758 0.971721
a,, -0.401844 0.363671 -1.10497 0.284567
a,, 3.90839 0.514308 7.59932 7.29443-107
a,, 0.47866 0.514308 0.930687 0.365044
a -2.22782 0.514308 -4.33169 0.000453011
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Figure 10. Dependence of the maximum and minimum pressures of the liquid phase of the mixture in the diffuser P
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P ... on the rotation speed of the rotor n, the diameter of the inlet D, and the number of resonators N,

rot min

As a result of calculating the maximum and min-
imum cavitation numbers using equations (1) and (2),
the corresponding regression equations (14-15):
X =8.85738-0.0046054 n + 6.90585-107 n” -

- 00626404 N, +00000113792n N, +
+0.000297945 N, 2 (14)
X =6.00697 - 0.00363865 n + 5.73414-107 n? -
- 00385963 N, +0.0000106933 n N, +
+0,0000802344 N, (15)
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The value of the cavitation number X = 0.08 and
X =057 is achieved at n = 2725 rpm., D, = 0.049 m,
N, = 48.Taking into account the research factors alter-
nately at the specified level, graphical interpretations

of dependencies (14)-(15) are shown in Figure 11.




3000 0.040
Figure 11. Dependence of the maximum and minimum cavitation numbers X X . on the rotor speed n, the inlet

diameter D, , and the number of resonators N ole

CONCLUSIONS

As a result of modelling the action of a rotary cavitation
disperser-homogeniser in the Star CCM+ software, the
distributions and dynamics of velocities of the liquid
phase of the mixture and the pressure and concentration
of the gaseous phase of liquid in the diffuser are es-
tablished, which indicates the presence of cavitation.
This confirms the operability of the developed design
and technological facilities for the preparation of liquid
feed and indicates the expediency of further research
to substantiate its technological parameters.

As a result of numerical modelling of the oper-
ation of a rotary cavitation disperser-homogeniser, the
dependences of the maximum (max) and minimum (min)
movement speed of the liquid phase of the mixture
in the inlet V. and in the diffuser V_ on the rotation
speed of the rotor n, the diameter of the inlet D, and
the number of resonators N, , are determined. The
maximum movement speed of the liquid phase of
the mixture in the inlet V., =73 m/s is achieved
at n = 3000 rpm., D, = 006 m, N, = 16. In turn, the

hole
maximum movement speed of the liquid phase of the

Aliiev et al.

at n = 3000 rpm., D, = 0.06 m, N, = 48. As a result
of numerical modelling of the operation process of a
rotary cavitation disperser-homogeniser, the depen-
dences of the maximum (max) and minimum (min)
pressures of the liquid phase of the mixture in the
Inlet P, and in the diffuser P_, on the rotor speed n,
the diameter of the inlet D, and the number of res-
onators N, ~are determined. The maximum pressure
of the liquid phase of the mixture in the inlet P, =
154.4 kPa and in the diffuser P_ = 154.4 kPa is
reached at n=3000 rpm.,D, =0.06 m,N, =48.

The qualitative criterion for evaluating the cavi-
tation phenomenon in the developed equipment is the
maximum and minimum cavitation numberX andX
which depends on the rotation speed of the rotor n, the
inlet diameter D, and the number of resonators N, . The
value of the cavitation number X =0.08 and X =0.57
is achieved at n = 2725 rpm, D, = 0.049 m, N, = 48,
which corresponds to a film flow of liquid with a stable
separation of the cavitation cavity from the rest of the

continuous flow (film cavitation).

25

mixture in the diffuser V = 27.5 m/s is achieved
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CUMYALIA NMPOLECY KABITALLIMHOI OBPOBKU PIAKUX KOPMIB
EnbunH baxtusap ornu Anies, PomaH iMutpoBuy ManeriH,
Bitaniit Bonopumuposuu Ienes, Onbra tOpiiBHa AnieBa

[HINPOBCbKMI AepXKaBHUI arpapHO-eKOHOMIYHUI YHIBEPCUTET
49600, Byn. Cepria €EdppemoBa, 25, M. [IHiNpo, YkpaiHa

AHotaujig. OnHakoBMI GpaKLiiHKI CKNag Ta OAHOPIAHICTb PO3MOAiNY KOMMOHEHTIB CUPOBUHU POCIMHHOTO NOXOKEHHS Y
CyMiLLi € OCHOBHMMMU KpUTePIiSiMUK SKOCTI pifkoro kopMmy. Lle 3abe3neuyeTbcs npouecamm roMoreHisadii Ta AMcnepryBaHHs
KOMMOHEHTIB KOPMIB i3 3aCTOCYBaHHAM KaBiTaLiiHOI 06pobkuM. MeToto foCNiAKeHb € NPOBEAEHHS CUMYNALIT npoLecy
KaBiTaLiMHOT 06pOOKM pifKUX KOPMIB POTOPHWMM KaBiTaLiMHMM AMCNEpraTop-roMoreHi3aTopoM i 0BrpyHTYBaHHS
MOro pauioHanbHUX KOHCTPYKTUBHO-TEXHONOMYHMX napaMeTpiB. [locTaBneHo 3a4advy CTBOPEHHS TakOro POTOPHOrO
KaBIiTaLiMHOro AMCNepratop-roMoreHi3aropa, iku1i A03B0SISE O4HOYACHO BUKOHYBATU TEXHONOTIYHI MPOLLECH AUCTEPryBaHHS,
€My/bryBaHHS Ta rOMOreHi3aLii KOMMOHEHTIB CyMilli B piaAKoMy cepefoBuLLi 3 Gifbll BUCOKOK NPOLYKTMBHICTIO, SIKiCTHO
i MEHWWMK eHeproBuTpaTamu. Y pesynbtaTi CUMYASLIi pOTOPHOro KaBiTaLiMHOMO AMcnepraTtop-roMoreHisatopa B
nporpami Star CCM+ BCTaHOB/IEHO PO3MNOAINU i AMHAMIKM WBUAKOCTEN PYXY PiaKkoi hasu CyMmilli, TMCKY Ta KOHLeHTpaLii
razonofibHoi da3un piaMHu B AMdy30pi, WO CBiAYMTL MPO HasBHICTb KaBiTauii. Lle niaTBepmXye npaue3naTHiCTb
KOHCTPYKTUBHO-TEXHO/IOTYHOI CXeMWU po3pobaeHOro TexHiYHOro 3acoby A4S NPUroTyBaHHS PifKUX KOPMIB i CBIAUYNTb
Npo AOLiNbHICTb MOJANbWMX MOr0 AOCHIAKEHb 3 OOrpYHTYBaHHS KOHCTPYKTUBHO-TEXHOMOFIYHUX napameTpis. Y
pe3ynbTaTi YMCEeNbHOrO MOJENBaHHSA npouecy poboTH pOTOPHOrO KaBiTaLiMHOro AucrnepraTop-roMoreHisatopa
BM3HAYEHO 3aNEXHOCTI MaKCMManbHOI (Max) i MiHiManbHOI (Min) WBMAKOCTI NepeMilleHHs piakoi dasu cyMmiwi y
BXigHOMy oTBOpi V. iy andysopi V  Bia yactotn obepraHHa poTopa n, AiaMeTpa BXiAHOro oTBopy D, i KinbKoCTi
pe3oHaTopie N, . AKICHUM KpUTEpIEM OUIHKM ABMLWA KaBiTauii y po3pobneHoMy obnafHaHHiI € MakcUManbHe i
MiHiMasibHe YMcno Kasitauii X 1 X . AKe 3a71eXuTb Bif 4acToTM obepTaHHA poTopa n, AiaMeTpa BXiAHOro OTBOPY
D, i kinbkocTi pesoHaTopiB N, ,.3HaveHHs ymcna kasitauii X - =0,08iX =0,57 pocaraerbea npun = 2725 06/xB.,
D, =0,049M,N, , =48,10 BiANOBIAAE NNIBKOBOMY MOTOKY PiAMHM 3i CTIHKMM BiALINEHHAM KABITaLiMHOT MOPOXKHMHM
B, pewTu CyLifibHOro NoToky (MAiBKOBa KaBiTaLis)

KntouoBi cnosa: KopMOBMPOOHMLTBO, KaBiTaLis, AMCNEPraTop-roMoreHisaTop, YucenbHe MOAENOBAHHS, NapaMeTpu,
WBMAKICTb, TUCK
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Abstract. For a more efficient and rational use in the production of Scots
pine wood of various geographical origin, it is necessary to know its physical
and mechanical properties. The purpose of this study was to determine the
physical and mechanical properties of wood of 17 climatic ecotypes of
Scots pine and to carry out a comparative analysis of the indicators obtained
for the studied climatypes separately and when they are grouped into
subspecies in accordance with the classification of L.F. Pravdin. The range
of the geographical origin of the places of seed procurement is from 47 to
62° north latitude and from 22 to 85° east longitude. The modern density
universal testing machine MTS INSIGHT 100 was used for research. As a
result of the research, it was found that the density of wood in an absolutely
dry state varies from 370 kg/m?* (Kursk climatype) to 524 kg/m? (Volgograd
climatype), and at 12% humidity - from 397 kg/m? (Kursk climatype) to
550 kg/m? (Volgograd climatype). The index of the strength of wood of
the studied climatypes for compression along the fibres was from 32 MPa
(Kursk climatype) to 54 MPa (Volgograd climatype), and for static bending -
from 55 to 92 MPa for the Vologda and Ulyanovsk climatypes, respectively.
Distribution of Scots pine climatypes into subspecies in accordance with
the classification of L.F. Pravdin and the obtained data on the physical and
mechanical properties of wood have a certain pattern.The maximum density
of wood at 12% moisture is typical for the European Scots pine subspecies
is 497£8 kg/m?, the minimum value of this indicator for the Siberian Scots
pine subspecies is 423*30 kg/m3. An intermediate position is occupied
by the subspecies of Lapland pine and Forest-steppe pine with values of
483%16 and 464+12 kg/m?, respectively. The strength index of wood in the
studied subspecies for compression along the fibres ranged from 47+1 MPa
(European subspecies) to 33*4 MPa (Siberian subspecies), in the Lapland
pine subspecies - 44*2 MPa and somewhat lower in the Forest-steppe pine
subspecies — 42%2 MPa. The maximum value of the static bending strength
of wood is typical for the European pine subspecies - 784 MPa, and the
minimum - for the Siberian pine subspecies - 61*14 MPa. This indicator
turned out to be equal in subspecies of forest-steppe and Lapland pine and
amounted to 72%4 MPa. The practical value of the work lies in identifying
the existing differences and variability among climatypes according to the
studied physical and mechanical properties of wood and selecting the
most promising of them for further breeding purposes

Keywords: wood density, wood strength, static bending, variability
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INTRODUCTION

One of the most important indicators of the quality of
Scots pine wood is its density and strength, which must
be taken into account both in forest reproduction and in
industrial use [1-4]. Density affects not only the physical,
but also the mechanical properties of wood [5]. The density
of wood is the most objective and universal indicator
of its quality. In most cases, there is a clearly expressed
direct correlation between the density and strength of
wood. The higher the density, the higher the strength,
and the degree of correlation reaches 0.8-0.9 [6].

Many scientists in their works note the exist-
ing significant differences among climatypes in survival
rate [7], preservation [8], growth [9; 10], resistance to
pests and diseases [11; 12], productivity [13], as well
as in the composition of chlorophyll, the structure of
needles [14; 15], the composition of essential oils, fruit-
ing and other characteristics [16-18]. In this regard, there is
interest in possible differences in the quality of wood
in different climatypes, which are determined by indi-
cators of physical and mechanical properties. Unique in
this regard, experimental model objects are geographic
plantations created by seed offspring of the most char-
acteristic populations of different ecotypes (climatypes)
in order to test them in new conditions. They serve as an
object for studying the geographical variability of the
hereditary properties of forest species. The first geo-
graphical plantations of Scots pine were established in
Belarus in 1959 on an area of 8.7 hectares by V.G. Mishnev
and E.D. Mantsevich. They consisted of 65 geographic
variants with a geographic range of 48-62° north altitude
and 22-111° east longitude. The detail history of the
objects is described in the paper [19]. At present, the
area of plantations is 6 hectares,the number of surviving
variants is 44. These plantings served as the object of
the research. To assess the physical and mechanical prop-
erties of wood, 17 climatypes were selected from the
variants of the origin of the places of harvesting seeds
in the range of 47-62° north latitude and 22-85° east
longitude.The indicated geographical coordinates of the
places of seed procurement are quite consistent with the
classification of Scots pine into subspecies according to
L.F. Pravdin [20].

The purpose of the research is to determine the
physical (density of wood in an absolutely dry state, den-
sity of wood at 12% moisture) and mechanical (strength
of wood for compression along the fibres and for static
bending) properties of wood of various climatic ecotypes
of Scots pine and conducting a comparative analysis of
the obtained indicators. The novelty of the research lies
in the fact that for the first time in Belarus the physical
and mechanical properties of Scots pine wood of various
origins at ripening age were determined in the range of
geographical origin of seed harvesting places from 47
to 62° north latitude and from 22 to 85° east longitude.

MATERIALS AND METHODS

The geographical culture of Scots pine under study
is located in the Negorelsky forestry of the Negorelsky
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training and experimental forestry enterprise,which is a
branch of the Belarusian State Technological University
and is geographically located in the Dzerzhinsky district
of the Minsk region of the Republic of Belarus (50 km
from Minsk).The age of Scots pine climatypes growing in
geographical cultures at the time of the study is 60 years.

To assess the physical and mechanical properties
of wood 17 climatypes were selected from the variants
of the origin of the places of harvesting seeds in the range
of 47-62 north latitude and 22-85 east longitude. The
choice of climatypes for carrying out research with such
arange of geographical coordinates of the places of har-
vesting seeds is due to the fact that the indicated parent
stands are quite consistent with the classification of Scots
pine into subspecies according to L.F. Pravdin [20]. Of the
5 subspecies of Scots pine (Lapland, European, Siberian,
Steppe and Hooked) the studied climatypes were sub-
divided as follows: the subspecies Lapland (61-62° NL)
included the Arkhangelsk and Leningrad climatypes, the
European subspecies included 2 varieties - Western Eu-
ropean (53-59°NL and 22-40°EL) with Vologda, Estonian,
Latvian,Vitebsk and Minsk climatypes and Eastern Euro-
pean (54 NL and 48-58°EL) that includes the Ulyanovsk
and Bashkir climatypes. The Siberian subspecies (57 NL
and 85°EL) includes the Tomsk climatype. Also, due to
the lack of representation of climatypes of the Steppe
pine subspecies (Kustanai, Akmola, Pavlodar, Kokchetav
and Semipalatinsk climatypes of Kazakhstan died at
the early stages of growth), a subspecies of the Forest-
steppe pine was conditionally distinguished (47-51°NL
and 27-42°EL) with Belgorod, Kursk, Volgograd, Khmel-
nytsky, Poltava and Rostov climatypes. A subspecies such
as hooked pine, isolated by L.F. Pravdin and growing in
the Crimea and the Caucasus was not initially repre-
sented in geographical cultures. Thus, for a more logical
analysis of the physical and mechanical properties of
wood, the studied climatypes of Scots pine are distrib-
uted in accordance with the classification of L.F. Pravdin
with minor changes.

To study the properties of wood in the model
trees of each of the studied climatypes, was taken trunk
sections 60 cm long at the same height - 6.5 m, after
which samples were made from them to study the
physical and mechanical properties of wood. The stud-
ied the following properties of wood: density of wood
in an absolutely dry state and at 12% moisture content,
strength of wood for compression along the grain and for
static bending.The study of these properties was carried
out in accordance with generally accepted methods:
ISO 16483.0-78 Wood. Sampling methods and general
requirements for physical and mechanical tests [21];
ISO 16483.1-84 Wood. Density determination method [22];
ISO 16483.3-84 Wood. Method for determining the ultimate
strength in static bending [23]; ISO 16483.7-71 Wood.
Moisture determination method [24]; ISO 16483.10-73
Wood. Method for determining the ultimate strength in
compression along the fibres [25].

Wood samples on the site of Scots pine geographical




plantations were harvested in February 2020 (Fig. 1a),
the determination of the physical and mechanical prop-
erties of wood was carried out in May 2020. During the

Rabko et al.

research, a universal testing machine MTS INSIGHT 100
was used (Fig. 1b).

Figure 1. Taking of samples of Scots pine cuts of various origins in geographical cultures (a) to determine the physical
and mechanical properties of wood using a universal testing machine MTS INSIGHT 100 (b)

The use of a universal testing machine of this
brand MTS INSIGHT 100 in such studies allows obtaining
results with a sufficiently high accuracy, which served
as the main criterion for choosing this equipment. The
assessment of the reliability of the differences in the results

obtained was carried out using the MS Excel software.

To confirm or refute the hypothesis about attributing
the studied indicators of the physical and mechanical
properties of wood to the same set of average data, we
calculated such a parametric criterion as the Student'’s
t-test or the difference t-test. In this case, it allows

finding the probability that both averages belong or
not to the same population. Recalculation of indicators for
standard humidity for samples with humidity at the time
of testing was carried out according to the generally
accepted formula [22; 26].

RESULTS AND DISCUSSION

Statistical processing of indicators for calculating the
density of wood in an absolutely dry state is presented
in Table 1.

Table 1. Statistics of density of wood in an absolutely dry state

g Density of wood by climatypes in an absolutely dry state, kg/m3
>
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Table 1, Continued

5 Density of wood by climatypes in an absolutely dry state, kg/m3
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Note (names of climatypes): Kr-1 — Kursk, Vt-4 — Vitebsk, Bl-5 — Belgorod, Es-8 — Estonian, Vg-9 — Volgograd, Lt-10 — Latvian,
Bt-11 — Buriat, Gr-15 — Grodno, T-23 — Tomsk, Ul-41 — Ulyanovsk, Rs-47 — Rostov, M-48 — Minsk, Ar-52 — Arkhangelsk,

L-53 — Leningrad, Pl-55 — Poltava, VI-57 — Vologda, Kh-58 —

It can be seen from the data presented that the
average density of different climatypes is in the range
of 370-524 kg/m?, i.e., the magnitude of the variation
exceeds 150 kg/m?®. Based on the literature data [27],
which are averaged indicators calculated from highly
variable values,the density of pine wood in an absolutely
dry state is about 480 kg/m3. The variability of the in-
dicator under consideration, which is characterised by
the coefficient of variation (V), can be considered insig-
nificant, since in most cases it does not exceed 10%.The
relative error does not exceed 5%. Statistical processing
of the data showed that in many cases the confidence
intervals (¢,,S,) of one population (climatype) overlap
to some extent with those of another population. It was
found that the density of wood of the Vitebsk (Vt-4) and
Grodno (Gr-15) climatypes is within the same population,
and the average sample of the Minsk (M-48) climatype
significantly differs from the average of the climatypes
Vt-4 and Gr-15. The average sample of the Belgorod
climatype (BL-5) does not significantly differ from the
average of ten other studied climatypes. The average
wood density of the Volgograd climatype (Bg-9) signifi-
cantly differs from all other climatypes. The Kursk (Kr-1)
and Buryat (Bt-11) climatypes do not significantly differ
from the Tomsk (T-23) and Estonian (Es-8) climatypes.

Kharkov

On average, the compared indices of the density of one
climatype did not significantly differ from the analogous
indices of any five other climatypes.

Since the density of wood directly depends on
moisture content, it is generally accepted in wood sci-
ence to carry out a comparative assessment of the prop-
erties of wood at a standard moisture content of 12%.
The value of this density is difficult to obtain directly
from experience, since it is very difficult to bring wood
to a moisture content of exactly 12%. Therefore, the
density of wood at 12% moisture content is calculated
by the appropriate formulas, depending on the mois-
ture content of the wood at the time of testing [22]. The
average density of pine wood at this moisture content
corresponds to 505 kg/m?* according to [26, 27]. Accord-
ing to some literature data [25], the density value from
the indicated average value can fluctuate up or down,
that is, from 350 to 650 kg/m3. The average density of
pine wood by climatypes varies within 397-550 kg/m?.
As for the values of statistical indicators, there is a sim-
ilar situation with the previous calculations indicated
in Table 1. This is explained by the fact that the values
of the density indicators of wood at 12% moisture were
found by recalculating similar indicators at moisture at
the time of testing (Table 2) [22].

Table 2. Statistics of wood density at 12% moisture

g Density of wood by climatypes at 12% humidity, kg/m?

>
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Table 2, Continued

5 Density of wood by climatypes at 12% humidity, kg/m?
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As is known, the mechanical properties of wood
are closely related to density, which characterises
its ability to resist the action of external mechanical
forces. These properties of wood are highly dependent
on its moisture content; therefore, the evaluation and

comparison of the results of mechanical tests are carried
out at a standard 12% moisture content.

Statistical processing of the calculation data for
the compressive strength of wood along the fibre at 12%
moisture content is presented in Table 3.

Table 3. Statistics of the compressive strength of wood along the fibre at 12% moisture

A . . . .
S Compressive strength of wood in terms of climatypes along the fibre at 12% moisture content, MPa
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It should be noted that the compressive strength
of wood along the fibres is the most characteristic of
the mechanical properties of wood and the most im-
portant in practical terms. According to some literature
data [6],this indicator can vary from 27 to 63 MPa, with an

average value of 46 MPa. The obtained average strength
indicators of the tested samples of all climatypes were
in the range of 32-54 MPa.Analysing the statistical indi-
cators of calculating the compressive strength of wood
along the fibres, it is easy to see that they have a certain
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similarity with those of calculating the density of wood.
For example, the strength of wood of the Belgorod cli-
matype (BL-5) does not reliably differ from ten others
and the Latvian one (Lt-10) from seven others.

But at the same time, there are certain differences.
For example, wood of the Buryat climatype (Bt-11) does
not have significant differences in strength from five other
climatypes, while in terms of wood density it does not
differ significantly only from the Estonian climatype (Es-8).
The strength indicators of the Belarusian climatypes
turned out to be significantly different (the values of the

density indicators of wood at 12% humidity were found
by recalculating similar indicators at humidity at the time
of testing).

The test results and statistical processing of the
data for calculating the static bending strength of wood
at 12% moisture content are presented in Table 4. Since
the variability of the strength of wood in many variants
turned out to be significant (V>10%), and the value of
the relative error in six cases exceeded 5%, a compara-
tive analysis of the strength indicators of wood for static
bending within climatypes was not carried out (Table 4).

Table 4. Statistics of the bending strength of wood at 12% moisture content

3 . . .
8 Static bending strength of wood by climatypes, MPa
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The obtained indicators of the physical and me-
chanical properties of wood of various climatypes of
Scots pine,grouped in accordance with the classification
of L.F. Pravdin into subspecies, have a certain pattern.
The maximum density of wood at 12% moisture is typical
for the European Scots pine subspecies is 4978 kg/m?,
the minimum value of this indicator for the Siberian
Scots pine subspecies is 423%30 kg/m*. An intermediate
position is occupied by the subspecies of Lapland pine
and Forest-steppe pine with values of 483%16 and
464+12 kg/m?, respectively. The strength index of wood

in the studied subspecies for compression along the fi-
bres ranged from 47£1 MPa (European subspecies) to
33*4 MPa (Siberian subspecies), in the Lapland pine
subspecies - 44+2 MPa and somewhat lower in the For-
est-steppe pine subspecies - 42+2 MPa. The maximum
value of the static bending strength of wood is typical
for the European pine subspecies - 78+4 MPa, and the
minimum - for the Siberian pine subspecies - 6114 MPa.
This indicator turned out to be equal in subspecies
of forest-steppe and Lapland pine and amounted to
72%4 MPa (Table 5).

Table 5. Indicators of physical and mechanical properties of Scots pine wood by subspecies

Name of the climatype and Geographic coordinates, ° Indicator
subspecies (varieties) of
Scots pine North latitude East Longitude P, kg/m? 6., MPa 6, MPa
Scots pine Lapland subspecies
Leningrad 61 34 47428 41%2 68+6
Arkhangelsk 62 43 490%21 47+3 77%5
By Lapland subspecies 61-62 34-43 483+16 44%2 72%5
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Table 5, Continued

Name of the climatype and Geographic coordinates, ° Indicator
subspecies (varieties) of
Scots pine North latitude East Longitude P, kg/m? 6., MPa 6, MPa

Scots pine Western European variety

Vologda 59 40 415%9 391 55+11

Estonian 58 27 52116 49+2 87+3

Latvian 57 22 503#11 47%2 764

Vitebsk 55 29 509+11 49+1 90+5

Minsk 54 27 459+10 42+1 73%5

Grodno 53 24 509+17 46%2 8013

By Western European variety 53-59 22-40 489+9 46%1 77%5
Scots pine Eastern European variety

Ulyanovsk 54 48 49730 46%4 9211

Bashkir 54 58 530%7 50%2 71£19

By Eastern European variety 54 48-58 516#13 48%2 82+11

By forest subspecies 53-59 22-58 497+8 47+1 78+4

Scots pine forest-steppe subspecies

Belgorodsky 51 38 489+44 40+8 74%12

Kursk 51 34 3977 321 59+12

Volgograd 51 42 550+19 54%3 897
Khmelnitsky 50 27 452%6 42+1 6016
Poltava 49 33 424*11 36%1 63%5

Rostov 47 40 499+14 48+2 864

By forest-steppe subspecies 47-51 27-42 464+12 42%) 72%5

Scots pine Siberian subspecies

Tomsk 57 85 423+30 33+4 61+14
By Siberian subspecies 57 85 42330 334 61+14

Note: p , is the density of wood at 12% moisture content, __is the compressive strength of wood along the grain, 6,  is
the static bending strength of wood

From the data presented, it can be seen that in  was calculated, which allows finding the probability that
some cases the averages of the studied indicators for  both means obtained relate to the same population. If
subspecies overlap with confidence intervals, that is, this probability p is below the significance level (p <0.05),
they admit the hypothesis that the obtained averages then it is considered that the samples belong to two dif-
relate to the same population. To test this hypothesis, ferent populations (Table 6).

a parametric test — Student's t-test (difference t-test)

Table 6. Values of actual t-criteria of differences among the subspecies of Scots pine
in terms of density and strength of wood

The actual value of the probability p by indicators for the subspecies
Scots pine subspecies
Lapland Forest Forest-steppe Siberian

Density of wood at 12% moisture (p,,)

Lapland - 0.098 0.055 0.001

Forest 0.098 - 0.000 0.000

Forest-steppe 0.055 0.000 - 0.015
Siberian 0.001 0.000 0.015 -

Compressive strength of wood along the fibre (s )

Lapland - 0.050 0.101 0.000

Forest 0.050 - 0.000 0.000

Forest-steppe 0.101 0.000 - 0.000
Siberian 0.000 0.000 0.000 -
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Table 6, Continued

The actual value of the probability p by indicators for the subspecies

Scots pine subspecies

Lapland Forest Forest-steppe Siberian
Static bending strength of wood (s, )
Lapland - 0.055 0.821 0.091
Forest 0.055 - 0.058 0.024
Forest-steppe 0.821 0.058 - 0.113
Siberian 0.091 0.024 0.113 -

This parametric test (Student's t-test) allows find-
ing the probability that both means relate to the same
population. If this probability p is below the significance
level (p<0.05),then it is generally accepted that the sam-
ples belong to two different populations.

Analysing the obtained average values of the den-
sity of pine wood by subspecies, it should be noted that
this indicator for the Lapland pine subspecies does not
statistically differ from the analogous indicators of pines
of the forest and forest-steppe subspecies (t/.m=0.098
and 0.055, respectively). A similar situation is observed
when comparing the compressive strength of wood along
the fibres (¢, =0.050 and 0.101, respectively). As for the
strength of wood for static bending, no significant dif-
ferences were also found among pine subspecies, de-
spite the greatest difference between the Lapland and
forest-steppe (t/m=0.821) and forest-steppe and Siberian
(¢, =0.113) pines.

Jfact
CONCLUSIONS

Thus, summing up the results of the study performed
to identify differences in the physical and mechanical
properties of pine wood (density at 12% moisture content,
compressive strength along the fibres, strength in

static bending) of 17 different climatypes, it should be
noted that in most cases the statistical significance of
differences between wood of different climatypes was
not found. The similar situation can be traced when
comparing the studied properties of wood of various
subspecies of pine, identified by L.F. Pravdin. This is due
to the fact that wood, which is of plant origin, has a fairly
high variability of its properties. This natural feature
of wood is determined by its age, growing conditions,
hereditary characteristics and other factors that man-
ifest themselves in the process of tree growth. More-
over, it should be noted that most researchers point to
a significant variability of wood properties within the
breed. The nature of the variability of indicators of some
properties of wood can be judged by such a statistical
indicator as the coefficient of variation (variability). The
smallest variability within the species is characteristic of
wood density indicators and is 2.8-10.2%. For the strength
in compression along the fibres, the variability varies
from 4.8% to 20.6%, for the strength in static bending
it is 2.7-21.7%. Ultimately, it can be assumed that an
infinitely large number of sample tests are probably
required to achieve an acceptable level of confidence in
the difference between the studied parameters.
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NMOPIBHSAJIbHA OLLIHKA OEAKUX DISUKO-MEXAHIYHUX BJIACTUBOCTEN OEPEBUHMU
PISBHUX KNIMATUMNIB COCHU 3BUYANHOI

Cepriit Bonogumuposuu Pe6ko?, OnekcaHap Bonogumuposuu Kosen?,
IBaH Bacunbosuu Kimeituyk?3, Bacunb lOpiitoBuu KOXHOBCbKMIA®
1Binopycbkuii AepXKaBHUIM TEXHONOTIYHWUIA YHiBEPCUTET
220006, Byn. CBepanoBa, 13a, M. MiHcbK, Pecnybnika binopycb
’binouepkiBCbKMIA HaLiOHANbHMI arpapHUii yHiBepCuTeT
09117, Byn. CobopHa nnowa, 8/1, m. bina Llepksa, YkpaiHa
*HauioHanbHWit yHiBEpCUTET BiopecypciB i MPUPOAOKOPUCTYBaHHS YKpaiHu
03041, sByn. lepois O60poH#u, 15, M. Kuis, YkpaiHa

AHoTauis. g 6inbw edeKTMBHOrO i paLioHaNnbHOro BUKOPUCTAHHS Y BUPOOHMLTBI AePEBUHM COCHM 3BMYAMHOI
pi3HOro reorpadiyHOro NOXOAXKEHHS HeobXiZAHO 3HATK i Pi3MKO-MeXaHiYHi BNacTMBOCTI. MeTo OOCNIAXKEHHS €
BM3HAYEHHS Qi3NYHUX (WiNbHICTb AEPEBMHU B aDCOMTHO CYyXOMY CTaHi, WiNbHICTb AepeBuHM 3a 12 % BonorocTi)
i MexaHiYHMX (MILHICTb AepEeBUHM 33 CTUCKAHHS B3A0BX BOMIOKOH i Ha CTaTUYHUI BUTMH) BNACTUBOCTEN OEepeBUHU
17 KkNiMaTUYHMX eKOTWMIB COCHM 3BMYAMHOI Ta NPOBEAEHHS MOPIBHANBHOIO aHani3y OTPUMAHMX MOKA3HWKIB Y
[OCNIAKYBAHUX MOXOOXEHb OKPEMO i 3a iX rpynyBaHHS y MNigBMAM BiAnoBiAHO A0 knacudikauii J1.M. MpasaiHa.
[iana3oH reorpacdiyHOro NOXoAXXeHHs MiCLb 3aroTiBAi HAaCiHHA — Big 47 fo 62° niBHiYHOI WKpoTK i Big 22 oo 85°
cxigHoi foBrotu. Jng npoBefeHHs focniaxeHb 6yna BUKOpUCTaHa CyvyacHa yHiBepcanbHa BUNpobyBanbHa MalUMHA
MTS INSIGHT 100. B pe3ynbtati focnifxeHb BCTAHOBMIEHO, WO LWiNbHICTb AepPEBMHM B aBCOMOTHO CYyXOMY CTaHi
Bapitoe B Mexax Bif 370 kr/M* (KypCbKuii kniMaTtun) 8o 524 kr/m?* (Bonrorpafacbkuii kniMatun),a npm 12 % sonorocTi -
Bif 397 kr/mM> (Kypcbkuit knimatun) no 550 kr/m® (Bonrorpapcbkuit knimMatun). NMokasHUK MiLHOCTI LepeBUHU
[OCNIAKYBAHMX KNIMATUMNIB Ha CTUCKYBAHHS B3[0BX BO/OKOH CTaHOBMB Bif 32 Mlla (Kypcbkuit knimaTtun) go 54
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MlMa (Bonrorpagcbkuit KAiMaTUN), @ Ha CTaTUYHMIA 3rMH — BiA 55 no 92 MIlla y BONOroacbKoro i yabsiIHOBCbKOMO
KnimMaTunie BiANOBIAHO. Po3noain KNiMaTMniB COCHM 3BMYAMHOI Ha NiABUAM NPOBEAEHO BiAMNOBIAHO A0 Knacudikauii
JNI.®. TMpaBgiHa i oTpuMaHi AaHi di3MKO-MexaHiYHMX BNACTMBOCTEW OEPEBMHM MatoTb NEBHY 3aKOHOMIpPHICTb.
MakcuManbHa WinbHiCTb fepeBuHM npu 12 % BoNOrocTi xapakTepHa AN NiABMAY COCHU 3BMYAMHOI EBPOMENCHKOI
i cTaHOBUTL 4978 Kr/M3, MiHiMaNnbHe 3HaYeHHS JAHOrO MOKa3HWKa Y MiABMAY COCHU 3BMYAMHOI CMBIpCbKOi -
423£30 kr/M>. TpOMiXXHE CTaHOBMLLE 3alMMa€E MigBMA COCHM NaniaHACbKOT i COCHM NiCOCTENnoBii 3i 3HAYEHHAMMU
483%16 i 464%12 kr/m* BignoBigHo. MoKasHMK MiLHOCTI LEepeBUHM Y LOCNILXKYBAHMX MiABWUAIB HA CTUCKYBAHHS
B3[,0BX BOJIOKOH CTaHOBMB Bifg, 47+1 MIla (nigsua eBponeicbka) Lo 334 Mla (nigsua cubipcbka), y nigBMAY COCHU
nannaHacbkoi — 44+2 MIMa i Tpoxu Huk4ye y niaBuAay COCHM nicoctenosin — 42%*2Mlla. MakcuManbHe 3HaYeHH$
NMOKa3HMKa MILHOCTI AepeBUHM HA CTAaTUYHUI 3MMH XapaKTepHO 419 NiABMAY COCHM €Bponencbkoi — 78*4 Mla, a
MiHiManbHe — y COCHM NiaBuay cmbipcbkoi — 6114 Mla. Lielit NnokasHMK BUSIBUBCS OOHAKOBWMM Y MiABUAIB COCHU
NiCOCTeNnoBOI i NannaHACbKOi i CTaHOBMB 72%4 MIMa. [MpakTMyHa LiHHICTb pO6OTM NONSra€ y BUSBAEHHI HAasBHUX
BiAMIHHOCTEN i MIHAMBOCTI cepen KNiMaTuMMiB 3 AOCAIAXKYBaHMUX (Di3UKO-MeXaHIYHMX BNACTMBOCTEN OEPEBUHM Ta
NpoBeLeHHs Biadopy HaWbiNbLL NepCneKTUBHMUX 3 HUX AN NOAANbWMX Linen cenekuii

KntouoBi cnoBa: LWiNbHICTb AEePEeBUHU, MiLLHICTb AEPEBUHU, CTaTUYHWUIA 3TUH, MIHAKBICTb
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INTRODUCTION
Oak forests (Quercus spp.) are recognised by the European
community as one of the most significant in the history
of mankind and world culture [1]. These forests are formed
by highly-priced stands, which have had a significant
impact in the historical aspect of providing the means
of life to humanity in its natural space [2]. The presence
of old-aged oak trees is one of the most well-known
features of temperate forests [2-4]. Oak forests are also
important for preserving biodiversity in many countries
and regions, as they support the viability of a large number
of living organisms, as well as animal populations that
largely depend on the seed productivity of trees [5; 6].
An important aspect is the influence of animals on the
spread of acorns, in particular, birds and mouse-like
rodents, which contribute to the creation of new trees
and plantings [2; 7]. Old-aged oak trees with thick bark
and hollow trunks are particularly important for main-
taining the population of invertebrates, fungi, lichens and
mosses [8; 9]. Up to 1,500 species can be localised on old
oak trees [10], many of which are Red Book species [11].

At a young age, there is significant competition
between herbaceous vegetation and shrubs or related
tree species. European hornbeam has a significant impact
in the region. Researchers note a significant impact of other
tree species depending on the forest type and associ-
ated species [12-15]. These competitive relationships
significantly increase in more fertile environments and
become extreme.

Along with hornbeam and maple, beech in its re-
spective forest site types can be an extremely influen-
tial competitor. In particular, such trends were observed
in the foothill zone. These trends are also found in
European forests [12]. Common oak is rather demanding
for lighting [13; 16; 17] and largely depends on lighting
for its successful natural regeneration[14-16; 18].

Natural renewal of oak by seed in deciduous forests
dominated by shade-tolerant species is often very lim-
ited or absent altogether. So, oak, as a tree species, is
mainly considered as not able to recover in natural con-
ditions [1; 7]. In European countries, mass drying and
deterioration of oak trees often occurs, which leads to a
decrease in their share in the structure of forest stands.

The share of oak stands in European countries
varies. In Ukraine, the share of oak forests is one of the
largest — up to 40%. Oak forests in Sweden account for
1.2% of the total forest area. Oak stands are commonina
wide range of growing conditions. Natural regeneration
can occur in pine stands, dry conditions with high soil
acidity, as well as in deciduous forests on rich or well-
moistened soils. Often, a sufficient amount of natural
oak regeneration can be observed in pine forests [19].

In Europe, tendencies of deterioration and drying
of oak stands are often observed. It is believed that the
deterioration and drying of oak stands is conditioned
by the influence of pathogenic organisms, pollution,
climatic influences, in particular, drought. Degradation
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and drying of natural oak stands is not considered
catastrophic if 0.5-3.0% of trees fall off [20]. According
to research by Swedish scientists in the southern part
of the country, the annual decline of oak trees averaged
1.7% or lower (1.1%) for stands aged 200 years or
more. With the growth of the share of oak trees in the
plantation, the dropout increases to 3.2% [3; 20].

The illumination intensity in the shaded areas
of the oak stands can be at the level of 1% relative to
the illumination intensity of the open space. Successful
renewal by seeds requires about 20% illumination
relative to the open space [6; 21; 22]. Partial drying
in oak forests leads to the establishment of a mosaic
structure and breaks in the shaded areas. Often,
significant periodic drying of old-aged trees in oak
forests is considered as a factor of their further natural
regeneration [20]. Partial damage to oak forests by
pests, diseases, and other factors can contribute to the
activation of recovery processes [13; 23].

Intensive drying and degradation of oak stands can
lead to successive changes in forest ecosystems [24].
Significant damage to forest stands and outbreaks of
bacterial diseases, in particular Dutch elm disease, can
significantly change the species composition of deciduous,
in particular, oak forests. However, the development of
gaps in the tents of forest stands can be an alternative
to activating the growth and development of oak
forests and their subsequent genesis [21].

The purpose of this study was to investigate the
state, structure, and reforestation processes of oak
forests for their further natural reproduction.

LITERATURE REVIEW

The problem of balanced forest management based on
the principles of close to nature forestry is relevant in
the context of modern challenges regarding the growth
of the level of anthropogenesis of the environment and
the deterioration of forest ecosystems. To date, several
regional strategies have been developed in accordance
with the specifics of forestry in Europe, North America,
Africa, Asia and tropical countries [25-27]. The strategy
of sustainable forestry management was also adopted
in Ukraine [28-31]. Forestry management today is
regulated by appropriate criteria and indicators [25-31].
These criteria ensure the most environmentally oriented
forest management. Despite this, management in forests
of natural or artificial origin does not differ [32].
Unfortunately, Ukraine lacks or has a limited legal
framework for natural forests, their identification and
use. In recent years, only the first steps have been taken
to identify them in the Carpathian region [32]. However,
there are currently no clear criteria and indicators for
identifying such forests. There are also no developed
criteria for assessing their condition and genesis. The
basics of management and economic activity in natural
forests in Ukraine have not been developed. Measures




for the use, conservation, and extended reproduction of
natural forests should be carried out in the context of
forest-type zoning, types of forest-growing conditions
and types of forest [33]. The main focus in the economic
use of natural forests should be on their natural regen-
eration [34-37].

The common one enters the reproduction period
as early as the age of 10. Earlier fruiting is typical for
related and clone plantations [38]. The maximum seed
productivity in oak stands is observed in 50-60 years [14].
Gradually,the seed yield increases,reaching a maximum
in the ripening age and early ripeness period. The high
germination rate of oak seeds contributes to the ap-
pearance of seedlings in the amount necessary for the
restoration of populations and cyclical alternation of
generations.

Most Ukrainian researchers consider the lack of
illumination to be the main reason for unsatisfactory
natural regeneration [14; 15; 36; 37]. For successful
growth and development of self-seeding, sufficient light-
ing for plant stand should be provided, which is optimal
for the canopy density of 0.6-0.7 and below [14]. Most
foreign scientists also consider a sufficient level of illu-
mination to be the key factor in the successful natural
regeneration of common oak [12; 16-18].

Other factors are competition, as a result of which
self-seeding of oak can be largely suppressed, stunted
and dried out. At a young age, there is significant
competition between herbaceous vegetation and shrubs
or associated tree species. European hornbeam has a
significant impact in the region. Researchers note a
significant impact of other tree species depending on
the forest site type and associated species. These compet-
itive relationships significantly increase in more fertile
environments and become extreme [12-17]. Along with
hornbeam and maple, beech in its respective forest site
types can be an extremely influential competitor. In
particular, such trends were observed in the foothill zone.
These trends are also found in European forests [12].

In low-density plantings, the dryness of the forest
floor has a negative impact on the emergence of oak
seedlings [40]. Some studies note the possibility of
natural regeneration of common oak after continuous
logging [41]. According to the majority of the authors,
an important aspect of the natural regeneration of
stands is the presence of active fruiting, timely care [2;
6; 14; 16; 36; 41; 42].

MATERIALS AND METHODS

The study was conducted during 2018-2020. The work
included performing both desk and field research. The
survey of the forest fund and characteristics of natural
oak forests was carried out by analysing the forest
management materials of the enterprise (mensurational
descriptions, forest inventory map, etc.). Characteristics
of the structure of natural oak forests is based on the
analysis of the management plan of SE “Khmilnytske
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lisove hospodarstvo”. When dividing plantings by forest
types, the developed methodological approaches and
the established list of forest types were used [33]. The
distribution of forest stands by origin (artificial, natural,
seed, regrowth) was carried out based on the available
information from mensurational descriptions in the
context of each forestry. Information on the distribution
of forest sites within forest-type regions, districts and
sectors was also used. Determination of forest types
was carried out in accordance with the given list [33].
Based on the mensurational descriptions,a sample was
also made of sites older than 120 years, which are par-
ticularly important centres of biodiversity conservation.
The analysis of optimal and modal stands was performed
graphically based on forest management materials and
regulatory data [43].

In some areas, temporary test areas (TA) were
established according to generally accepted taxation
methods [44] with additional determination of qualita-
tive indicators in accordance with the methodological
developments [32]. The land plots were linked to geo-
graphical coordinates (using GPS) and to the quarterly
network. For each tree on the test area, the following
were determined: trunk diameter by 1.3 m in two
mutually perpendicular directions; selection category;
Kraft's growth class; tree condition; presence of defects
and damage; bark type, belonging to certain phenolog-
ical forms, presence of flowering, fruiting. Taxational
indicators of growing stock were calculated using stan-
dard methods [44]. During the survey of forest stands,
the scale of selection categories was used, which rep-
resents a modification of the Veresin scale [38].

Test areas were laid in the most typical part of
the plantation. In the case when the object included
allocations that differ significantly from each other (if the
species composition in the composition of the plantation
differs by 2 units or more, stand density by 0.2 or more,
quality class by 2 classes or more, age of the stand by
30 years or more, etc.), two test areas were laid [44].
Forest stands (quarter, compartment) were selected based
on the latest forest management materials available in
the forestry (forestry enterprise), and a reconnaissance
survey of the entire object, which was carried out si-
multaneously with the survey of its external borders.
A complete list of all trees on test areas (TA) with a
diameter of more than 8 cm was made to measure their
diameters and determine whether they belong to the
first or second (third) storeys. For trees of the 1% storey,
the Kraft's growth class, selection category, and general
tree condition were determined. The average height
was determined using a standard taxation method:
measuring 15-25 trees in proportion to their number
in each degree of thickness; plotting a height curve.
Diameters were measured with an accuracy up to 1 cm,
heights —up to 1 m.

Assessment of technological processes of timber
logging and its impact on the components of forest
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phytocenoses within the enterprise was carried out
based on the existing technological maps and field
surveys of areas with existing logging operations. As-
sessment of natural regeneration was carried out based
on a preliminary analysis of taxation materials and
temporary test areas, which are laid down according to
conventional methods in forest taxation [44].

RESULTS AND DISCUSSION

Forestry and ecological characteristics of the research
object

According to forest-type zoning, the territory of the
forestry belongs to the forest-steppe zone and to the
Dniester-Dnieper forest-economic district. It is a part
of the Central Podolsk Forest-Economic district, which
is characterised by the presence of forest strips and

massifs on water sections and separate tracts among
steppe plots. It is characterised by unstable, variable
soil moisture, wide distribution of grey podzolic soils
and chernozems, mixed composition of flora and fauna.
The stands belong to mixed deciduous forests [7].

The climate in the forestry area is temperate
continental with sufficient precipitation. Among the
climatic factors that negatively affect the growth and
development of woody vegetation, the following can be
noted: variable soil moisture, periodic droughts and dry
winds; heavy precipitation that repeats every 5-10 years,
early autumn and late spring frosts; snowless winter
periods in the presence of frosts [9]. Information on
the distribution of natural oak stands by forest type is
shown in Figure 1.

C,PHO; 11.9 ha; 2%
C,HOP; 15.7 ha; 2%
C,HOP; 15.7 ha; 2%
C,HO; 72.6 ha; 11%—

D4BA; 3.4 ha; 1%

D,HO; 83.2 ha; 12%

D,HO; 471.0 ha; 70%
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=D,BA
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Figure 1. Forest type localisation of natural oak stands in SE “Khmilnytske lisove hospodarstvo”
Source: mensurational descriptions of SE “Khmilnytske lisove hospodarstvo”

According to Figure 1 natural oak forests of the
enterprise are concentrated in 7 forest types. The largest
areas of stands are represented by fresh hornbeam oak
forest - 471 hectares (70%). 83.2 hectares of plantings
(12%) are concentrated in the wet hornbeam oak forest.
Slightly smaller areas — 72.6 hectares (11%) - are stands

of fresh hornbeam sudubrava. Information about the
origin of natural oak stands is shown in Figure 2.
According to Figure 2 within the enterprise,natural
oak stands mainly of vegetative origin predominate.
The area of such stands is 528.6 hectares (78%). The
area of stands of seed origin is 148.9 hectares (22%).

’7$eed propagation; 148.9 ha (22%)
Seed

m Vegetative

Vegetative propagation;
528.6 ha (78%)

Figure 2. Origin of natural oak forests in SE “Khmilnytske lisove hospodarstvo”
Source: mensurational descriptions of SE “Khmilnytske lisove hospodarstvo”
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Taxational specifications of natural oak forests of
SE “Khmilnytske lisove hospodarstvo”

Preserving biological and genetic diversity is one of
the main and most important functions of natural oak
forests. Old-aged forests are particularly important
for preserving biodiversity. The study analysed the
presence of sites of old-aged forests in the conditions
of the enterprise. The data is shown in Table 1. Plots
of stands aged 120 years or more are located in the

Vasylevskyi et al.

Kozyatynske, Bereznyanske, and Litynske forestry de-
partments. The total number of such land plots is 20.
The total area of stands over 120 years old and over
4.0 hectares is 297.8 hectares. These are forest stands
are mainly represented by common oak (Co) with
European hornbeam (Eh), small-leaved linden (Sll),
European ash (Ea), Norway maple (Nm). The surveyed
stands also include Scots pine (Sp), Norway spruce (Ns),
white birch (Wb), black adler (Ba), Dutch beech (Db).

Table 1. Taxational specifications of plots older than 120 years, with an area of more than 4 hectares
within the enterprise

Stand
Sq/species Area,ha  Plant composition );:ga‘:; Height, m Dia:nr:ter, chl::sty Density silfc(e":;;e ';':rll;_r?‘z’
m?
Kozyatynske forestry department
16/6 125 8ColEhlEa 121 27 48 2 0.60 D,-h0 280
16/9 14.5 9ColEa 121 28 44 2 0.70 D,-hO 330
17/10 4.8 10Co+Bc+Eh 121 27 48 2 0.55 D,-h0 260
19/5 14.0 10Co+Eh+Nm 126 28 48 2 0.60 D,-hO 280
22/2 9.0 10Co+Nm+Eh 126 28 48 2 0.70 D,-h0O 300
23/7 15.0 9CoINm+Eh 121 27 48 2 0.70 D,-h0 300
23/10 5.6 10Co+Ea+Nm 121 27 48 2 0.50 D,-hO 230
24/1 73 9Co1INm+Eh 121 27 48 2 0.60 D,-h0O 260
24/3 16.0 10Co+Eh+Nm 121 27 48 2 0.50 D,-h0 230
Total 98.7 - 122 27 48 2 0.60 - 274
Bereznyanske forestry department
19/1 4.4 6Co2Eh2Eh 126 28 48 0.55 D,-hO 190
Total 44 - 126 28 48 0.55 - 190
Litynske forestry department
18/4 22.0 10Co+Sll+Eh 121 30 44 1 0.60 D,-hO 330
18/12 4.2 6Co4Eh 136 30 48 2 0.70 D,-h0 320
23/1 29.0 10Co+Sll+Eh 146 30 48 2 0.50 D,-hO 240
26/3 8.8 7Co2SU1Eh 126 30 48 2 0.70 D,-h0O 350
42/2 374 4Co5Eh1SLL 121 30 44 2 0.65 D,-h0 320
52/4 12.7 5Co3SU1ER+Nm 126 28 44 2 0.60 D,-hO 290
53/2 33.0 4Co5SUIER+Nm 126 30 40 1 0.70 D,-h0 360
53/5 11.0 6Co3SIL1ERh 126 30 40 2 0.60 D,-hO 320
54/9 14.2 6Co2SlL2Eh 121 28 40 2 0.60 D,-h0 280
54/14 233 6Co2SlL2Eh 121 28 40 2 0.70 D,-hO 350
Total 195.6 - 127 29 44 1.8 0.63 316
e?tzartnt?sre 2987 - 125 28 46 19 062  OHMO 291

Source: mensurational descriptions of SE “Khmilnytske lisove hospodarstvo”
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The distribution of stands by age class in the
enterprise is shown in Table 2.

According to the table, the largest area of plantings
of the 11" age class is 188.0 hectares. A significant area
of stands of the 8" age class is also 107.5 hectares. The
smallest areas are occupied by natural oak stands of
the 4t age class - 4.8 hectares. Despite the significant
areas of forest stands of the 8" age class, a minimum
proportion of oak is observed - 2 units. The largest
proportion of oak is present in stands of the 12% and
14" age classes (9-10 units).

The enterprise's natural oak forests are mostly
high-bonitat (the 1t quality class prevails). Mature and
over-mature stands have slightly lower productivity (2™
quality class). The predominant stand density - 0.6 - 0.7.
Mature and over-mature stands are characterised by

a decrease in average density to 0.5-0.6. The lowest
density of natural oak stands of the 14" age class - 0.5.

The largest total reserve is characterised by
stands of the 11" age class. This is conditioned by their
large area and fairly high productivity. The maximum
average stand volume of the 9™ age class - 290 m*/ha.
Naturally, the smallest stand volume was found in
plantings of the 4" age class (105 m3/ha). Natural forest
stands are characterised by a significant decrease in
average stand volume starting from the 10* age class.
The average growth rate - 1.7-3.9 m*/ha. The lowest incre-
ment in mature and over-mature stands -1.7-2.0 m?/ha.
The peak increment is observed in the 7t age class -
3.9 m*/ha.

Data on the distribution of stocks of modal and
optimal stands are presented in Figure 3.

Table 2. Distribution of natural oak stands by age classes in the conditions of SE “Khmilnytske lisove hospodarstvo”

Average Average Mean
Age classes ?::g:ﬁsttizr:‘d Area, ha u?{ie racglzss stand Ig:ﬂ:::a:g stand volume increment,
P quality density ’ m3/ha m3/ha
4 6SL12CoINm1Ea 4.8 1.0 0.70 504.0 105.0 3.0
5 4Sp3Ns1ColEh1WD 25.8 1.0 0.66 3922 152.6 3.4
6 4Ns3Sp2ColEh 38.9 11 0.68 10114.0 260.0 4.7
7 4Co2Eh1Db2Nm1Bc 89.7 1.5 0.67 23124.6 257.8 39
8 2Ea2Co2EhINmM1Sp1Wb 107.5 1.2 0.61 29068.0 270.4 3.6
9 4Co4Eh2Ea 434 1.6 0.63 12586.0 290.0 3.4
10 5Co2Ea2Eh1INm 87.3 1.9 0.63 23745.6 272.0 2.8
11 7Co2EalEh 188.0 23 0.62 45872.0 244.0 2.3
12 9Co1Nm+Eh 59.1 2.0 0.53 14249.0 2411 2.0
14 10Co+Eh+Nm 29.0 2.0 0.50 6960.0 240.0 1.7
Total/average 673.5 1.5 0.62 172740.4 243.3 3.3

Source: mensurational descriptions of SE “Khmilnytske lisove hospodarstvo”
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Figure 3. Dynamics of modal and optimal reserves of natural oak forest stands of SE “Khmilnytske lisove hospodarstvo”
Source: mensurational descriptions of SE “Khmilnytske lisove hospodarstvo”
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According to Figure 3 starting from the 4™ age
class, there is a significant decrease in modal reserves
compared to optimal ones. With increasing age, this
difference increases significantly. Data on the dis-
tribution of stands by the share of oak in the stand
composition are shown in Table 3.

According to the table, the greatest share of oak
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in the stand composition (9-10 units) is characteristic
for stands of 9-10 age classes. The lowest share of oak
was observed in stands of 80 years of age. In these
stands, the share of oak can be reduced to 1-2 units.
Table 4 shows the distribution of natural stands by
density in the conditions of the enterprise.

Table 3. Distribution of plantings by share of natural oak in the stand composition in the conditions of the
SE “Khmilnytske lisove hospodarstvo”

Share of

oak in stand Average age Average Average stand  Total stand Average stand . Mean
.. . Area, ha . . vol-ume per increment,
composition of plantings quality class density volume
. hectare m®/ha
(units)
9-10 100 178.0 2.1 0.63 44215 248.4 2.4
7-8 82 53.1 2.0 0.62 12553 236.4 2.8
6-5 76 52.5 2.0 0.65 13556 258.2 33
4-3 86 102.1 1.9 0.65 27332 267.7 3.1
2-1 82 287.8 2.0 0.61 66827 232.2 2.8
Total/average 85 673.5 2.0 0.63 164483 248.6 2.9
Source: mensurational descriptions of SE “Khmilnytske lisove hospodarstvo”
Table 4. Distribution of oak stands of natural origin by completeness in the conditions of
SE “Khmilnytske lisove hospodarstvo”
Average stand Mean
Stand density Average stand composition Average age Area, ha Avgrage Total stanci volume per ha increment,
of stand quality class  volume, m 5 5
m?*/ha m?*/ha
0.3-0.4 5C02Ns2SplEa 113 2 207129 183.3 1.6
0.5-0.6 4Co3Ea2EcINm 82 205.9 1.7 19852.2 2421 2.9
0.7-0.8 4Co1lEalEcINm1SU1Sp1INs 70 2729 1.8 19131.0 273.3 3.9
0.9-1.0 3Ea2Co2Eh1Nm1BalDb 32 1.5 4640.0 145.0 4.5

Source: mensurational descriptions of SE “Khmilnytske lisove hospodarstvo”

According to the above data, the low-density oak
stands are mostly of old. The average age of such stands
is 113 years. Along with this, their area is insignificant
and is only 2.4 hectares. The area of high-density oak
stands is also insignificant and amounts to only 2.2 hect-
ares. The largest area is represented by stands with a
density of 0.7-0.8. These stands are mostly 70 years old.
Significant areas of oak forest are represented by stands

with density of 0.5-0.6 - 205.9 ha, which are mostly
80 years old.

Data on the distribution of stands by quality
class are shown in Table 5.

According to Table 5, stands of 1-2 quality classes
predominate. The area of natural oak forests of 1-2 qual-
ity classes - 640.4 hectares. Low-bonitat plantings (3-4
quality classes) cover an area of only 33.1 hectares.

Table 5. Distribution of natural oak stands by quality class in the conditions of
SE “Khmilnytske lisove hospodarstvo”

Average age Average stand Average stand Mean
Quality class Average stand composition g€ ag Area, ha g€ volume per ha increment,
of stand density
m3/ha m3/ha
I-11 4Co2EalEcINm1SpINs 73 640.4 0.65 260.5 3.5
-1V 9ColEh 108 33.1 0.58 214.3 1.98

Source: mensurational descriptions of SE “Khmilnytske lisove hospodarstvo”
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Reforestation processes in the enterprise environment
Technological processes of timber logging within the
enterprise include: felling trees manually, without the
use of machines; pruning branches, unloading for sorting;
skidding sorting by wheeled tractors with jaw grippers;
loading and removal of sorting and wood by cars.
Cutting areas with viable undergrowth that provides
reforestation, as well as cutting areas designed for growth
renewal, are developed mainly from October 1 to April 1,

which ensures its maximum preservation.

The surveyed areas of complete cutting indicate
the predominance of artificial reforestation. Along with
this,for the creation of forest crops,natural regeneration
of the forest is used, in particular,common oak, if any, is
available on the plots. In stands with a predominance
of oak, areas with existing undergrowth are noted. The
undergrowth of common oak is mainly concentrated in
fresh and moist hornbeam sudubravas (Table 6).

Table 6. Taxational specifications of natural oak stands with the existing oak undergrowth
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Kozyatynske forestry department
28/1 23 5Sp4Ns1Co 74 28 36 1A 0.6 400 C,-h-oP 8Eh2Co 15 2.0
28/13 1.8 9Wb1Co+TC+Db 50 21 22 1A 06 160 C,-h-oP 10Co 15 1.0
38/9 17 9Sp1Co 49 21 22 1A 07 330 C,-h-oP 10Co 15 1.0
38/11 14 9Sp1Co 50 21 22 1A 07 320 C,h-O 10Co 10 2.0
29/7 1.0 10Co+Wb 105 23 32 3 07 250 C-h-O 4Eh2Co2Bc2SlL 20 3.0
29/13 1.8 10Co+Wb 105 23 32 3 05 180 (C,-h-0 4Eh2Co2Bc2SlL 20 3.0
29/14 13 10Co+Wb 105 23 32 3 07 250 C;-h-O 4Eh2Co2Bc2SlL 20 3.0
Shyrokogrebelske forestry rebartment (cutting)
58/5 0.6 5Ba2Co2EhINm+SUW+BP+Db 6 2 2 1 07 5 D, Ba 5Eh2CoINm1Wb1SIlL 10 1.0

Source: field materials (materials of temporary test areas)

According to Table 6, the natural regeneration
of common oak is mainly concentrated in fresh sudu-
bravas. Of the 8 surveyed plots, 6 are represented by
fresh hornbeam sudubrava. Other areas are localised in
wet hornbeam sudubrava and wet black poplar grud.
The density of young growth is 1-3 thousand units/ha.
This is mainly a undergrowth of 10-20 years of age with
a composition of oak of 2-10 units.

CONCLUSIONS

The structure of natural oak forests is dominated by
forest stands of vegetative origin (528.6 ha, or 78%).
Forest stands aged 120 years or more are located in
the Kozyatynske, Bereznyanske, and Litynske forestry
departments. The total area of such stands — 297.8 hectares.
The greatest share of oak in the stand composition (9-
10 units) is typical for plantings of 9-10 age classes.The
lowest share of oak was observed in stands of 80 years
of age. In these stands, the share of oak can be reduced
to 1-2 units. According to the table, the largest area of
stands of the 11™ age class - 188.0 ha. A significant
area is occupied by stands of the 8™ age class - 107.5 ha.

The enterprise's natural oak forests are mostly
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high-bonitat (the 1t quality class prevails). Mature and
over-mature stands have slightly lower productivity
(2™ quality class). The predominant stand density - 0.6-
0.7. Mature and over-mature stands are defined by a
decrease in the average density to 0.5-0.6; the lowest
density of natural oak stands of the 14" age class - 0.5.
The maximum average stand volume of the 9" age
class - 290 m?/ha. Naturally, the smallest stand volume
was found in plantings of the 4" age class (105 m3/ha).
Natural forest stands are characterised by a significant
decrease in average stand volume starting from the
10" age class. The mean increment rate - 1.7-3.9 m3/ha.
The lowest increment in mature and over-mature
stands -1.7-2.0 m3/ha. The peak increment is observed
in the 7" age class - 3.9 m*/ha.

In stands with a predominance of oak, areas with
existing undergrowth are noted. The undergrowth of
common oak is mainly concentrated in fresh and moist
hornbeam sudubravas (Table 6). The density of young
growth is 1-3 thousand units/ha. This is mainly an
undergrowth of 10-20 years, both with a predominance
and a share of 2-3 oak units.
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XAPAKTEPUCTUKA AYBOBUX J1ICIB NPUPOAHOIO MOXOAXEHHA AN «XMIJTbHULUbKE J1M»
TA OCOBJIUBOCTI 3ANMPOBAOXEHHS 3AXOIB LWOAO0 iX BIATBOPEHHSA

Oner lpuroposuy Bacunescbkmit', Irop CrenaHoBuu Heiiko?, FOpiii AHaToniioBuy EnicaBeHko?,
Muxaitno BacunboBuu Marycak?
tAM «BiHHKMLbKA NicoBa HayKOBO-A0C/iAHA CTaHLLis»
21036, Byn. MakcnumoBmYa, 39, M. BiHHMuA, YkpaiHa
?BiHHMLbKMI HaLLIOHANIbHUIA arpapHUiA YHiBEPCUTET
21008, Byn. CoHauHa, 3, M. BiHHnuS, YkpaiHa

AHoTauif. Y pe3ynbraTti iHTEHCMBHOMO roCnoAapCbkoro BUKOPUCTAHHSA AyOOBUX NiCiB perioHy 3Ha4YHO CKOPOYYETbCS
YyacTka AepeBOCTaHIB MPUPOAHOr0 MOXOAXKEHHS, WO BMMAra€ NpoBefeHHS MOrMGIEHOro AOCNIOXKEHHS iX CTaHy,
NPOAYKTUBHOCTI Ta MPOLECiB NPUPOAHLOrO BiAHOB/IEHHS. MeTa HaykoBOi poboTW — AOCNIAUTM CTaH, CTPYKTYpY Ta
NiCOBIAHOBHI npouecn ay6oBMX NiCiB ANa iX NOAANbWOro NPUMPOAHOro BiATBOPEHHS. [Ins NpoBeAeHHs OOCNIAXEHb
3aCTOCOBYBANIMCS 3arasbHOMPUIAHATI METOAMKM B NiCIBHULTBI Ta METOAM MOPIBHANBbHOI €KONOorii ANs 3iCTaBNEeHHS
OMHAMIKM Ta CTaHY OOCNIOXKEHUX EPEBOCTAHIB 3 €TaIOHHMMM. Y CTaTTi NpeacTaBeHi pe3ynsTaTv AOCNIAKEHD WOA0
NPOAYKTUBHOCTI Ta CTAHY NPUPOAHUX NiCiB Y MEXaX Aep>KaBHOr0 NiANPUEMCTBA «XMifIbHULbKE N1iCOBE rOCNOAAPCTBOY.
byno 3'acoBaHo, WO NpupoaHi AyO6OBI HacamKeHHS NpeacTaBAeHi 7-Ma TUMAMM Jlicy, NePEeBaXKHO Yy CBiXii rpabosin
nibposi (mnowa - 471 ra). BipnoBigHO A0 OTpMMaHWX pe3ynbTaTiB BCTAaHOBMEHO, WO B MeXax LOC/IAXKYBAHOIO
NiANPUEMCTBA NepeBaXkatoTb MPUPOAHI yOoBi AepeBOCTaHM BereTaTMBHOro noxomkeHHs (528,6 ra). B ocHOBHOMY BOHM
npencraBneHi HacamkeHHsmu 11-ro knacy Biky (188,0 ra). lNepeBaxalTb BUCOKO-OOHITETHI AyOOBI HacamKeHHS
1-ro knacy 6oHitety. Ctvrni Ta MepecTiliHi HaCa)KEHHS MalTb AELL0 HUXYY MPOAYKTUBHICTb (2-# Knac GOHiTeTy,
nosHototo 0,6-0,7).Harbinblunm 3aranbHMM 3anacoM XapaKTepusyTbcs HacamxeHHs 11-ro knacy Biky.MakcumanbHi
CepefiHi 3aMacu XxapakTepHi ans fLepeBocTaHis 9-ro knacy Biky (290 M3/ra). BctaHoBnEHO, L0 Haibinblua yyacTb Ay6a
y cknagi pepesocrtaHis (9-10 oamHuub) y HacamkeHHsx 9-10 knacis Biky.Y pe3ynbrati NpoBefeHMX AOCIIKEHb BUSBIEHO,
L0 NpUpOAHE NMOHOBNEHHS Ayba 30cepemKeHe NepeBaXkHO Y CBIXXMX Cyrpyaax (CBika rpaboBa cynibpoBa) y HaCcamKEHHX
3a Y4aCTHO COCHM 3BMYalHOI Ta Ayba 3BMUanHOro. [yctota npupoaHOro NOHOBEHHS CTaHOBWTb 1—3 TUC. WT/ra. [MpakTuyHa
LiiHHICTb pOB0TM NONArae y MOXIMBOCTi 3aNpOBaAKEHHS] OCHOBHMX 3acaf, BeAEHHS NiCOBOro rocnoaapcrea, CpsMoOBaHNX
Ha BMPOLLYBaHHS CTiMKMX BUCOKONPOAYKTMBHMX AEPEBOCTAHIB Ay6a 3BMYANHOrO WASXOM BifbLl MOBHOTO BUKOPUCTAHHS
MPUPOLHOIO MNOHOBMIEHHS

KniouoBi cnoBa: ay6 3BMYaliHUIA, MPUPOAHI HAaCA[KEHHS, MOAANbHI fepeBOCTaHW, BUCOKOBOHITETHI AepeBOCTaHM,
TUMNK NiCy, NiCOBiIAHOBNEHHS, NPUPOAHE MOHOBEHHS
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Abstract. On the territory of Ukraine, for decades, the pig industry has
traditionally remained one of the main reserves for ensuring the financial
well-being of the population. Among the factors contributing to the
profitability of pig breeding enterprises, a significant role is played by the
breeding capacity of sows, since it guarantees the receipt of livestock for
rearing and fattening. An indisputable condition for ensuring the efficiency
of pig production is to increase the fattening and meat characteristics of
pigs. With this in mind, the purpose of the study is to investigate the above-
mentioned economic traits of pigs, which is currently an urgent task. The
research was preceded by the establishment of three groups of sows and
young stock, numbering 10 animal units each, located in similar economic
conditions. According to the investigational plan, three groups of pigs are
provided depending on the genotype: control group 1 - Large White (LW);
experimental group 2 - Landrace (L); experimental group 3 - 1/2LWx1/2L
(maternal base - Large White, paternal — Landrace). As a result of the
conducted studies, it was found out that the local pig population obtained
from crossing purebred animals of the Large White and Landrace breeds
prevailed in terms of productivity over the original parent forms. From them,
on average for three farrowing operations, the largest number of piglets at
birth and the highest multiplicity were obtained. An unreliable correlation
was found between the characteristics of the reproductive ability of sows
and the number of farrowing. The correlation coefficient between the farrowing
number and the number of piglets at birth had a negative value --0.013; for
fertility - positive — +0.038; for the offspring size - +0.014; milking capacity -
+0.044. At the age of 1, 2, 3, 5, and 6 months, local young stock had the
highest live weight, and the Large White pigs had the lowest values with
significant differences (P<0.05-0.001). The Landrace pigs had the highest
live weight at birth and at the age of 4 months, and the Large White pigs
had the lowest live weight (P<0.05-0.001). The findings allow increasing
the efficiency of the pig industry and prove the expediency of interbreeding
in order to increase the economic traits of pigs

Keywords: sows, breeding capacity, young stock, live weight, Large White breed,
Landrace breed, local livestock population, correlation
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INTRODUCTION

The ability of the state to provide the population with
high-quality food products is guaranteed by the avail-
ability of appropriate resources, among which the pig
industry covers the demand for meat consumption
by 35%. Transformational changes on the way to the
European integration aspirations of the agricultural
sector of Ukraine cause changes in the development
and functioning of the pig industry [1; 2]. On the territory
of Ukraine, pig breeding has always been one of the
main sources of profit and prosperity of the state. In
the history of Ukrainian animal husbandry, there were
times when the share of pork in total meat production
reached 55-60% [3].

The market situation forces pig breeding enter-
prises to look for ways to reduce the cost of production
and improve its quality [4]. Therefore, today, the de-
velopment of pig breeding, as an industry with a large
production potential, is marked by an in-depth use of
available resources and provides for the introduction
of well-organized breeding work [5]. Currently, 12 stud
pig breeds are bred at farms of Ukraine, which serve
as maternal and paternal forms in breeding and can
improve the pork production indicators [6].

In addition, to increase productivity and improve
the desired characteristics of pigs, crossing and hy-
bridization are widely used, but it is necessary to take
into account the different level of manifestation of the
phenomenon of heterosis in offspring [7]. A number
of scientists report that the use of specialized breeds,
types and lines for crossing pigs contributes to the
growth of fattening and meat characteristics, but does
not lead to a significant improvement in the parameters
of the reproductive ability of sows [5; 8; 9]. However,
there are also opposing views on the influence of
growth intensity on the meat qualities of pigs [4]. It is
important to establish links between the productive
characteristics of pigs, especially when improving breeds
based on meat characteristics [10].

Itis also worth noting that the reproductive quali-
ties of sows largely determine the production efficiency
since they provide the necessary supply of livestock for
rearing and fattening. Hence, increasing the efficiency
of using sows and obtaining high fertility is one of
the main vectors of pig breeding, along with the de-
velopment of new criteria for evaluating, selecting and
predicting the reproductive qualities of sows [11; 12].

The most common on the territory of Ukraine are
two breeds of pigs - the Large White and Landrace [6]. The
widespread use of the Large White pigs in the breeding
process is conditioned by their high breeding value for
the main productive characteristics [13-15]. Along with
this, studies have proven that the Landrace pigs are
also characterized by high productive characteristics,
so they can be used as paternal and maternal forms
in various variants of crosses [4; 7; 16]. Reproductive
indicators and the duration of use of the Large White
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and Landrace breeds can be improved by introducing
modern breeding techniques [17; 18].

Therefore, taking into account the above, the
purpose of the study was to investigate the parameters
of the breeding capacity of sows and the dynamics of
the live weight of young stock of the Landrace and
Large White breeds and the local livestock obtained
from their crossing.

MATERIALS AND METHODS

In the furtherance of this goal, materials on the breed-
ing and productive use of pigs in the SE RS “Nova
Peremoha” of the Lyubarsky District of Zhytomyr Oblast
were processed. The study was carried out in 2017-2020.
The digital material was processed using the variational
statistics [19; 20]. As for the results of mathematical
calculations, they were considered statistically reliable
if P<0.05 (%), p<0.01 (**), and P<0.001 (***). The mathe-
matical data was processed using the Microsoft Office
Excel software package.

For the research, 3 groups of sows and 3 groups of
young stock with 10 animal units each were established.
According to the investigational plan, three groups of
pigs are provided depending on the genotype: control
group 1 - Large White (LW); experimental group 2 -
Landrace (L); experimental group 3 - 1/2LWx1/2L (ma-
ternal base - Large White, paternal - Landrace) - Table 1.

Table 1. Genotypic composition and number of animal

groups for research
Animal group 1 2 3
Animal genotype Lw L 1/2LWx1/2L
Number of animals 10 10 10

in a group

Note: hereinafter LW - Large White pig breed; L - Landrace
breed

The selected experimental animals were similar
in age and live weight, and were also in the same con-
ditions of keeping, feeding, use, and care.

For the study, the breed of animals was estab-
lished according to breeding certificates and materials
of breeding and zootechnical accounting. Feeding of
experimental animals was carried out according to the
rations characteristic of the farm placement zone, bal-
anced in terms of nutrient content and in accordance
with zootechnical standards. The breeding capacity of
sows was studied by the following indicators: fertility
(determined by the number of live born, viable piglets
per farrowing); offspring size (average weight of one
piglet in the offspring at birth); milking capacity (live
weight of the nest at 21 days of age) [21]. The live
weight of young pigs was studied based on the results
of individual weighing after birth and at the age of 1, 2,
3,4,5 and 6 months.




RESULTS AND DISCUSSION
Effective use of sows in the process of reproduction
is one of the main directions in pig breeding [11; 12],
which determines the relevance of studying the param-
eters of the breeding capacity of sows. Based on this,
the analysis of indicators of the breeding capacity of
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sows of different breeds and breed combinations for
several farrowing was carried out.

According to the results of the first farrowing
received from sows, the reproducible qualities of sows
were good (Table 2).

Table 2. Indicators of the breeding capacity of sows of different genotypic groups
for the first farrowing

Animal groups (M)

Difference between groups

Attributes and units of 1 2 3 1-2 1-3 2-3
measurement 1/2LW
w L 1721 d t, d t, d t,

Number of newborn 11.25+% 1211+ 12.51+
piglets, units 0.299 0.323 0.451 -0.86 195 -1.26 2.33 -0:40 0.72

- . 10.48+ 11.12+ 11.88%
Fertility, units 0268 0.268 0.298 -0.64 1.69 -1.40 3.49 -0.76 1.90

. . 1.49+ 1.60% 1.51+
Offspring size, kg 0032 0031 0.029 -0.11 2.47 -0.02 0.46 0.09 2.12

i . 64.23% 65.22+ 65.37+
Milking capacity, kg 1789 1.998 0.996 -0.99 0.37 -1.14 0.56 -0.15 0.07

Note: hereinafter, M - arithmetic mean, d - the difference between the arithmetic mean, and t, - the validity of the

difference

Among the studied traits, the number of piglets
at birth and their size, fertility, and milking capacity
reached the highest values in local sows of genotypic
group 3 (1/2bx1/2L). The latter with a significant differ-
ence prevailed purebred sows and the genotypicgroup 1
(Large White breed) in terms of the number of offsprings
by 1.26 units (P<0.05), fertility - by 1.4 units (P<0.01),
but in terms of milking capacity, there was no probable
advantage between sows of different groups (Table 2).

The biggest size of offspring was observed in the
first farrow of the purebred Landrace pigs, which, ac-
cording to the investigational plan,were assigned to the
[l genotypic group. Their significant advantage over
sows of control group 1 was 0.11 kg (P<0.05) and group 3,

respectively, 0.09 kg (P<0.05). To achieve this goal, the
parameters of the reproductive function of sows were
analyzed based on the results of the second farrowing
(Table 3). As a result of the analysis, the following fea-
tures were revealed: most newborns were obtained from
group 1, animals of group 3 were characterized by the
highest fertility and milking capacity, while the animals
of group 2 were distinguished by the offspring size.
However, as for establishing the reliability of comparing
indicators, a significant advantage was found only for
the offspring size of sows from group 2 over 1 (0.11 kg
at p<0.05). No statistically significant differences were
found for the other features studied (Table 3).

Table 3. Indicators of the breeding capacity of sows of different genotypic groups
for the second farrowing

Animal groups (M)

Difference between groups

Attributes and units of 1 2 3 1-2 1-3 2-3
measurement 121w
w L 1720 d t, d t, d t,

Number of newborn 12.68% 11.87% 12.48+
piglets, units 0.439 0.347 0.501 0.81 145 0.20 0.30 061 1.00

- . 11.09+ 11.10% 11.86%
Fertility, units 0.348 0.351 0.368 -0.01 0.02 -0.77 1.52 -0.76 1.49

. . 1.50+ 1.61% 1.59+
Offspring size, kg 0.027 0.030 0.039 -0.11 273 -0.09 1.90 0.02 0.41

- . 64.61% 65.53+ 65.77+
Milking capacity, kg 1.865 1182 1293 -0.92 0.42 -1.16 0.51 -0.24 0.14
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As a result of the assessment of sows of the studied
breeds and breed combinations in terms of reproduc-
tive qualities for the third farrowing, certain differences
were established between them (Table 4). Thus, purebred
Large White pigs of the first experimental group were
noted by the lowest fertility and the offspring size, low-
est milking capacity; the smallest number of piglets

born was observed in sows of the Landrace breed,
which belonged to group 2. At the same time, the best
parameters of breeding capacity, namely the largest
number of piglets at birth, fertility,and milking capacity
were observed in the local sows of group 3, and the
biggest size - in animals of group 2 by genotype.

Table 4. Indicators of reproductive capacity of sows of different genotypic groups
for the third farrowing

Animal groups (M)

Difference between groups

Attributes and units of 1 2 3 1-2 1-3 2-3
measurement 1/2LW
w L 1720 d t, d t, d t,

Number of newborn 12.51% 11.91+ 13.08+
piglets, units 0.589 0.671 0.464 0.60 0.67 057 0.76 117 143

- . 10.47+ 10.54% 11.69%
Fertility, units 0.355 0.388 0.389 -0.07 0.13 -1.22 2.32 -1.15 2.09

. . 1.50+ 1.69+ 1.61%
Offspring size, kg 0022 0158 0.024 -0.19 1.19 -0.11 3.38 0.08 0.50

I . 65.02+ 65.81% 65.97+
Milking capacity, kg 0872 1894 1098 -0.79 0.38 -0.95 0.68 -0.16 0.07

Assignificant advantage of animals of group 3 over
group 1 in terms of fertility and the offspring size was
established (P<0.05-0.01),over animals of group 2 - only
in terms of the number of offspring (P<0.05). According
to the rest of the considered indicators, the difference
obtained between sows of different genotypic groups
did not have statistically significant values.

Analysis of the parameters of the breeding ca-
pacity of sows of different breeds and breed combinations
on average for all three farrowing showed the presence

of differences between them (Table 5). According to the
findings of the conducted studies, the largest number of
piglets at birth and fertility were observed in local sows of
the genotypic group 3. While animals of the Landrace
breed, assigned to genotypic group 2, were characterized
by the biggest size and milking capacity. However, when
comparing the above-mentioned indicators of sows of
different experimental groups, significant differences
were established only for two of them - the number of
offsprings and fertility in groups 1 and 3 (P<0.05).

Table 5. Indicators of breeding capacity of sows of different genotypic groups
on average for three farrowing

Animal groups (M)

Difference between groups

Attributes and units of 1 2 3 1-2 1-3 2-3
measurement 1/2LW
w L 1721 d t, d t, d t,
Number of newborn 12.13+ 11.95% 12.69+
piglets, units 0.532 0.487 0.398 0.18 0.25 -0.56 0.84 0.74 118
. . 10.68+ 10.98+ 11.77+
Fertility, units 0.344 0.236 0.345 -0.30 0.72 -1.09 2.24 -0.79 1.89
L 1.50+ 1.64% 1.60%
Offspring size, kg 0028 0088 0028 -0.14 1.52 -0.1 2.53 0.04 0.43
- . 64.48+ 65.73% 65.66%
Milking capacity, kg 1209 1605 1181 -1.25 0.62 -1.18 0.70 0.07 0.04

There is an unreliable correlation between the
parameters of the breeding capacity of sows and the
number of their farrowing. Thus, between the farrow-
ing number and the number of newborn piglets, the
correlation coefficient had a negative value - -0.013,

Scientific Horizons, 2021, Vol. 24, No. 2

between the farrowing number and fertility — a positive
value - +0.038; between the farrowing number and
offspring size - +0.014; between the farrowing number
and milking capacity - +0.044.

When studying the economic traits of pigs of




different breeds and breed combinations, it was also aimed
to investigate the dynamics of live weight of young stock
at birth and at the age of 1,2, 3,4, 5,and 6 months (Table 6).

Purebred animals of the Landrace breed from ge-
notypic group 2 had the highest live weight at birth
and at 4 months of age, while the Large White pigs of
group 1 had the lowest values. At the age of 1, 2, 3,5
and 6 months, the highest live weight was observed
in local young stock of the experimental group 3, the

Shuliar et al.

lowest live weight - in the Large White breed belonging
to group 1. As a result of establishing the levels of
reliability of differences, a significant advantage was
revealed at the age of 1, 2, 3 and 5 months in animals
of the genotypic group 3 over group 1 (P<0.05-0.001);
at the age of 2 and 3 months - a highly reliable advantage
over group 2 (P<0.001); a significant advantage in live
weight at birth and at age of 4 months in young stock
of group 2 over group 1 (P<0.05).

Table 6. Dynamics of live weight of young pigs of different genotypic groups

Animal groups (M) Difference between groups
Attributes and units of 1 2 3 1-2 1-3 2-3
measurement 1/20
w L 1720 d t, d t, d t,
. 1.47% 1.57% 1.50+
At birth 0019 0031 0023 -0.10 2.75 -0.03 1.01 0.07 1.81
7.78% 8.15% 8.64*
st - -| -
1stmonth 0213 0451 0.249 0.37 0.74 0.86 2.62 0.49 0.95
20.13+ 21.04+ 25.27+
nd - - -
2™ month 0755 0562 0758 0.91 0.97 5.14 4.80 4.23 4.48
35.49+ 33.44% 39.03+
rd - -
3month 0627 0.871 1019 2.05 191 3.54 2.96 5.59 4.17
49.97+ 53.05% 51.48+
th - -
4™ month 0776 1209 1287 3.08 2.14 1.51 1.00 1.57 0.89
73.71+ 76.28% 78.51%
th - - -
5% month 1134 0.989 1.603 2.57 171 4.80 2.44 2.23 1.18
94.55+ 96.49+ 98.96+%
th - - -
6™ month 1591 1.407 1.815 1.94 0.91 441 1.83 2.47 1.08

Thus,a comparison of the productive characteris-
tics of pigs of different breeds and breed combinations
showed the superiority of local pigs over purebred animals
of the Large White and Landrace breed. The studies by
L.P. Hryshyna and 0.0. Krasnoshchok[4], M.M. Poruchnik
[12],R.P.Shvachka and N.G.Povod [22],E.I.Karateeva and
A.N. Rudenko [23] show similar results in terms of the
main indicators of breeding capacity of local sows. The
advantage of local livestock over the original parental
forms in terms of meat qualities was also noted by
A.l. Kislinska and G.I. Kalinichenko [24], S. Voitenko and
B. Shaferivsky [25], M.O. Petrenko and S.L. Voitenko [26],
R.P.Shvachka and N.G. Povod [22].

CONCLUSIONS

According to the investigated characteristics of pro-
ductivity, the local pig population with the 1/2LWx1/2L
genotype prevailed over purebred Large White and

Landrace pigs. Thus, on average for three farrowing
operations, the largest number of piglets at birth and
highest fertility were obtained. An unreliable correla-
tion was established between the characteristics that
characterize the reproductive ability of sows and the
number of farrowing received from them: between
the farrowing number and the number of piglets at
birth, the correlation coefficient had a negative value -
-0.013, between the farrowing number and fertility -
positive - +0.038; between the farrowing number and
the offspring size - +0.014; between the farrowing
number and milking capacity - +0.044. At the age of 1,
2,3,5,and 6 months, local young stock had the highest
live weight, and the Large White pigs had the lowest
values with significant differences (P<0.05-0.001). The
Landrace pigs had the highest live weight at birth and
at the age of 4 months, and the Large White pigs had
the lowest live weight (P<0.05-0.001).
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NOPIBHAJIbHA OLIHKA NMPOAYKTUBHUX O3HAK CBUHEN PI3HUX
noria 1 NOPOAHUX NOEAHAHD

Anina JleoHipisHa Wynsp, AnboHa JleoHiaisHa Lynsp,
Banepiit ®epoposuy AHapiituyK, CBitnaHa MNMeTpiBHa OMenbkoBuy,
Bonopumup MetpoBuu Tkauyk, Bitanii Biktopoeuy JlaTka

MonicbkMi HaLiOHaNbHWI YHiBEPCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHoTauif. Ha TepuTopii YkpaiHu BNpOAOBX AecaTUNiTb rany3b CBMHApPCTBA TPAAMLIMHO 3aNMLIAETLCSA OOHUM i3
roNoBHUX pe3epBiB 3abe3neyeHHs diHaHcoBoro fobpobyTy HaceneHHs. Cepen dakTopiB, WO CNPUSIOTb LOXiLHOCTI
CBMHAPCbKMX NiANPUEMCTB, BaroMa posib HANEXMTb BiATBOPHIM 3A3aTHOCTI CBUHOMATOK, M03asIK FapaHTYE HaAXOAKEHHS
noroniss Ans BUpOLLYBaHHS i Biaroaieni.beasanepeyHoto ymoBoto 3abe3neyeHHs eeKTMBHOCTI BUPOOHMLITBA NPOAYKLL|
CBMHApPCTBA € NMiABULLEHHS BIATOAIBENbHUX | MICHUX 03HAK CBUHEW. 3 Ornsaay Ha Lie, METO J0CNiAKeHb OY10 BUBYEHHS
BUMLLE3a3HAYEHMUX NPOAYKTUBHUX O3HAaK CBMHEN, WO Hapasi € akTyanbHWM 3aBAaHHAM. [1pOBEAEHHI0 JOCIAKEHD
nepenyBano GOpPMyBaHHS TPbOX rPyn CBMHOMATOK i MONOLHSKY, YncenbHicTio 10 roniB KoXHa, WO 3HaXOAUNCS B
QHANOriYHMX roCnoAapCbKMX yMoBax. BignosigHo oo cxeMu gocnify nependayeHo Tpu rpynu CBUHEN 3aNeXHO Bif,
reHoTuny: | koHTponbHa - Benuka b6ina (BB); Il mocnigHa rpyna — nanapac (1); Il gocnigHa rpyna - 1/2Bbx1/2)1
(MaTepuHCbKa OCHOBA — Benuka 6ina, 6aTbkiBCbka — naHapac). Y pesynstati NpoBefeHUX LOC/IIKEHb 39COBAHO, WO
NMOMiCHe NoroniB’s CBMHEN, OTPMMAHE Bif CXPeLLyBaHHS YUCTONOPOLHUX TBAPMH BENUKOI Binoi Ta mopoau naHapac,
nepeBaxano 3a 03HaKaMu NPOOYKTUBHOCTI BMXiAHI 6aTbKiBCbKi hopMu. Tak, y cepeAHbOMY 33 TPU ONOPOCK Bif, HUX
6yno ofepkaHo HanbinbLLy KiNbKiCTb MOPOCST NPU HAPOOXKEHHI Ta HaMBULLY BaraTonnifHiCcTb. MiXk 03HaKaMu BiATBOPHOI
30aTHOCTI CBMHOMATOK i HOMEPOM iX OMOpOCY BWUSIBNIEHO HEAOCTOBIPHWIA KOPENsLiMHUIA 3B'A30K: MK HOMEPOM
0Mopocy Ta KiNbKiCTIO MOPOCAT NPU HAPOMXKEHHI KOediLlieHT Kopensuii MaB BigEMHe 3HAYeHHs Ta ctaHoBuB -0,013,
6aratonnigHicTio — gopatHe i cknagas +0,038; BenunkonnigHictio — +0,014; monouHictio — +0,044. Y 1-, 2-, 3-, 5-
Ta 6-MiCAYHOMY BiLli HaMBULLY XXMBY Macy MaB MOMICHMI MOMOAHSK 33 HAMHMXKYMX 3HAYEHb TBAPWH BeNUKOI 6inoi
nopoaM 3a A0CTOBipHMX pi3Huub (P<0,05-0,001). Haibinbly 1By Macy npu HapoOLXeHHi Ta y 4-MicayHOMY BiLi
Manu TBapuHM MOPOAM NaHApAC, HalMMeHwWwy — Benunkoi 6inoi (P<0,05-0,001). BctaHoBNEHI pe3ynbTaTt LOCTIAKEHD
[03BONSIOTL MIABUWMTM ePEKTUBHICTb ranysi CBMHApCTBA Ta AOBOASATb AOLIMbHICTb NPOBEAEHHS MiXKMNOPOAHOMO
CXpEeLLYBaHHS 3 METO0 MiABULLEHHSA MPOOYKTUBHUX O3HAK CBUHEN

KntouoBi cnoBa: cBMHOMAaTKM, BIiATBOPHA 34aTHICTb, MOMOAHSIK, )XMBa Maca, Benuka 6ina nopoaa, nopoaa naHapac,
noMicHe Noronieg, kopenauia
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Received: 12.04.2021 However, breast tumours in she-dogs differ significantly in morphological
Revised: 25.05.2021 features and biological behaviour, so the definition of prognostic factors is
Accepted: 18.06.2021 relevant. A study on tumour cell dissemination in breast tumours in she-dogs

by migration of these cells into blood and lymphatic vessels depending

on their histological characteristics and disease stage was conducted. The
Suggested Citation: study of the problem was performed on the basis of the clinic of modern
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study). Scientific Horizons, 24(2), 54-61. abdominal organs and bones.The presence of cancer cells in the vessels was
determined by the tumour clots formed by them, fixed to the endothelium.
The study revealed the presence of angioinvasion regardless of the clinical
stage of the tumour process. In this case, the dissemination of tumour
cells by migration into lymphatic vessels was observed only in the second
clinical stage of breast tumours. In patients with stage 1 breast cancer in the
vast majority of cases (66.7% of patients) angioinvasion is registered in the
micropapillary invasive carcinomas (ICD-O code 8507/2). Tumour cells in blood
vessels were verified in simple cribriform carcinoma (ICD-O code 8201/3) in
more than 80% of she-dogs with stage 3 breast cancer. In contrast to the
above groups, in patients with stage 2 cancer, migration of tumour cells
into both blood and lymphatic vessels was found. Most often the signs of
angio- and lymphoinvasion were found in invasive carcinoma mixed type
(ICD-0 code 8562/3), tubulopapillary carcinoma (ICD-O code 8503/3), and
tubular carcinoma (ICD-O code 8211/3) — in 34.1% and 36.8%, 19.3% and
26.3%, 17.0% and 10.5% of cases, respectively. The obtained results allow
predicting the probability of penetration of tumour cells into blood and
lymphatic vessels with a high degree of reliability, which in the future can
better predict the biological behaviour of breast tumours
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INTRODUCTION

It is a proven fact that in breast tumours, lymph node
involvement is one of the most important predictors
of clinical outcome in humans and animals [1; 2]. Lym-
phovascular invasion, which means the identification of
tumour cells in the space lined with endothelium, in
the primary site of a tumour or around it, is considered
by oncologists as an invasion of blood vessels [3]. How-
ever, data on the prognostic significance of vascular
invasion, proliferation index and angiogenesis in relation
to the development of metastases and survival in sick
dogs remain ambiguous [4]. As a small number of tumour
cells are able to survive outside their microenviron-
ment, the mere presence of tumour cells in the blood
vessel lumen does not guarantee the development of
metastatic lesions; therefore, although vascular invasion
in the form of tumour emboli is not uncommon, it is not
known whether it affects the development of metastases
and life expectancy in dogs [5-7]. In addition to it is im-
portant to remember that during histological examina-
tion vascular invasion sometimes may not be detected,
mainly due to the rarity of tumour emboli in the tumour
tissue array [8], and in 20% of cases of lymphovascular
invasion it may differ in evaluation of the same material
given by different pathologists [9].

The question of the probability of angio-and lym-
phoinvasion in neoplasms of different types remains
debatable. In the study by Yoshimura et al.[10] vascular
invasion was more common in simple solid carcinomas,
and much less common in malignant myoepitheliomas
and biphasic carcinomas; in another study by Yoshimura
et al. [11] vascular invasion was registered in 40.5% of
simple solid breast cancers. However, in another study,
it was registered only in 15.1% of malignant breast
tumours [12], which corresponds with the results ob-
tained by Seung et al. [13] — 14.8%; according to Pastor
et al. [14] it was registered in 28.6% of cases and ac-
cording to the study by Monteiro et al. [15] —in 33.3% of
cases. Probably, the unresolved issue is due to the lack
of a unified methodological approach.

Thus, despite the significant number of publica-
tions on predicting the course of the disease in breast
tumours and the main stages of cancer cell dissemi-
nation, the mechanisms of angio- and lymphoinvasion,
which are predictors of the aggressiveness of breast
tumours, remain insufficiently studied in oncogenesis.
Notably, in practice, in the vast majority of cases, the
prognosis of the disease and the choice of treatment
measures is made without considering the vascular in-
vasion, which causes insufficient effectiveness of the
protocols.

The purpose of this study was to determine the
role of angio- and lymphoinvasion as predictors of ma-
lignancy at different stages of breast tumours in she-dogs.

LITERATURE REVIEW

Breast tumours, most of which are malignant, are the
most common neoplasms in intact she-dogs, mostly
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middle-aged and older (8-11 years) [16; 17]. The incidence
rate fluctuates significantly, depending on the spay at
an early age. The main cause of death from breast can-
cer in she-dogs is metastasis to the lungs. Breast car-
cinomas have heterogeneous clinical behaviour in the
rate of metastasis, recurrence, impact on life quality and
expectancy [4].

Recurrence of breast cancer may occur partially
due to a lack of understanding of the early stages and
mechanisms involved in the breast cancer metastasis,
especially the effects of neoplastic inflammatory cells,
including tumour macrophages, on the invasion pro-
cess [18].

In the study by Diessler et al. [4] vascular inva-
sion was negatively correlated with life expectancy and
lymph node involvement; similar results are presented
by Rasotto et al. [19]. The same data were obtained in
the study of breast tumours in women; in addition, the
study by Mohammed et al. [20] shows that vascular in-
vasion is more common in tumours larger than 1.5 cm,
and that oestrogen-negative and progesterone-negative
tumours are more likely to have significant vascular
invasion than hormone-positive tumours. Lymphovas-
cular invasion is also more common in Her2-positive
tumours [21]. Studies by Monteiro et al. [15; 22] showed
that vascular invasion correlates with the number of
tumour-associated macrophages, which is confirmed by
the data obtained by Seung et al. [21]. Separation of
tumour cells from the main tumour mass and their in-
travasation into blood vessels usually occurs in areas
of the largest accumulation of macrophages [23]; the
study by Carvalho et al. [24] shows that high expression
of COX-2 is correlated with the tumour emboli forma-
tion. However, according to studies by Santos et al. [25],
vascular invasion does not depend on the degree of nuclear
pleomorphism, one of the criteria for malignancy [19],
which in its urn correlates with life expectancy.

Despite the large number of publications of lym-
pho-and angioinvasion for breast tumours in dogs, does
not reveal unambiguous data on the prognostic value
of this process. Therefore, further research is needed to
target the biological behaviour of tumour tumours that
are healthy to invade blood vessels.

MATERIALS AND METHODS

The research was conducted in accordance with the re-
quirements of the European Convention for the Protec-
tion of Vertebrate Animals [26] and the Law of Ukraine
“On Protection of Animals from Cruelty” [27]. Ethics
Committee approval was received for this study from
the Animal Researches Committee of the Dnipro State
Agrarian and Economic University, Ukraine (Approval
number: 2019/02). The research was conducted on the
basis of “Best”veterinary clinic (Zaporizhzhia). The objects
of study were dogs of different breeds and crossbreeds,
the average age was 8.6 years (from 3.5 to 16), in which
during 2019-2020 were diagnosed with breast tumours.
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At the same time, clinical and special (X-ray, ultrasound
diagnostics, determination of hemostasiological status)
research methods in such patients ruled out the presence
of metastatic foci in other organs and tissues. The clinical
stage of the tumour process was determined by the
TNM classification according to Owen [28]. This study
included dogs with I-IIl stages of the tumour process.
In the first stage, the tumour was removed from
she-dogs by electrosurgery in the amount of regional
or unilateral mastectomy. Pieces were excised from the
tumour node(s), unaffected breast tissue and regional
lymph nodes: axillary and additional lymph nodes - for
lesions of | or Il milk package, inguinal - for lesions
IV or V, axillary, additional and inguinal - for lesions
of Il milk package. To facilitate the identification of
lymph nodes in the surgical material was injected
intradermally 0.2-0.4 ml of 0.05% aqueous solution of
methylene blue before 7-10 minutes surgery in areas |
or V of milk packets. Pieces of tissue were fixed for 48-
72 hours in 10% neutral buffered formalin according
to Lily. Subsequently, the tissues were passed through
ascending alcohols,chloroform,chloroform-paraffin and
paraffin and poured into paraffin. Sections 5-6 um thick
were made on a rotary microtome MPS-2 (Micromed

Ukraine). Paraffin sections were dewaxed in xylene and
stained with hematoxylin and eosin according to the
method of Horalskyi et al. [29]. Microscopy was per-
formed using an Olympus BX43 microscope (Olympus,
Japan). Tumours were histologically verified according
to the classification of Goldschmidt et al. [30] and coded
according to the World Health Organisation’s Interna-
tional Classification of Disease for Oncology system
(ICD-0) [31] to facilitate comparison with existing human
and animal cancer registries. The presence of cancer cells
in the form of tumour emboli in the lumen of blood and
lymphatic vessels was also identified.

RESULTS

According to the data obtained, a high level of malignancy
in breast tumours should be assumed in the case of tumour
cells dissemination in the first stage of the disease (Ta-
ble 1). Among them, infiltrative tubular carcinoma was
verified in one third of cases, but the maximum risk of
disease progression was found in patients with tubulo-
papillary invasive carcinoma, as in this case the proba-
bility of diagnosing tumour cells in the lumen of blood
vessels is two times higher. Notably, in both cases only
signs of angioinvasion were registered.

Table 1. Angioinvasion in the first stage of malignant tumours of the breast in she-dogs

Histologic type

Detection frequency

n %
Tubulopillary invasive carcinomas (ICD-O code 8503/3) 4 66.7
Tubular carcinoma (ICD-0 code 8211/3) 2 333

Total 6 100

Most often, the presence of tumour cells in the
vessels is detected in stage 2 breast cancer (Table 2). Only
in such patients, in contrast to she-dogs with stage 1 cancer
and stage 3 cancer,lymphoinvasion was verified although
the presence of cancer cells in lymphatic vessels is reg-
istered only in certain types of tumours. About a third
of cases of angio- and lymphoinvasion were registered
in she-dogs with invasive carcinoma mixed type on the
background of approximately the same frequency of
tumour emboli detection. The high risk of dissemination

of tumour cells into vessels was found in tubulopapillary
carcinoma, but it is slightly lower — by a factor of 1.8
and 1.4, respectively. In 10% of cases, cancer cells in
blood and lymph vessels were verified in tubular and
solid carcinomas. In micropapillary invasive and simple
cribriform carcinomas, tumour emboli were registered
in both angio- and lymphoinvasion in about 5% of pa-
tients. In the case of ductal carcinoma, the probability of
cancer cells dissemination through lymphatic vessels,
compared with blood ones, is 5 times higher.

Table 2. Vascular dissemination of cancer cells in the second stage of breast cancer in dogs

Histologic type

Tumour cells (microemboli)

Blood vessels Lymphatic vessels

n % n %
Carcinoma mixed type (ICD-O code 8562/3) 32 36.4 7 36.8
Tubulopapillary carcinoma (ICD-O code 8503/3) 17 19.3 5 26.3
Tubular carcinoma (ICD-0O code 8211/3) 15 17.0 2 10.5
Solid carcinoma (ICD-O code 8230/3) 8 9.1 2 10.5
Micropapillary invasive carcinomas (ICD-O code 8507/2) 4 4.5 1 5.3
Simple cribriform carcinoma (ICD-O code 8201/3) 4 4.5 1 5.3
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Table 2, Continued

Histologic type

Tumour cells (microemboli)

Blood vessels Lymphatic vessels

n % n %

Ductal carcinoma (ICD-O code 8500/3) 1 1.1 1 5.3
Anaplastic carcinoma (ICD-O code 8021/3) 3 3.4 - -
Total 88 100 19 100

Among the studied stage 2 breast tumours there
are histological types that are characterised by invasion
only into blood vessels on the background of significant
fluctuations in their registration frequency. In particular,
compared with anaplastic carcinoma, in which cancer
cells in blood vessels are verified relatively rarely (1.1%),
the probability of angioinvasion is 2.1 times higher in
carcinomas of mixed type, 4.1 times higher in mucinous
carcinoma, and 6.2 times higher in tubular carcinoma.

Certain patterns of tumour cells dissemination in
stage 3 breast cancer have been understood (Table 3).In
contrast to stage 2 cancer,tumour cells in conglomerates
were verified in a small number of histological types
and only in blood vessels. In the vast majority of cases,
angioinvasion is found in simple cribriform carcinoma
(83.3%), while in anaplastic carcinoma the probability
of detecting tumour cells outside the neoplasm is 5 times
lower.

Table 3. Angioinvasion in the third stage of malignant neoplasms of the breast in she-dogs

Histologic type

Detection frequency

n %
Simple cribriform carcinoma (ICD-O code 8201/3) 5 83.3
Anaplastic carcinoma (ICD-O code 8021/3) 1 16.7
Total 6 100

Histologically, in anaplastic carcinoma of any stage
only angioinvasion was recorded, whereas in stage 2 sim-
ple cribriform carcinoma, the presence of tumour cells
in the lymphatic vessels was detected.

DISCUSSION

The analysis of reports and results of our research on
the pathogenetic mechanisms of breast tumours in she-
dogs proves their multi-vector nature and the need for
further, more detailed study of carcinogenesis mecha-
nisms in order to improve diagnosticating and identifying
therapeutic targets for better treatment [32]. Vascular
invasion,as a predictor of breast malignancy in she-dogs,
allows predicting an unfavourable prognosis based on
the correlation of high levels of tumour-associated mac-
rophages with the clinical stage (P<0.001), tumour
type (P=0.016), tumour size (P=0.013), the presence of
tumour emboli in lymphatic and blood vessels (P=0.031),
proliferation rates (P=0.009), lymph node metastases
(P=0.003),vascular microdensity (P=0.008), invasive profile
(P=0.002), and unfavourable prognosis (P<0.018) [15].

Theresults of studies presented by Rasotto et al. [33]
also show that carcinomas and malignant myoepitheli-
omas are characterised by more aggressive behaviour,
manifested by a higher incidence of vascular and lymph
node invasion,a higher rate of visceral metastases,and a
risk of death due to disease progression affected by Ki-67
overexpression.

The predictive significance of lymphoinvasion in

breast tumours in she-dogs is confirmed by its correla-
tion with the expression of DERL-1, a transport protein
for the export of incorrectly folded proteins from the
endoplasmic reticulum (ER) and apoptosis inhibitor [34].

Angioinvasion, which accompanies oncogenesis,
is facilitated by circulating myeloid suppressor cells,
which change the molecular pathways in tumour cells
significantly due to increased expression of angiogenic
factors and subsequent induction of angiogenesis by
endothelial cells, epithelial mesentery, epithelial-mes-
enchymal transition, as well as increased migration of
tumour cells [35].The data obtained are confirmed by
the results of studies by Santos et al. [7], according to
which highly proliferative tumours and tumours with
invasive growth are characterised by a significant met-
astatic ability and, accordingly, an unfavourable prog-
nosis on the background of short survival time and re-
currence-free periods.

To understand the mechanisms of cancer cells
dissemination, we consider the studies aimed at clinical
aspects, the study of malignant transformation, histo-
genesis,epithelial-mesenchymalinteractions to be rele-
vant. They can standardise the criteria for diagnosis and
breast tumour treatment. Individualisation of protocols
will allow for more adequate disease management,
thereby improving the she-dogs’ survival and quality of
their life [36].

The correlation of vascular invasion (r=0.76,
P=0.043) with overexpression of vimentin filaments,
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which participate in the mechanisms of epithelial-mes-
enchymal transition, established for breast tumours in
dogs, confirms the obtained data on cancer cell dissem-
ination into blood and vessels in malignant tumours [37].

Areas of tumour invasion show a higher level of
hematoxylin-eosin staining and complete loss of a-SMA
and p63 immunoreactivity, which in combination with
the clinical stage and histological grade can be used for
individual assessment of breast tumour [38]. The results
are consistent in breast tumour with the correlation of
lymph node status with histological grade, vascular in-
vasion, proliferation index, expression of VEGFR-2, and
microvascular density [4].

In this case, overexpression of vascular growth
factor,which accompanies the progression of the tumour
process, stimulates the proliferation, migration and
survival of endothelial cells. The inverse correlation of
VEGFR-1 with metastases to regional lymph nodes was
proven. However, its prognostic significance for tumour
cell dissemination and termination of disease remains
unclear [39]. Along with the lesion size, histological
grade, ERa-negativity, high Ki-67 proliferation index and
absence of EGFR, the migration of tumour cells and lymph
node involvement are of clinical importance [40].

In contrast to the tumour size and the histological
type, which according to Chocteau et al. [41] correlate
with early cancer mortality, but do not affect the con-
ditional survival of patients significantly, lymphovas-
cular invasion and regional lymph node involvement
reflect the life expectancy of animals after treatment.
In order to randomise patients in clinical experiments
evaluating the efficacy of adjuvant chemotherapy, a his-
tological classification based on lymph node status and
lymphovascular invasion was proposed [42].

It is advisable to supplement the histological
determination of the tumour emboli presence in blood
and lymphaticvessels with a multi-marker study of seven
RNA markers based on polymerase chain reaction with
reverse transcription, which increases the sensitivity
of detection of circulating tumour complexes up to

77.5% [43]. That means that the presence of circulating
tumour cells in the peripheral blood is a prognostic factor
for the survival of patients with breast tumours; the
use of MRNA markers allows determining their spatio-
temporal location, which makes it possible to assess
the level of aggression and biological behaviour of the
tumour more accurately [44].

Thus, the activation of the metastatic cascade,
which is clinically manifested by the presence of tumour
emboli in blood and lymphatic vessels, is proliferation,
dedifferentiation, and loss of intercellular contacts.
However, the complex molecular pathways and gene
expression changes associated with these mechanisms
in breast tumours are still largely unclear, so such re-
searches remain relevant.

CONCLUSIONS

The determination of the tumour clinical stage does not
always fully reflect the tumour aggressiveness. Detec-
tion of angio- and lymphoinvasion in tumours allows
predicting the biological behaviour of the tumour and
evaluating the therapeutic efficacy of conservative pro-
tocols more accurately. The presence of tumour emboli
in the vessels increases the risk of both metastasis and
recurrence (due to ‘contamination” of the surgical wound).
Therefore, the most aggressive is stage 2 of neoplasia
process, which is characterised by the maximum risk of
metastasis and recurrence.

Histological types of breast tumours in she-dogs
with a high risk of disease progression were determined
(infiltrative tubular invasive and cribriform carcinomas),
due to their angio-and lymphoinvasion at different dis-
ease stages. Verification of tumour emboli in mastopathy
proves the potential aggressiveness of its biological be-
haviour. The results obtained prove the expediency of a
comprehensive pathomorphological assessment of breast
tumours with specification of structural disorders, in par-
ticular the determination of angio- and lymphoinvasion
for more accurate disease prognosis.
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NMPOrHOCTUYHE 3HAYEHHS CYAUHHOI IHBA3Ii 3A NMYXJ/IMH MOJTIOYHOI 3ANTO3U
Y CYK (NIZTIOTHE OOCNIAXXEHHS)

Makcum CranicnaBoBuu KoBaneHko, AMutpo AmutpoBuy binuii

[HINPOBCbKMI AepXKaBHUI arpapHO-eKOHOMIYHWI YHIBEPCUTET
49600, Byn. Cepria €dppemMoBa, 25, M. [IHiNpo, YkpaiHa

AHoTauis. [yxIMHK MOIOYHOI 3371031 € HAWNOLWMPEHILLUMM HOBOYTBOPEHHSAM Y HEKACTPOBaHMX CyK. OgHaK MyXauHu
MOJIOYHOI 3a/103M Y CYK BifPi3HSAOTbCS 3HAYHUM Pi3HOMAHITTS 32 MOPHONOriYHMMM 0COBNMBOCTAMM Ta BioNOriYHOK
NnoBeAiHKO, BiATaK BM3HAYeHHS (HaKTOPiB NPOrHO3Y € akTyanbHWM. [1poBefeHO AOCNIAKEHHS ANCEMIHALIT paKOBUX
KNiTUH 33 HOBOYTBOPEHb MOMIOYHOT 331031 Y CYK WAAXOM Mirpauii B KPOBOHOCHI Ta NiMbaTUUHI CYyAMHWU 3aneXHO
Bif, iX FiCTONOrYHOT XapaKTePUCTUKM Ta CTaAii 3axXBOPOBaHHS. BuBYeHHs npobnemu 3aiicHioBanu Ha 6asi KNiHiku
Cy4YacHoi BeTepUMHapHOi MeaMLUMHM «Best» MicTa 3anopidoks. Y aKocTi 06€KTiB BUKOPUCTOBYBAM CYK i3 HEOMNIA3isMK
MOJIOYHOI 3371031 Pi3HOro BiKy Ta NOpiA 32 A4OBEAEHOI BiACYTHOCTI 03HAaK METACTaTUYHOIO YPAXKEHHS iHLWMX OpraHiB
i TKAHWH, 30KpeMa nereHb, OpraHis YepeBHOT MOPOXHUHM Ta KiCTOK. HasiBHICTb pakOBMUX KNITUH Y CyAUHAX BU3HAYaNu
33 YTBOPEHUMU HUMU MYXSIMHHUMU 3rycTKaMK, hikCoBaHWMM [0 eHAoTenito. Y pe3ynstaTi AOCTiAKEHHS BCTAHOBNEHO
NPUCYTHICTb aHri0iHBa3ii HE3aNeXHO Bif, KNIHIYHOT CTadii nyxanHHOro npouecy. BogHoyac amceMiHauisa nyxanmHHMUX
KNITUH WASXOM Mirpauii B niM@aTUYHi CyAnHM cnocTepiranacb TibKKM 3a APYroi KAiHIYHOT CTafii HOBOYTBOPEHb
MOJIOYHOI 3a103M1. Y MALIEHTIB i3 HOBOYTBOPEHHAMM MONOYHOI 3371031 HA NepLii KNiHiYHIKA cTagii B abCOMOTHIM
6inbwocTi BUNaakis (66,7 % MaUIEHTIB) aHrioiHBa3zis peECTPYETbCS B MiKpPONaninspHUX iHBa3MBHWUX KapLMHOMaXx
(xkon, MKB-0 8507/2).Y cyk i3 pakoM MOMOYHOI 3a/103M TpeTboi CTafii 6inbl Hixk y 80 % TBapWH HasiBHICTb pakoBMX
KNiTUH Yy KPOBOHOCHMX CyAMHax BepudikyBanu 3a npoctoi KpubpudopmHoi kapumuHomm (kogn MKB-O 8201/3). Y
NaLi€eHTIB 3 APYroto KNiHIYHOK CTafi€l0 HOBOYTBOPEHb MOMIOYHOT 3a/103M BCTAHOBNEHO MirpaLito MyXAUHHUX KNITUH
K Y KPOBOHOCHI, TaK i liMpaTnyHi cyamH. Mpu LboMy HaibinbL YacTo 03HAKM aHTio-Ta NiMPOiHBa3ii BCTAaHOB/IEHO 33
iHBa3MBHOI KapuuHomu 3MmiwaHoro Tmny (kog MKB-O 8562/3), TybynonaninsapHoi kapunHomu (kog MKB-O 8503/3)
Ta TybynapHoi kapumHomu (kop, MKB-O 8211/3) - B 34,1 i 36,8; 19,3 i 26,3; 10,2 i 10,5 % Bunapkis, BiANOBIAHO.
OTpvMaHi pe3ynbTatM 403BONSAKTL i3 BUCOKMM CTyMEHEM AOCTOBIPHOCTI MPOrHO3yBaTW iMOBIPHICTb MPOHMKHEHHS
NPOHUKHEHHS MYXMHHUX KNITUH Y KPOBOHOCHI Ta NiM@aTUYHI CYAUHM, WO Hadani MOXe Kpalie nporHo3yBatu
6ionoriyHy NoBemiHKY NyX/IMH MOJIOYHOI 3a/103M

Kntouosi cnoBa: cobaky, HOBOYTBOPEHHA, MOJIOYHA 3a/103a, METACTAa3yBaHH4A

Scientific Horizons, 2021, Vol. 24, No. 2

61



SCIENTIFIC HORIZONS g

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 24(2), 62-68

UDC 631.82:633.16(251.1:477)
DOI: 10.48077/scihor.24(2).2021.62-68

PHOTOSYNTHETIC POTENTIAL OF SPRING BARLEY PLANTS
IN THE STEPPE ZONE
Sergey Masliiov, Natalia Korzhova*

Luhansk Taras Shevchenko National University
92703, 1 Hohol Sq., Starobilsk, Ukraine

Article’s History: Abstract. Today, an increase in the real potential of grain crops, including
Received: 01.02.2021 spring barley, is a necessary condition for elements of crop cultivation
Revised: 26.04.2021 technologies. Therefore, given the limited resource potential of spring
Accepted: 20.05.2021 barley crops, their fastidiousness to the soil, considerable attention should

be paid to the photosynthetic potential of plants and the standardised

application of mineral fertilisers. The aim of the study was to improve the
Suggested Citation: elements of the technology of growing promising varieties of spring barley
Masliiov, S., & Korzhova, N. (2021). by establishing the mineral nutrition effect on the photosynthetic activity
Photosynthetic potential of spring of plants in the conditions of the Luhanska Oblast. This study provides
barley plants in the steppe zone. examples of improving some technologies for growing promising varieties
Scientific Horizons, 24(2), 62-68. of spring barley and determines the optimal norms for applying mineral
nutrition to ensure the high photosynthetic potential of these plants in the
climatic conditions of the steppe zone of Ukraine. It was found that the use
of ammonium nitrate had a positive effect on the leaf area, increasing it
by 1-2.2 thousand m?*/ha compared to the control for all varieties studied.
The combined use of diammonium phosphate and ammonium nitrate
contributed to an increase in the leaf area by 2-4.4 thousand m?/ha compared
to the control variant. Simultaneous application of ActiBION increased the
total leaf area for all samples studied by 3.8-6.4 thousand m?/ha. The best
indicators among the studied varieties were observed on the six-row variety
Helios and the double-row variety Stalker. The six-row variety Vakula and
the two-row variety Adapt showed slightly lower results. Further research
implies the study of the influence of photosynthetic activity of promising
varieties of spring barley on crop productivity in the steppe zone of Ukraine.
The findings can be recommended for production as one of the elements
in the technology of growing spring barley in the climatic conditions of the
Luhanska Oblast

Keywords: photosynthetic potential, spring barley, Helios, Vakula, Adapt,
Stalker

@ @ Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author




INTRODUCTION

The development and improvement of existing tech-
nologies for growing grain crops, in particular spring
barley, in steppe conditions is currently the main priority
area of agricultural production [1; 2]. One of the ways
to increase the yield of spring barley is to create
conditions under which the crop reaches potential [3].
Spring barley is one of the key grain crops cultivated
in Ukraine and is the fourth in the world in terms of
production, making the country one of the world
leaders (top five) [4].

According to analysts, the export production of
barley in Ukraine will be at the level of 9.4 million tonnes.
The country can provide 20% of the world's total crop [5;
6]. Therefore, today the Ukrainian farmers must take
into account both the rapid market of products and the
problems that they directly face in the field. Thus, given
the limited resource potential of the plant, changing
weather conditions, the fastidiousness of barley to the
soil and the crop productivity, it is necessary to pay con-
siderable attention to: establishment of the optimal
density of productive stem; phytosanitary condition of
the field; the choice of fertiliser systems and retardant
protection; development of the root system and pho-
tosynthetic potential of plants [6-8]. Many Ukrainian
scientists agree with this statement: I.D. Tkalich,
E.l.Mamadova, O.V. Bochevar et al., - note the fact that
improvement of the nutrition background has a positive
effect on the height of plants, the length of the ear, the
number of productive shoots, etc. [9; 10].

As a result of the action of trace elements, plants
become more resistant to drought, low temperatures, dis-
eases and damage by harmful organisms, so one of the
factors in the development of photosynthetic activity
of spring barley crops is the norm of mineral nutrition,
taking into account the poorly developed root system.
The results of experiments conducted in the steppe
zone indicate that all structural elements of the crop
depend on fertiliser. Therefore, to achieve high yields,
a balanced mineral nutrition and full photosynthetic
productivity of plants are required [8; 10; 11].

Photosynthetic productivity of spring barley
crops is the result of processes that produce energy-rich
complex and diverse organic compounds from simple
substances and depends on disease damage, resulting
in a shortage of crops [9; 11; 12]. Therefore, an effective
fertiliser system contributes to the normal course of
the physiological state of the plant, its assimilation
of nutrients, moisture and their transformation during
photosynthesis into spare substances of the grain.
Directly, one of the indicators of photosynthetic activity
of plants is the area of the leaf surface. Therefore, the
intensity of this process and the duration of its operation
are crucial factors in the photosynthetic productivity,
determining the size and quality of the crop [10; 11].

Thus, for spring barley crops, taking into account
their anatomical and morphological structure during
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the growing season, it is necessary to create such
conditions that optimally contribute to the formation
of the leaf apparatus, and therefore effective photosyn-
thetic activity in general.

The aim of the study was to investigate the in-
fluence of both conventional and new mineral fertilisers
on the photosynthetic activity of spring barley crops,
thereby improving the elements of technologies for
growing promising spring barley varieties in the steppe
zone of Ukraine.

LITERATURE REVIEW

Today, due to sharp climate changes, modern agronomic
science faces an important question: an increase in the
content of finished organic matter in plants during pho-
tosynthesis. According to the researchers, this is possible
by changing the mineral nutrition, humidity, and seeding
rates. Such measures can significantly increase the total
percentage of PAR (photosynthetic active radiation) [7-9].
According to scientists, in the steppe zone the assimilation
potential of plants is at the level of 0.5 million m?/day.
However, if proper agricultural techniques are followed, it
can be increased to 2 million m?/day [13]. Therefore, both
the fertiliser system and all agricultural equipment
should provide for the maximum provision of plants
with the necessary root nutrition elements in a timely
manner to increase the entire vegetation mass. As it
increases, the total area of the leaf will also increase,
which will ensure that the plant absorbs solar radiation.

Therefore, in spring barley crops, it is necessary
to achieve their optimal density, since the growth of
the photosynthetic apparatus can gradually lead to
mutual shading of leaves, deterioration of aeration of
crops and complicate the process of transferring carbon
dioxide to the atmosphere. For its part, this will worsen
photosynthetic conditions and reduce the efficiency of
increasing fertiliser and water supply levels [14; 15].
According to researchers, this problem can be solved by
placing rows from West to East, so the row spacing will
be shaded by growing plants. In addition, the moisture
capacity of crops will be preserved and the number of
weeds will be reduced [14-16].

According to long-term studies by A.A. Nichipor-
ovich, O.G. Andreichenko et al., yield and crop produc-
tivity are influenced by three main factors: photosyn-
thetic productivity, respiration and translocation. It is
known that photosynthesis and respiration are closely
related, the more active the one, the more active is the
other [10; 11].

Using the photosynthesis, plants absorb the
entire mass of carbon dioxide from the external envi-
ronment, due to which 42-45% of the mass of organic
matter is formed [1]. Photosynthetic activity of a set
of plants in grain crops includes a number of very
important components: the area of photoactive foliage,
the rate of its growth, the duration and intensity of
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leaf work, the coefficient of use of headlights in specific
environmental conditions. The key factor that very often
suppresses the development of plants is their insuffi-
cient resistance to adverse environmental conditions,
which mainly determines the amount of solar energy
absorbed, the volume of carbohydrate synthesis, and
so on. First of all, such processes are observed when
the optimal sowing time is violated, associated with
various circumstances, most often with an acute lack of
moisture in the soil, violations of the nutrient regime,
poor-quality seed material, etc.[10; 13]. Therefore, there
is reason to assert that the active introduction of the
varieties most adapted to the conditions of the region, as
well as the standardised application of mineral fertilisers,
will contribute to better growth and development of
spring barley crops [12; 14].

According to numerous studies conducted in dif-
ferent countries, it was found that microelement com-
pounds, getting into the plant, are directly involved in
the processes of metabolism, affecting all phases of onto-
genesis and the timeliness of their course [12; 17; 18].

This study suggests that the issue of applying
the optimal rate of conventional and modern mineral
fertilisers, according to various predecessors, as well
as taking into account the genetic properties of the
spring barley plant variety in the steppe zone of Ukraine,
remains open.

Thus, taking into account the above-mentioned
problems, there is a need to establish changes in the
indicators of photosynthetic activity in crops depending
on various factors, in particular, the conditions of insuf-
ficient moisture in the Luhanska Oblast.

MATERIALS AND METHODS

Experimental studies were carried out in 2018-2020 at
the experimental plots of the Department of Biology and
Agronomy, in the department of scientific and technical
training of the Taras Shevchenko National University of
Luhansk (Luhanska Oblast, Starobilsk district) located
in an agroclimatic area with insufficient moisture. The
soils of the experimental sites were represented by
ordinary chernozems on loess rocks with a thickness of
humus layer of 65-80 cm. The weather conditions were
not the same. In terms of the degree of moisture con-
tent, they were close to the long-term average. The av-
erage annual precipitation was 474.7 mm. The average
air temperature (March — August) over the years of the
study was in the range of 15-16°C, which is 1.37°C
more than the long-term average [19].

The predecessor of spring barley was sunflower.
Technological techniques that were not studied were
generally accepted for the region. In particular, tillage
included peeling stubble with an LDG-15 Husker to a depth
of 10-12 cm after harvesting the predecessor, ploughing
with a PN-4-35 plough to a depth of 20-22 cm. The main
tillage, which was studied in experiments on spring barley,
was carried out in autumn with a non-polar (chisel) - deep
digger Catros 4000 to a depth of 12-14 cm.
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Spring tillage was carried out with an AK-8.5 cultiva-
tor to a depth of 6-8 cm.For seed treatment, Vencedor solu-
tion (1 L per 100 kg) was used, which is a two-compo-
nent contact-system fungicide with growth-regulating
properties. Sowing of seeds was carried out at the end
of March, with a seed-fertiliser seeder SZ-5.4. Seeding
rates were 4.0-5.5 million tonnes. seeds per 1 hectare,
the optimal depth of seed embedding was 4-5 cm. Mineral
fertilisers were applied simultaneously with sowing.
The experiment was laid down in three-fold repetition.
The sown area of the plot was 25 m?, the accounting
area was 20.6 m%

Promising six-row regionalised varieties Helios,
Vakula, and two-row - Adapt and Stalker - were sown:

1. Helios. (Originator: CJSC “Selena”; in the State
Register of plant varieties of Ukraine since 2006). The
weight of 1000 seeds is 47.8-49.9 g. It is recommended
for growing in the steppe, forest-steppe and Polesia zones.
Intensive-type variety. The average yield is 50.8-55.1 ctr/ha,
the potential yield of the variety is 89 ctr/ha [20].

2.Vakula. (Originator: Breeding and Genetic Institute —
National Centre for Seed Science and Variety Research
of the UAAS; in the State Register of plant varieties of
Ukraine since 2006). Weight of 1000 seeds - 44 g. The
variety is suitable for growing in conditions of drought
and high soil acidity. The average yield is 48.4 ctr/ha,
the potential yield is 105 ctr/ha.

3.Adapt. (Originator: Breeding and Genetic Institute -
National Centre for Seed Science and Variety Research
of the UAAS; in the State Register of plant varieties of
Ukraine since 1998). The weight of 1000 seeds - 47-63 g.
The variety is bred for severe drought conditions. The
yield is 50-75 ctr/ha.

4. Stalker - (originators: Breeding and Genetic Institute —
National Centre for Seed Science and Variety Research
of the UAAS; in the State Register of plant varieties of
Ukraine since 1997). Weight of 1000 grains - 50-55 g.
The variety was bred under the breeding programme for
increased adaptability to the conditions of the arid steppe.
The yield under production conditions - 55-70 ctr/ha [21].

Barley was harvested in the phase of full grain
ripeness by a combine. The work started when the grain
humidity reached 14%.The study used a modern and more
powerful combine harvester NEW HOLLAND CX 60.90.

The scheme of the experiment with spring barley
included the following options:

Factor A - variety:

1. Helios

2.Vakula

3. Stalker

4. Adapt

Factor B - fertiliser background:

1. Without fertilisers

2.Ammonium nitrate NH,:NO, 1:1 at a rate of 200 kg/ha

3.Diammonium phosphate (NH,),HPO,, N:P 18:46, at
the rate of 100 kg/ha + ammonium nitrate NH,:NO, 1:1
at a rate of 100 kg /ha

4. ActiBION (N-9, P,O, - 20, K,0 - 12, SOs - 15,




Ca0 -16,Mg-2,Mn-0.01,B-0.1,Fe - 0.5 at a rate of
100 kg/ha + ammonium nitrate NH,NO, at a rate of
100 kg/ha.

For a comprehensive assessment of technol-
ogies, phenological observations, biometric records, etc.
were carried out. Records, measurements and related
observations were carried out in accordance with the
methods of field research, according to the method of
state variety testing of agricultural crops [22]. Photo-
synthetic activity was determined using the method
described by A. A.Nichiporovich [10; 11]

The results obtained were processed.

RESULTS AND DISCUSSION

During the study, it was found that the use of the
proposed options for background nutrition of spring
barley affected the total area of the leaf surface of
plants. Active growth of vegetative mass was observed
before and during the earing phase, after passing
this stage of ontogenesis, they had some downward
tendencies. It was at this time that the required leaf
area was formed, as the main photosynthetic organ
of plants, accumulating a sufficient amount of car-
bohydrates and dry vegetative mass and, according-
ly, net photosynthetic productivity. Thus, the two-row
Stalker variety under control had a leaf surface area of
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47.8 thousand m?/ha, which is 1.0 thousand m?/ha more
than the Adapt variety. The introduction of ammonium
nitrate led to an increase in the area of both varieties
from 0.8 to 1.0 thousand m?/ha, respectively, the com-
bined introduction of diammonium phosphate and
ammonium nitrate increased the leaf surface from 1.6
to 2.0 thousand m?/ha. The complex use of ActiBION at
a rate of 100 kg/ha and ammonium nitrate at a rate of
100 kg/ha contributed to an increase in the leaf area
from 2.2 to 2.8 thousand m?%/ha, respectively, compared
to the control.

Studies have shown that six-row varieties in
comparison with two-row varieties had a tendency
to increase the leaf surface area. Among them, the
Helios variety showed 48.8 thousand m?/ha, and the
Vakula variety - 47.8 thousand m?/ha. When fertilised
only with ammonium nitrate, the area increased from
0.4 in the Vakula variety to 1.8 thousand m?/ha in
the Helios variety. The combined use of diammonium
phosphate and ammonium nitrate positively changed
the area from 1.6 thousand m%*/ha (Vakula variety) to
1.8-1.8 thousand m?/ha (Helios variety). The maximum
increase in leaf area was observed in the Helios variety
when using ActiBION and ammonium nitrate, which is
0.4 more than in the Vakula variety compared to the
control (Table 1, Figure 1).

Table 1. Leaf surface area of spring barley crops depending on the varietal characteristics and mineral nutrition
in the earing phase (average for 2018-2020), thousand m?/ha

Varieties Mineral nutrition background Ontogenesis phase (earing)
Without fertilisers (control) 48.8
Ammonium nitrate 200 kg/ha 50.6
Helios
Diammonium phosphate 100 kg/ha + ammonium nitrate 100 kg/ha 524
ActiBION 100 kg/ha + ammonium nitrate 100 kg/ha 54.2
Without fertilisers (control) 47.8
Ammonium nitrate 200 kg/ha 48.2
Vakula
Diammonium phosphate 100 kg/ha + ammonium nitrate 100 kg/ha 49.8
ActiBION 100 kg/ha + ammonium nitrate 100 kg/ha 51.2
Without fertilisers (control) 47.8
Ammonium nitrate 200 kg/ha 48.8
Stalker
Diammonium phosphate 100 kg/ha + ammonium nitrate 100 kg/ha 50.8
ActiBION 100 kg/ha + ammonium nitrate 100 kg/ha 53.6
Without fertilisers (control) 46.8
Ammonium nitrate 200 kg/ha 47.6
Adapt
Diammonium phosphate 100 kg/ha + ammonium nitrate 100 kg/ha 49.2
ActiBION 100 kg/ha + ammonium nitrate 100 kg/ha 514
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Figure 1. Dynamics of changes in the leaf surface area of spring barley crops depending on the varietal
characteristics and mineral nutrition in the earing phase (average for 2018-2020), thousand m?/ha

Analysing the data obtained, it can be argued
that the development of the leaf surface of spring
barley was positively influenced by both varietal char-
acteristics of crops and the introduction of mineral
fertilisers. The best indicators were obtained with the
combined use of ActiBION at a rate of 100 kg/ha and
ammonium nitrate at a rate of 100 kg/ha on Helios and
Stalker varieties.

Notably, before the onset of the earing phase, the

Y : h W

Source: author's research

Based on the findings and taking into account
the varietal characteristics of spring barley plants, the
authors investigated the photosynthetic potential of
crops using the method of A.A. Nichiporovic [10; 11].
Taking into account that the growing season of the
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lower leaves of spring barley plants, in all the proposed
variants of the experiment, dried up. Thus the main
role in the process of photosynthesis, and therefore
photosynthetic activity in general, was assumed by
the upper leaves. Therefore, it can be argued that
the introduction of mineral fertilisers has become a
necessary factor in the full supply of the plant with the
necessary elements that play an important role in the
metabolic processes in the plant (Fig. 2).

studied varieties depended more on their varietal
characteristics and hydrothermal conditions in the
studied years than on the factors studied, data on the
growing season were taken on average for the years of

the study (Table 2).
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Table 2. Photosynthetic potential of spring barley crops depending on the varietal characteristics and mineral nutrition
in the earing phase (average for 2018-2020), thousand m?/ha

Varieties Mineral nutrition background Ontogenesis phase (earing)
Without fertilisers (control) 293
Ammonium nitrate 200 kg/ha 3.04
Helios
Diammonium phosphate 100 kg/ha + ammonium nitrate 100 kg/ha 3.15
ActiBION 100 kg/ha + ammonium nitrate 100 kg/ha 3.25
Without fertilisers (control) 2.87
Ammonium nitrate 200 kg/ha 290
Vakula
Diammonium phosphate 100 kg/ha + ammonium nitrate 100 kg/ha 2.99
ActiBION 100 kg/ha + ammonium nitrate 100 kg/ha 3.07
Without fertilisers (control) 2.39
Ammonium nitrate 200 kg/ha 2.44
Stalker
Diammonium phosphate 100 kg/ha + ammonium nitrate 100 kg/ha 2.54
ActiBION 100 kg/ha + ammonium nitrate 100 kg/ha 2.68
Without fertilisers (control) 2.34
Ammonium nitrate 200 kg/ha 2.38
Adapt
Diammonium phosphate 100 kg/ha + ammonium nitrate 100 kg/ha 2.46
ActiBION 100 kg/ha + ammonium nitrate 100 kg/ha 2.57

On average, over the years of the study, against
the background of no fertiliser in all varieties studied,
the indicator ranged from 2.34 to 2.93 million m?/haxday.
The introduction of ammonium nitrate provided an
increase in this indicator for all varieties from 2.38 to
3.04 million m%/haxday. Diammonium phosphate and am-
monium nitrate provided a tendency to increase the pho-
tosynthetic potential from 2.46 to 3.15 million m?/haxday,
depending on the variety.

The greatest photosynthetic potential of crops
was observed with the complex application of ActiBION
at a rate of 100 kg/ha and ammonium nitrate at a rate of
100 kg/ha. Thus, on average, it was 2.57 million m?/haxdays
for the Adapt variety, 2.68 million m?/haxdays for the
Stalker variety, 3.07 million m?/haxdays for the Vakula
variety, and 3.25 million m?/haxdays for the Helios
variety compared to the control (Table 2).

CONCLUSIONS

Taking into account the peculiarities of the growth and de-
velopment of the spring barley crop and constant changes
in zonal conditions, elements of the technology for grow-
ing promising varieties of spring barley were improved by
studying the effect of mineral nutrition on the photosyn-
thetic activity of plants. The study shows that the value
of the photosynthetic potential largely dependeds on the
varietal characteristics of the crop, on the type and rate
of fertiliser, which create conditions for normal growth
and development. Therefore, the introduction of mineral
fertilisers in all the investigated samples improved the
nutritional conditions of spring barley and, accordingly, in-
creased the leaf surface. Studies have established that the
complex application of ActiBION and ammonium nitrate
maximised the photosynthetic potential of spring barley
crops. The best performance was observed in the six-row
Helios variety and the two-row Stalker variety.
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®OTOCUHTETUYHUMN NOTEHLIAN POC/TUH AYMEHIO IPOIr0 B YMOBAX 30HU CTEMNY
Ceprint Bonogumuposuu Macnivios, Hatanis OnekcanppisHa KopxoBa

JlyraHcbKuMiA HauioHanbHMI yHiBepcUTeT iMeHi Tapaca LleByeHka
92703, nn. Torong, 1, M. Crapobinbcbk, YkpaiHa

AHoTtauif. Ha cborogHi nigBULEHHS peanbHOro NoTeHuiany 3epHOBMX KY/bTYP, 30KpeMa i SUYMEHH [poro €
HeobXiAHOK YMOBOW eNeMeHTIB TEXHOMOTM BUPOLLYBAHHS CiNbCbKOrOCMOAAPCbKMX KyNbTyp. TOMYy, BpPaxoByoum
0OMEeXeHWI pecypCcHUIA NOTEHLIAN POC/MH SYMEHIO Sporo, BUBArnMBICTb MOro A0 FPYHTY, NOTPIGHO YnMany yeary
npuainatm ¢GOTOCUHTETMYHOMY MNOTEHLiany POCAMH | HOPMOBAHOMY BHECEHHK MiHepanbHUX Ao6puB. MeTow
pocnigkeHb 6yno BOOCKOHANEHHS €NeMEHTIB TEXHOMOrIi BMPOLLYBaHHS NEpPCneKTUBHUX COPTIB SYMEHID SpPOro
LUISIXOM BCTAHOBEHHS BMN/IMBY MiHEPANbHOMO XXMBAEHHS HA GOTOCUHTETUYHY AiSNIbHICTE POCIMH B yMOBaX JIyraHCbKOT
obnacrti. Y npencTaBneHii cTaTTi HaBeLEHI NPUKIAAN BAOCKOHANEHHS AeSKMX eNIeMEHTIB TEXHOMOT BUPOLLYBAHHS
nepcnekTUBHUX COPTIB SUYMEHIO SPOro Ta BUM3HAYEHO ONTUMANbHI HOPMW BHECEHHS MiHEPaNbHOrO XMBEHHS 414
3abe3neyeHHs BUCOKOrO DOTOCMHTETUYHOIO MOTEHLiaNy LMX POCAMH Y KNiMAaTUYHMX yMOBax 30HM Creny YkpaiHw.
BcraHoBnEHO, LU0 3aCTOCYBaHHS aMiadyHOi CENiTpU NO3UTUBHO BI/IMBANO Ha MNJIOLLY IMCTA, 30iNbLuytoum ii Ha 1-2,2 Tuc. M*/ra
y MOPIBHSAHHI 3 KOHTPONEM MO BCiX copTax, Wwo BuBYanuca. CyMicHe BUKOPUCTaHHS AiaMOHi0 docdaTy Ta aMiayHoi
CeniTpy nocnpumsno 36iNblUEHHIO NAOLL NCTKA HA 2-4,4 TUC. M%/ra MOPIBHSIHO 3 KOHTPO/IbHWMM BapiaHToM. OgHoYacHe
BHeceHHs npenapaty ActiBION 36inbwuam 3aranbHy NaoLLy IMCTKIB MO BCiX 3pa3kax, Lo BMBYanuca Ha 3,8-6,4 tuc. M%/ra.
Halikpalyi nokasHWKKM cepep CopTiB, L0 AOCAIAXKYBANUCA, CNOCTepiranu Ha WecTupsaHoMY copTi fenioc i 4BOPSAHOMY
copti Crankep. WectupagHuin copt Bakyna Ta ABOpsAAHUIA COPT AOanT nokasanu Aelo MeHWi pesynstati. [MoganbLui
pe3ynbTaTv NONSrakoTb Y BUBYEHHI BNANBY POTOCUHTETUYHOI AiNIbHOCTI NOCIBIB NEPCNEKTUBHUX COPTIB SUMEHIO 9pOro
Ha MOro NpoAyKTUBHICTb Y 30Hi CTeny YkpaiHu. Pe3ynbtaTv LOCNiLKEHHS MOXYTb OYTM peKOMeHL0BaHi y BUPOOHULITBO
SIK OAMH i3 eNeMEHTIB Y TEXHOMOTIi BUPOLLYBAHHS SYMEHIO IPOr0 B KNiMaTUYHUX yMOBax JlyraHcbkoi obnacri

KniouoBi cnoBa: GoTOCMHTETUYHMIA NOTEHLIaN, A4MiHb apuid, lenioc, Bakyna, AganT, Crankep
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INTRODUCTION

One of the key factors when choosing perennial legume
grasses in the face of climate change is their adaptability
to periodic lack of moisture during the growing season,
which depends on the development of the root system
of grasses. At the same time, placing crops of perennial
legume grasses on poor and acidic soils limits the growth
of their roots and reduces drought resistance [1]. It
is known that the processes that occur in the vege-
tative organs of plants have a direct connection with
the function of their underground part. The larger the
volume and length of the root system, the greater the
aboveground mass of the plant. A well-developed root
system contributes to the efficient use of nutrients and
moisture from the soil [2].

In arid conditions, in the year of sowing with
clean cultivation, the roots of alfalfa penetrate to a
depth of 120-140 cm. With sufficient moisture supply,
the root system does not need to penetrate deeply. In
general, the root of alfalfa penetrates to a depth of
10 m or more [3]. The root system of meadow clover
penetrates the soil from 20 cm per year of sowing and
up to 150-200 cm in general. Hungarian sainfoin has
a well-developed root system that penetrates up to
150-200 cm [4]. Birdsfoot trefoil is less resistant to
drought than alfalfa. Its root system is well branched
and penetrates up to 1.5 m deep and is well adapted
to acidic and poor soils [5]. Eastern galega is also
drought-resistant but develops well in soils with high
water retention capacity [1]. White melilot has a well-
developed root system, which determines its drought
resistance. In white melilot, the root is thickened in the
upper part, with well-developed lateral roots, pene-
trates deeply into the soil, reaching the subsoil [6].

The issue of the distribution of root systems
of traditional perennial legume grasses in the context
of climate change has been studied in the works of
many scientists. In particular, G.P. Kvitko investigated
the influence of the development of root systems
on soil fertility indicators [5]; P.S. Makarenko studied
the distribution of plant roots in grass mixtures [6];
O.L. Kirilesko considered the development of root sys-
tems of perennial lequme grasses on sloping lands [7];
|. Zabarna examined the morphology of meadow clover
roots [8]. K. Schnidtke, R. Rauber analysed the influence
of root development on the intensity of their absorption
of heavy metals from the soil [9]; PK. Ghosh and
T.K. Maiti studied the relationship between the root sys-
tems of perennial legumes and their nodule bacteria [10];
M. Marczak, A. Mazur, P. Koper, K. Zebracki and A. Sko-
rupska investigated the symbiotic productivity of grass
roots [11]; G.G. Stevens, M.A. Perez-Fernandez, R.J.L. Mor-
cillo, A. Kleinert, P. Hills, D.J. Brand, E.T. Steenkamp and
AJ. Valentine studied the peculiarities of growth and
development of the roots of perennial legume grasses
in conditions of nutrient deficiency in the soil [12];
T. Suzaki, N. Takeda, H. Nishida, M. Hoshino, M. Ito,
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F.Misawa, Y. Handa, K. Miura and M. Kawaguchi studied
the development of root systems of perennial legume
grasses in the absence of symbiotic bacteria in the soil [13];
C. Jacob, B. Carrasco, A.R. Schwember analysed the
achievements of selection and biotechnology of perennial
legumes [14]; M.A. Adams, N. Buchmann, J.I. Sprent,
TN. Bucley and T.L. Turnbull examined the effects of
moisture and nitrogen on the spread of root systems of
grass [15]. For the most part, they indicate a powerful
development of the root system. At the same time, the
influence of climate change conditions on the morpho-
biological features of the root systems of perennial le-
gumes and their adaptation to adverse environmental
conditions has been rather neglected.

Alfalfa is a traditional forest-steppe crop, has
been grown in this region for a long time, is well
adapted to the soil and climatic factors and changes in
growing conditions, and characterised by plasticity and
durability. However, the use of other types of perennial
legume grasses should be complementary to alfalfa,
using their biological and economic advantages in local
soil and climatic conditions. Thus, Hungarian sainfoin is
characterised by high biological resistance to adverse
growing conditions; white melilot has good drought
and winter hardiness. Birdsfoot trefoil is characterised
by productive longevity and the ability to grow on poor
and acidic soils. Eastern galega is characterised by
productive longevity and high biological plasticity [16].

Therefore, the purpose of this study was to estab-
lish what morphological and biological characteristics
of the root systems of perennial legume grasses ensure
their ecological and economic features in the context
of climate change.

MATERIALS AND METHODS

Field research was conducted during 2013-2017 at the
research farm “Agronomichne” of the Vinnytsia National
Agrarian University. The experimental site was located
on gray podzolic medium loamy soil. Agrochemical
composition of the soil: humus content — 2.0%, hydrolysed
nitrogen (according to Kornfield) - 133 mg/kg of soil,
mobile phosphorus (according to Chirikov) - 390 mg/kg
of soil,mobile potassium (according to Chirikov) - 64 mg/kg
of soil, hydrolytic acidity - 2.53 mg-EQ/100 g of soil, re-
action of pH salt of soil solution - 6.0.

Studies were conducted with the following types
of perennial lequme grasses: alfalfa (Medicago sativa L.),
red clover (Trifolium pratense L.), Hungarian sainfoin
(Onobrychis arenaria Kit.), white melilot (Melilotus albus L.),
birdsfoot trefoil (Lotus corniculatus L.) and eastern galega
(Galega orientalis Lam.). Grasses were sown in early
spring using a clean cultivation way using a post-
emergence herbicide. The green mass was harvested
at the beginning of the flowering phase. Determination
of the distribution features of the roots of perennial
legume grasses in the soil was carried out by dry




excavation [17; 18]. Quantitative parameters of root
systems were determined using a measuring tape and
caliper in four repetitions.

During the 2013 calendar year, 652 mm of pre-
cipitation fell, which is 18 mm more than the long-term
average (634 mm), with an average annual temperature
of 9.0°C, which is 2.0°C more than normal (7.0°C). The
growing season began in the first ten days of April and
lasted until the end of the second ten days of November.
During the growing season, the amount of precipitation
was 429 mm. In 2014, precipitation was 550 mm, which
was 87% of the long-term average. The average annual
temperature was 8.6°C, which is 1.6°C higher than
normal. The growing season began in the first ten days
of March and lasted until the end of the first ten days
of November. During the growing season, the amount of
precipitation was 442 mm.

In 2015, 368 mm of precipitation fell, which was
58% of the long-term average. The average annual
temperature was 9.3°C, which is 2.3°C higher than
normal. The growing season began in the end of March
and lasted until the second ten days of November.
During the growing season, 235 mm of precipitation
fell. In 2016, the average annual temperature was
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9.0°C, which is 2°C higher than normal. The amount of
precipitation during the year was 469 mm, which was
26% less than normal. The growing season began in
early April and lasted until the end of September. 2017
was characterised by an average annual temperature
of 9.1°C, which was 2.1°C higher than normal. The
amount of precipitation for the year was 503 mm, which
corresponds to 80% of the long-term norm.

Thus, the most favourable growing conditions,
taking into account the temperature regime and hu-
midity level, were in 2014, which corresponds to the
second year of vegetation of perennial legume grasses.
The least favourable growing conditions were typical
observed in 2016, when the grasses were growing for
the fourth year.

RESULTS AND DISCUSSION

Features of initial aboveground and underground growth
of perennial legume grasses

Observations of the germination of root systems of peren-
nial legume grasses have shown that the roots of alfalfa
and white melilot begin to germinate most quickly -
on the 2"-3 day after sowing, later - red clover, Hungarian
sainfoin, and at the latest - birdsfoot trefoil (Table 1).

Table 1. Dynamics of early growth of underground and aboveground parts of
perennial lequme grasses, M*m

Height, cm depending on the day after sowing

Perennial 5 10 15
legume grasses
underground aboveground underground aboveground underground

growth growth growth growth growth
Alfalfa 2.1%0.2 0.6%0.2 2.5%0.2 1.1+0.2 4.2%£1.0
Red clover 2.2%0.1 0.2+0.1 2.6%0.2 0.6%0.1 2.9+0.4
Hungarian sainfoin 2.7+0.3 0.5+0.2 3.7%¥0.3 3.5%0.3 71%2.1
White melilot 1.7%0.2 0.3+0.1 2.2%0.2 0.8+0.1 3.3%0.9
Birdsfoot trefoil 0.3#0.1 0.1£0.05 0.8%0.1 0.4+0.1 2.5%#1.0
Eastern galega 0.6*0.1 0.2+0.05 1.3%0.2 1.5%0.2 4.7%1.6

Source: compiled based on the author's own research

The results of studies showed that on the fifth
day after sowing, the length of the roots of perennial
legume grasses was 0.3-2.7 cm. Hungarian sainfoin
had the greatest root length, which was 89% longer than
birdsfoot trefoil, which crops had the smallest root length.

On the 10t day after sowing, the root length of
perennial legume grasses was 0.8-3.7 cm. It remained
the largest in plants of Hungarian sainfoin, which was
78.4% more than in plants of birdsfoot trefoil, which
had the smallest root length. Starting from the 10% day,
the growth of aboveground parts of legumes and pe-
rennial grasses begins. The ratio between the length of
roots and aboveground seedlings in most plants was
6.5-8.0, in alfalfa - 4.2, and in red clover - 13.0 with a
predominance of underground parts.

15 days after sowing, the length of the roots was
2.5-7.1 ¢cm, and aboveground seedlings - 0.4-3.5 cm.
In all indicators, Hungarian sainfoin plants prevailed.
The ratio between the length of the underground and
aboveground parts of plants decreased to 2.0-6.3. At
this time, the root system grew more intensively in
comparison with the aboveground part in red clover,
birdsfoot trefoil and white melilot,and the aboveground
part - in Hungarian sainfoin, eastern galega and alfalfa.
The growth rate of the roots of perennial lequme grasses
for the first 5 days was highest in Hungarian sainfoin -
0.54 cm/day, while in birdsfoot trefoil - 0.06 cm/day.

During the second five-day period, the rate of root
growth was 0.08-0.20 cm/day. It was the highest in the
Hungarian sainfoin plants, and the smallest - in alfalfa
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and red clover. During this period, the intensity of root
growth decreases in all types of lequme grasses, with the
exception of birdsfoot trefoil and eastern galega. The
greatest decrease in growth was observed in alfalfa and
Meadow Clover - by 5.5-5.3 times, compared to the first
five-day period. This is conditioned by the beginning
of aboveground growth. Plants of birdsfoot trefoil and
eastern galega increased the average daily growth,
compared to the first period, by 1.7 and 1.2 times - up
to 0.14-0.10 cm/day and had, respectively, the smallest
growth of the aboveground part of the plant, compared
to other plants.

In the third observation period, the average daily
growth of root systems of plants was 0.22-0.68 cm/day,
except for red clover,where this indicator was 0.06 cm/day.
The largest gains were observed in Hungarian sainfoin
and eastern galega. The intensity of root growth at this
time increased by 2.2-4.9 times compared to the second
five-day period, especially in the eastern galega.

The highest average daily root growth in the
third observation period was noted in eastern galega,
birdsfoot trefoil and Hungarian sainfoin. The intensity
of their growth in the eastern galega and birdsfoot tre-
foil increased from the first to the third periods, while
in the Hungarian sainfoin it decreased in the second
period compared to the first. Alfalfa, red clover and
white melilot had the greatest root gains in the first
observation period.

Morphological and biological features of root system
development

The intensity of growth and development of root
systems of perennial lequme grasses depends on the
value of symbiotic nitrogen fixation of nodule bacteria,
the intensity of absorption of nutrients and water from

A)

the soil, the size of the formed aboveground crop. From
an agroecological standpoint, the size of the root system
determines the amount of organic matter that will
return to the soil and replenish the supply of nutrients,
and it also affects the agroecological resistance of the
agrocenosis of legumes to unfavorable abiotic and
biotic factors. The complex of morphological features
of the distribution of plant root systems includes
such parameters as the spread of roots in depth, the
horizontal radius of root growth from the stem, and the
depth of the main mass of branching of the plant
root system.

The greatest depth of penetration of the root sys-
tem into the soil thickness in the first year of vegetation
was reached by alfalfa and white melilot, respectively,
83 and 82 cm, while the root system of birdsfoot trefoil
reached a depth of 44 cm. The radius of horizontal root
distribution, relative to the central root, was the largest
in alfalfa plants - 25 cm, and the smallest - in red
clover - 9 cm. The biggest depth of the main mass of
branching of the root system was in eastern galega
plants - 28 ¢cm and Hungarian sainfoin - 23 cm, and
the smallest - in alfalfa - 15 cm. A special feature of
the root system of white melilot is its extremely high
fragility, which may determine the biennial nature of
the plant (Fig. 1).

Eastern galega, in addition to the root system
itself, which is characterised by strong fibrousity, which
determines its durability,also has root shoots, which are
autonomous centres of emergence of individual plants.
At the end of the first year of vegetation, the eastern
galega plant forms up to 7-9 shoots. The maximum
radius of their penetration from the central root is 25 cm,
and the thickness is 3 mm. On such a shoot there can
be up to 7 buds.

Q) D)

Figure 1. Root system of eastern galega (A), white melilot (B), alfalfa (C), Hungarian sainfoin (D)
on the first year of growth
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The main organ for restoring the vegetation of
legume grasses and accumulating spare nutrients is
the root neck. The productivity and durability of the
herbage depends on the features of its development.

The greatest thickness of the root neck in the year of
sowing was observed in white melilot - 12 mm and
alfalfa - 11 mm, and the smallest - in eastern galega -
5 mm and red clover - 6 mm (Table 2).

Table 2. Morphology of root systems of perennial legumes
depending on the growing season, M*m

Perennial Years of Depth of root  Root system DePth of the Thickness, mm Number of
legume rowth  penetration,cm  radius,cm main mass of : buds on the
grasses 9 4 » branching,cm rootneck centralroot side roots root neck, pcs.

1 833 25+3 151 111 4%1 1.5%0.2 12+3
2 258+9* 28+3 26%2 18+2 5+1 2.0%0.2 25+4
Alfalfa
3 432+4* 37%2 34%) 25+3 7%2 2.1%0.2 34+3
4 813+15* 42+3 40+3 3343 9+2 2.3%0.2 414
1 51+2 9+1 18+1 6+2 2+1 0,8+0,2 14%2
Red clover
2 167+7 20+2 24%) 9+2 4%1 0.9+0.2 28+3
1 65+3 15%2 23%) 8+2 4£1 1.0£0.2 13%2

Hungarian 2 1786 23%3 35%) 15%2 7£2 1.3%0.2 26+3

sainfoin
3 269+5* 34+3 3943 223 10+2 1.4%0.2 3543
4 311+9* 39+3 47+3 29+3 14+2 1.6%0.2 42+4
White 1 82+4 20+2 18+1 12#2 6=1 3.0%0.2 61
melilot 2 260£7* 30%3 3122 17%2 6+1 3.0£0.2 6+1
1 44+3 18+2 212 7+1 3+1 1.1+0.2 3343

Birdsfoot 2 876 21£2 25+ 7£1 3+1 1.2%0.2 514

trefoil
3 101+8 22%2 27%2 11#2 4+1 1.2#0.2 70%4
4 129+8 24%) 29+2 13%2 5+1 1.4%0.2 89+4
1 524 161 28+3 5+2 4£1 1.0£0.2 8+2
Eastern 2 108+8 27%2 32+3 11#2 5+1 1.0+0.2 12#2
galega
3 119+7 31%3 37+3 17%2 91 1.1%0.2 16%3
4 122+8 31+3 42+3 233 14+2 1.3£0.2 203

*Note: reference data established in accordance with the literature sources listed below
Source: compiled based on the author's own research and [5-7]

An important indicator of the root neck is the
number of buds on it,which are able to form a vegetative
shoot next year. The largest number of them at the end
of the growing season of the first year was observed
in the birdsfoot trefoil — 33 pcs., which determines its
intensive regrowth and three mowings during the first
year of growth. The smallest number of buds was ob-
served on the root neck of white melilot - 6 pcs., which,
accordingly, determines its biennial nature and unsatis-
factory regrowth with low mowing.

The greatest thickness of the middle part of the
central root in the year of sowing was: in white melilot -
6 mm; and the smallest - 2 mm - in red clover. The
average thickness of the lateral roots was also the largest
in white melilot - 3.0 mm, and the smallest - 0.8 mm -
in red clover.

Summing up the findings on the development of
root systems of perennial legume grasses in the first
year of vegetation, it should be noted: the greatest
depth of root penetration into the soil and its greatest

horizontal branching relative to the central root was
observed in alfalfa and white melilot. However, the
depth of the main mass of root branching in these crops
was the smallest; the relatively shallow root system of
eastern galega, Hungarian sainfoin, birdsfoot trefoil,and
red clover in the year of sowing is compensated by an
increase in the depth of the main mass of its branching.
In plants of birdsfoot trefoil — also partially by a large
radius of horizontal root spread relative to the central
root. The greatest thickness of the root neck, central
root,and side roots are noted in those types of perennial
legumes in which the root system penetrates deeper.
At the end of the second year of vegetation of
grasses, the depth of penetration of their roots increased
significantly. The root system of white melilot and
alfalfa was most deeply penetrated into the soil - up
to 260-258 cm. The root system of birdsfoot trefoil was
the least deep in the soil — up to 87 cm, which is 3 times
less than that of white melilot and alfalfa. There was
a similar tendency of root penetration into the soil of
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these species of leguminous grasses in depth with the
first year of research on grasses that have the largest
and smallest depth of penetration into the soil.

The radius of horizontal distribution of root
systems of legumes in the second year of vegetation
also increased. It was the largest in the plants of white
melilot = 30 cm and eastern galega - 27 cm. The lowest
horizontal root distribution was observed in red clover
and birdsfoot trefoil - 20-21 cm, which is 1.5 times
less than in white melilot. Compared to the first year
of study, the horizontal distribution of eastern galega
roots has significantly increased.

The greatest depth of the main mass of branching
of the root system was characteristic of plants of
Hungarian sainfoin - 35 cm and eastern galega - 32 cm.
The lowest depth of distribution of the main mass of
roots was observed in red clover, birdsfoot trefoil and
alfalfa - 24-26 cm, which is 1.4 times less than in
Hungarian sainfoin.

The thickness of the root neck of perennial
legume grasses in the second year of vegetation was
7-18 mm. The thickest root neck was characteristic
of alfalfa and white melilot, and the thinnest - for
birdsfoot trefoil. The number of buds on the root neck
of plants was 6-51 pcs. and it did not depend on the
thickness of the root neck. Most of the buds were on
the neck of the birdsfoot trefoil, which had the thinnest
root neck, and the least - on the root neck of the white
melilot, which had the thickest root neck.

The thickness of the central root of legume
grasses was 3-7 mm. It was thickest in the Hungarian
sainfoin and white melilot, and the thinnest - in the
birdsfoot trefoil. To a large extent, the thickness of the
central part of the main root was directly proportional
to the thickness of the root neck. The thickness of the
lateral roots of legume grasses in the second year of veg-
etation increased slightly and amounted to 0.9-3.0 mm.
The thickest were the lateral roots of white melilot
plants, and the thinnest were those of red clover.

In the third year of vegetation of perennial le-
gumes, the depth of penetration of their roots into the
soil continued to increase and amounted to 100-432 cm.
The roots of alfalfa were most deeply penetrated into
the soil, and the roots of birdsfoot trefoil were the least
deep. The radius of horizontal distribution of the root
system of legume grasses was 22-37 cm. It was the
largest in alfalfa plants, and the smallest - in birdsfoot
trefoil. Compared to previous years of observation, the
radius of the root system of alfalfa increases significantly.

The depth of the main mass of branching of the
root system of legumes was 27-39 cm at the end of the
third year of vegetation. It was largest in the Hungarian
sainfoin and eastern galega, and the smallest - in
the birdsfoot trefoil. The thickness of the root neck of
legume grasses at the end of the third year of vegetation
was 11-25 mm. It was the largest in alfalfa plants, and
the smallest - in birdsfoot trefoil. The number of buds
on the root neck continued to grow and amounted to
16-70 pcs. Most of them were in the birdsfoot trefoil,
and the least - in the eastern galega.
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The thickness of the central root of legume
grasses was 4-10 mm. It was the largest in the plants
of Hungarian sainfoin, and the smallest - in birdsfoot
trefoil. The thickness of the lateral roots of legume
grasses was 1.1-2.1 mm. It was the largest in alfalfa
plants, and the smallest - in eastern galega.

In the fourth year of vegetation of perennial
grasses, the depth of penetration of their roots was
122-813 cm.The root system of alfalfa was the deepest,
and the least deep - in the eastern galega and birdsfoot
trefoil. Compared to the previous year, the depth of
penetration into the soil of the roots of the birdsfoot
trefoil increased and the eastern galega - decreases.

The radius of horizontal distribution of the root
system of legume grasses was 22-37 cm. It was the
largest in alfalfa plants, and the smallest - in birdsfoot
trefoil plants. The depth of the main mass of branching
of the root systems of perennial grasses was 29-47 cm.
It was the largest in the plants of Hungarian sainfoin,
and the smallest - in birdsfoot trefoil.

The thickness of the root neck of plants in the
fourth year of vegetation was 13-33 cm. It was the
largest in alfalfa plants, and the smallest - in birdsfoot
trefoil. The number of renewal buds on the root neck
of plants was 20-89 pcs. Most of them were in the
birdsfoot trefoil, and the least - in the eastern galega.

The thickness of the central root of legume
grasses was 5-14 mm. The thickest root was observed
in the plants of Hungarian sainfoin and eastern galega,
and the thinnest - in birdsfoot trefoil. Compared to the
previous year, the thickness of the central root in eastern
galega has significantly increased. The thickness of
the lateral roots of plants was 1.3-2.3 mm. It was the
thickest in alfalfa plants, and the thinnest - in birdsfoot
trefoil and easterm galega.

Dynamics of root system growth and development over
all years of study

Analysing the change in the depth of root distribution
of perennial legume grasses during all growing years, it
was found that during the first two years, the depth of
root distribution in all plants was similar. Starting from
the third year, there was an intensive growth of alfalfa
roots and a slowdown in the root growth of birdsfoot
trefoil and eastern galega.

In the second year of vegetation, the depth of
penetration of alfalfa roots increased 3.1 times, in the
third year - 1.7 times, and in the fourth — 1.9 times. The
depth of white melilot roots in the second year in-
creased 3.3 times. The depth of red clover roots in the
second year increased by 3.3 times, but their distribution
in depth was much Lless than that of white melilot
and alfalfa plants. The roots of Hungarian sainfoin
developed similar to the deepening of red clover roots.
Their depth in the second year increased by 2.7 times,
in the third -1.5 times, and in the fourth - 1.2 times.
The roots of birdsfoot trefoil and eastern galega were
least widespread in depth: in the second year, their depth
increased by 2.0-2.1 times, in the third year - 1.1-1.2 times,
in the fourth - 1.0-1.3 times.




The dynamics of changes in the radius of hori-
zontal distribution of grass roots during all the years
of vegetation was more uniform. A significant increase
in this indicator was typical for all types of perennial
grasses during the first year of vegetation.

A significant increase in the root distribution
radius in alfalfa plants occurred in the third year of
vegetation - 1.3 times; Hungarian sainfoin plants - in
the second and third years of vegetation - 1.5 times
each; eastern galega plants - in the second year of
vegetation - 1.7 times. A significant increase in the root
distribution radius of red clover and white melilot was
observed in the second year of vegetation - 1.5 times.
The root radius of birdsfoot trefoil plants grew evenly
throughout all the years.

The depth of distribution of the main mass
of roots in alfalfa plants increased most rapidly: in
the second year of vegetation - by 1.7 times, in the
third year - by 1.3 times, in the fourth - by 1.2 times.
Intensive growth of the depth of the main mass of
Hungarian sainfoin roots was observed in the second
year of vegetation - 1.5 times and in the fourth year -
1.2 times. The depth of the main mass of white melilot
roots in the second year of vegetation increased 1.7 times.
The remaining herbs changed the depth of the main
mass of roots evenly.

The number of renewal buds on the root neck
of perennial legume grasses increased evenly during
the growing season. The most intensive increase in
their number was characteristic of birdsfoot trefoil: in
the second year of vegetation - 1.6 times, in the third
year — 1.4 times, in the fourth - 1.3 times. In Hungarian
sainfoin and alfalfa plants, the number of buds was
similar over the years and increased by 2.1 times in the
second year, by 1.4 times in the third year,and by 1.2 times
in the fourth year. The number of buds on the root neck
of red clover in the second year of vegetation increased
by 2 times, and in white melilot, during the two years of
vegetation, no changes were observed. The number of
buds in eastern galega plants increased 1.3-1.5 times
each year.

CONCLUSIONS

Based on the conducted studies and comparisons of bio-
metric indicators of root systems of various types of pe-
rennial legumes, the following conclusions can be made:

- the root system of alfalfa is characterised by the
largest: penetration into the soil, spread of the roots in
a horizontal direction; thickness of the root neck during
all the years of vegetation, thickness of the lateral roots
during the third or fourth years of vegetation, but the
smallest distribution in the soil of the main mass of
root branching in the year of sowing and the following

Tkachuk

year of vegetation. Such features of the root system
development ensure the plasticity, durability, and
productivity of alfalfa;

- the root system of white melilot is characterised
by the largest: penetration into the soil, thickness of the
root neck, central root and lateral roots during all the
years of vegetation, horizontal spread of roots in the
second year of vegetation, but the smallest number of
renewal buds on the root neck during all the years of
vegetation. These features determine the high drought
and frost resistance of white melilot;

- the root system of the birdsfoot trefoil has the
largest number of renewal buds on the root neck during
all the years of vegetation. However, the plant had the
smallest penetration into the soil, thickness of the root
neck and the central root during all the years, radius
of horizontal root spread and the depth of the main
mass of root branching in the second or fourth years of
vegetation, which determines its productive longevity
and ability to grow on low-productive and acidic soils;

- the root system of eastern galega iss characterised
by the largest: depth of the main mass of roots in the
soil in all years, the horizontal spread of roots in the
second year of vegetation, the thickness of the central
root in the fourth year, but the smallest: depth of roots
in the soil in the fourth year, thickness of the root neck
during the first year and thickness of the side roots
during the second, third, and fourth years of vegetation,
the number of renewal buds on the root neck during the
third and fourth years of vegetation. Such characteristics
determine the productive longevity and high biological
plasticity of eastern galega;

- the root system of Hungarian sainfoin was char-
acterised by the greatest: horizontal spread of roots
and the deepest placement of the main mass of root
branching in the third or fourth years of vegetation;
thickness of the central root during the second to fourth
years. Thus, Hungarian sainfoin plants form a powerful
root system in the third and fourth year of vegetation,
which determines high biological resistance to adverse
growing conditions;

- the root system of red clover has the smallest
radius of horizontal root distribution, the thickness
of the central root and the thickness of the lateral
roots during all the growing years, which affects the
possibility of its cultivation in the field crop rotation.

Expanding knowledge about the biological
and morphological features of the distribution of root
systems of perennial legume grasses during the growing
season and in comparison with each other would allow
the researchers to understand the processes occurring
in plants, as well as select the optimal types of legumes
for certain purposes in the context of climate change.
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BIOJ1OIN4YHI OCOBJIMBOCTI NOWWUPEHHA KOPEHEBUX CUCTEM BOBOBUX BATATOPIYHUX
TPAB B YMOBAX 3MIHU KJTIMATY

Onekcanpp MetpoBuu Tkauyk

BiHHMLUbKMIA HALiOHANbHMI arpapHUi YHiBEpCUTET
21008, Byn. CoHa4Ha, 3, M. BiHHMuS, YKpaiHa

AHoTauif. Bu3HauyanbHMM YMHHWMKOM npu BUOOpi 6060BMX GaraTopiyHMX TpaB 3a YMOB 3MiH K1iMaTy € iX
MOCYXOCTIMKICTb, aAXe PO3BUTOK KOPEHIB NPSIMO BMNIMBAE HA LIKO BNACTUBICTb, @ TAKOX BU3HAYAE iX MPOOYKTUBHICTD.
MeToto focnigxeHb 6yno BCTaHOBUTK, 3@ PaxyHOK SKMX MOP@ONOriYHO-BioNoriYHMX XapakTepucTMK KOpeHiB Tpas
3abe3neyyoTbCcs rocnofapcbki 0COBAMBOCTI B YMOBAX 3MiH KiMaTy. 3aCTOCOBYBANM METOAM CMOCTEPEXEHHS,
NMOPIBHSIHHS, MOMBLOBOr0 AOCAiIAY. 39COBAHO, WO KOPEHi NLEpPHU MOCIBHOI MalTb HaWbinblie 3arnubneHHs y
PYHT, MOLWMPEHHS Y FTOPU30HTA/IbHOMY HanpsMi, TOBLLMHY KOPEHEBOI LUMIAKK Ta BiYHMX KOpiHLiB, Wo 3abe3neuye
NNACTUYHICTb, LOBFOBIYHICTb | MPOAYKTMBHICTb ii NociBiB. BcTaHOBNEHO, WO KOpeHi BypKyHY 6inoro MatoTb HanbinbLue
3arMbNeHHs y I'PYHT, TOBLWMHY KOPEHEBOi LUMIAKM, LLEeHTPasIbHOr0 KOpeHs i BiYHMX KOPIHLIB, iX MOWMPEHHS Y
rOPU30HTaNIbHOMY HanpsMi, LLLO BMMBAE HA NOCYXO0- i MOPO30CTiMKicTb poc/iMH. OBIpYHTOBAHO, LLLO KOPEHI NABEHLIO
poraToro Bi[3HAYaKTbC HAWOBINbLLIOK KiNbKICTHO OPYHbOK BiZLHOBNEHHS HAa KOPEHEBiM UM, HAWMEHLUUM
3armnbNeHHAM, TOBLUMHOK KOPEHEBOI LUMIKM, WO BM/JMBAE HA MPOAYKTMBHE AOBrONITTS Ta MOX/MBICTb POCTY Ha
6ioHUX | KUCAUX I'PyHTax. BusBneHo, Wo KopeHi KO3NSTHUKY CXiLHOr0 Manu HanbinbLe 3arnMbaeHHs OCHOBHOT Macy,
MOLUMPEHHS Y FOPU3OHTANIbHOMY HANPAMI, TOBLUMHY LLEHTPAIbHOrO KOPEHS, WO BNAMBAE HA NPOAYKTUBHE [OBrONITTA
i BMCOKY 6ionoriyHy nnacTuyHicTb. BcTaHOBNEHO, WO KOpeHi ecnapueTy NilaHoro BiA3HAYanMCb HAWOGINbLIMM
MOLUIMPEHHSM Y TOPU30HTAIbHOMY HANPAMi Ta HAUMMUOLWMM PO3MilLEHHSIM OCHOBHOI Macu pO3ranyeHb, WO BNAMBAE
Ha BMCOKY BiONOrivHy CTiMKiCTb 4O HECMPUSTIMBUX YMOB BUPOLLYBAHHS. 31COBAHO, WO KOPEHi KOHIOLWMHW NYYHOI
Manu HaMMEeHLWMI paaiyc NOWMPEHHS Y FTOPU3OHTANbHIN MIOLLMHI, TOBLUMHY LEHTPASbHOMO i BiYHMX KOPIHLIB, WO
BM3HAYa€ MOXJIMBICTb ii BUPOLLYBAHHS Y NOMbOBIM CiBO3MiHi. 3a3Ha4YeHi HAyKOBi 3HAHHS A,03BONATH NifibpaTv BUAM
6060BMx HaraTopiyHMX TpaB A/ MOBHOI peanisauii ix noTeHwiany 3a yMoB 3MiHM KniMaTy

KniouoBi cnoBa: pocnunHu, KopeHi, Nia3eMHUI pO3BUTOK, MOPGhONOris, pOKu BereTauii
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TECHNOLOGY IN THE SHORT-TERM CROP ROTATION OF UKRAINIAN POLISSIA
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Article’s History: Abstract. Over the past decades, intensive farming has operated under
Received: 05.02.2021 conditions of progressive degradation of the soil cover, maintaining production
Revised: 28.04.2021 levels only at the expense of inadequate expenditure of non-renewable
Accepted: 24.05.2021 energy resources. The soils have acquired irreversible excessive compaction

in the sub-arable part of the profile, and the dehumification has acquired a

threatening status. The humus content in the soils of Ukraine decreased by
Suggested Citation: almost 25%, and the average annual losses amount to 0.6-0.7 t/ha. Therefore,
Didora, V., & Kluchevych, M. (2021).  the search for ways to guarantee the reproduction of soil organic matter,
Soybean productivity depending on  reliable control and restoration of the optimal humus status is extremely
the elements of organic cultivation relevant. The purpose of the study is to activate natural nitrogen-fixing
technology in the short-term crop systems using a mix of green manure and by-products of agricultural
rotation of Ukrainian Polissia. Scientific ~ crops of short-term leguminous crop rotation. Field experiments were
Horizons, 24(2), 77-83 conducted on light grey soils during 2018-2020 in the experimental field
of Polissia National University in a leguminous short-term rotation system.
This study uses general scientific methods to establish the area of research,
plan and lay experiments, conduct observations and analysis; visual -
during the implementation of phenological observations; field - to study
the relationship with abiotic factors; physiological - to determine the
symbiotic effectiveness of preparations of biological origin. The technology
of growing agricultural crops in leguminous crop rotation, which ensures
the supply of raw materials of organic origin and the accumulation of air
nitrogen by root nodule bacteria, has been theoretically substantiated and
improved. It is established that one hectare of crop rotation area receives
6.8 tonnes of dry organic raw materials, which corresponds to 78.3 kg/ha
of biological nitrogen. It is found out that inoculation of soybean seeds
with a preparation of biological origin — Optimise 400, and treatment of
soybean crops at BBCH microstages 60-63 with a complex microfertiliser
on a chelated basis Nanovit Super+Magnesium Sulphate contributes to the
active development of nodule bacteria, the number and weight of which is
81-89 pcs per plant and 510-572 kg/ha. Thus, the active symbiotic potential
was 34.2-38.9 thousand kg/day. It is proved that during the growing season
soybeans generate 357-400 kg/ha of biological nitrogen in the air, which
provides a seed yield of 2.96-2.64 t/ha and leaves 117-160 kg/ha of nitrogen
in the soil. The practical value of this study lies in the possibility of enriching
the soil with organic matter and the biological form of nitrogen
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INTRODUCTION
Natural soil fertility deteriorates due to violations of sci-
entifically based farming systems. The humus content
in the soils of Ukraine decreased by almost 25%, and
the average annual losses amount to 0.6-0.7 t/ha. The
main reason for the loss of humus and nutrients is a
catastrophic decrease in the application of organic fer-
tilisers. The volume of production and application of
organic fertilisers decreased by almost 15 times. If in
1990 the rate of application was about 10 t/ha per 1 ha,
then in 2010 it was only 0.55 t/ha [1].

O.l. Furdychko [1] claims that the reduction of sown
areas of legumes and perennial grasses, and a signifi-
cant restriction on the application of organic fertilisers
has led to the withdrawal from the cycle of almost
550 thousand tonnes of nitrogen. Due to the growth of
the area under cultivation of energy crops, the intensive
use of synthetic mineral fertilisers, the production of
chemical plant protection products, the threat of chem-
ical soil degradation and pollution of crop production
increases. Threats of chemisation have led to the fact
that the soil became “thin”. The problem of intensive
chemisation of soils was considered by many experts,
in particular I.E. Ovsinskyi, one of the first to develop a
system of agriculture that protects the soil from che-
misation and allows obtaining environmentally friendly
products [2].

The most important feature of ecological agri-
culture is the activation of natural nitrogen-fixing systems
that accumulate biological nitrogen using leguminous
crops [3].In this regard, there is a need to find affordable
and low-cost and economically justified measures to
preserve and restore soil fertility, one of which is the mix
of green manure with by-products of agricultural crops,
especially straw, crop and root residues.

Straw contains macro- and microelements and
becomes a source of plant nutrition after mineralisation
in the soil. Approximately 180 kg of humus is synthe-
sised from 1 tonne of straw. In addition, the straw of
grain crops contains a large amount of nitrogen-free
substances, which delays the biological processes of
straw decomposition. For the mineralisation of straw,
it is necessary to add 10-15 kg of mineral nitrogen or
biogenic decomposers for each tonne [4].

Green fertiliser and bacterial preparations are
the cheapest and best way to comprehensively restore
soil fertility [5]. The use of green manure in combination
with crushed straw, peat and partially with manure
increases humus content in the soil by 0.10-0.12%, total
nitrogen by 0.011%, mobile forms of phosphorus and
potassium by 5-6 mg/100 g of soil [6]. The combined
use of by-products of the predecessor and post-harvest
crops of the cabbage green manure contributes to an
increase in the humus content by 0.09% [7].

The potential of crop production can be fulfilled
only through high soil fertility and improvement of its
functional properties. Reproduction of soil fertility is
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one of the main levers for increasing the yield of various
crops and the productivity of agricultural systems as
a whole [8]. Symbiosis of legumes with nodule bacteria
is one of the most effective systems of biological nitro-
gen fixation, which is of great ecological and practical
importance. In rhizobium-legume symbiosis, a combi-
nation of global biological processes - nitrogen fixation
and photosynthesis - is achieved, which normalises the
nitrogen-carbohydrate balance of the plant organism [9;
10]. It is proved that nitrogen fixation occurs slowly at
the initial stages, but by the phase of full flowering, the
activity and raw weight of root nodules reaches max-
imum [11]. Under optimal conditions of symbiotic ni-
trogen fixation, soybean plants can absorb up to 200 kg
of biological nitrogen per ha [12-14], the absorbed ni-
trogen is used to form the soybean crop and 25-40%
remains in the soil with organic residues, increases the
content of humus and nitrogen in it.

The purpose of the study - to investigate the
elements of organic technology, providing the soil with
organic raw materials of short-term crop rotation and
the symbiotic efficiency of nodule bacteria and the intake
of biological nitrogen from the atmosphere.

MATERIALS AND METHODS

The study was carried out in accordance with the method-
ology of scientific research in agronomy [15]. Weather
conditions,especiallyin 2019-2020, were dry,during the
period of bean formation, the hydrothermal coefficient
ranged from 0.1-0.9, which negatively affected the yield
of field crops in rotation.

Productivity of short-term crop rotation was studied
according to the following scheme:

1. Clover.

2. Winter wheat with the use of by-products and
post-harvest green fertiliser.

3. Soy with the use of stem mass for fertiliser.

4. Barley with clover undersowing.

Studies on the effect of nitrogen-fixing, phos-
phorus-mobilising and complex microfertilisers in the
form of EDTA chelate on the symbiotic productivity of
soybeans are presented in the scheme:

1. Control - free of mineral fertilisers and pesticides.

2. Inoculation of seeds with Optimise 400.

3. Inoculation of seeds with phosphoroenterin.

4.Foliar dressing with a complex chelated fertiliser -
Nanovit Super + magnesium sulphate.

5. Inoculation of seeds with Optimise 400 + phos-
phoroenterin.

6.Seed inoculation with Optimise 400 + foliar dressing
(Nanovit Super + magnesium sulphate).

7. Inoculation of seeds with Optimise 400 + phos-
phoroenterin + foliar dressing;

The sown area is 33.6 (3.6x11) m?,the accounting
area is 25 (2.5x10) m?, four-time replication.

The formation of nodules during the growing




season was determined by the method of G.S.Posypanov
(number and weight of nodules, nitrogen content and
fixation) [16]. Elements of the technology of growing
agricultural crops in a short-term crop rotation are
generally accepted for the zone of sufficient moisture
(Ukrainian Polissia).

Nanovit Super is a highly effective multicompo-
nent preparation with a high NPK content of magnesium,
sulphur, boron, copper, manganese, molybdenum, zinc
soluble in water, based on EDTA chelate and organic
components. Magnesium sulphite promotes growth and
development,increases yields, the number of beans and
seeds, increases resistance to drought, diseases, and pests,
reduces the nitrate content. Mg - increases the chlorophyll
content.

Optimise 400 is created based on the LCOPromote
technologies, it contains the following components: an
active component containing a pure culture of nitrogen-
fixing bacteria (Bradyrhizobium japonicum); liquid com-
ponents that extend the survival time of bacteria on
seeds. The Optimise 400 promotes the colonisation of
the soybean root system with nitrogen-fixing bacteria,
the formation of nodules on the roots, regardless of
environmental conditions, improves germination, root
system development, increases yield and protein content
in soybean seeds. This preparation can be used in a tank
mixture with some seed protectants.

Nodules are formed 10 days earlier than when
using other preparations, early closing of plants in the
row spacing, increases competitiveness in relation to
weeds, improves the resistance of soybeans to harmful
organisms. Phosphoroenterin is designed to improve
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phosphorus nutrition from the soil. The strain of
bacteria that make up the drug is able to decompose
hard-to-dissolve organic phosphates. The consumption
rate is 100 mg/ha. The drug is compatible with growth
stimulants, microorganisms.

RESULTS AND DISCUSSION

Intensive use of mineral fertilisers contributes to an
increase in yield, but is accompanied by a deterioration
in the biological, physico-chemical and phytosanitary
properties of the soil.Excess nitrogen leads to a decrease
in the synthesising activity of microorganisms and, in
particular, nitrogen-fixing bacteria and to an increase in
the content of nitrates and nitrites. Therefore, modern
crop rotations provide for the saturation with legumes
to attract air nitrogen to the biological cycle and use
them for green fodder and fertiliser. For this purpose, it is
recommended to use local organic fertilisers, raw mate-
rials of crop residues, and green manure crops.

According to the results of the study conducted
in 2018-2020, it was found out that the grinding and
wrapping of by-products in combination with an inter-
mediate form of green fertiliser,the introduction into the
short-term crop rotation of perennial legumes (clover),
legumes (soybeans), per 1 ha of crop rotation area re-
ceives 6.8 tonnes of dry weight, of which 5.3 tonnes
of by-products (straw, crop and root residues), which in
terms of mineral nitrogen is 78.3 kg/ha. The main share
of organic raw materials falls on the embedding in the
soil of by-products of winter wheat and post-harvest
use of oilseed radish for green manure (Fig. 1).
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1. Clover. 2. Winter wheat + by-products + green manure.
3. Soy + by-products. 4. Barley with clover undersowing

Figure 1. Intake of dry organic substance by weight and nitrogen in short term organic crop rotation

The largest part of the supply of dry organic raw
materials is obtained from by-products of straw, stubble
and root residues and post-harvest sowing of oilseed
radish for green fertiliser and is 13.5 t/ha and leafy
soybean products, the share of which is 6.6 t/ha, that
is, almost twice as much as clover and half as much as
by-products of winter wheat with post-harvest green
manure sowing. Calculations of nitrogen intake from

by-products of winter wheat and green manure amount
to 130 kg/ha, from soybeans - 112 kg/ha, and on av-
erage, 78.3 kg/ha is received per 1 ha of crop rotation
area in 4-field crop rotation.

Biological fixation of air nitrogen by perennial
legumes on average for 2018-2020 is 90 kg, and nodule
bacteria fix 85 kg/ha. Figure 1 shows that the total ni-
trogen intake per 1 ha of crop rotation area is 137 kg/ha,
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which is equivalent to 410 kg of ammonium nitrate. To  phase with a complex chelated EDTA microfertiliser
form a soybean yield of 3.0 t/ha, 240 kg of nitrogen is  against the background of sowing inoculated seeds,
needed, therefore, 170 kg of biological nitrogen remains  the number of nodules on the root system increases by
in the soil with by-products for the next crop in the rotation.  45-53 pcs, and their weight amounts to 510-572 kg/ha.
The weight of nodules on the root system of soy-  The symbiotic active potential is 34.2-38.9 ths kg/day and
beans, without the use of agrochemicals, pesticides, the resulting nitrogen of biological origin is 357-400 kg,
and preparations of biological origin, is only 0.56 g, in  which is 230-273 kg more than the control variant. That
terms of 1 ha - 181 kg/ha. Inoculation of soybean seeds s, nature provided 1.0-1.19 tonnes of nitrogen worth
with the Optimise 400 nitrogen-fixing drug provides an ~ UAH 9-10 thousand.
increase in the weight of nodules on the root system The active symbiotic potential and total nitrogen
twice and reaches 403 kg/ha, forming 302 kg of air ni-  depending on preparations of biological origin are shown
trogen. Treatment of soybean crops in the flowering in Figure 2.
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1. Control. 2. Inoculation - Optimise 400. 3. Inoculation - phosphoroenterin.
4. Foliar dressing. 5. Optimise 400 + phosphoroenterin. 6. Optimise 400 + foliar dressing.
7.Optimise 400 + phosphoroenterin + foliar dressing

Figure 2. Symbiotic potential depending on preparations of biological origin

Taking into account the fixation of air nitrogen by  of crop rotation area, which is equivalent to 410 kg/ha
nodule bacteria: clover - 90 kg/ha; soybeans - 85 kg/ha,  of ammonium nitrate worth about 4,000 UAH (Table 1).
on average, 137.0 kg/ha of nitrogen is received per 1 ha

Table 1. Productivity of short-term leguminous crop rotation (average for 2018-2020)

Yield of dry organic raw materials, t/ha Biological nitrogen intake, kg/ha
. . X Straw, . . .
Biological crop rotation crop Green  Organic  Organic Biologically ., ~ Ammonium
Seeds : fixed . nitrate
and root manure matter residues . nitrogen .
. nitrogen equivalent
residues
1. Clover - 3.0 - 3.0 59.1 90.0 149.1 446
2. Winter wheat + by-products + 6.8 75 6.0 135 130.0 - 130.0 130
green manure
3.Soybean + by-products 2.3 6.6 - 6.6 112.0 85.0 1970 590
4. Barley with clover undersowing 4.6 4.0 - 4.0 12.0 60.0 72.0 240
Total - 21.1 6.0 271 313.1 235.0 548.1 1640
per 1 ha of crop rotation area, kg - 5.3 1.5 6.80 78.3 58.7 137.0 410
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The use of straw in combination with interme-
diate forms of green fertiliser is of great ecological
importance. Straw, together with the green mass of
manure, decomposes without polluting the soil with
high concentrations of nitrate nitrogen and eliminates
the leaching of trace elements into water bodies. The
use of green manure contributes to the development
of soil fauna, in particular, increases the vital activity of
bacteria, earthworms and other soil organisms.

Spraying of soybean crops with complex fertilisers
Nanovit Super + magnesium sulphate was carried out at
BBCH microstages 60-65 (emergence of the first flower
buds) before opening 50% of the flowers. According
to the study results, it was found that preparations of
biological origin have positively affected the activity of
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the process of forming a symbiotic apparatus.

Studying the action and interaction of nitrogen-
fixing, phosphorus-mobilising preparations and complex
microfertilisers on a chelated basis, it was found that
nodule bacteria began to appear on the roots of soybean
plants at BBCH microstages 12-13, which was not ob-
served in the control group. Not all nodule bacteria
formed on the roots are nitrogen-fixing, that is, active.
If they have a pink colour, then they can be classified as
active. Conversely, if the nodules are greenish or grey in
colour, then nitrogen fixation does not occur in them.

During 2018-2020, at the BBCH microstages 61-71,
the total number of nodules on the control variant was
36 pcs/ plant, of which active - 16 pcs/ plant (Table 2).

Table 2. Formation of the symbiotic potential of soybeans depending on biological preparations
(bean filling phase (average for 2018-2020)

Formation of nodules on the o Symbiotic potential, o
g lant Z 2 th d kg/d £
< plan 5 3 ousand kg/day 5
- c O % X
S 4} “w & O E ‘S u [
Options 2 o © 0 o U S c 8 - o £ 0
> z £88 S = S35 5 2 5
© = o= = T W B s =1 =
@ £ o225 a o E s £ L 7] =z £
] < YT g Z o 5 > < £
v S =28 c ] a” £
ol c% 2
Control 161 36 0.56 181 62 17.3 11.2 127
Inoculation - Optimise 400 1.99 75 1.12 403 66 30.8 26.6 302
Inoculation - phosphoroenterin 1.80 58 0.62 223 63 22.4 14.0 156
Foliar dressing 1.68 62 0.66 244 65 20.6 15.9 192
Optimise 400 + phosphoroenterin 2.21 78 1.18 454 64 33.2 29.0 318
Optimise 400 + foliar dressing 2.96 81 1.22 510 67 341 34.2 357
Optimise 400 + phospho-roenterin + ¢4 89 1.26 572 68 418 38.9 400

foliar dressing

LSD

0.5

2018 - 0.07 t/ha; 2019 - 0.05 t/ha; 2020 - 0.10 t/ha

Data in Table 2 shows that in the control group,
the formation of nodules was the smallest, and their
weight was only 0.56 g per plant. Taking into account
the density of the stem before harvesting and the weight
of nodules of one plant, it was determined that for the
duration of 62 days, their total weight was 181 kg/ha, and
the formation of symbiotic nitrogen from the air was
127 kg/ha, for the seed yield of 3.0 t/ha, it assimilates
240 kg. The weight of nodules on the root system is
doubled and amounts to 1.12 g, with the duration of
active symbiosis, the assimilation of biological nitrogen
is 302 kg, of which 240 kg is used to form crops and
62 kg remains in the soil. Carrying out inoculation of
soybean seeds with phosphoroenterin does not con-
tribute to the activation of the development of nodule
bacteria, since the strains of bacteria that make up the
preparation are able to decompose hard-to-dissolve
organic phosphates only in soils rich in organic matter.

During growth and development, soy unevenly

consumes nutrients, from flowering to seed filling, it
uses 78.5% nitrogen, and during this interphase period,
nodule bacteria die. Thus, it is necessary to carry out
foliar dressing with a multicomponent composition of
macro- and microcomponents based on EDTA chelate.
With the help of reduced nodule bacteria, soy is able to
fix the biological nitrogen of the air, which ensures the
yield of 4.0 t/ha.

The average yield of soybean grain in optimal
weather conditions in 2018 was 2.73 t/ha, in arid con-
ditions in 2019-2020, the yield indicators decreased
by 0.88-1.17 t/ha. Treatment of soybean seeds with
Optimise 400 inoculant provides an average yield
increase of 0.38 t/ha for 2018-2020, spraying of crops
at BBCH microstages of 61-71 with a complex chelated
EDTA microfertiliser Nanovit Super + magnesium sul-
phate against the background of seed inoculation, the
yield was 2.96 t/ha, which is 1.35 t/ha more compared
to the control.
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CONCLUSIONS

The results of studies conducted on light grey soils,
seed treatment with inoculants,and foliar dressing with
a multi-complex preparation Nanovit Super in a tank
mixture with magnesium sulphate ensure a yield of
environmentally friendly soybean products up to 3 t/ha.
Short-term 4-field grain-legume crop rotation during
the growing season forms the yield of dry organic matter
per 1 ha of crop rotation area - 6.8 tonnes, the share of
winter wheat straw and post-harvest crops of green fer-
tiliser and soybean stem mass amount to 72%.

The nitrogen of organic residues - 78.3 kg/ha and
the biologically fixed nitrogen of perennial legumes
and soybeans per 1 ha of crop rotation area - 58.7 kg,
thus, the total amount of nitrogen received - 137 kg/ha.

Inoculation of soybean seeds with the nitrogen-fixing
preparation Optimise 400 increases the growth of nodules
on the root system by almost twice. High fixation of
biological nitrogen was obtained by inoculation of
seeds and foliar dressing with a complex chelated mi-
crofertiliser Nanovit Super + magnesium sulphite + phos-
phoroenterin, which amounts to 400 kg/ha.

Prospects for further study of the elements of
organic soybean cultivation technology consists in ana-
lysing innovative biologic compounds based on live soil
microorganisms and their metabolites, including Bio
Stim-Niva degrader, nitrogen-fixing and phosphorus-
mobilising biologics, in order to stabilise and reproduce
soil fertility.
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NMPOAYKTUBHICTb COI 3ANIE)XXHO BIA, ENEMEHTIB OPITAHIMHOI TEXHONOrIi
BUPOLLYBAHHSA B KOPOTKOPOTALLIMHIN CIBO3MIHI NOJIICCA YKPAIHU
BikTop lpuroposuu [igopa, Muxaino Muxarinosuu Knrouesuu

MonicbKuMii HaLiOHaNbHWIA YHIBEpCUTET
10008, 6-p Crapwui, 7, M. XKutomup, YkpaiHa

AHoTauif. |HTEHCMBHE 3eM1epobCTBO MPOTArOM OCTaHHIX AecaTupivy (YHKLIOHYBano B yMOBaX MNporpecytyoi
[erpagauii rpyHTOBOro MOKPWBY, NiATPUMYHOUYM BUPOOHWMYMIA piBEHb NMLIE 33 pPaxyHOK HeafgekBaTHWUX BUTpaT
HEBIAHOBIOBAHMX Pecypcis eHeprii. [pyHTU Habynu HEe3BOPOTHLOIO HaAMIPHOMO YLLINbHEHHS B MiAOPHIN YaCTUHI
npodinto, a npouec ferymidikaLii Habpas 3arpo3nMBOro cratycy. BMict rymycy B rpyHTax YkpaiHu 3HUM3MBCS Maiixke Ha
25 %, a cepenHbopiyHi BTpaTh ctaHoBnATb 0,6-0,7 T/ra. ToMy NOLWYK WASXIB rapaHTOBAHOMO BiATBOPEHHS OPraHiyHO1
PEYOBMHM I'PYHTY, HAAIAHOIO KOHTPOIO Ta BiLHOB/IEHHS ONTUMANbHOMO r'yMyCOBOrO CTaHY € HAA3BMYAMHO aKTyaNbHUMM.
MeTa HayKOBMX AOCNIAKEHb NONATAE B aKTUBI3aLii NPUPOAHMX a30TQIKCYOUMX CUCTEM 3 BUKOPUCTAHHAM 3e/1eHOi Macu
cuaepatiB y cyMiwi 3 No6iYHOK NPOAYKLIE CiNbCbKOroCNoAapCbKMX KYbTyp KOPOTKO-pOTaLiiMHOi 3epHOH6060BOT
CiBO3MiHW. [0NbOBI AOCNIAM NMPOBOAMANCS HA SICHO-CipMX IpyHTax BnpoaoBx 2018-2020 pp. Ha focnigHoMy noni
lMonicbKOro HaLioHaNbHOIO YHiBEPCUTETY Y KOPOTKO-POTaLLiiMHiA 3epHO6000BIN CiBO3MIHI.Y CTaTTi BUKOPUCTOBYHOTLCA
3ara/ibHOHAyKOBi METOAM A/ BCTAHOBMIEHHA HaNpsiMy LOCNIIKEHb, MIaHYBAHHA | 3aKNafaHHA AOCNIAIB, NPOBEAEHHS
CnocTepexeHb Ta aHanisy; Bi3yanbHUM — Nif 4Yac 34iINCHEHHS (QEHOMOrIYHMX CMOoCTEpEXeHb; MONbOBUI — ANS
[LOCNIKEHHS B3AEMO3BA3KY 3 a0iOTUUHMMU YUMHHUKAMM; Di3I0NOTIYHUIA — AN BUSHAYEHHS CUMOiIOTUYHOT e(DEKTUBHOCTI
npenapatiB 6ionoriYHOro NMOXomKeHHs. TeopeTMYHO OBrPYHTOBAHO Ta YAOCKOHANEHO TEXHOJONIK BUPOLLYBAHHS
CiNbCbKOrocnoaapcbKmMx KynbTyp y 3epHOH6000BII CiBO3MiHI, IKa 3a6e3neyye HaAXOLKEHHS CUPOBUHU OPraHiuyHOro
MOXOMXKEHHS Ta HAKOMMWYEHHS a30Ty NoBiTPs 6ynbboYKOBMMMK a3oTdikcaTopamu. BctaHoBNEHO, WO HAa OAMH rekTap
CiBO3MIHOI nniowi HaaAXoaUTb 6,8 TOHH CyXOi OpraHiuHOi CMPOBMHM, WO Bignosigae 78,3 kr/ra 6ionoriyHOro azory.
3'ACcOBaHO, LLO MPOBEAEHHN HOKYNALii HacCiHHA CcOi mpenapaToM GiONOriYHOrO MOXOMKEHHS — a30T(iKCAaTOPOM
Ontumaii3z 400 i 06pobneHHs nocisis coi 3a MikpocTaaismMm BBCH 60-63 koMnneKCHUM MiKpoao6prBOM Ha XenaTHil
ocHoBi HaHoBiT Cynep + cynbdat MarHito cnpuse akTMBHOMY PO3BUTKY Bynbb0o4KoBKUX BaKTepil, KiNbKiCTb i Maca SKMX
cTtaHoBMTb 81-89 wr. Ha pocamHy Ta 510-572 kr/ra. TaKUM YMHOM aKTUBHWUIA CMMBIOTUMYHMIA NOTEHLian CTaHOBMB
34,2-38,9 T1c. kr/pi6. [JoBeneHo, Wo 3a BereTaliviHuii nepiofn cost popmye 357-400 kr/ra 6ionoriyHoOro a3oty noeiTps,
wo 3abe3neyye ypoxanHicTb 3epHa 2,96-2,64 1/ra i 3annwae B rpyHTi 117-160 kr/ra a3ory. [pakTMyHa LiHHICTb
HayKoBOi pob0TM nongrae B 36arayeHHi rpyHTY OpraHivyHoO pe4yoBMHOK Ta GionoriyHow GopMoto a3oTy

KntouoBi cnoBa: pofoyiCTb IpyHTY, CIBO3MiHA, iIHOKYNALIN HACIHHA, NO3aKOpPEHEBE MiAXMBEHHS, YPOXKAMHICTb COi
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Scientific Horizons, 24(2), 84-92. features: the presence of awns, the colour of awns, the colour of ear scales,
the pubescence of leaves, the pubescence of the subcrown internode, the
pubescence of the ear internode, the colour of caryopsis, the colour of straw.
The results of analysis of the phylogeny of various types of spring wheat by
cluster analysis using morphological markers to determine homogeneous
groups are presented, and the affected tree of systematic formation
of clustering groups is established. Based on the cluster analysis, two
separate groups of soft spring wheat samples were identified according to
the complex of plant productivity elements. Samples are grouped into each
cluster depending on the quantitative characteristics of the crop structure
and their interaction with each other. In general, all samples over the
years of study showed good results, namely based on “colour of awns”, of
particular note are the samples of the Tr. persicumspecies. According to the
results obtained, all samples have good indicators, and cluster analysis of
soft spring wheat samples allowed identifying groups of plants that exceed
the parent forms in the optimal set of economically valuable traits, which
would allow for a more purposeful selection of valuable forms based on
certain traits

Keywords: model, clustering, cluster, dendrogram, evaluation, spring wheat
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INTRODUCTION

Morphological aspects of spring wheat productivity are
very important in scientific research, in particular, how
exactly morphological features affect the food qualities
of the investigated crop. It is the value of morphological
features that allows establishing varieties of spring
wheat. According to morphological features, wheat spe-
cies are grouped into two groups: common wheat and
spelt. Ecological polymorphism of spring wheat sam-
ples can serve as a source of variations for use in breed-
ing, causing the formation of updated forms of econom-
ically valuable wheat plants with improved properties.
Imperfect genetic information about hereditary material
can reduce the effectiveness of breeding activities, since
it is not possible to create seed material that is more re-
sistant to adverse factors. Therefore, the conservation of
genetic resources and the assessment of their diversity
is very important in further studies [1; 2].

To obtain reliable results, when choosing a
specific method of cluster analysis, classification was
chosen to get more detailed information about the mor-
phological features of the studied samples. Cluster
analysis is the only method for organising objects that
have the same characteristics. It is used when studying
the structure of aggregates of socio-economic indica-
tors or objects: enterprises, regions, sociological ques-
tionnaires, collectives. The main purpose of cluster anal-
ysis is to divide the set of objects and features under
consideration into homogeneous groups or clusters.
Cluster analysis is widely used in marketing research.
If it is necessary to classify a set of certain information
into groups for further processing, cluster analysis is
very effective. An achievement of cluster analysis is the
ability to split objects not by one parameter, but by a
number of features. Also, cluster analysis, unlike most
mathematical and statistical methods, does not impose
any restrictions on the type of objects under consideration,
and allows studying a set of data of arbitrary nature [3; 4].

The analysed literature data on grain production
in the world for the period 1965-2019 [5] indicate that
the area of grain crops almost does not change, but
their yield during this period increased from 1.49 to
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3.29 t/ha, or 2.2 times. It was the highest in the EU
countries - 5.60 t/ha, the lowest - in the CIS countries -
1.95 t/ha [6]. According to some researchers, the con-
tribution of breeding to yield growth reaches 50% [7; 8],
and the study of morphological indicators by cluster
analysis of genotypes is a very relevant issue. A very im-
portant world-class task is to search for highly produc-
tive genotypes for arid conditions, especially cereals.
A negative trend is recognised as a drop in yields in
South-Eastern Europe [9; 10].

The purpose of the study is to investigate the
intraspecific and interspecific variability of the collec-
tion of spring wheat samples of various ecological and
geographical origin in the conditions of the eastern
forest-steppe of Ukraine by 8 morphological features.
For the furtherance of this goal, the following tasks were
set: to assess the genetic divergence of the investigated
plant material; based on the results obtained, to draw
a conclusion about the phylogenetic relationships be-
tween the spring wheat species involved in this study.

MATERIALS AND METHODS

The source material was represented by 76 samples of
Triticum aestivum (10 pcs.) and Triticum durum (10 pcs.);
sparsely distributed: (Monococcum (8 pcs.), boeoticum (1 pc.),
sinskajae (1 pc.), timopheevii (1 pc.), militinae (1 pc.),
dicoccum (9 pcs.), ispahanicum (1 pc.), persicum (2 pcs.),
turgidum (3 pcs.), aethiopicum (1 pc.), spelta (9 pcs.),
compactum (4 pcs.) and amphidiploid samples (15 pcs.).
The source material was obtained from the National
Centre for Plant Genetic Resources of Ukraine (NCPGRU)
and has a number of economically valuable features.
Samples were introduced from different ecological and
geographical areas (Table 1-3), differ not only in eco-
nomically valuable characteristics (weight of 1000 seeds,
duration of the growing season, plant height, etc.), but
also is characterised by different gradations of morpho-
logical features (presence or absence of awns, colour of
awns, colour of caryopsis, colour of straw, pubescence of
leaves, pubescence of the ear internode, pubescence of
the subcrown internode).

Table 1. Characteristics of the studied samples Triticum aestivum and Triticum durum

National catalogue Institution

No. number registration number Sample name Variety Country of origin*
Triticum aestivum

1 UA0100098 IR 08517S Sunnan var. lutescens SWE

2 UA0101113 IR 11742S Prokhorovka var. lutescens RUS

3 UA0104110 IR 12602S Kharkivska 30 var. lutescens UKR

4 UA0106145 IR 13173S L501 var. lutescens RUS

5 UA0110938 IR 15164S Simkodamironivska var. lutescens UKR

6 UA0111008 IR 15206S Yrym var. erythrospermum KAZ
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Table 1, Continued

No. Natio:il;ta)tearlogue regisltr::::f;ti::mber Sample name Variety Country of origin*
Triticum aestivum
7 UA0105661 IR 12049S CIGM.250- var. erythrospermum MEX
8 UA0110937 IR 14892S Fito14/08 var. erythrospermum UKR
9 UA0110936 IR 14891S Fito33/08 var. erythrospermum UKR
10 UA0111123 IR 15595S L 685-12 var. lutescens UKR
Triticum durum Desf

11 UA0201229 IR 12313S Zolotko var. muticohorde-iforme UKR
12 UA0201199 IR 13580S Orenburgskaya 21 var hordeiforme RUS
13 UA0201431 IR 14943S Nurly var. hordeiforme KAZ
14 UA0201201 IR 14045S Slavuta var. leucomelan UKR
15 UA0200923 IR 12773S Bukuria var. melanopus UKR
16 UA0201428 IR 14941S Altyn Shygys var. hordeiforme KAZ
17 UA0201386 IR 14438S Metiska var. melanopus UKR
18 UA0201452 IR 15566S Novatsia var hordeiforme UKR
19 UA0201453 IR 15548S Diana var. hordeiforme UKR
20 UA0201426 IR 14937S Kustanayskaya 80 var. hordeiforme KAZ

Note: "SWE - Sweden; RUS - Russia; UKR - Ukraine; KAZ - Kazakhstan; MEX - Mexico

Table 2. Characteristics of the studied samples of the genus Triticum L.

National catalogue

No. number Species Variety Country of origin*
21 UA0300104 monococcum var. vulgare BGR
22 UA0300221 monococcum var. monococcum AZE
23 UA0300223 monococcum var.vulgare ALB
24 UA0300254 monococcum var. monococcum ARM
25 UA0300282 monococcum var. monococcum HUN
26 UA0300310 monococcum var. hohensteinii GEO
27 UAO0300311 monococcum var. nigricultum SYR
28 UAQ0300313 monococcum - HUN
29 UAO0300008 dicoccum var. aeruginosum RUS
30 UA0300327 dicoccum var. aeruginosum RUS
31 UAQ0300407 dicoccum var. nudidicoccum UKR
32 UA0300406 dicoccum var. nudirufum UKR
33 UA0300199 dicoccum var.pseudogunbadi IRN
34 UA0300009 dicoccum varserbicum RUS
35 UA0300183 dicoccum varserbicum RUS
36 UA0300021 dicoccum var. volgense KAZ
37 1U070615 dicoccum var.submajus BGR
38 UA0300238 spelta var.subbaktiaricum UzB
39 UA0300304 spelta varalbum AUS
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Table 2, Continued

National catalogue

No. number Species Variety Country of origin*
40 UA0300387 spelta var.caeruleum CAN
41 UA0300388 spelta var.duhamelianum CAN
42 UA0300391 spelta var.caeruleum CAN
43 UA0300392 spelta var.alefeldii CAN
44 UA0300398 spelta vararduini UKR
45 UA0300443 spelta var.caeruleum RUS
46 UA0300546 spelta var.caeruleum RUS
47 UA0300240 compactum varerinaceum ARM
48 UAO0300354 compactum var.pseudoicterinum GRC
49 UA0300368 compactum varhumboldtinflatum CHN
50 UA0300528 compactum var.kerkianum GEO
51 UA0300110 turgidum var. plinianum KGZ
52 UA0300237 turgidum var.rubroathrum GRC
53 UA0300376 turgidum - BGR
54 UA0300490 persicum var. persicum GEO
55 UA0300495 persicum var. rubiginosum GEO
56 UAQ0300402 boeticum var. boeticum UKR
57 UA0300224 sinskajae var. sinskajae RUS
58 UA0300545 timopheevii var. nigrum BLR
59 UAQ0300257 militinae var. militinae RUS
60 IU0700070 ispahanicum var. ispahanicum IRN
61 1U070589 aethiopicum var.nigriviolaceum ERI

Note: *RUS - Russia; UKR - Ukraine; KAZ — Kazakhstan; GRC - Greece; BGR - Bulgaria; Aze - Azerbaijan; ALB - Albania;
arm - Armenia; HUN - Hungary; GEO - Georgia, SYR - Syrian Arab Republic; BLR - Belarus, IRN - Iran; KGZ - Kyrgyzstan;
UZB - Uzbekistan; AUS - Australia; CAN - Canada; ERI - Eritrea

Table 3. Characteristics of the studied samples of the genus Triticum L.

No. National catalogue Sample name Parentage Country of origin Institution of origin
number
62 UA0500004 PAG-12 T. persicum x RUS VIPI
T. monococcum
63 UA0500007 PAG-20 T timococcurm x RUS VIPI

T.monococcum

T.dicoccum i-329428,
64 UAO0500008 PAG-31 Poland x T. monococcum RUS VIPI, DRS VIPI
k-20636, Spain

T. dicoccum k-14055,
65 UAO0500009 PAG-32 Armenia x T. monococcum RUS VIPI, DRS VIPI
i-452639, Czech Republic

T.dicoccum i-244569,

66 UA0500010 PEAG Germany x Ae. Tauschii RUS VIPI, DRS VIPI
-110
67 UA0500014 Triticum x kiharae T.timococcum x Ae. Tauschii JPN
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Table 3, Continued

No. National catalogue Sample name Parentage Country of origin Institution of origin
number
68 UA0500018 Haynatricum AD (T. dicoccum-D. villosum) RUS Moscow Timiryazev
Agricultural Academy
69 UA0500022 AD8 T. dicoccum x Ae. triuncialis AZE ANAS Genetic
Research Institute
70 UA0500023 PAG-13 I. dicoccum x RUS VIPI
T.monococcum
71 UA0500024 PAG-39 1. dicoccum x k150007, RUS VIPI, DRS VIPI
Poland x T.sinskajae

72 UAO0500025 Tr/t/cum X T. timopheevii x RUS M(?scow Timiryazev
timococcum T. monococcum Agricultural Academy

73 UA0500026 _ Triticum X T.sinskajae x T. urartu ARM Armenian Agriculture

sinskourarticum University
T.durum v. Stebutii k-16477 x
74 UAO0500043 PAG-4 T. monococcum v. RUS VIPI
macedonicum k-18140
75 UAO0500044 PAG-7 T.durum x T. monococcum RUS VIPI
76 UA0300107 - T.timopheevii x timopheevii - -

Note: *RUS - Russia; AZE - Azerbaijan; ARM - Armenia; JPN - Japan

Observations were carried out in 2018-2020 in the
training and experimental production centre “Doslidne pole”
of the Kharkiv National Agrarian University named after
V.V. Dokuchaev. Sowing was carried out at the optimal
time for the crop in the first ten days of April. Collection
samples were sown manually under a marker, in two
rows 1 m long each with row spacing of 0.15 m, at the
rate of 100 grains per linear meter. The registered area
of the site for each sample was 1 m2. All phenological
observations were carried out in accordance with the
guidelines for studying wheat collections [11; 12]. To
assess the intraspecific and interspecific variability of
spring wheat, 30 plants of each study sample were an-
alysed annually. Thus, 60 plants of each spring wheat
sample were analysed over three years, and the total
number was 6390 plants per year.

Observation,accounting,and biometric measure-
ments were carried out in accordance with the “meth-
odology for conducting an examination of plant vari-
eties of the grain group for difference, uniformity, and
stability” [12]. During phenological observations, the
sowing period, emergence, phases of 2-3 leaves, tillering
phase, tubing phase, flag leaf, earing, flowering, milk-wax
ripeness, maturation were recorded [13; 14]. To group
spring wheat genotypes using cluster analysis by traits,
Euclidean distances were performed in STATISTICA 10.
The obtained data was encoded and entered into a
matrix for further processing of the results. Statistical
analysis was performed using the Statistica 10 software.

To assess the intraspecific and interspecific diversity
of spring wheat, the Shannon index was used, which allows
assessing the heterogeneity of populations (1):

. nt nt
H =—Zﬁlnﬁ (1)
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where H' - Shannon diversity index; nt - total number
of species or intraspecific diversity; N — total number
of detected individuals. The Shannon index is an infor-
mational indicator that has found wide application in
the study of the species richness of biocenoses and the
genetic diversity of plant organisms [15].

The frequency of morphological features was
calculated in the CONVERT 1.31 software. The Shannon
diversity index, Pielou alignment index, and standard
deviation were calculated in Microsoft Excel. Genetic
distances Nei and a phylogenetic tree were calculated
using the Phylip-3.69 software package. The reliability
of the resulting phylogenetic relationship tree was
verified using bootstrap analysis in 1000-fold repetition.

RESULTS AND DISCUSSION

In the period from 2018-2020, the morphological vari-
ability of the spring wheat collection was assessed,
which showed the presence of polymorphism in all the
studied features using cluster analysis. Analysis of the
phenotypic variability of collection samples of spring
wheat showed the presence of polymorphism of all
studied features.

The advantage of the cluster analysis method
is that the mathematical apparatus allows finding and
selecting a pile of objects (points) that exists in the same
space based on a simultaneous grouping by a large number
of features [16; 17]. Using a dendrogram, it is possible
to build and analyse information about the nature of re-
lationships between samples at cluster levels and can
detail relationships within its genotype [13; 2].

The cluster analysis allowed distributing the stud-
ied samples of the genus Triticum L. into three clusters.
In the cluster analysis, the following characteristics were




chosen as the basis of the groupings: awnedness -
awnlessness, awnlessness is the dominant feature to
awnedness; pubescence of spikelet scales, this feature
is mono- or digenic; the colour of spikelet scales. Dark
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colour is dominant relative to light; the colour of the
awns - white, red, and black. The diversity of spring
wheat varieties is controlled by one or more genes; grain
colour - white, red, green, blue, purple (Fig. 1).

Figure 1. Dendrogram of phylogenetic relationships between the studied samples of spring wheat based on the
analysis of morphological features
Note: Triticum aestivum 1-10; Triticum durum Desf 11-20; Triticum monococcum 21-28; Triticum dicoccum 29-37;
Triticum spelta 38-46; Triticum compactum 47-50; Triticum turgidum 51-53; Triticum persicum 54-55; Uncommon 56-61;

Amphidiploid samples 62-76

The main differential factors as a result of the
conducted studies were: the presence or absence of
awns, the colour of awns,the pubescence of ear scales, the
pubescence of the subcrown internode, the pubescence
of the ear internode, the colour of caryopsis, the colour
of straw, the species affiliation of samples.

The first cluster contained a large number of
samples, which can be divided into two subclusters.
This cluster includes samples of the following species:
Triticum aestivum: Sunnan (Sweden); Prokhorovka (Russia);
Kharkivska (Ukraine); L 501 (Russia); Simkodamyronivska
(Ukraine); L685-12 (Ukraine); Triticum spelta UAO300304
(Australia); UA0300388 (Canada); UA0300392 (Canada).
Characteristic phenotypic features of this cluster are:
absence of awns, white colour of grain, white colour of
ear scales, white colour of straw, no pubescence of all
organs, but in the studied populations there were samples
with other gradations of features. Collection samples
were characterised by the greatest similarity and within
this cluster were located on the same branch of the phylo-
genetic tree, which can be observed on the dendrogram.

Also, a common node in this block was formed
by samples of Triticum aestium and Triticum durum
species, namely: Yrym (Kazakhstan), Fito 14/08 (Ukraine),
Fito 33/08 (Ukraine), Orenburgskaya 21 (Russia), Nurly
(Kazakhstan); Bukuria (Ukraine); Altyn Shygys (Kazakh-
stan); Novatsiya (Ukraine); Diana (Ukraine); Kostanay 80
(Kazakhstan).

This cluster also includes samples of Triticum
monococcum UA0300104 (Bulgaria); UA0300221 (Azer-
baijan); UA0300223 (Albania); UA0O300254 (Armenia);
UA0300282 (Hungary); UA0300310 (Georgia); UA0300313
(Hungary); Triticum dicocum UA0300327 (Russia); UAO300407
(Ukraine); UA0300406 (Ukraine); UA0300199 (Iran);
UA0300009 (Russia); Triticum spelta UA0300238 (Uz-
bekistan); UA0300387 (Canada); UA0O300546 (Russia);
Triticum compactum UA0300240 (Armenia); UAO300354
(Greece); Triticum turgidum UAO300376 (Bulgaria); Triticum
persicum UA0300495 (Georgia); Triticum timopheevii
UA0300545 (Belarus); Triticum durum x Triticum monococcum
UA0500043 (Russia); UA0500044 Triticum durum x Triticum
monococcum (Russia).

The second cluster contained samples of different
species, namely: Triticum durum UA0201229 (Ukraine);
a rare sample of spring wheat IU070589 (Eritrea);
Triticum aestivum UA0105661 (Mexico); Triticum durum
UA0201201 (Ukraine); UA0201386 (Ukraine); Triticum
dicoccum UA0300199 (Iran); Triticum spelta UA0300391
(Canada); Triticum spelta UA0300443 (Russia); Triticum
compactum UAQ0300528 (Georgia); Triticum turgidum
UA0300237 (Greece); Triticum persicum UA030049 (Georgia);
Triticum ispahanicum 1U0700070 (Iran); Triticum militinae
UA0300257 (Russia); Triticum spelta UAO300387 (Canada);
Amphidiploid sample UA0500010 (Russia). Characteristic
features of this cluster are: the presence of awns, white
colour of awns, no pubescence of all organs, white colour
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of grain, white color of straw. The third cluster contained
the following samples: Triticum dicoccum UA0300021
(Kazakhstan); Triticum persicum x Triticum monococcum
UA0500004 (Russia); Triticum timococcum x Triticum
monococcum UAO500007 (Russia); Triticum dicoccum x
Triticum monococcum UAO500009 (Russia); Triticum
dicoccum x Ae. Tauschii UAO500010 (Russia); Triticum
dicoccum-D.villosum UAQ0500018 (Russia); Triticum
dicoccumio x Ae. triuncialis UA0500022 (Azerbaijan);
Triticum dicoccum UAO500024 (Russia); Triticum dicoccum

[UO070615 (Bulgaria); Rarte samples: UA0300224 (Russia);
Amphidiploids: Triticum x kiharae T. timococcum
UA0500014 x Ae. Tauschii (Japan); UA0500025 Triticum
x timococcum Triticum timopheevii x Triticum monococcum
(Russia). UA0O300107 Triticum timopheevii x Triticum
timopheevii UAO300368 Triticum compactum (China).
Characteristic features of this cluster are: the pres-
ence of awns, white colour of awns, white colour of ear
scales, pubescence of leaves, pubescence of the ear inter-
node, pubescence of the subcrown internode [16] (Table 4).

Table 4. Distribution of spring wheat traits by clusters

Cluster
Trait
I Il ]
Presence of awns Absent Present Present

Awns colour - White White

Ear scales colour White White White
Leaf pubescence Absent Absent Pubescent
Subcrown internode pubescence Absent Absent Pubescent
Ear internode pubescence Absent Absent Pubescent

Caryopsis colour White White White

Colour of straw White White White

The results obtained on the basis of an as-
sessment of the variability of morphological features
confirm the genetic closeness of the species involved in
the study. This may mean that the most likely scenario
for the development of spring wheat species is the
presence of a common ancestor, which marked the be-
ginning of domestication of other forms. At the same
time, the distribution of populations of different spring
wheat species in each cluster, phenotypically different
from the main population of samples of a particular
group, indicates insufficient differentiating ability of
morphological features.

All studied morphological features were poly-
morphic in spring wheat samples. The number of gra-
dations of manifestation of each trait varied from 2 to 8.
The maximum Shannon diversity index (H') in spring wheat
samples was recorded based on the colour of awns in
samples of Tr.persicum,it was (H'=0.98).According to this
feature,spring wheat samples from most of the countries
were characterised by the highest level of variability. A
significant level of polymorphism in the total number
of spring wheat samples was also distinguished by the
presence of awns. In samples of Tr. spelta and Tr. aestium
the maximum value of the Shannon index was 0.67, re-
spectively. The least variable in the spring wheat samples
were the signs of straw colour and grain colour (H'=0.0,
respectively).

The total level of polymorphism of spring wheat
samples by morphological features according to the
Shannon index was 0.69.
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Characteristics of spring wheat plants that were
includedinthe first cluster when evaluating the indicator
“presence of awns” samples of Triticum aestium, namely
samples of Sunnan of Swedish selection, Prokhorovka of
Russian selection and Kharkivska of Ukranian selection,
have well-defined awns, also the first cluster included
samples of Simkodamironivska of Ukrainian selection, L
685-12 of Ukrainian selection and sample UA0300304
of Austrian selection on the indicator pubescence of
the subcrown internode and pubescence of the ear in-
ternode. According to the indicator of caryopsis straw
colour, all the studied samples were included in the same
cluster, because they had no differences.

According to a number of researchers, it is quite
effective to conduct cluster analysis using various indi-
cators to determine the parameters of difference and
uniformity. Estimating the rearrangement of cluster
structures is a rather cumbersome task and requires, in
addition to morphological and morphometric, the use
of other research methods [18].

CONCLUSIONS

Based on the conducted studies using cluster analysis in
the technology of the breeding process during 2018-2020,
samples and constant breeding lines were identified, bal-
anced on economically useful traits, which can be used
as promising breeding material, and parent components
during hybridisation. The diversity of collection samples
of spring wheat at the interspecific and intraspecific level
was also assessed.




Based on the results of the study, it was con-
firmed that the advantage of cluster analysis in relation
to statistical analysis is that cluster analysis allows iden-
tifying varieties and breeding lines by the balance on
economically useful traits,and in the statistical analysis, it
is possible to select and distinguish only certain quantita-
tive features by their level of formedness and variability
and yield.

In addition, the genetic similarity or remoteness
of genotypes can be assessed using cluster analysis based
on quantitative traits. The highest level of variability was
observed inthe sign of Awns colour in samples of Tr.persicum
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and was 0.98. Therefore, as a result of the research, the
genetic structure of the collection of spring wheat sam-
ples of various ecological and geographical origin was
assessed by morphological features. During the research,
it was observed that the sample of spring wheat samples
has a similar level of variability in these indicators. In
the process of clustering spring wheat samples of dif-
ferent ecological and geographical origin, groupings
were analysed, and the correspondence of each wheat
sample to a specific cluster was evaluated. The data ob-
tained can complement information about the genetic
collection of spring wheat.
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KNTACTEPHUM AHATNI3 3PA3KIB TRITICUM L. PI3BHOIO
EKOJIOIO-reOrrA®I4YHONO NOXOOXXEHH4A
KOnia OpiiBHa YynpuHa
XapKiBCbKMIA HaLiOHaNbHUI arpapHuit yHiBepcuTeT iM. B.B. [lokyyaeBa
62483, XapkiBcbka 061., XapKiBCbKMI p-H., N/B «[loKy4yaeBCbKke-2», YKpaiHa

AHotauisa. CraTTa npucBsyeHa 3aCTOCYBaHHIO KNACTEPHOrO aHanisy Afs OUiHKM 3pa3KiB M'AKOi Spoi nweHuui 3a
eneMeHTaMu CTPYKTypu BpoxXato. MeTol OOCHIAKEHHS € aHaNi3 BHYTPILIHbOBMAOBOI Ta MiXKBMAOBOI MIHIMBOCTI
MOpP®dONOriYHUX 03HaK KOMEKLiMHMX 3paskiB MLWeHuLi §poi pi3HOro ekonoro-reorpadiyHOro MOXOOXEHHS 3a
8 MopdonorivHnmm o3Hakamu. CrnoctepexeHHs nposogunuca B 2018-2020 pokax y HaB4YanbHO-LOC/IAHOMY
BMPOOHUYOMY LeHTpi «[JocnifHe none» XapkiBCbKOro HaLiOHaNbHOrO arpapHoro yHisepcuteTy iM. B.B. [lokyyaeBa.
lNpoBeneHui KNacTepHUA aHani3 Konekwuii 3paskiB MiweHuLi Spoi, A0 SKOi BBiMWMAO 76 3pasKiB pi3HOro ekonoro-
reorpadiyHOro NOXOAXKEHHS, A,O3BOIMB OAEPXKATU OLIHKY TaKMX O3HAK: HasfiBHICTb OCTHOKIB, 3a6apBieHHS OCTHOKIB,
3abapBneHHs KOMIOCOBMX JIyCOK, OMYLUEHICTb JINCTKIB, OMYLIEHICTb cTeBI0BOr0 MixKBY3/15, OMYLIEHICTb KOJI0COBOM0O
MiXBY319, 3a6apBeHHSs 3epHiBKM, 3a6apBieHHS CONOMUHW. BuknageHo pesynbtati aHanisy dinoreHii pisHUx Bufis
nweHuui gpoi METOAOM K/IAaCTEPHOr0 aHanizy 3 BUKOPUCTaHHAM MOPGONOriYHUX MapKepiB 3 METOK BM3HAYEHHS
OLHOPIAHMX FPYN i CGOPMOBAHO YpaXKeHe fiepeBO CUCTEMATUUYHOMO YTBOPEHHS KNacTepu3aLimHUX rpyn.3a pesynbtataMu
NpOBELEeHOro KAacTePHOro aHanisy BWUAINEHO [Bi OKpeMi rpynu 3paskiB MWEHWULI Apoi MAKOI 33 KOMMIEKCOM
eNeMeHTIB NPOAYKTUBHOCTI POCIMHU. Y KOXEH KNacTep 3pa3Ku rpynytoTbCs 3a1eXHO Bif, KifIbKiCHUX 03HaK CTPYKTYpU
ypOXalto i iX B3aEMOAIT OAMH 3 OAHMM. 3arafioM YCi 3pa3ku 3a POKK JOCIAKEHHS NOKA3anu rapHi pes3ynstati, a came
3a 03HaKOH «33a0apBIEHHS OCTHOKIB», 0COB/IMBO BApTO BiAMITUTU 3pa3ku Buay Tr. persicum. BinnosifHO A0 OTPUMAHUX
pe3ynbTaTiB pob0TH BCi 3pa3KM MatoTb rapHi MOKA3HMKMK, | KNacTEpPHMIA aHani3 3pa3KiB M'aKoi Apoi NWeHULi L03BOMB
BMAINIUTU TPYNW POC/IUH, WO NepeBepLlyoTb 6aTbKiBCbKi HOPMU NO ONTUMaNbHOMY HAabopy rocnoAapCbKo-LiHHUX
03Hak, L0 [03BONUTb BiNbl LinecnpssMoBaHo BeCTU Biadip LiHHMX GOPM 33 NEBHUMM 03HaKaMu

Kntouosi cnoBa: Mozenb, Knactepusallis, knacrep, eHAporpama, oLiHka, nweHnua spa
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INTRODUCTION

The chemical composition of the vegetative organs of
a plant reproduces the conditions of its nutrition, and
its quantitative and qualitative features are crucial for
plants to pass the corresponding phases of vegetation [1].
An indicator of the state of plants, depending on the
growing conditions, is the state of their leaf apparatus,
which is characterised by the content of chlorophyll and
nutrients in the leaf. The apple leaf provides the syn-
thesis of organic substances, and the productivity of fruit
trees depends on the characteristics of its vital activity [2-4].

The pigmental system of leaves is one of the most
important indicators of photosynthetic activity of plants.
Its main components are green pigments — chlorophylls
“a” and “b”. Their accumulation in leaves, as well as in
the entire plant, further affects the synthesis of biomass
and, accordingly, the formation of tree harvest [5; 6]. In
the studies [7; 8] on determining the content of chloro-
phyllin apple leaves, it was established that its concen-
tration depends both on the cultivar, rootstock, period
of determination, and on the conditions and level of
mineral nutrition of fruit plants. It was also found that
with a decrease in the rootstock spread, the chlorophyll
content in the leaves of apple trees decreases [9].

Chemical analysis of leaves is important as a
method for diagnosing mineral nutrition of fruit crops,
the indicators of which reflect the levels of mineral nu-
trition elements in plants. Using this method, one can
determine the excess of fertilisers applied, as well as
their digestibility by trees. The content of the main el-
ements of mineral nutrition in the organs of fruit trees
depends on the cultivar, rootstock, age of plantings, load
of trees with fruits [2; 10-12]. Optimal levels of content
indicators of N, P,O, and K,O in the leaves of apple trees
are, respectively, 1.8-2.5,0.13-0.29,and 0.9-1.8% [13; 14].

Studies of the impact of long-term (since 1931)
application of various fertiliser systems on the chemical
composition of apple tree leaves that are re-grown on
the site of an uprooted orchard are relevant. The passage
of physiological processes in leaves has a significant con-
nection with the accumulation of plant mass, so they
play a leading role in the formation of the expected and
future (laying generative formations) harvest. A decrease
in the content of chlorophyll in the leaves negatively af-
fects the condition of the plant, leads to a weakening
of the shoots' growth. Enriched mineral nutrition back-
grounds formed from long-term fertilisation have dif-
ferent effects on the physiological state and overall
productivity of plantings. No studies were conducted on
the content of pigments (the sum of chlorophylls “a”and
“b”) and nutrients (N, P,0,,and K,0) in leaves during the
age periods of growth and fructification of apple trees
of various cultivar-rootstock combinations, depending
on the long-term use of organic, organo-mineral, and
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mineral fertiliser systems. The experiment in which the
research was conducted is a scientific object that is a
national heritage ‘A unique research agroecosystem of
the apple orchard of the Uman National Horticultural
University”.

The purpose of the study was to establish the effect
of long-term fertiliser on the content of chlorophyll and
nutrients in the leaves when re-growing apple trees of
various cultivar-rootstock combinations.

MATERIALS AND METHODS

To study this question, the authors of the paper con-
ducted research in a long-term experiment with various
apple orchard fertiliser systems at Uman National Univer-
sity on dark gray podzolised soil with a humus content
in layers of 0-20 and 20-40 cm, respectively, 2.41 and
2.23%, nitrogen (by nitrification capacity with 14-day
composting) - 13.4 and 12.9 mg/kg of soil, P,0, and
K,O (according to the Egner - Riem - Domingo method)
18.4 and 14.6, 28.9 and 27.4 mg/100 g of soil, pH - 5.2
and 5.3, the sum of the absorbed bases - 25.0 and
26.0 mg-eq/100 g of soil.

The experiment was founded by Professor
S.S.Rubin in 1931. It was carried out over a 50-year pe-
riod, after which it was reconstructed by uprooting old
trees in 1982 and planting new ones in 1984, while pre-
serving the previous variants and plots with the studied
fertiliser systems, on which apple cultivars Idared and
Calville Blanc d'hiver were planted on the seed root-
stock and Idared on the vegetative M4 with a feeding
area of 7x5 m. The scheme of long-term research included
four options: without fertilisers (control), N,, P, K ..,
Manure 40 t/ha, 20 t/ha of manure + N, P, K, ..

During the research period, manure and phos-
phorous and potash mineral fertilisers were applied in
the specified doses every other year in autumn while
plowing the soil in row spacing, nitrogen — annually in
spring while cultivating in half the norms.The soil in the
experimental orchard was kept by a steam system. The
content of chlorophyll in the leaves was determined by
spectrometric method with extraction with ethanol,and
elements of mineral nutrition — with wet combustion [15].

RESULTS AND DISCUSSION

Research data (Table 1) indicate that long-term fer-
tilisation systems of apple plantations had different
effects on the content of pigments in the leaves. During
the period of growth and fructification (1994-1997),
the amount of chlorophyll (a+b) in the leaves of the
Idared apple tree on seed and clone M4 rootstocks
was the highest in the variant with organic fertilisers,
respectively, 283.0 and 269.6 mg/100 g of raw weight.
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Table 1. The effect of rootstocks and fertiliser on the content of the sum of chlorophylls (a+b) in the leaves of the Idared
apple tree, mg/100 g of raw weight

Indicators in different age periods of fructification
Rootstock Fertiliser variant fruct?é::'g:na::rio 4 Fructification and growth  Fructification period,
1990-1996 period, 1997-2003 2004-2016
Without fertilisers 230.6 1592 1437
(control)
Manure 40 t/ha 283.0 163.3 150.1
Seed
20 t/ha of manure + 266.4 1745 152.0
NSO PGO K60
N5 Piao Kiso 260.7 172.5 1493
Without fertilisers 2785 1551 140.7
(control)
Manure 40 t/ha 269.6 160.5 152.1
Clone M4
20 t/ha of manure + 2570 1683 151.8
NGO P60 K60
N0 Pioo Kiso 250.7 165.7 150.1
HIP 103 6.1 59

05

The period of fructification and growth (1997-
2003) was characterised by a decrease in the amount
of chlorophylls in all experimental variants, and the
highest content was with organo-mineral fertiliser.
During the period of full fructification of trees, the con-
tent of the sum of chlorophylls (a+b) significantly de-
creased compared to previous periods, and among the
studied variants, it was the highest in the variant with the
introduction of organo-mineral (152.0 mg/100 g), and
on Clone M4 - in areas with the application of organic
fertilisers (152.1 mg/100 g). Analysing the data on the
amount of chlorophylls inthe areas of the control variant
(without fertilisers), there is a greater accumulation of
chlorophyll in the leaves of trees on the seed rootstock
compared to the vegetative one.

Analysing the data on the amount of chlorophylls
in the variant without fertilisers, it can be noted that
trees on the seed rootstock were distinguished by a
significantly higher accumulation of chlorophyll in the
leaves. In the leaves of the Calville Blanc d'hiver cultivar
during growth and fructification, significantly more ac-
cumulation of the amount of chlorophylls was observed
in the variant with organic fertilisers (255.2 mg/100 g)
compared to other variants (Table 2). The introduction
of organo-mineral fertilisers contributed to a greater ac-
cumulation of the amount of chlorophylls (a+b) in the
leaves during fructificationand growth and fructification.
A significant excess of the indicator was noted only with
the control.

Table 2. The content of the sum of chlorophylls (a+b) in the leaves of Calville Blanc d'hiver apple trees on the seed
rootstock, depending on fertiliser mg/100 g of raw weight

Indicators in different age periods of fructification

Fertiliser variant

Growth and fructification Fructification and growth Fructification period,
period, 1990-1996 period, 1997-2003 2004-2016
Without fertiliser (control) 2349 141.7 140.5
Manure 40 t/ha 255.2 170.0 147.3
20 t/ha of manure + N, P, K | 2354 175.0 151.7
N0 P1so Kiso 236.7 167.6 148.1
HIP, 114 7.2 5.1

05

In the experiment, along with studying the con-
tent of pigments, the chemical composition of apple
leaves was also studied depending on the fertiliser
systems. The level of basic nutrients in trees plays an

important role in the formation of the current year's
harvest,and even more in the laying and differentiation
of fruit formations for the next year's harvest, especially
nitrogen.As the research results showed (Table 3),apple
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leaves contained different amounts of nitrogen, phos-
phorus, and potassium in the fertilised areas of the ex-
periment with fertiliser systems. The highest nitrogen
content during the growth and fructification period of

trees (1994-1996) was identified in the leaves of the
Idared apple tree on both types of rootstocks in the
version with half the norms of manure and full mineral
fertiliser.

Table 3. The content of nutrients in the leaves of ldared apple trees depending on rootstocks and fertiliser
in repeated cultivation, %

Indicators in different age periods of fructification

Growth and fructification

Fructification and growth Fructification period,

Rootstock Fertiliser variant period, period, _
1990-1996 1997-2003 2004-2016
N P,0, K,0 N P,0, K,0 N P,0, K,0
Without fertiliser -, 0.35 174 206 040 1.28 2.22 017 098
(control)
Manure 40 t/ha 2.89 0.37 1.85 217 0.42 134 237 0.20 1.02
Seed
20t/haof manure + 5 0.37 1.69 217 0.39 132 234 0.19 1.03
N60 P60 K60
NpyoPo Ko 291 0.35 1.74 211 0.39 1.30 2.30 0.18 1.04
Without fertiliser —, g, 0.38 1.68 211 0.41 1.20 2.16 0.18 0.92
(control)
Manure 40 t/ha 3.02 0.40 1.84 2.20 0.45 1.26 225 0.20 1.02
Clone M4
20t/haof manure + 5, 0.35 1.80 2.22 0.42 1.25 2.27 0.21 1.04
N60 P60 K60
Ny Poo Ko 2.90 0.37 1.89 219 0.44 1.23 2.26 0.22 1.01
HIP. 014 0.03 0.07 012 0.04 0.05 012 0.03 0.04

05

In general, the nitrogen content at all the studied
sites in the leaves of apple trees of this cultivar was
significantly higher compared to the optimal content.
The phosphorus content on all fertiliser backgrounds
practically did not change, and compared to the optimal
content, it was much higher. Fertilisation caused a sig-
nificant increase in the potassium content in the leaves
on the seed stock when applying organic fertilisers,and
on M4 - mineral fertilisers compared to the control.

During the period of fructification and growth
(1997-2003), a decrease in nitrogen content was ob-
served for all experimental variants, and the highest
content was observed for the application of organic and
organo-mineral fertilisers on both types of rootstocks,
respectively, 2.17, 2.20, and 2.22%. The phosphorus
content decreased slightly compared to the previous
period, although the indicators were higher than the
optimal content. Potassium in the leaves was within
the optimal level, and the introduction of 40 t/ha of
manure contributed to a significant increase in this indi-
cator in the leaves of the Idared cultivar on both types
of rootstocks.

Analysing the data on the nitrogen content in the
leaves, it can be noted that in 2004-2016 (the period of
full fructification) in variants with systematic long-term
fertilisation of the orchard with organic, organo-mineral,
and mineral fertilisers which included nitrogen, its in-
dicators exceeded the optimal levels for apple trees. In
the control variant, the nitrogen content in the leaves
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was also within the optimal range, but significantly
lower than in other variants. The content of P,0O, in the
leaves of the apple tree was within the optimal level.
Analysing the content of P,O, in the leaves of Idared
trees on seed and vegetative M4 rootstocks, one can
note almost the same value (close to the lower limit
of the optimal level). The potassium level in the leaves
of experimental apple varieties was also within the
optimal level,and the highest level was found in organic,
organo-mineral, and mineral fertiliser systems, which
significantly exceeded the indicators in the control ver-
sion.The content indicators of K,O in the control version
were almost at the lower limit of the optimal level.
The highest content of nitrogen, phosphorus,and
potassium in the leaves of the Calville Blanc d'hiver
cultivar during the growth and fructification period of
trees was in the variant of 20 t/ha of manure + N, P, K |
(Table 4). All the studied variants in this period had
higher indicators compared to the optimal ones. During
the period of fructification and growth, significantly
higher indicators of nitrogen and potassium in the
leaves were with mineral fertiliser system (N,,.P,,.K ,.),
and phosphorus - with organic and organo-mineral
fertiliser systems. During the period of full fructification,
a similar effect of fertilisers on the content of nitrogen,
phosphorus, and potassium in the leaves of the Calville
Blanc d'hiver cultivar was observed as during the period
of fructification and growth. In these studies, there is
a tendency to decrease in the nitrogen and potassium




content in the leaves of the Idared apple tree on seed
and vegetative M4 rootstocks and Calville Blanc d'hiver
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on the seed rootstock with increasing tree age. This is
also confirmed by the data of other researchers [2; 10].

Table 4. The content of nutrients in the leaves of the Calville Blanc d'hiver tree on the seed rootstock depending on the

ertiliser in repeated cultivation, %
p )

Fertiliser variant

Indicators in different age periods of fructification

Growth and fructification period,  Fructification and growth period, Fructification period,

1990-1996 1997-2003 2004-2016

N P,05 K,0 N P,05 K,0 N P,05 K,0

Without fertiliser 2.94 0.40 176 276 0.32 121 2.30 0.20 101
(control)

Manure 40 t/ha 3.05 0.43 201 2.85 0.36 127 247 0.21 112

20t/haof manure + 4 4 0.41 179 2.92 0.36 1.26 245 0.25 1.14
N50 PéO K60

N0 Pao Koo 3.09 0.39 1.89 3.01 0.31 131 2.50 0.23 1.15

HIP, 015 0.06 0.05 0.14 0.04 0.03 012 0.02 0.03

CONCLUSIONS

Chlorophyll content (a+b) in the leaves of Idared cultivars
on the seed and vegetative rootstock M4 and Calville
Blanc d'hiver on the seed rootstock changed depending
on the age of the plantings. Most of it was during the
period of growth and fructification, and least of all -
during the period of fructification. The use of various
fertiliser options contributed to an increase in the chlo-
rophyll content in the leaves. In the most productive
period of fructification, the amount of chlorophyll (a+b)
in the leaves of Idared apple tree on the seed root-
stock was significantly higher in the variant with the
introduction of organo-mineral (152.0 mg/100 g), and
on the clone M4 - in areas with the application of organ-
ic fertilisers (152.1 mg/100 g). In the leaves of Calville
Blanc d'hiver cultivar on the seed rootstock, a greater
accumulation of the amount of chlorophylls was ob-
served in the variant with the introduction of organo-
mineral fertilisers, where the excess of control was 8.0%.

The content of macronutrients in the leaves of
the studied cultivar-rootstock combinations also de-
pended on the age of plantings and fertiliser options.
During the fructification period, the nitrogen content
in the leaves of Idared trees on seed and vegetative
rootstocks in the areas of fertilised variants was within
optimal limits at the level of 2.30-2.37 and 2.25-2.27%,
respectively. Among the studied rootstocks in the fer-
tiliser-free variant, trees on the seed rootstock were
characterised by a high nitrogen content in the leaves.
In the leaves of the Calville Blanc d'hiver cultivar on
the seed rootstock, the nitrogen content on the studied
variants was within the optimal range, and among the
fertiliser options for applying mineral fertilisers. The
content of phosphorus and potassium in the leaves of
trees of the studied cultivar-rootstock combinations in
the areas of fertiliser options was within optimal limits.
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BMICT XJTIOPO®IJ1Y TA ENIEMEHTIB XYXUBJTEHHSA B JIUCTI ABJ1YHI 3BAJTEXXHO BI
AOBroTPUBANOIO YOOBPEHHSA

PomaH Bonogumuposuu SlkoeeHko!, MeTtpo Mpuroposuu Konutko?,
Bapum Mukonaiiosuu Menexatmit?

1YMaHCbKMIA HaLiOHaNbHUI YHIBEPCUTET CafiBHUMLTBA
20305, Byn. IHCTUTYTCbKA, 1, M. YMaHb, YKpaiHa

[NonicbKMit HaLLiOHANbHWUIA YHIBEPCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHoTauif. [TOKasHUMKOM CTaHy POCAMH 3aNeXHO Bif, YMOB BMPOLLYBAaHHSA € CTaH iX JIMCTKOBOro anapary, SiKui
XapaKTepu3yeTbCs BMICTOM Yy AUCTKY XxNopodiny Ta enemMeHTiB XXMBAeHHS. JIncTok s6nyHi 3abesneyye cuHTe3
OPraHiYHMX pEeYoBMH, BiA 0OCOBAMBOCTEN MOMO XUTTELIANBHOCTI 3aNeXWTb MPOAYKTUBHICTb MNIOAOBMUX [EPEB.
Baxxnuse 3HaueHHs, 5K MeToA, AiarHOCTUKM MiHEPANbHOIO XMBNEHHS MAOA0BUX KYNLTYP MA€E XiMIYHMI aHani3 nucTa,
MOKa3HMKKM SKOro BiAoOpaKatoTb piBHI 3abe3neyeHOCTi pOCIMH eNneMeHTaMn MiHEPAIbHOTO XUBNEHHS. PO3rnsaHyTo
pe3ynbTaTu AOCIMKEHb BMICTY X10podiny Ta eneMeHTiB XXMBEHHS B IUCTI AepeB s6nyHi copTy KanbBinb CHiroBui
Ha HaCiHHEBIW | Aiaapen Ha HaCiHHEBIN | BereTaTMBHIN M4 niglenax y NOBTOPHO BUPOLLYBAHOMY HaCafXeHHi Ha
(OHaX MiHEpPanbHOro XXMBMIEHHS, CTBOPEHUX A0BroTpMBaNMM (NoHaZ 86-piYHMM) 3aCTOCYBAHHSM Pi3HUX CUCTEM
yA06peHHs Ha TEMHO-CipoMy oniA301eHOMY rpyHTi. [loBroTprBane 3aCToCyBaHHS OpraHiyHOi Ta OpraHo-MiHepanbHOi
cucTeM yaobpeHHs Cnpusno NigBULLEHHIO piBHA cyMu xnopodinis (a+b) y naucti nepes coptis 96nyHi Aipapes Ha
HaCiHHEBIM | kNoHOBIM M4 nigwenax i Kanbeing CHiroBoro Ha HaciHHEBIM nigweni B pi3Hi BIKOBI nepiogn pocty
M NNOLOHOLEHHS, WO 3YMOB/OBAN0 iX Bifblly NPOAYKTUBHICTb. BMiCT MakpoeneMeHTiB y NIMCTi AOCiAXKYBaHUX
copTonialenHux KoMBiHyBaHb 3anexaB Bif, BiKy HacakeHb i BapiaHTiB yooOpeHHs. Y Haibinblw npooyKTUBHMMA
nepiog NNOLOHOLWEHHS B NUCTI AepeB copTy Aidapen Ha HaCiHHEBIM i BereTaTMBHIM NiAwenax BMICT a30Ty Ha
LingHkax yaobptoBaHMX BapiaHTiB byB y onTuManbHux Mexax. Cepen AOCNiAXKyBaHMX NifLlen y BapiaHTi 6e3 nobpus,
BMLLMM BMIiCTOM a30TY Y IMCTi XapaKTepu3yBanucs AepeBa Ha HaCiHHEBIM nigweni. Y nucti copTy Kanbeinb CHiroBuin
Ha HACiHHEBIN Migweni BMICT a30Ty Ha AOCNIAKYBAaHMX BapiaHTax GyB y MeXaX ONTUMasbHOrO, @ Cepes, BapiaHTIiB
yA0OpeHHs HaMBULMM BYB 32 BHECEHHS MiHepanbHMX A00puB. BMicT pocdopy Ta Kanito B ANCTI AepeB AOCNiAXKYBaHUX
copToniAlenHux KOMBiHYBaHb Ha AiNSHKAX BapiaHTiB yoo0OpeHHs 3HaXOAMBCS B ONTUMAIbHUX MEXaX

KniouoBi cnoBa: KanbBinb cHiroBui, Ailnapen, NMCTOK, rpyHTOBe yAao00OpeHHs, 3eneHi NirMeHTu, BikoBi nepioam
NAOAOHOLIEHHS
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INTRODUCTION

The current stage of ornamental plant industry devel-
opment and the solution of practical problems relevant
for Ukrainian horticulture requires the increasing at-
traction of new types and cultivars of flower-decorative
cultures for mass and individual gardening, as well as
for the design of collection funds. The creation of large
industrial centres and the growth of the urban population
cause environmental degradation. In this regard, the
need for mass recreation of the population in conditions
that favourably affect health and psychophysical state
increases [1; 2].

Among a wide range of flower-decorative cultures,
plants of the genus Nemesia Vent family Scrophylariaceae
Juss are among the most promising for introduction to
Ukraine [3; 4]. They occupy one of the leading places in
the world assortment of ornamental plants of the world
flora. These include approximately 50 species of shrubs,
subshrubs, annual and perennial plants with concolor-
ous and variegated flowers with different shades. Unfor-
tunately, flower-decorative plants of the genus Nemesia
Vent at this stage of floriculture development are rare
and are found only in private collections and as a seed
material in a commercial offer, but based on the decora-
tive qualities of these species and the variety of options
for their use, these plants can be used to replenish the
variety of flower-decorative cultures in Ukraine [3].

According to the author's opinion, decorative gar-
dening in Ukraine is at a new stage, which requires at-
tracting new types and cultivars of ornamental cultures
since their available range in our country is still insuf-
ficient compared to the leading countries of the world.
This approach is necessary both when solving issues
in the field of direct use of ornamental plants in mass
and individual gardening, and when solving problems
related to the development of collection funds. Some
of the most promising decorative species for landscap-
ing various objects in Ukraine are species of the genus
Nemesia Vent L.

From the author's point of view, the results of
experiments allow assessing the level of adaptation of
plants to the soil and climatic conditions of the selected
zone and a specific area. That is why this work is the first
stage on the way to creating source material for various
areas of their subsequent practical implementation.
The family of Scrophulariaceae, as a highly developed
group of dicotyledon plants, is characterised by many
progressive features, is included in the subclass of
Asteridae, and takes a central position in order Scrophular-
iales; moreover, Scrophulariaceae received this position
not only because this family is the largest in terms of
the number of species, but also because it shows how
close generic connections are with many families of
the order, the border between which is often quite diffi-
cult to establish. Scrophulariaceae are common in warm
and temperate areas of both hemispheres. The world
assortment of decorative species ofthe Scrophulariaceae
family is very wide - more than 1000 species. Among
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them are pond plants, trees, shrubs, herbaceous annuals
and perennials. In the flora of Ukraine, approximately
162 species are known, united in 26 genera. Herbaceous
Scrophulariaceae are characterised by a wide variety of
life forms. Annuals make up approximately 30% of all
species. Some of the genera of Scrophulariaceae, whose
species are introduced into culture as garden plants, be-
long to hydrophytes and hygrophytes, and there are also
a number of genera that belong to hemiparasites [2; 5; 6].

In Ukraine, the genus Nemesia Vent has been
studied relatively little on both theoretical and applied
aspects of botanical science. The most significant devel-
opment of Ukrainian scientists is the study of the spe-
cies composition, geography, and eco-coenotic aspects
of this genus in Ukrainian flora. The second important
aspect of Ukrainian authors'research is the introduction
of certain species of the genus, generalisation of the
world experience of their use in culture, and elabora-
tion of cultivation features in certain climatic conditions
on the territory of the state. The terms and individual
requirements for growing certain cultivars of nemesia
strumosa are determined based on a generalisation of
the experience of their use in culture. There are data from
phenological observations of these plants during their
cultivation in the Polissia and Forest steppe areas. This
information is an important basis for further develop-
ment of research works and for the development of a
pattern of experiments with these plants [1; 4].

Due to the needs of practice, the question of
studying the techniques of growing ornamental species
of this genus arises. In literary sources, the issue about
genus Nemesia Vent is little covered. There are only data,
mainly of popular scientific content, on the peculiarities
of growing nemesia. Regarding Ukraine, only general
recommendations for the care of certain species of
Nemesia Vent are proposed [4; 7].

The purpose of the research was to evaluate the
adaptability of nemesia strumosa cultivars for growing
flowers in soil and climate zone of Ukraine, as well as
the selection of options for their use for greening the
Podillia area.

THEORETICAL OVERVIEW

The family Nemesia Vent includes more than 50 her-
baceous and subshrub annuals and perennials, most of
which grow wild in South Africa. In floriculture, nemesia
strumosa (Nemesia strumosa Beth) and nemesia versi-
colour (Nemesia versicolor E.Mey) are most commonly
used. A large number of garden hybrids have been ob-
tained from nemesia strumosa and nemesia versicolour
(Nemesia x hibrida hort), which are grown as annuals,
seedlings [8-10].
Brief description of the most common species of
the genus Nemesia Vent:
% Nemesia strumosa - an annual herbaceous plant
with upright quadrangular stems, glabrous below and
slightly pilose above, 10-40 cm high. The flowers are




unstandard, swollen, irregular in shape, up to 2.5 cm in
diameter, collected in raceme inflorescences at the ends
of the stems (Fig. 1). The flower colour is white, yellow,
orange, red, purple, blue, they can be one- and two-
coloured, often with a purple tint on the outer side. It is
better to plant seeds for seedlings in the third decade
of April, and it is necessary to make sure that soil does
not dry out in the containers. In favourable conditions
plants bloom at 40-45 day after the emergence of sprouts.
They develop well in light, moderately fertile ground.
The plant blooms from June to September, sometimes
until mid-October in sunny areas [11-13].

Best cultivars: Aurora, up to 30 cm high, the flowers
are large, scarlet-white, bicoloured, Fire King,up to 30 cm
high, the flowers are of various colours, and Orange
Prince - the flowers are orange. It is used for decorating
flowerbeds, ridges, borders, as borders for flower beds,
for decorating bowls, vases, baskets, and mini-flower
beds, for floral arrangement, and as a container plant.

+» Nemesia versicolour is an annual herbaceous plant.
The stems are very branched, thin (Fig. 1). In a number
of features, it resembles nemesia strumosa, although
its flowers are slightly smaller and have a clearly vis-
ible spur. The maximum height of the plant is 25 cm.
Propagated by seeds. Sprouts emerge on the eighth day.
This is a light-demanding, cold-resistant, and rather low
maintenance plant. Although most nemesias love the
sun, they do not tolerate very hot weather. When the air
is too hot, their greenery wilts, and if the soil dries up,
plants die. Therefore, for their cultivation, one should
choose places that are blown by the wind and make sure
that the soil does not completely dry out. The distance
between plants should be 5 cm. It is necessary to pro-
vide protection in case of frost return. Removal of flow-
ers that lost their decorativeness prolongs the flowering

Nemesia strumosa
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period. It is recommended for flowerbeds, ridges, bor-
ders, for floral arrangement, and as a pot plant [14].

¢+ Nemesiax hibrida - this includes cultivars of hybrid
origin obtained from crossing Nemesia stromosa and
Nemesia versicolor [9; 10]. An annual plant, branched
from the base, 30-60 cm high. The leaves are oblong,
almost lanceolate, serrated along the edge. Flowers are
irregular in shape, rather large, with a double corolla up
to 2 cm in diameter, collected in raceme inflorescences.
Have a variety of flower colours (Fig. 1). It grows well in
light, moderately fertile soils with a pH of 5.5. The flow-
ering period is from June to August. It is used in flow-
erbeds, ridges, borders, for floral arrangement and as a
pot plant [11].

¢ Nemesia caerulea=Nemesia foetens—- flowers in nem-
esia are small - their diameter does not exceed 1.5 cm.
The stems are approximately 40 cm high, initially up-
right, but later begin to bend under the weight of inflo-
rescences. The colour of the petals can be varied: blue,
dark blue,orange, pink,or almost white. They always have
a bright yellow spot on the lower petal (dorsal sepal).
This plant is propagated by seeds or stem cuttings. They
love sunlight and fresh air. The soil should not be con-
stantly moist. After the seed propagation, the flowering
period lasts from July to September (Fig. 1).

% Nemesia floribunda- the sprouts of these plants
reach a height of 40 cm and their flowers are much smaller
than those of other species of this botanical genus, their
diameter is 1.5 cm. The flower colour can be different:
purple, blue, dark blue, pink, white. The flowering period
of nemesia floribunda is from June to August (Fig. 1).
Nemesia floribunda has a very delicate appearance. It
is popular with flower growers who prefer the beauty
of field flowers. Unfortunately, the seeds of these plants
are almost impossible to find [3; 6].

Figure 1. Flower-decorative species of the genus Nemesia Vent in the flowering
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Despite a wide range of research on the mor-
phobiological features of the studied species and the
implementation of their practical introduction, many
issues of biology of these species, especially those of
interest for seed production and selection, that is, the
creation of new highly decorative cultivars, adapted to
local conditions, that are absent in Ukrainian floriculture.

MATERIALS AND METHODS

The research on the cultivation of ornamental species
and cultivars of the genus Nemesia Vent in Podillia was
held during 2019-2020. Seeds and vegetatively propa-
gated planting material of these plants were obtained
from the collection of the Department of flower-deco-
rative plants of M.M. Hryshko National Botanical Garden
in Kyiv, as well as from private collections. The study of
cultivars of the genus Nemesia Vent were held on col-
lection sections in the Botanical Garden “Podillia” of the
Vinnytsia National Agrarian University.

The object of research was phenology,morphome-
try, a number of aspects of reproductive biology, namely
the intensity of flowering in different periods of the
generative period, the reproductive ability of different
cultivars within the species, the biomorphological and
systematic structure of the genus in the cultivated flora
of Ukraine and the world. During phenological observa-
tions, the main phenophases, their calendar dates, and
duration were recorded. Morphometry data were used
to study the morphobiological features of growth and
development, primarily the formation of plant structure
under the influence of soil and climate conditions of
Podillia.

The complex of obtained indicators is used as a
scientific basis for the development of agricultural tech-
nology frameworks of the studied species and cultivars
for various practical use in decorative gardening of Po-
dillia as objects of seed production or components of
decorative groups of flower beds of various types with
the participation of these plants and determination of
the place and role of each of them as factors of enriching
the assortment and improving the quality of mass and
individual gardening.

As the subject of research, 1 species and 5 cultivars
of foreign selection were used, which differ primarily in
the colour of flowers and the size of plants, in particular:

1.The Orange Prince cultivar. The height of the plants
is 35-40 cm, the size of the flowers is 2-3 cm, collected
in loose racemes at the ends of the stems, the colour of
the flowers is orange, the fruit is a many-seeded box.

2.The White Knight cultivar. The height of the plant
is 30-40 cm, the size of the flowers is 3 cm, collected
in loose racemes at the ends of the stems, the colour
of the flowers is white, the fruit is a many-seeded box.

3. Red and White cultivar. The height of the plant is
30-40 cm, the size of the flowers is 2.5 cm, collected
in loose inflorescences at the ends of the stems, the
colour of the flowers is variegated (the upper lip is red,
the lower lip is white), the fruit is a many-seeded box.
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4. The Fire King cultivar. The height of the plant is
30-40 cm, the size of the flowers is 2-3 cm, collected in
loose inflorescences at the ends of the stems, the colour
of the flowers is red, the fruit is @ many-seeded box.

5.The Blue Treasure cultivar. The height of the plant
is 18-30 cm, the size of the flowers is 2.5 cm, collected
in loose inflorescences at the ends of the stems, the colour
of the flowers is blue, the fruit is a many-seeded box.

The territory of the “Podillia” Botanical Garden,
where plant cultivars of the Nemesia strumosa species
were studied is part of the Podilske Pobuzhia area of the
Forest steppe of Ukraine. According to the agroclimatic
directory and Atlas of Ukraine, this territory belongs to
the Vinnytsia-Nemirovsky agro-soil subdistrict of the
Central Soil District of the Right-bank Ukraine.The climate
conditions of this area are favourable for agriculture. The
studies were conducted on grey forest soils typical of
this area, middle loamy in mechanical composition. A
valuable quality of the soil is the high content of calcium
and magnesium carbonates (from 1.45 to 14.5%), which
contribute to the accumulation and consolidation of nu-
trients, which leads to the formation of soils with a sta-
ble absorption complex. The loess capillarity provides a
rise in moisture to the upper horizons, where the root
system of plants is located.

The humus content is in the range of 2.2-2.4%,
the reaction of the soil solution is slightly acidic pH (salt)
is at the level of 5.2-5.4.In general, the soil and climatic
conditions of the experimental site were favourable for
growing flower-decorative plants of nemesia strumosa.

During the research of flower-decorative species
of the genus Nemesia Vent, methods of field and labo-
ratory experiments were used. The cultivation of plants
of the studied species was carried out in a generally
accepted way - seedling culture. The feeding area was
20x30 cm. The number of plants of each cultivar grown
ranged from 15 to 50 plants. To obtain seedlings, the
seeds were planted in seed boxes in a greenhouse, at a
temperature of 16-20°C, the transplanting was carried
out in seedling pots. The mixture for planting and trans-
planting consisted of 3 parts humus, 1 part peat and
1 part sand (3:1:1) with a pH of 5.5-7. Care consisted of
fertilising (during the growth of hoots and during the
formation of inflorescences, with an NPK norm of 15-20 g
per 10 liters of water) and maintaining sufficient soil
moisture in dry periods (with a norm of 12-15 |/m?).
Seedlings were planted in the soil in early May, when
the threat of frost passed. Harvesting of plants for seeds
was carried out as they matured.

During the research, the author conducted a mor-
phological description of nemesia strumosa cultivars
(determined the shape of leaves, stems, roots, flowers,
inflorescences), a comparative analysis by development
phases, determined the real and potential seed produc-
tivity, duration, and intensity of flowering. The intensity
of flowering was determined by the number of fully
opened flowers that occurred during the daytime of one
24-hour period. A comparative cultivar assessment of




ornamental plants of nemesia strumosa was carried
out, and the life form of plants was determined [15; 16].

The dominant task was to update the assortment
with modern species. Accordingly, in this study, when
conducting an assessment, the author used the method
of searching and selecting options for using plants,
taking into account their decorative qualities according
to the requirements of this time.

RESULTS AND DISCUSSION

A complex cultivar assessment of nemesia strumosa

An assessment of cultivar material makes it possible
to identify the best, most adapted cultivars and recom-
mend them for further cultivar testing, which is carried
out according to a separately approved methodology at
the state level by a specially authorised service. Accord-
ing to its results, tested and evaluated objects enter the
State Register of plant cultivars of Ukraine if they meet
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a specified level of criteria. Of the plants studied by the
authors, nemesia strumosa cultivars were not included
in the list of plants in this register. Therefore, for this
purpose it is necessary to develop an appropriate method
of cultivar assessment. The set of criteria proposed by
the method is universal and allows a comprehensive
assessment of cultivars, while taking into account both
characteristics that determine decorativeness and com-
mercial-biological qualities. Therefore, despite the fact
that the task of this work did not apply to the devel-
opment of recommendations for introducing cultivars
of nemesia strumosa in the State Register mentioned
above, these criteria were used for a comprehensive
assessment of cultivars of this plant introduced in the
conditions of Podillia. The description of nemesia stru-
mosa cultivars and the results of their assessment by
decorative qualities are given in Table 1.

Table 1. The general characteristics of Nemesia strumosa cultivars, that were tested in the conditions of Vinnytsia

Number of days Number of Flower .
. . Plant Number of . Flowering
Cultivar from planting height. cm  inflorescences. pcs flowers in the . time
to flowering gnt, P inflorescence, pcs  Diameter,cm Colour
The Orange June-
Prince 72 30-40 6-8 6-8 3 Orange October
The White . June-
Knight 74 30-40 6-7 6-7 3 White September
Variegated
Red and ) ) ) (upper lip is June-
white 80 30-40 56 56 25 red, lower lip  September
is white)
The Fire June-
King 73 30-40 6-7 5-6 3 Red September
The Blue 75 18-30 5-6 5-6 2.5 Blue June-
Treasure September

Source: formed based on the results of the author's own research

Although nemesia strumosa is not a widespread
culture in Ukraine, it is widely used in world horticul-
ture. The high decorative value of brightly coloured
inflorescences, a relatively long period of continuous
flowering (from June to September, and sometimes un-
til mid-October) contributes to the fact that flowers of
this genus are often found in world floriculture. These
qualities were fully manifested in the cultivars chosen

by the author of the article for testing in Vinnytsia, which
is confirmed by the results of phenological observations
and accounting for their commercial-biological qualities
in accordance with the methodology of conducting a cul-
tivar examination of the decorative group for suitability
for distribution in Ukraine [16]. Their results are presented
in Table 2.

Table 2. The data of phenological observations during the testing of N. strumosa cultivars

Beginning of the growing season
Cultivar name

Flowering

. Emergence Mass rooting _— Complete loss of End of the
Planting . Beginning Mass End . .
of sprouts  of seedlings decorativeness  growing season
The Orange Prince  28.03 13.04 30.04 10.06 12.08 1.10 16.10 24.10
The White Knight 28.03 14.04 1.05 12.06 9.08 28.09 13.10 19.10
Red and white 28.03 12.04 1.05 15.06 17.08 21.09 710 13.10
The Fire King 28.03 13.04 294 13.06 8.08 24.09 8.10 16.10
The Blue Treasure ~ 28.03 15.04 2.05 14.06 10.08 22.09 10.10 18.10

Source: formed based on the results of the author's own research
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Due to the improvement of people's well-being,
the demand for flower products is increasing. All this
elevates floriculture to an important branch of the na-
tional economy, so the study assessed cultivars for re-
sistance to unfavourable weather conditions, diseases,
and pests, which are shown in Table 3.

When processing the results of research on com-
mercial-biological qualities, nemesia strumosa cultivars
turned out to be quite resistant to unfavourable con-
ditions. Almost all plants adapted well to the growing
conditions, were not affected by diseases, and generally
deserve high valuation. They also differ in average seed
productivity (0.19-0.26 g/plant), but it should be noted
that the seeds are very small (the number of seeds per
1g is 3.28 thousand pcs.). Based on this the conclusion

can be made that the plants of these cultivars have a
great potential for wider distribution in gardening in
Ukraine. However, with any, even a sufficiently large
set of criteria, such an assessment cannot be objective,
since the author assessed the level of suitability of the
studied species only by a set of commercial-biological
indicators.The basis for determining the set of indicators
of such assessment was the corresponding method [15;
16].1n order to obtain data that would comprehensively
and simultaneously from different sides reflect the
patterns of ontogenetic morphogenesis of different
nemesia strumosa cultivars, plant observations were
made on the phases of development. The phenological
phases of the aerial part development of 5 cultivars were
determined (Tables 4, 5).

Table 3. A record for commercial-biological qualities of N. strumosa cultivars

g 2 o o w5 8
%) -
2 S22 28 < s o2 E 7 L858
] S ET Yo £ c© £33 s e cog2Vo
S >S5 c © —= .= RS T © T £ 0 VN o
5 898 T © o g% g8 243 o%>2g
2z [ g Y ) == 2325 o 2556 %
5 po D 5 9 o S 3 298z T o ooz
£ ¢ €8 &8 g s L a8 & £8<=
(9 x S g % V) IZ Q% § =
The Orange Prince High High Low High 64 0.26 3-4
The White Knight High Average Low High 49 0.24 2-3
Red and white High High Average High 36 0.23 1-2
The Fire King Low Average Low High 42 0.21 2-3
The Blue Treasure Low Average Average High 36 0.19 1-2
Source: formed based on the results of the author's own research
Table 4. Calendar dates of individual phenological growth phases in cultivars of the species N. strumosa in the
conditions of Podillia
o Sprouts, date - oo )
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< ] o] ‘E ca ~ =) T o
5 o S n 3oh =y £ e &
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w
The Orange Prince 28.03 13.04 16.04 23.04 24.04-28.05 29.05-9.06  10.06-1.10 2.10-31.10
The White Knight 28.03 14.04 17.04 25.04 26.04-27.05 28.05-11.06 12.06-28.09 29.09-30.10
Red and white 28.03 12.04 15.04 24.04 25.04-29.05 30.05-14.06 15.06-21.09 21.09-29.10
The Fire King 28.03 13.04 16.04 24.04 25.04-28.05 29.05-12.06 13.06-24.09 25.09-28.10
The Blue Treasure 28.03 15.04 17.04 25.04 26.04-27.05 28.05-13.06 14.06-22.09 23.09-27.10

Source: formed based on the results of the author's own research

Table 5. The duration of individual phenological growth phases in cultivars of the N. Strumosa species in
the conditions of Podillia

Seed Durationof  Leaf growth and " Duration of the . . .
. S . . Budding, N N Flowering, Fructification,

Cultivar name germination theseedling formation of the da period from planting davs davs
period,days phase,days shoot system, days vs to flowering, days Y Y
The Orange Prince 16 10 34 12 72 113 29
The White Knight 17 11 31 15 74 108 31
Red and white 15 16 34 15 80 98 38
The Fire King 16 9 33 15 73 103 33
The Blue Treasure 18 10 31 16 75 100 34

Source: formed based on the results of the author's own research
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Use cases in decorative gardening

Continuous improvement of flower design is an urgent
problem for the entire world of gardening. In Ukraine, it
is becoming particularly acute due to the significant lag
of our state behind the world leading countries in terms
of both the range of flower crops and their use cases.
Therefore, the task of this study was to investigate the
range of species and cultivars of the genus Nemesia
Vent for various areas of their implementation in deco-
rative gardening. Based on the analysis of the potential
capabilities of these plants, variants of their use as
promising species are proposed to enrich the taxonomic
composition of the assortment and avoid monotony
and uniformity of garden compositions. The richness of
colour, high decorative effect,and long flowering period
allow considering decorative species and cultivars of

Korobko

nemesia promising for their widespread introduction
into floriculture in Ukraine.

To enrich the assortment, the author recommends
one species of ornamental plants of nemesia strumosa,
which differ in the colour of leaves and flowers, different
in flowering time, which is especially important for en-
suring a constantly high decorative value of flowerbeds.
Due to the peculiarity of flowers and the abundance of
flowering of this species, it can be used in our conditions
to create ridges, compositions, decorative spots, alpine
gardens, rock gardens, borders, arabesques, parterres,
mini-flowerbeds, as a border for flowerbeds, as well as
container plants in gardens, parks and hanging baskets
(Table 6). Options for use of the studied species in deco-
rative gardening are demonstrated in Figure 2.

Table 6. Biomorphological features and recommendations for the use of nemesia strumosa cultivars

. . Duration of
Cultivar name Life form Vegetation Plant height, flowering, Recommendations for use
type cm
days
The Orange Prince Annual Summergreen 35-40 113 Compositions, rldges, borders, flower spots,
rock gardens, container and ampelous culture
The White Knight Annual Summergreen 30-40 108 Flower spots,.composmons, ridges, borders,
pots, alpine gardens, rock gardens
Red and white Annual Summergreen 30-40 98 Borders, pots and baske.ts., as bqrders for
flowerbeds, compositions, ridges
The Fire King Annual Summergreen 30-40 103 Flowerbgd's,alplpe gardens, rock gardens,
compositions, ridges, borders, pot plant
The Blue Treasure Annual Summergreen 18-30 100 Decorative spots, group plantings, ridges,

borders, for bowls and hanging baskets
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Agrotechnics of growing nemesia strumosa

A necessary condition for successful practical use of
plants is the development of the basics of agricultural
technology in new growing conditions. Plants of the
genus Nemesia Vent are grown only by seedling culture.
The technology of growing seedlings is as follows:

1. Containers. Trays, boxes, and regular flower pots
are used. Drainage holes or crevices are required. Con-
tainers are washed, clay pots are soaked overnight.

2.Compost. Peat-based compost is perfect - it is ster-
ile, light,and homogeneous. The container is filled with
compost and slightly compacted with a plank. The day
before planting, the compost is sprayed with water -
during planting it should be moist (but not wet). Seeds
are planted not thickly, then sprinkled with a thin layer
of compost (very small seeds do not need to be sprin-
kled) and pressed with a plank.

There are two methods of growing seedlings:
First - the standard “under the glass” method. The tray
or pot is covered with glass, and a sheet of thick paper
is placed on top. It is kept at a temperature of 16-21°C.
Every day, the glass is wiped and turned over. As soon
as the sprouts appear, the paper is removed and the
glass is lifted from one edge. After a few more days, the
glass is removed completely and the container is moved
closer to the light. The compost is kept moist.
Second - a simple “on the windowsill” method.
A plastic bag is put on the pot or container and fixed
with an elastic band. It is kept in a shaded place at a
temperature of 16-21°C. As soon as the shoots appear,
the bag is removed and the seedlings are moved to the
windowsill, where direct sunlight does not fall. The pots
are rotated regularly so that the flowers do not stretch
out to one side. The compost is kept moist, but not wet.
3.Transplanting.As soon as the first pair of true leaves
opens, the seedlings should be transplanted 4-4.5 cm
into trays or pots filled with compost. For transplanting,
seedlings are held at cotyledonous leaves, and not at
stems. After transplanting, the container is placed in a
dark place for a day or two.

4. Hardening. When the seedlings have taken roots
after transplanting, they need to be seasoned to prepare
for life in the open ground. To do this, one needs to in-
crease the ventilation and move the container to a cool
place or a greenhouse. Then they are put out on the
street for a day. Before planting, the seedlings are left
outside for a week.

Bedding. After hardening, the plants are planted in
the open ground in spring in the period from April
to June. In order for the plants to take roots, they are
planted with soil that was in pots [17; 18].

To extend the duration of flowering, in the second
half of summer (after the first wave of flowering), plants
are rejuvenated by cutting. The dried stems that lost
decorativeness are cut off, after which they grow back
and bloom again, although less abundantly.

CONCLUSIONS

It was established that in the field of horticulture, the
genus Nemesia Vent is represented by both a significant
number of species (50) and a rich cultivar assortment,
which is approximately 100 cultivars. When comparing
with the cultivar assortment of the world leading countries,
the cultivars of Nemesia Vent species are completely
absent in Ukraine. According to preliminary data, plants
of the Nemesia strumosa species can be considered a
significant source for increasing the range of promising
flower plants in the area of Podillia. To improve the range
of flower plants, cultivars of nemesia strumosa species
are of primary importance: Orange Prince, White Knight,
Red and White, Fire King, and Blue Treasure.

As a result of investigating the flowering charac-
teristics of the studied cultivars, it was established that
the largest flowering period (113 days) and its significant
intensity (35 pcs. flowers per plant) was observed in the
Orange Prince cultivar, which is a priority for enriching
cultivars in the Podillia area. It was determined that in
all the studied cultivars, ontogenesis ends with a com-
plete fructification with a seed productivity of 0.19 to
0.27 g per plant, with an amount of 3.16 to 3.39 thou-
sand seeds per 1 g, which is a high indicator for the
Podillia area.

The studied cultivars of the Nemesia strumosa
species received high values on a set of indicators that
determine their decorative effect and commercial-bio-
logical qualities. Therefore, they can be widely used in
our conditions for creating ridges, compositions, dec-
orative spots, alpine gardens, rock gardens, borders,
arabesques, parterres, mini-flowerbeds, as a border for
flowerbeds, as well as container plants in gardens, parks
and for hanging baskets.
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OUIHKA COPTIB KBITHUKOBO-OEKOPATUBHUX POCJTUH BUALY
NEMESIA VENT B YMOBAX rnoauingd

Anina AHaToniiBHa Kopo6ko

BiHHMUbKMIA HALIOHANBbHWIA arpapHuUiA yHiBepCuTeT
21008, Byn. CoHa4Ha, 3, M. BiHHMuS, YKpaiHa

AHoTauis. Yepes 6pak BifoMocTei nNpo 6ioMopdonoriyHi 0cobAMBOCTI Ta TEXHOMONIK0 BUPOLLYBAHHS BUAIB poay
Nemesia Vent BOHM NOKM WO PiAKO 3yCTPivatoTbCs Ha TepuTopii YKpaiHM | TUM CAMUM CTAHOBASATL BEIMYE3HUI iHTEpeC
[NS X BUPOLLYBAHHS i BUKOPUCTaHHS AN 0DOPMEHHS KBITHMKIB. MeTol HaykoBoi poboTu Byno npoaHanisysatu
Cy4aCHWA CBIiTOBWI acopTuMeHT poay Nemesia Vent, a TakoX AOCNIAMTM OCOBAMBOCTI LBITIHHS, PENPOAYKTUBHY
3[aTHiCTb, arpOTEXHiKY BUPOLLYBAHHS COPTiB HeMe3ii 3000BMAHOI Ta OLiHUTU NEPCNEKTUBHICTb BapiaHTiB iX BUKOPUCTAHHS
B A,E€KOPATMBHOMY CaAiBHMUTBI YKpaiHu. I1ia yac pocnipkeHb copTiB Hemesii 3060B1AHOT BynnM BUKOPUCTAHI MeTOAM
NabopaTopHUX i NoNboBUX AochimkeHb., O6rpyHTOBAHO, WO BCi AOCNIAXKYBaHI COPTU OTPMMAM BUCOKI OLLIHKM iX
[LeKOPaTUBHOCTI, OCKIIbKU POC/IMHM B YMOBAX EKCMEepUMEHTY Manu Aobpe pO3BMHEHI CYUBITTS, pscHe Ta TpuBase
KBiTyBaHHS. PocnnHun 36epernu sckpaBicTb CBOro 3abapB/ieHHs MPOTArOM yCbOro Mepiofy XMTTS KBIiTKM, Aobpe
apanTyBasMCh 40 YMOB BMPOLLYBAHHS, MPAaKTUYHO HE ypaXkanncb XBopobamu, 3aranoM BUSBUMANC AOCTAaTHO CTiIMKUMM
[0 Hecnpuatanemx ymoB. CopT lNomapaHueBuii NpuHL, NposiBuB cebe Halkpalle 3 yCixX A0CNiAKYBaHUX COPTIB MO
TPMBANOCTi Ta IHTEHCMBHOCTI LBITIHHS, IKE A0CArano MakCMManbHUX CBOIX 3HavyeHb Ha 60-i AeHb Bif novaTtky asm 3
KiNbKiCTIO KBITOK 35 WTYK Ha pocauHy. JocnigkyBaHi copTv MOXYTb OYTU BUKOPUCTaHI NpU 03eE€HEHHI 0340POBUYMX
KOMM/EKCiB, 30H BiAMNOYMHKY, TEPUTOPIN 0diciB, NpUBYANMHKOBUX TEPUTOPIN, @ TaKOXK NpU 0DOPMIEHHI Pi3HMX BUAIB
KBITHUKIB. Pe3ynbrati oTprMaHmx AOCNIIKEeHb € MepLIOYEProBo HEOOXigHMMM Nif, Yac BUOOPY BapiaHTiB BUKOPUCTAHHS,
pO3pOOKM arpoTexHiKM i cenekuidHMX NporpaM Ta ANs 34iIMCHEHHS HAYKOBO-AOC/IAHMX POBIT, CNpsSMOBaHMX Ha
3ap0BoNeHHs notpeb capiBHMUTBA. BpaxoBykuu Te, WO BOHM BMPOLLYIOTbCS SIK ANS NOTPeD 3aKpUTOro FpyHTY,
TaK i AN 30BHIWHbOrO KBITHUKOBOrO OQOPM/IEHHS, OMPALIOBAHHA AAHWUX MUTAHb CTAHOBUTb BarOMWii BHECOK A5
6OTaHIYHOI HayKM 3aranoM, B Nepluy Yepry Ans AEKOPATUBHOMO CafiBHMUTBA YKpaAiHW, @ TAaKOX AN NMPAKTUYHOrO
KBITHMKaApCTBA Ta NaHAWadTHOro Au3anHy

Kniouosi cnosa: Scrophulariacea Juss, Nemesia strumosa, CBITOBUIA aCOPTUMEHT, iHTPOAYKLLiSl, KYyNbTUBAPU, KBITHUKAPCTBO,
Caf0BO-NapkoBe OyAiBHMLTBO
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INTRODUCTION

The process of shifting the priorities of agricultural
production towards the principles of sustainable
development covers more and more large and medium-
sized agricultural enterprises in Ukraine. This thesis is
confirmed, in particular, by the fact that information
about the environmental and social activities of the
enterprise appears in such reporting documents as
the “Annual report” or “Management Report”, as well as
independent internal and external socio-environmental
management reports. At this stage of development
of the reporting system in Ukraine, there are clear
standards for financial reporting: the composition of
indicators, structure, metrics, etc. Therefore, reports
related to aspects of sustainable development are
classified as management non-financial reporting.

Speaking about the latest studies on the topic of
non-financial reporting, in the context of sustainable
development, there is an increase in the number of pub-
lications. In particular, it is worth noting the study by
J.R.R. Tolkien., C.T. Oyadomari, B. Duque, E.K. Nisiyama,
R.G. De Dultra-De-Lima, O.R. Mendonga Neto [1], which
analysed the impact of the quality of non-financial
reporting on management's perception of information
and management decision-making. A similar study was
conducted by W. Klinphanich [2], which determined
the impact of the corporate governance reporting on
the effectiveness of decisions made by an independent
board of directors. Of particular note are such authors
as N. Jaffar, AS.M. Nor, Z. Selamat [3], C. de Villiers,
E.R. Venter, P-C.K. Hsiao [4], whose work was devoted
to the problems of integrated reporting, in particular
its impact on increasing transparency, confidence, and
value creation. The problems of economic potential and
corporate social responsibility are considered in the
works of Ukrainian scientists: T. Gagalyuk, V. Valentinov,
F. Shaft [5], O.Yu. Yermakov [6], V.K. Savchuk [7],
V.V. Prohorova, O.B. Bozhanova [8], L.M. Taranyuk [9].

Considering the problems of developing account-
ing and analytical support for managing the economic
potential of agricultural enterprises, it can be noted that
in the case of liberalisation of financial reporting forms,
such data as integral indicators of economic potential
and economic power can be placed in such a financial
report as Form No. 2 “Statement of financial results
(statement of comprehensive income)”. If the trend in the
development of reporting of agricultural organisations
in Ukraine is aimed at strengthening the components of
non-financial reporting, then a separate report can be
devoted to the problem under study, including as part of
the sustainable development reporting.

The expansion of the composition of non-financial
reporting to reflect the activity of the enterprise in
the social and environmental planes is considered by
large latifundists of Ukraine as an option to improve
their own reputation since in foreign practice the stability
and success of the enterprise are associated not only
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with its economic indicators. The reputation of ag-
ricultural enterprises also depends on their use of
technologies that harm the environment as little as
possible. In addition, it is important to take care of local
communities and their social needs. The need for such
reports is also conditioned by the need for investment
in Ukrainian enterprises, since investors are guided
by an open business with minimal risky practices and
production circumstances.

The purpose of the study is to form a strategy for
the desired improvement of accounting and analytical
support of the enterprise with an emphasis on reporting
on sustainable development, expanding its analytical
set of indicators of economic potential, capacity and
effectiveness of an agricultural enterprise, as well as
improving accounting and analytical support of enter-
prises using this information model through updating
the documentation of control and audit.

The aim of the study provides for the develop-
ment of recommendations for improving accounting
and analytical support for managing the economic po-
tential of agricultural enterprises aimed at activating
their economic, socio-environmental activities.

In order to establish accounting and analytical
support for managing economic potential and economic
capacity, a model of selective adaptation of improving
such support is proposed. The developed model of
managing economic potential and economic capacity
in compliance with the principles (and reporting) of
sustainable development will help to form an ap-
proximate composition of expenses of an agricultural
enterprise depending on the size, complications of its
current business conditions and strategic priorities,
which wants to improve accounting and analytical
support for its activities. If there are several options
for implementing changes in business processes at the
enterprise, managers need to assess the complexity of
their implementation. Thus, an additional advantage of
this approach is the ability to calculate the complexity
index of transformation of accounting and analytical
support for managing economic potential and economic
capacity, taking into account the principles of sustainable
development, which shows the level of complexity of
future modernisation of these aspects. The proposed
forms of working documents for conducting procedures
for optimal control over the indicators of economic
potential, economic capacity and economic effectiveness
and their reflection in the sustainable development
report (or similar documents) will help to identify
inaccuracies or deliberate distortions of indicators and
avoid negative consequences if such events are detected.

MATERIALS AND METHODS

The theoretical and methodological basis was formed by
scientific approaches based on the dialectic of knowledge
and objective laws of the development of the economy,
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nature, and society. Economic and mathematical model-
ling, systematisation and synthesis helped to develop a
strategy to improve accounting and analytical support
for managing the economic potential of agricultural
enterprises, taking into account the principles of sus-
tainable development.

The classification of enterprises according to
Article 2 of the law “On accounting and financial re-
porting in Ukraine” (Table 1) was used. In accordance
with the requirements of the above-mentioned Law, a
management report must be submitted and published
by medium and large enterprises.

Table 1. Classification of the size of agricultural enterprises

Classification criteria

Business categories

Number of employees

Net income of the enterprise, euro (in UAH equivalent)

Microenterprises up to 10 up to 700 thousand
Small enterpises up to 50 up to 8 million
Medium-sized enterprises up to 250 up to 40 million

more than 250

Large enterprises

up to 40 million

Source: [10]

According the gquidelines for drawing up a
management report, it is recommended to create it in
the following areas:

1) organisational structure and description of the
company's activities;

2) performance results;

3) liquidity and liabilities;

4) environmental aspects;

5) social aspects and personnel policy;

6) risks;

7) research and innovation;

8) financial investments;

9) development prospects;
10) corporate governance [11].

The recommendations indicate that the list
provided is not exhaustive, which allows managers
of enterprises to expand it at will or as needed. This
means that this instruction reveals the possibility of
involving in such reporting a developed analytical set of
indicators of economic potential,economic capacity and
economic efficiency, which will effectively complement
the business card of an agricultural enterprise for poten-
tial stakeholders. Due to the fact that the information
model should be unified and contain possible options
for improving accounting and analytical support for
various agricultural organisations, it can be built using
the principle of the “tree of goals (decisions)” method.
This tool helps to determine possible directions for further
development of the enterprise, or options for solving
problems that arise during its activities [12].

A goal tree is a visualisation of relationships that
reflects the division of the main objective into goals,
tasks, and related individual actions. This tool can also
be used by adding quantitative indicators that effec-
tively complement the analysis process during deci-
sion-making. For the current model, the proposed tool
is an opportunity to link the goals set with activities
that need to be implemented in the framework of tactical
planning [13, p. 136].

Scientific Horizons, 2021, Vol. 24, No. 2

To strengthen the management function of an
agricultural enterprise that focuses on the principles
of sustainable development and aims to modernise
the accounting and analytical support for managing
economic potential and economic capacity, it is proposed
to apply process-oriented management tools. This type of
modelling can help to effectively modernise the ac-
counting and analytical support for managing economic
potential at agricultural enterprises. The proposed model
helps managers of various levels to monitor the imple-
mentation of business processes for improving accounting
and analytical support for managing economic potential
and economic capacity, assess the degree of achieve-
ment of priority goals and compliance with the principles
of sustainable development.

One of the steps of long-term modernisation of
accounting and analytical support for agricultural enter-
prises through the introduction of sustainable devel-
opment reporting is proposed, which should include
indicators and documents on managing the economic
potential, economic capacity, and performance of agri-
cultural enterprises. To help agricultural producers, this
study offers a model for improving accounting and an-
alytical support for managing economic potential and
economic capacity in compliance with the principles of
sustainable development.

Model was tested in two agricultural enterprises.
The main motivation for using the proposed model for
the first mini-enterprise, farm “ORKHIDEYA-2006” was
the desire of its manager to strengthen the composition
of management tools, which has not changed for a long
time, as well as to expand the array of business infor-
mation about the enterprise with an emphasis on their
environmental practices.

The next enterprise that decided to apply the
developed model was the medium-sized agricultural
enterprise LLC “Podillya+”. The main goal of the policy
of improving the accounting and analytical support of
this enterprise is to develop a process for drawing up




a management report. In addition, it was decided to
adapt the proposed idea of expanding the report with
the help of an analytical set of indicators of economic
potential, economic capacity, and economic efficiency.

RESULTS AND DISCUSSION
Development of an information model for improving
accounting and analytical support for economic potential
management
Since 2016, a new generation of modular standards
for non-financial sustainable development reporting
has been in effect, which are targeted by more than
5,000 companies from all over the world. 33 updated
standards help to better adapt reports to the industry
specifics of the enterprise, which is very important for
agricultural producers. The largest agricultural hold-
ings of Ukraine in 2018-2019, in accordance with the
current legislation, reporting on various aspects of
their activities in the form of a “management report”
and other formats, including through the concept of
sustainable development [14].

The current trend in management reporting on
sustainable development is an increase in the inte-
gration rate of such reports, which may also mean the
prospect of including indicators of economic power
and economic potential in them. With an integrated
management report rich in financial and non-financial
information, which presents in detail and illustrates
current achievements, the management model, the
agricultural enterprise distinguishes itself favourably
from its competitors. A structured description of the
achievements and strategies of an agricultural producer
in the economic, social and environmental spheres in
the short and long term effectively reveals its real prin-
ciples of operation and opens the way for cooperation
with relevant partners and consumers [7].

In addition, the current harmonisation of Ukrainian
legislation with European legislation is in favour of
further development of sustainable development re-
porting in the context of structured reports with the
inclusion of such management blocks as indicators of
the agricultural enterprise potential. It was as a result
of the activation of the harmonisation process that
the management reporting was adapted for Ukrainian
enterprisesin 2018, which allowed Ukrainian companies
to reveal their strengths to a wide range of users of
management information [8].

High and stable indicators of the economic potential
and economic capacity of the agricultural enterprise, its
socio-environmental responsibility, designed in an optimal
way and placed in the public domain for all interested -
this is a tool for establishing an open and mutual dialogue
with partners, investors, as well as local communities.
The last point is particularly important for large and
medium-sized agricultural producers in Ukraine, given the
implementation of the first steps to lift the moratorium
on the free sale of agricultural land. Small agricultural
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enterprises also pay attention to non-financial report-
ing, since the open and understandable profile of the
farm allows attracting the attention of cooperative activists,
grant donors and public organisations, which are very
important for small communities [6].

A separate issue of management and sustainable
development reporting is its verification, i.e. verification
by investors and auditors. Major agricultural producers
of Ukraine have also begun to carry out the process
of verifying such reports, in particular the ‘Astarta”
agricultural holding [15; 16]. Verified non-financial
reporting provides a significant competitive advantage
foragricultural organisations,since important socialand
environmental aspects of their activities are certified
by independent specialists. It minimises the possibility
of information distortion to maintain an exceptionally
positive image of the producer and attract promising
investment projects.

It is worth noting that the presence of new types
of reporting at the enterprise leads to such difficulties
in the work of employees involved in its organisation:

- attracting additional resources for data collection
and analysis and filling out new reporting forms;

- alarge amount of data, reports on the management
and sustainability of large companies can last more
than 250 pages;

- the requirements for such reporting change dy-
namically depending on the tactical goals and strategic
characteristics of the enterprise, and so on.

Since resources for full-fledged management re-
porting, including sustainable development reporting,
are essential, small agricultural organisations, family
and private farms need to make a balanced decision
in order to join the new trend and not waste resources
that would help in the main production.

Thus, taking into account previous studies, it is
logical to assume that one of the steps of promising
modernisation of accounting and analytical support for
agricultural organisations is the introduction of sustain-
able development reporting. It may include indicators
and documents on the management of the economic
potential and economic capacity of agricultural enter-
prises. However, different agricultural producers have
different requests for the accounting and analytical
support system at their enterprises and can allocate
different amounts of resources to meet such needs.
Accordingly, managers should make an informed and
balanced decision to improve the choice of reporting
system. To help agricultural producers in the outlined
range of tasks, this study offers an information model for
improving accounting and analytical support for managing
economic potential and economic capacity in compliance
with the principles of sustainable development.

Substantiation of the choice of improving such
accounting and analytical support is relevant, since the
manufacturer of agricultural products should update it
in such a way that the proposed changes in the future
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will bring positive effects. In particular, this includes im-
proving the management analytical activities of the en-
terprise, contacts with new partners, improved marketing
of products and services through reaching a new level
of information content of the enterprise’s activities [17].

In the conditions of the current crisis, the search
for new forms of management, in particular, measures
to improve accounting and analytical support for man-
aging economic potential and economic capacity with
the involvement of the principles of sustainable devel-
opment, can give the agricultural organisation a com-
petitive advantage that will help to stand out among
similar enterprises, attract additional investment and
generate additional income by accumulating the effects
of changes in production and management spheres of
activity [18].

In the context of dynamically changing business
conditions, the principles of balanced economic, envi-
ronmental and social activities and, accordingly, inevi-
table changes in the accounting and analysis processes
are indicated by active trends in the world economy
regarding the greening of production and transparent
management of business entities at various levels. The
"Green" movement in agricultural production in Ukraine
has been developing by the activists since the mid-
1970s. In particular, the study highlights the activities
of the manufacturing department "Agroecologiya” of
the Shishatsky district of the Poltava Oblast, which
conducted experiments with land cultivation techniques
to reduce the negative impact on the soil [19].

And already in 2007-2010 in Ukraine, there was
a massive spread of various alternative agricultural
technologies aimed at reducing the use of pesticides
and mineral fertilisers in crop production and aggressive
drugs in animal husbandry. Farmers have also started
using plant-based alternatives to chemical plant protection
products. Among the most popular alternative agri-
cultural technologies in Ukraine, organic, biodynamic,
biological and natural technologies are being devel-
oped. As of 2020, there were 500 operators of organic
agricultural production and sale of organic products in
Ukraine [20, p. 63].

As for the transparency of agricultural enter-
prises’ activities, as a result of the evolution of business
conditions, the composition of management and non-
financial reporting has expanded. As a result, Ukraine
introduced recommendations, and after the pilot period,
the obligation to disclose certain aspects of the activities
of agricultural enterprises in the management reporting.
The main purpose of implementing and developing this
type of reporting is to supplement the annual reporting
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with information that describes in detail the working
conditions, location of production facilities, risks and other
significant circumstances of the enterprise’s activities.

The planned model of improving the accounting
and analytical support for managing economic potential,
as well as economic capacity with the involvement of
the principles and reporting of sustainable development
helps to reasonably form a strategy for changes in the
agricultural organisation, which wants to improve the
accounting and analytical support of its activities, de-
pending on the size, complications of its current economic
conditions and strategic priorities.

The overall process of improving the accounting
and analytical support of agricultural enterprises can be
represented in the form of a multi-level comprehensive
transition from an outdated version to an updated one.
This transition covers:

- identification of signs of agricultural organisation
that are essential from the standpoint of regulation of
updated aspects of accounting and analytical support;

- selection of the structure and content of changes
in accordance with the goal of improving the accounting
and analytical support of agricultural enterprises;

- selection of forms for implementing planned
changes, in particular, software [8].

Accordingly, the proposed model for improving
accounting and analytical support for economic po-
tential management in compliance with the principles
of sustainable development will have the following
comprehensive direction of improvement: introduction
of a set of indicators of economic potential, economic
capacity and economic effectiveness within the frame-
work of the introduction of sustainable development
reporting, in particular the management reporting. This
information model will include the following stages of
decision-making on accounting and analytical support:

- filter according to the size of the enterprise and
determination of the need for a management report;

- number of areas to disclose in the management
report;

- option to attract the developed set of indicators of
economic potential, economic capacity, and economic
efficiency;

- creation of internal analyst working papers on
reporting on sustainable development and indicators
of economic potential, economic capacity and economic
efficiency;

- form of implementation of innovation;

- terms of adaptation of improvements [5].

A graphical view of the information model is
shown in Figure 1.
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Objective: to form a unique process for the implementation of the improvement of accounting and analytical support
for management of economic potential and economic capacity with the involvement of the principles of sustainable
development of an agricultural enterprise, depending on the size of the enterprise, complications of its current economic

conditionsm, and strategic priorities
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Figure 1. Structure of the informat/on model for improvin

IUI

g accountlng and analyt/cal support for managing economic

potential and economic capacity with the involvement of sustainable development reporting

When implementing the proposed information
model for the needs of the current study, the following
decision-making stages and possible options were
obtained:

- at the stage of filtering the studied enterprises
according to the size of the enterprise and establishing
the need to draw up a management report, you can
offer 4 options to choose from: microenterprises or small
agricultural formations that voluntarily introduce updates
to the accounting and analytical support of their activities,
as well as medium or large enterprises, as well as those
that, according to the current legislation, must update it;

- according to the guidelines for filling out a man-
agement report, there is an approximate list of 10 areas
that enterprise managers need to disclose in such a re-
port, but it is not final and enterprises can add other
information. And enterprises that make up this report on
their own will can choose only a few areas from the pro-
posed list. As a result, this stage will have the following
options:from 1 to 5; from 5 to 10; and more than 10 areas;

- at the next stage, it is necessary to choose whether
the company will attract the developed set of indicators
of economic potential,economic capacity,and economic
efficiency in whole or in part;

- next, it is necessary to choose whether to create an
additional business process for the internal controller
(auditor) and specialised working documents on inspec-
tions of reporting processes on sustainable development
and indicators of economic potential, economic capacity,
and economic efficiency. At this stage, the options are
no additional updates, creating a full or partial set of
responsibilities and specialised documents;

- at the stage of implementing innovations, it is
necessary to decide who will perform it and how: em-
ployees of the enterprise in free software, full-time
employees-developers using current software, or out-
sourcing companies;

- depending on the content of measures to improve
accounting and analytical support, such a process can
take place over one, two, three or four quarters. Such
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time periods are proposed due to the continuous nature
of accounting, so the main set of updates should be
performed without interfering with accounting and
reporting processes [17].

In the presence of several options for implement-
ing changes in business processes at the enterprise,
managers need to assess the amount of resources
needed for their implementation. Thus, an additional
advantage of this information model is the ability to
calculate the index of resource intensity of the process
of improving accounting and analytical support for
managing economic potential and economic capacity
with the involvement of the principles of sustainable
development (IP), which estimates the approximate
amount of resources for future modernisation of these
aspects. This index helps to navigate the scope of work
at each stage of implementation of planned measures
to improve the accounting and analytical support of the
agricultural organisation and approximate the amount
of resources for their implementation. Such an index
is calculated by multiplying the coefficients shown in
parentheses at the end of the description of each option.

These coefficients are determined based on the
practical observations during the study. They have values
from 1 to 2 for each option, and as a result of the cal-
culation, an index from the minimum value can be
obtained. It will be equal to 1, and up to the maximum,
which will be equal to 64.

An index with a value from 1 to 12 indicates a
low amount of resources attracted to implement the
selected improvement strategy, an index value from
13 to 32 illustrates the average amount of resources
attracted to implement such a strategy, and an index
from 33 to 64 indicates a high amount.

The minimum level of complexity of implementing
measures to improve accounting and analytical support
within the current model means that a mini-enterprise
can partially use elements of the management report
during the year and with minimal funds without
indicators of the developed set of economic efficiency.
In other words, the company can gradually update the
reporting system over the course of a year, taking into
account the principles of sustainable development, re-
vealing up to 5 areas recommended by law with minimal
monetary costs.

The maximum level of the index means that a
large agricultural enterprise, in accordance with the
requirements of the current legislation, makes a full
management report, disclosing information in more
than 10 areas, including those that were independently
added by the managers of the studied enterprise. In
addition, non-financial reporting will include indicators of
economic potential, economic capacity, and economic
efficiency. The implementation of such improvements
should take place within one quarter by employees
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of the outsourcing company at market prices. Inter-
mediate values of the index indicate various options
for implementing improvements in accounting and
analytical support of the studied enterprises, which will
be considered using examples during testing.

The mechanism of using the developed infor-
mation model by the studied agricultural enterprises
to form a plan for improving accounting and analytical
support for managing economic potential and economic
capacity with the involvement of the principles and
reporting of sustainable development has certain fea-
tures. First, an enterprise interested in updating its
accounting and analytical support package must decide
on the specific purpose of such an update, as well as
the amount of resources that it can allocate for the
implementation of improvements.

The range of material costs for implementing
steps to improve accounting and analytical support was
determined based on monitoring data on market prices,
working time costs and the minimum wage in Ukraine
as of the beginning of 2020.

At Stage 1, when determining the size of the en-
terprise, it can be found that the amount of expenses
of this stage is affected by the fact that it is necessary
to draw up a management report and the approximate
minimum wage for drawing up sections of the report.
The amount of expenses may consist of the minimum
payment of the accountant's salary for 10 hours of
work (according to the number of areas of the report),
payment of the unified social contribution (ESC) and
other expenses, in particular for electricity and software.
The option with an initial cost level of 0 UAH means
that the company may not update anything at the current
stage, or the update may take place within the current
accounting process without attracting significant addi-
tional costs.

At the second stage, the cost of completing the
task is associated with the same factors as at the first
stage. The costs that the company will incur at the third
stage, as well as at the previous two, depends on the
time during which the responsible employee will study
the methodology, make calculations,and draw up docu-
mentation on a set of indicators of economic potential,
economic capacity, and economic efficiency, the level of
his salary, as well as other additional costs.

The implementation of the fourth stage of the
developed model is associated with the emergence of
a new list of job responsibilities in accounting and
auditing areas, where the minimum amount of expenses
is half of the minimum wage of an employee who will
perform all tasks for conducting analytical procedures.
In particular those related to reporting on sustainable
development and indicators of economic potential, eco-
nomic power, and economic efficiency, ESC and additional
costs.




The implementation of the existing concept of
improvement, which was chosen by the company, is
the fifth stage of the model of improving accounting
and analytical support, which is being developed. The
amount of costs that the enterprise will incur at this
stage of the model may be the largest in the framework
of its implementation process. Audit and control pro-
cedures are extremely important for maintaining the
quality of accounting and analytical support for agri-
cultural enterprises, so the cost of professional work
and modern software is high. Thus, the costs of this
stage include the salaries of professionals and modern
software for performing work, drawing up final reports
on the results of inspections. According to the results of
market monitoring, the services of outsourcing companies
can be the most expensive option for implementing
improvements [9].

The last stage of the model is not directly re-
lated to monetary costs, but it indicates the time of
implementation of changes, which means the intensity
of resource outflow for the implementation of such
changes.Focusing on the pace and structure of the work
of most accounting services of agricultural organisa-
tions in Ukraine, it was decided that the most intensive
improvement can be completed in one quarter, and
the longest - in four. But in practice, such terms of
implementation of the project to improve accounting
and analytical support may change, since the enterprise
operates in constantly changing conditions.

This information model was presented by various
agricultural entities that are planning or have already
taken into account the sustainable development goals,
and are also trying to improve their own market posi-
tions not only at the expense of the production com-
ponent. Aspects of accounting and analytical support
for economic potential management also interested
enterprise managers, in particular as another area of
information disclosure in the management report. To
test the developed model the studied enterprises used
the following mechanism for its use:

- establishment of the company’s goal in the context
of improving its accounting and analytical support system;

- establishment of a strategy for implementing the
improvement of its accounting and analytical support
system in accordance with the established goal, using
the proposed model,;

- implementation of the selected strategy and its
adjustment as needed.
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Information model for improving accounting and
analytical support for managing the economic potential
of small farms “ORKHIDEYA-2006"

After getting acquainted with the details of modeling,
which coincides with the development interests of several
enterprises studied, managers tried to use this model to
plan updates to their accounting and analytical systems.

The main motivation for using the proposed
information model for the first mini-enterprise, farm
“ORKHIDEYA-2006" was the desire of its manager to
improve the composition of management tools, which
has not changed for a long time, as well as to expand
the array of business information about the enterprise
with an emphasis on their environmental practices.

The main areas of activity of this enterprise are
crop production, provision of services and advice in
the field of agronomy, selection of grain and vegetable
crops. Accounting and control procedures were carried
out by a part-time manager and accountant, since the
number of operations at the enterprise is small, except
for seasonal peaks that are traditional for growing grain
and vegetable crops.An important aspect of the work of
this farm is the involvement of alternative technologies
in the cultivation of vegetables: the absence of mineral
fertilisers and the use of plant protection products of
natural origin. It is this aspect that has led to the need
for additional analytical tools and publication of the
results of greening the company’s activity.

Reformulating such a request within the frame-
work of the proposed model, the goal of the strategy
for improving the accounting and analytical support
of a small agricultural enterprise was obtained: to
additionally analyse activities using an indicator of
economic potential and regularly publish the results of
the analysis and features of activities in a publication
similar to a management report. The manager does not
want to draw up a full-fledged management report,
since according to the law, his company does not have
such an obligation, and accordingly, there is no need to
spend resources on a full-fledged report. In addition,
there is a need to create forms for analysing and moni-
toring the indicator of economic potential, which will be
performed by the manager independently. The report on
the ecological and economic features of production will
be compiled by a full-time accountant. As a result, the
following model for the small farm “ORKHIDEYA-2006"
is obtained (Fig. 2).
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Objective: to further analyse activities using the economic potential indicator, regularly publish the results of such analysis
and disclose the environmental and economic features of activities in a publication similar to the management report
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efficiency
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Figure 2. Information model for improving accounting and analytical support for economic potential management
with the involvement of the principles of sustainable development, developed by the author for
small farm “ORKHIDEYA-2006"

Source: developed by the author of this study

The combined strategy for improving accounting
and analytical support for economic potential man-
agement with the involvement of the principles of
sustainable development, developed for the small farm
“ORKHIDEYA-2006" has the following form:

1b-2a-3b-4b-5a-6d,
and Index:
Ip=1x1x1.5x1.5x1x2=4.5;
which indicates a relatively small amount of resources
attracted for the implementation of the planned im-
provement in accordance with model 2.

As for the costs of such an update, the main
part of them will be spent on the accountant's salary,
contributions to state funds, and utility costs, since the
company already has accounting software suitable for
the planned changes.According to preliminary estimates,
such expenses amount to no more than UAH 175 per
working day (or no more than UAH 3,500 per month,
provided that there are 75-100 operations per month).

The results of such improvement, in accordance
with its goal, should be to improve the image and iden-
tify reserves for strengthening the potential of the
enterprise. Conclusions on the results of improvement
will be drawn after the end of the production cycle of
the enterprise, conducted with changes. It was decided
to limit the implementation period of these changes to
one quarter, since, according to the outlined plans, this
time is sufficient to implement the planned improvement
of accounting and analytical support.
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Information model for improving accounting and
analytical support for managing the economic potential
of LLC “Podillya+”

The next enterprise that decided to apply the developed
model was the medium-sized agricultural enterprise
LLC“Podillya+" This company uses about 5 thousand hect-
ares for growing such cereals and oilseeds as wheat,
sunflower,barley,and rapeseed.|n addition,the company
is engaged in poultry farming. Taking into account the
requirements of the law of Ukraine “On accounting and
financial reporting in Ukraine” this company must prepare
and publish a management report, which has already
been done in 2020, but the process of forming such a report
still has shortcomings.

The main goal of the policy of improving the
accounting and analytical support of this enterprise
is to develop a process for drawing up a management
report. In addition, it was decided to adapt the proposed
idea of expanding the report with the help of an ana-
lytical set of indicators of economic potential, economic
capacity, and economic efficiency. This format of the
management report will help not only to effectively
present the company's work, but also to demonstrate
the levels of potential and capacity of the agricultural
enterprise (Fig. 3).
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Objective: to work out the process of drawing up a management report and expand it with the help of an analytical set of
indicators of economic potential, economic capacity, and economic effectiveness
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Figure 3. lInformation model for improving accounting and analytical support for economic potential management
with the involvement of a sustainable development reporting, developed by the author for a medium-sized
agricultural enterprise LLC “Podillya+”

Source: developed by the author of this study

The developed strategy for improving accounting
and analytical support with the establishment of an
updated management report within the model has the
following form (the number is a step of the strategy,
and the letter is a variant of its implementation):

1c-2¢c-3c-4c-5¢-6¢,
and the resource intensity index of this model:
/p= 15x2x2x2x2x1.5=36;
which indicates a high amount of resources required
to implement the planned improvement in accordance
with Model 3.

Since the enterprise under study is medium-sized
with several production areas, accounting and control
is handled by a separate accounting service consisting
of four employees.

Every year, the company orders an external audit
of its financial statements and publishes an audit report.
Since the management report is not part of such re-
porting, the auditors disclosed information about such
a report very briefly in the “Other information” section
of the report. When compiling the management report
in 2020, it was decided to order auditors to check the
results of accounting and control operations disclosed
in it. That is, the oriented amount of expenses for the
development and implementation of improvement mea-
sures in accordance with the accounting and analytical
support model consists of the costs of analysing and
monitoring a set of indicators, their involvement in the
updated management report, as well as the costs of the

audit. In addition, it is necessary to develop the concept
of disclosing the necessary areas of the management
report. Therefore, the following amount of work will be
carried out: data analysis and control by an additional
part-time accountant, which is about 7,500 UAH per
month, as well as a range of services from the audit
office in the amount of about 2,000 UAH in addition to
the main fee for the annual audit. The structure of the
management report will be finalised by an outsourcing
company for UAH 3,600 (since the main body of work on
developing the structure of such a report was already
completed last year).

CONCLUSIONS

The developed information model of selective adapta-
tion of accounting and analytical support for managing
economic potential based on the principles of sustainable
development reporting helps to reasonably form the
approximate composition of expenses of an agricultural
enterprise depending on the size, complications of its
current business conditions and strategic priorities. If
there are several options for implementing changes in
business processes at the enterprise, managers need to
assess the complexity of their implementation. Thus,
an additional advantage of this approach is the ability
to calculate the complexity index of transformation of
accounting and analytical support for managing eco-
nomic potential and economic capacity, taking into ac-
count the principles of sustainable development, which
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shows the level of complexity of future modernisation
of these aspects.

Therefore, it can be concluded that the proposed
information model helps to form a strategy for the desired
improvement of accounting and analytical support of the
enterprise with an emphasis on sustainable development

reporting, expanding it with an analytical set of indica-
tors of the economic potential, capacity and effectiveness
of an agricultural enterprise. A separate issue of improving
the accounting and analytical support of enterprises
using this information model is updating the paperwork
on control and audit.
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Dziuba

IHOOPMALIIMHA MOAEJb YOOCKOHANEHHS OBNIKOBO-AHANITUYHOIO 3ABE3MNEYEHHA
YNPABNIHHA EKOHOMIYHUM MOTEHUIAJIOM

TeraHa IropiBHa [3t06a

HauioHanbHuMI yHiBepcuTeT BiopecypciB i NpMpOLOKOPUCTYBAHHS YKpaiHu
03041, Byn. lepois O6opoHu, 15, M. Kuis, YkpaiHa

AHoTauif. AKTyanbHICTb  OOC/NIMKEHHS MOB’3aHa 3 HeoOXiOHICTIO  MOCMNIEHHS  YMPaBAiHCbKOI  YHKLiT
CiNlbCbKOroCnoaapCbkoro NiAnpUEMCTBA, SKEe OPIEHTYETbCA HA MPWMHLMMNM CTANOr0 PO3BMTKY i XO4e MOAEepHi3yBaTu
0611iKoBO-aHaNiTMYHe 3abe3neveHHs ynpaBniHHS €KOHOMIYHMM MOoTeHLUianoM. MeTa HayKoBOi po60TM 3aK/IYaETHCS
B (dOpMyBaHHI cTpaterii 6aXaHOro yaoCKOHaneHHs 06/1iKoBO-aHaNiTUYHOrO 3abe3neyvyeHHs NianpueEMCTBA 3
AKLLEHTOM Ha 3BIiTHICTb 3i CTaNoro pO3BWTKY, PO3WMPUBLLM ii aHANITUYHMIA KOMMIEKC MOKA3HMKIB €KOHOMIYHOro
noTeHLiany, NOTY)KHOCTI Ta Pe3ynbTaTMBHOCTI CiIbCbKOrOCNOAAPCbKOro MiANPUEMCTBA, A TakKOX YAOCKOHANMBLUM
06n1iKoBO-aHaniTMYHe 3abe3nevyeHHst NigNPUEMCTB 3a LOMOMOrol AaHOI IHPOPMALIAHOI Moaeni Yepe3 OHOB/IEHHS
LOKYMEHTaNIbHOro 0POPM/IEHHS KOHTPOJIH Ta ayauTy. TeopeTKo-MeTOLONOrYHY OCHOBY CKNa/iM HAYKOBI METOAM, LLO
6a3ytoTbCs Ha AianekTuLi Ni3HaHHSA M 00’EKTMBHMX 3aKOHAX PO3BUTKY EKOHOMIKM, NMPMPOAM i CYCMinbCTBa, EKOHOMIKO-
MaTeMaTMyHe MOAE/IOBAHHS, METOL CMCTeMaTu3alii Ta CMHTe3y AO0MOMOMM po3pobuTy CTpaTerilo 3 YAOCKOHANEHHS
0061iKOBO-aHaNITMYHOTO 3abe3neYeHHs YNpaBiHHA €KOHOMIYHMM MOTEHLIANIOM CiNlbCbKOroCnoaapCbkux MiaAnpUEMCTB
3 BpaxXyBaHHAM MPWHUMMIB CTasor0 PO3BUTKY. 3'ICOBAHO, LLO TaKWMM TUM MOLENOBAHHS MOXeE AOMOMOITU edeKTUBHO
MOJEPHI3yBaTH 0ONiKOBO-aHaTMYHE 3abe3MneyeHHs YNpaB/liHHA €KOHOMIYHMM MOTEHLAIOM A8 CiNlbCbKOroCnoaapCbkMx
nignpnemcts. Po3pobneHa iHdoOpMaLiiHa MoAaenb CEeNeKTUBHOI adanTauii AonoMarae ynpaBniHUAM Pi3HMX PIBHIB
30iMCHIOBAaTM KOHTPOMb 3a peanisauier 6i3Hec-npoueciB yo0CKOHaNEHHs 06/1iKOBO-aHaNiTUYHOrO 3abe3neyeHHs
YMpPaBNiHHA EKOHOMIYHMM MOTEHLIANOM, OLIHIOBATM CTYMiHb [OCATHEHHS MNPIOPUTETHMX LiNeN i OOTPUMAHHS
MPUHUMMIB CTANIOr0 PO3BMTKY. 3anNpoOnNOHOBAHO OAMH i3 KPOKiB NMepCneKTMBHOI MoAepHi3aLii 061iKoBO-aHaNiTUMHOIO
3abe3neyeHHs arpapHux (OopMyBaHb 4Yepe3 3anpoBa[KEHHS 3BITHOCTI 3i CTANOro po3BWTKY, WO MAE BKJIHOYATH
MOKA3HUKM Ta OOKYMEHTM 3 YNPaBiHHS €KOHOMIYHMM MOTEHLIaI0M, EKOHOMIYHOK MOTYXKHICTIO Ta pe3yNbTaTUBHICTIO
CiNlbCbKOroCcnofapCbkmx nianpuemcTs. MNepeBaroto faHoi iHGOpMaLiMHOI MOAENT € MOXJIMBICTb PO3PaxyHKY iHOEKCY
CKNAZHOCTI TpaHcdopMaLii 061iKOBO-aHaNITUYHOrO 3abe3mneyeHHs! YNpaBiHHS €KOHOMIYHWMM MOTEHLANIoM i3 3ay4eHHAM
MPUHLMMIB CTANOrO PO3BUTKY, SIKMI MOKA3YE PiBEHb CKNAAHOCTI MalMBYTHbOI MOAEPHi3aLlii 3a3Ha4YeHMX aCMNeKTiB

KniouoBi cnoBa: eKOHOMiYHA MOTYXHICTb, Pe3ynbTaTMBHICTb, MOTEHLian MiANPMEMCTBA, CilbCbKOroCnoLapcbke
BMPOOHMLITBO, arpapHi GOopMyBaHHS, arpapHuUiA CEKTOP
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