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lonoBHMi1 pepakTop
B'ayecnae Leb6aHiH

UneHu pepakuiiHoi konerii
Banepi laBpuw

MapwuHa [ly6iHiHa
IpuHa KcboHxuk
AHacracia MonTtopak
Haransa CipeHko
OneHa 3aiiueBa
3opsHa Mauyk
AHHa Bxo30BcbKa

Canpan AH-Yp6aH
Doxynia On6pexT

Onbra BuwHeBcbKa
AnboHa KniouHuk
OneHa Kotukosa
Onekcanap HogikoB
Hatansa MNoTtpusaesa
IBaH YepseH

OneHa LLle6aHiHa
Panb¢ Linaynepep
Muxaiino ®epopuyk

KarepuHa JlaBuaeHko

Bitanii Jllo6uy
Onekcanpp XXykos
Irop KoBaneHko
Bitanii Miuypa

Nipia MiweHko

Bopuc boiHuaH
BaneHTtuHa lamaloHoBa
Nipia AHTHMNOBA
AHatoniit Jiumap

Mukona CamoitneHko

PepakuinHa Koneris

[-p TEXH. HayK, npodecop, pekTop, MMKONaiBCbKMIA HaLLiOHANbHWUIA arpapHUi yHiBepcUTeT, YkpaiHa

[-p eKOH. HayK, npodecop, 3aBiayBay kadenpy TPAKTOPIB Ta CislbCbKOrOCMOAAPCbKMX MALLMH, eKcrnyaTauii
i TexHiYHOro cepBicy, MMKONAIBCbKMIA HALLIOHANbHUIA arpapHuWii yHiBepcuTeT, YkpaiHa

[I-p eKOH. HayK, npodecop, 3aBiayBay kadenpu 0bniky i onoaaTkyBaHHS, MUKONAIBCbKMIA HaLLiOHANbHKI
arpapHuii yHiBepcuTeT, YkpaiHa

[-p eKOH. HayK, npodecop, npodecop kadenpu obniky i onoaaTKyBaHHS, MUKONAIBCbKMI HaLLIOHANbHWUI
arpapHuit yHiBepcuTeT, YkpaiHa

[-p €KOH. HayK, AOLEHT, 3aBifyBay kadeapu MeHemKXMEeHTY Ta MapKeTuHry, MukonaiBCbkuit
HalioHanbHWI arpapHuUit yHiBepcuTeT, YKkpaiHa

[-p eKOH. HayK, npodecop, 3aBifyBay kadenpu diHaHCiB, 6aHKIBCbKOI CNpaBu Ta CTpaxyBaHHS,
MMKONAIBCbKMIA HALLIOHANBbHUI arpapHuUii yHiBepcuTeT, YkpaiHa

KaH[. EKOH. HayK, LOLLeHT, npodecop Kadenpun MapkeTuHry, [lep)xaBHUI TOProBesibHO-eKOHOMIYHMI
yHiBepcuTeT, YKkpaiHa

L-p eKOH. HayK, Nnpodecop, 3aBigyBay kadeapu diHaHCiB, IBaHO-DpaHKiBCbKMIA HALiOHANBHWUIA
TeXHiYHMI yHiBepcuTeT HadTK i rasy, YkpaiHa

[-p eKOH. HayK, npodecop kadenpw bisHec-iHhopMaTUKK, HYeCTOXOBCbKMIA TEXHONOTIYHMI YHIBEPCUTET,
Pecny6nika Monbwa

[-p eKOH. Hayk, npodecop, pekTop, IHcTUTYT AHa-YpbaHa CaHaana, Hopaeris

Ao-p dinocodii, npodecop, npodecop Kadeapu xapyyBaHHS Ta MeAUYHUX HayK, YHiBepcuTeT
Hebpacku-JlinkonbH, CnonyyeHi LWtatn AMepuku

[I-p €KOH. HayK, npodecop, AekaH 061ikoBO-(iHaHCOBOro dakynbTeTy, MMKONAIBCbKUIA HaLLiOHaNbHWMIA
arpapHuit yHiBepcuTeT, YKpaiHa

[-p €KOH. HaykK, npodecop, 3aBigysay kadeapu nybniyHOro ynpasniHHSA Ta aAMiHICTPYBaHHS i
Mi>KHapOAHOI eKOHOMIKM, MMKONATBCbKMI HAaLiOHaNbHWIA arpapHUi yHiBepCcUTeT, YKpaiHa

[-p eKOH. HayK, npodecop, 3aBigyBay kadeapy eKOHOMIKM MiANPUEMCTB, MUKONATBCbKMIM HALLIOHANbHKUIM
arpapHuii yHiBepcuTer, YkpaiHa

[l-p eKOH. HayK, Npodecop, NpOpeKTop 3 HAyKOBOi pob0TH, MMKONAIBCbKMI HALLiOHANbHWIA arpapHuit
yHiBepcuTeT, YKpaiHa

[-p €KOH. HayK, npodecop, npodecop kadenpu 06niky i onoaaTkyBaHHs, MMKONAiBCbKMIA HALLIOHANbHWIM
arpapHuit yHiBepcuTeT, YKpaiHa

[i-p eKOH. HaykK, Nnpodecop, 3aBiayBay Kaheapu rotelbHo-pecTopaHHOI CNpaBuM Ta OpraHisaLii 6isHecy,
MwWKONaiBCbKMIA HALLiOHANbHWIA arpapHuiA YHiBepcUTeT, YkpaiHa

[I-p €KOH. HayK, npodecop, AekaH haKynbTeTy MeHemKMEHTY, MUKONAIBCbKMIM HaLiOHaNbHUI arpapHuit
yHiBepcuTeT, YKpaiHa

[-p Hayk, npodecop, feKaH CiNbCbKOrocnoaapcbkoro dakynsTteTy, YHiBepcUTeT NPUKNALHMX HAyK
BaiiHwTedaH-Tpusnopd, PenepatneHa Pecnybnika HimeyunHa

[-p C-T. HayK, npodecop, npodecop Kabeapu pOCIMHHULTBA Ta Caf0BO-MAapKOBOro rocnoaapcrsaa,
MuKOnaiBCbKMI HALLiOHANbHUIM arpapHuiA yHiBepcuTeT, YkpaiHa

KaHA. C-T. HAayK, OOLEHT, CTapwuii HAayKoBMI CNiBpOOGITHMK, 3aBiAyBay BiALiny eHTOMONOTIi,
ditonaTonorii Ta @isionorii, YkpaiHCbkMit opaeHa «3Hak [MoWwaHu» HayKOBO-AOCNIAHWUMA IHCTUTYT
nicoBoro rocnofapcrea i arponicomeniopadii im. I B. Bucoubkoro, YkpaiHa

[O-p C-T. HayK, npodecop, npodecop kadeapu XapyoBMX TEXHONONiN, YMAHCbKWUIA HALiOHANbHUM
YHiBEpCUTET CafiBHULTBA, YKpaiHa

A-p 6ion. Hayk, npodecop, npodecop kadeapu 60TaHikKM Ta CafOBO-NAapKOBOro rocnofapcTBa,
MeniTononbCbKMit fepXXaBHUIM NeparoriyHui yHiBepcuteT iMeHi boraaHa XmMenbHULbKOTO, YKpaiHa
[-p 6ion. Hayk, npodecop, AekaH dhaKynbTeTy arpoOTEXHONONiM Ta NPUPOAOKOPUCTYBAHHS, CyMCbKUI
HaLiOHaNbHWI arpapHuii yHiBepcuTeT, YKpaiHa

O-p C-T. HayK, npodecop, 3aBifyBay Kadenpu ekonorii Ta cTanoro po3BUTKY iMeHi npodecopa
t0.B. Mununexka, IBH3 «XepcoHCbKMiA AepxaBHUI arpapHuii yHiBepcuTeT», YkpaiHa

[-p 6ion. Hayk, npodecop, NpoBiAHWIA HayKoBKii cniBpobiTHMK HHLL «IHCTUTYT Bionorii Ta MeguumnHu,
KuniBCcbkuMiA HaLioHanbHUI yHiBepcuTeT iMeHi Tapaca LUeByeHka, YkpaiHa

[-p C-T. HayK, npodecop, aMpekTop [lepxaBHoi ycTaHoBM HayKoBO-A0CNIAHMLBKUIA IHCTUTYT NONbOBUX
kynbTyp «Cenekuis», Pecnybnika Monposa

[-p C-T. HayK, Nnpodecop, 3aBiflyBay kapeapu 3eMnepobCTBa, reoaesii Ta 3eMneycrpoto, MMkonaiscbkuit
HaLiOHanbHMI arpapHuii yHiBepcuTeT, YkpaiHa

[-p C-T. Hayk, npodecop, npodecop kabeapy pOCIMHHULTBA Ta Caf0BO-MAapKOBOro rocnoaapcTsaa,
MMKONAIBCbKMIA HALLIOHANBbHMI arpapHuUii yHiBepcuTerT, YKpaiHa

O-p C-T. Hayk, npodecop kadenpu BMHOrpagapcCTea Ta NJIOLOOBOYIBHMLUTBA, MUKONAIBCbKUIM
HaLiOHaNbHWI arpapHuUit yHiBepcuTeT, YKpaiHa

[-p c-T. HayK, npodecop, npodecop kadenpu BUHOrpagapcTea Ta N10A00BOYIBHULTBA, MUKONAIBCbKMI
HaLiOHaNnbHWI arpapHuii yHiBepcuTeT, YKpaiHa



Bauecnas Ciukap

Cepriii YopHuii
BikTop Lllep6akos
leopriit Mopapy

Paica BoxkeroBa
Cepriit KpamapeHnko

Cepriit Py6aH
Onena ®epota
CeitnaHa KoBTyH
BikTop banaubkuit
boraaH lyTuit
Terana iumanb

Icaak Pawanb
Muxaitno Tunb

Irop lop6aTteHko
BaneHTtuH Pubanko
Jllopmuna MaTtpesa
Tetana Mianana
Cepriit Jlyrouii
AHTOHiHa MaHdinoBa
Irop AtamaHiok
Banepiit Byn.ék
Anppiit CraBUHCbKUIA
B’auecnas lNMpyc
lanuHa KonapareHko
Onekxciii Koznos

AHToHiHa KaniHiueHko
Bipxait Bupenppa

Bopwuc bytakos

A-p 6ion. Hayk, npodecop, B. 0. 3aBiAyBaya BifAiny reHeTUKM, cenekuii Ta HaciHHMuUTBa 6060BUX
Kynbtyp, CenekuiiHO-reHeTUYHMI IHCTUTYT — HauioHaNbHMI LEHTP HAaCiHHE3HABCTBA Ta COPTOBMBYEHHS
HAAH, YkpaiHa

O-p C-T. Hayk, npodecop, 3aBiayBay kadenpu rpyHTO3HABCTBA Ta arpoximii, MukonaiBcbkui
HaLiOHaNbHWIA arpapHKin yHiBepcuTeT, YKpaiHa

[-p C-T. HayK, npodecop, npodecop Kadenpu NoAbOBUX i 0BOUEBUX KynbTyp, OnecbKuit AepxKaBHUM
arpapHuit yHiBepcuTeT, YkpaiHa

[-p C-T. HayK, BeAy4YMii HAYKOBMM CNiBPOBITHMK, IHCTUTYT reHeTuKK, disionorii Ta 3axXMcTy pocimH
Akapewmii Hayk Monposu, Pecnybnika MongoBa

[-p C-T. HayK, npodecop, AMPeKTop IHCTUTYTY 3poluyBaHoro 3emnepobctea HAAH, YkpaiHa

A-p 6ion. Hayk, npodecop, npodecop kKadeLpu reHETUKW, roOAiBAI TBApMH Ta BGioTexHonorii,
MuKonaiBCbKMIA HaLiOHaNbHWUIA arpapHUit yHiBepcuTeT, YkpaiHa

L-p C-T. HayK, npodecop, 3aBigyBay Kadenpu reHeTUKM, po3BeaeHHs Ta BioTexHONOorii TBApWH,
HauioHanbHui yHiBEpcuTeT BiopecypciB i NpUpoAOKOPUCTYBaHHS YKpaiHu, YkpaiHa

[-p 6ion. Hayk, npodecop, npodecop kadenpu akyLepcTsa Ta riHeKonorii, XapKiBCbKMM HaLLiOHaNbHWI
yHiBepcuTeT imMeHi B. H. KapasiHa, YkpaiHa

[-p C-T. HayK, npodecop, nepLunii 3acTynHWK AMPEKTOPa 3 HAYKOBOi pob0TH, IHCTUTYT po3BeaeHHS
i reHeTUKM TBapuH iMeHi M. B. 3ybus HAHY, Ykpaina

[-p C-T. HayK, npodecop, 3aBiayBay nabopatopii reHeTUKK, IHCTUTYT CBMHAPCTBA | arpoONpOMMCIOBOrO
BMpobHuuTBa HAAH, YkpaiHa

[-p BeT. Hayk, npodecop, npodecop kadpenpu dapmakonorii Ta Tokcnkonorii, JIbBiBCbKMIA HaLLIOHANbHMIA
YHiBepcuTeT BeTepuMHapHOi MeanLuMHi Ta BiotexHonorii iM. C. 3. Dkuupbkoro, YkpaiHa

[-p C-T. HayK, npodecop, NPOPeKTOp 3 OCBITHLOI, BUXOBHOI Ta MiXKHAPOAHOI AifnbHOCTI, binouepkiBcbkuit
HaLiOHaNbHWI arpapHuit yHiBepcuTeT, YkpaiHa

I-p 6ion. Hayk, npodecop, IHcTuTyT Bionorii, JlaTeis

[-p C-T. Hayk, npodecop, aekaH dakynbrety TBIMNMTCH, MukonaiBcbkunii HaLioHaNbHUI arpapHUi
yHiBepcuTeT, YkpaiHa

A-p 6ion. Hayk, npodecop, npodecop KadeLpu reHETUKW, roAiBAi TBApMH Ta BGioTexHonorii,
MuKonaiBCbKMIA HaLiOHaNbHWIA arpapHuii yHiBepcuTeT, YkpaiHa

[-p C-T. HayK, npodecop, roN0BHWUIA HAYKOBMI CMiBPOBITHUK, IHCTUTYT cBMHapcTBa i AlNB HAAH Ykpainu,
YkpaiHa

L-p C-T. HayK, npodecop, 3aBiaysay kadenpu NTaxiBHUMLUTBA, SKOCTi Ta 6e3ne4YHOCTi NpoayKLii,
MUKONAiBCbKMI HALLiOHANbHUI arpapHUi yHiBepcuTeT, YkpaiHa

L-p C-T.HayK, npodecop, 3aBigyBay Kadeapu TexHonorii nepepobku, ctaHfapTu3adii i ceptudikauii
NpoAyKLii TBAPMHHMLTBA, MMKONAIBCbKMIA HALLIOHaNbHUI arpapHuiA yHiBepcuTerT, YkpaiHa

L-p C-T. HAyK, OOLEHT, B.0. 3aBigyBaya Kadenpu reHeTuku, rogiBni TBapuH Ta BioTexHonorii,
MurKoNaiBCbKMIM HaLiOHANbHMIA arpapHUit yHiBepcuTeT, YkpaiHa

A-p C-T. HAYK, [OLEHT, 3aBiAyBay Kadenpu pocIMHHMLTBA Ta Caf0BO-NAapKOBOro rocnoAapcrsaa,
MuKONaiBCbKMIM HALiOHANbHUI arpapHUi yHiBepcuTeT, YKpaiHa

[l-p TEXH. HayK, npodecop, npodecop kadpenpu NpUKNaaHOI MaTeMaTuku, BapluaBcbkuii yHiBepcuTeT
Hayk npo xuTTs, Pecnybnika Monbua

[-p TEXH.HayK, npodecop, pekTop, MMKONaiBCbKMIM HaLioHanbHUi yHiBepcmTeT iM. B. 0. CyxoMamHCbKoro,
YkpaiHa

[i-p TEXH.HayK, npodecop, 3aBiayBay Kadeapu enekTpoeHepreTMKM, eNeKTPOTEXHIKM Ta eEKTPOMEXaHIKM,
MuKONaiBCbKMIM HALiOHANbHUI arpapHUi yHiBepcuTeT, YKpaiHa

[-p TEXH. HayK, AOLIEHT, 3aBiayBay Kadenpu enekTpotexHiku, KpeMeHuyLbKuiA HalioHanbHUIA YHiBepcuTeT
iMeHi Muxanna Octporpaacbkoro, YkpaiHa

KaH[. TEXH. HaYK, LOLEHT, LOLEHT Kadenpw iHTenekTyanbHux iHhopMaLiiHnx cucteM, HopHOMOPCbKUIA
HaLioHanbHWI yHiBepcuTeT iMeHi MeTpa Morunu, YkpaiHa

KaHA. TEXH. HayK, AOLEHT Kadeapu KOMMIOTEPU30BAHMX CUCTEM YNpaBhiHHA, HauioHanbHWi
yHiBepcuTeT kopabnebyayBaHHs iMeHi aaMipana MakapoBa, YkpaiHa

[-p C-T.HayK, npodecop IHCTUTYTY TeXHiYHMX Hayk, OnonbCcbkuii yHiBepcuTeT, Pecnybnika Monblua
PhD, npodecop, kepiBHUK, LLeHTp pO3BMTKY CiNbCbKMX PaNOHIB Ta TEXHONOTIN, IHAINCHKMNA
TEXHONOTiIYHUI iHCTUTYT Oeni, IHaisa

A-p TeXH. HayK, npodecop, MMKONAIBCbKMI HALLIOHANbHMI arpapHui yHiBepcuTeT, YKpaiHa
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Abstract. Modern production of agricultural equipment and facilities, hulls of ships, stationary oil drilling platforms,
wind energy installations and other metal structures makes extensive use of sheet steel of increased strength. The
main manufacturing process is welding, the quality of which depends on multiple factors, including the ability of
steel to resist welding. It is known that the properties of the thermal influence zone are highly dependent on phase
transformations, the nature of which is determined by the intensity and development of diffusion processes of carbon
redistribution and alloying elements under the impact of the welding thermal cycle. Therefore, it is necessary to
evaluate the weldability of the steel of a certain chemical composition, in order to choose the optimal method and
the technological parameters of the welding mode for the manufacture of a specific metal structure. In order to reduce
material costs, you can use analytical calculation methods that were developed at the E.O. Paton Electric Welding
Institute. They are based on the analysis of the literature and the study of about 150 diagrams of the thermokinetic
decomposition of austenite. Mathematical models make it possible to predict with a sufficient degree of accuracy
the phase composition and mechanical properties of the high-temperature thermal influence zone depending on the
chemical composition and cooling time of the metal, heated to a maximum temperature of 1350°C, in the temperature
range 850-500°C. However, such tests are quite expensive and do not allow optimization of weld properties when
the welding mode, mode, welding materials and other underlying technological factors change. In this connection,
the objective was to assess the reliability of the proposed methodology in the study of weldability of shipbuilding
steel of the increased strength of the category E36, for the weakest T(transverse) — the orientation of the sheet of
50 mm thickness. A high performance of the steel category is achieved by a limited increase in the aluminium content
or other grain-crushing elements (Nb, V, Ti), which ensures that the size of the austenitic grain is not greater than
the fifth point. The research showed that analytical methods for calculating the mechanical characteristics of high
temperature HAZ sites by chemical composition, taking into account the cooling rate after welding, provide a level of
confidence sufficient for practical application and can be recommended for the primary evaluation of the properties
of welded compounds of high-thickness steel plates of category E36 (T-orientation). The impact work (KV-40) of the
high-temperature sections of the high-temperature thermal influence zone is not subject to an analytical evaluation
with the degree of accuracy required for production practice

Keywords: steel of category E36, analytical calculation methods in welding, complex mechanical tests, mechanical
characteristics, impact viscosity, steel hardness

INTRODUCTION

Modern production of agricultural equipment and facili-
ties, hulls of ships, stationary oil drilling platforms, wind
energy installations and other metal structures makes
extensive use of sheet steel of increased strength. The
main manufacturing process is welding, the quality of
which depends on multiple factors, including the ability
of steel to resist welding. It is known that the properties
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of the thermal influence zone are highly dependent on
phase transformations, The nature of which is deter-
mined by the intensity and degree of development of
diffusion processes of carbon redistribution and alloy-
ing elements under the impact of the welding thermal
cycle [2; 3; 5; 16-20]. Naturally, the concentration of
alloying elements and cooling rates have a significant

Kostin, O., Martynenko, V., & Vakhonina, L. (2022). Integrated assessment of weldability of steel with increased strength.
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impact on the diffusion mobility of carbon. Therefore, it
is necessary to evaluate the weldability of the steel of
a certain chemical composition, in order to choose the
optimal method and the technological parameters of the
welding mode for the manufacture of a specific metal
structure.

In practice, as a rule, the development of a certain
welding technology is carried out in accordance with the
requirements of the ISO 15609 - ISO 15614 series of
international standards [23; 24], which allows to record
the properties of welds with a high degree of confidence.
In order to reduce material costs, it is possible to use
the analytical methods of calculation developed in the
E.O. Paton Electric Welding Institute (PWI), based on the
analysis of literary data and the study of about 150 ther-
mocynthetic decay diagrams of austenite. Mathematical
models (see formulas 1-4) allow to predict with a suf-
ficient degree of accuracy the phase composition and
mechanical properties of the high-temperature heat-af-
fected zone (HAZ) depending on the chemical composi-
tion and cooling time of the metal, heated to a maximum
temperature of 1350°C, within a temperature range of
850-500°C [1-3]:

Vickers hardness number (with correlation coeffi-
cient of R=0.95) [1-3] (1):

HV=M(309+494C+622C*+17.7Mn)+B(234+122C)+
+[F+P](98+275C+15.4Mn) (1)

where F, P, B and M are quantities of ferrite, pearlite,
bainite and martensite. Ultimate tensile strength (with
correlation coefficient of R=0.91) (2):

o, (MPa)=M(798+3215C)+B(590+960C+39.7Mn+
+200V)+[F+P)(297+1360C+60Mn+140V)  (2)

Yield strength (with correlation coefficient of R=0.90) (3):

o,,(MPa)=M(662+1610C)+B(500+460C-120C*+
+150V)+[F+P](187+925C+47Mn+90V) (3)

Impact toughness of specimens (4):

KCV(T)=(KCV, -KCV )P (u)+KCV, “4)
where KCV is the minimum value of impact toughness

at low temperatures (0.01...0.02KCV _ ); ®(u) - normal
distribution function (®(u)=0.5(1+erf(u/v2)) (5):

In(KCV, ) (M]/m?)=1.29-3.85C-0.181Si-0.204Cr-
-1.04Mo-0.328Ni-1.51V-1.67Ti-1.60Nb-0.285W+
+0.160C0-2.497r-2.625-5.84P-15.8N-10.70-
~1.19C-Mn+0.052Mn-Cr-0.104Si-Cr+0.062Cr-Mo+
+0.581C-Ni-6.51C?+0.038Cr*-0.030Mo?*~
~0.229V?+(0.028+0.954C-0.048Cr+0.356 Mo+
+0.455V+0.077Ni)-In, (R=0.93) (5)

They can be used for steels containing not more
than (% by mass 0.4C; 2Mn; 0.8Si; 2Cr; 1Mo; 1.5Ni; 0.3V;
0.06Ti; 0.06AL; 0.1Nb; 0.5W; 0.5Cu, in thermal cycles
that provide a cooling time t within a specified tem-
perature range of 5 to 200 s. It is also possible to deter-
mine the properties of a molded metal.

Ukrainian Black Sea Region Agrarian Science, 26(2), 9-15

The most reliable way of assessing the weldability
of sheet metal is the comprehensive testing of welded
welds according to the requirements of the Qualifica-
tion Societies Regulations (Lloyd's Register (LR), Bureau
Veritas (BV), Det Norske Veritas (DNV), Germanischer
Lloyd (GL), American Bureau of Shipping (ABS), Ship-
ping Register of Ukraine (SRU)) [14]. However, such tests
are quite expensive and do not allow optimization of
weld properties when the welding mode, mode, welding
materials and other underlying technological factors
change. In this connection, the objective was to assess
the reliability of the proposed methodology in the study
of weldability of shipbuilding steel of the increased
strength of the category E36, for the weakest T(trans-
verse) - the orientation of the sheet of 50 mm thick-
ness. The regulated requirements of the Qualification
Societies Regulations for the mechanical performance
of the specified thickness rolling stock are at the fol-
lowing level (T-orientation time resistance Rm=490-
620 MPa,yield strength ReH 355 MPa, elongation A21%,
impact operation KV-20 24 J, hardness HV 350 Unit. A
high performance of the steel category is achieved by
a limited increase in the aluminium content or other
grain-crushing elements (Nb, V, Ti), which ensures that
the size of the austenitic grain is not greater than the
fifth point. In addition, it is known that impact viscosity
is a structurally sensitive characteristic and depends
on the state of the grain boundary, the morphology of
structural constituents including micro excretion (car-
bides, nitrides, MAC phase), chemical and structural mi-
croheterogeneity, content of impurities and dissolved
gases whose permissible concentration, including nitro-
gen, is not always regulated by the DA Regulations [5;
22-25].

The purpose of this paper was to assess the validity
of the proposed the analytical methods of calculation in
the study of weldability of shipbuilding steel of the in-
creased strength of category E36,for the weakest T (trans-
verse) - the orientation of sheets of 50 mm thickness.

MATERIALS AND METHODS

Blanks of 50 mm thickness sheet metal (% by mass) were
selected as the main metal as follows: 0.11C; 1.56Mn;
0.23Si; 0.003S; 0.010P; <0.005As; 0.03Cr; 0.02Ni;
0.03Cu; <0.005Ti; 0.025AL; 0.033Nb; 0.007N; <0.065V;
<0.005Mo; <0.0005B; 0.0015Sn; <0.001Sb. The chem-
ical composition and mechanical characteristics of the
selected blanks were fully compliant with the require-
ments of the DA Regulation for steel of category E36, as
confirmed by the standard set of mechanical tests [14].

Analytical evaluation of the properties of metal
HAZ (R , R, KV, HV), depending on a given chemical
composition and duration of metal cooling from a max-
imum heating temperature of 1350°C, in a tempera-
ture range of 850-500°C, using a dependency of 1-4.
The pre-heating requirement for a thickness of 50 mm
was taken into account. The calculated heating tem-
perature was ~150°C.
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Test specimen welding was performed automat-
ically under the flux, a continuous cross-section wire
(121 welding code) on the calculated linear energy
HI=2.5 kI/mm (/=550 A; U32 V; v=6.67 mm/s; n=0.95)
and HI=4.2 k/mm (I=800 A; U=36 V; v=6.57 mm/s;
n= 0.95) with the use of welding wire OK Autrod 12.20
(S), 4 mm and flux OK Flux 10.71, SA AB 1 67 AC H5
(EN 760) vacuum packaging. The pre-heating was in
both cases up to a design temperature of ~150°C.The in-
tergrading temperature was controlled at <200°C. After
each welding, the welding direction was reversed. The
ambient temperature during welding was +21 cc, rela-
tive humidity ~68%, atmospheric pressure ~1.013 10° Pa.

In order to assess the impact of the actual ther-
mal welding cycle on the properties of the metal T of
the given chemical composition, standard reference
samples were welded in accordance with the require-
ments of DNV GL [21]. Size of welded plates: 50 mm
thick; 200 mm wide; 2000 mm long. Type of weld con-
nection: 2.5.5 ISO 9692-2 [25]. Welding was carried out
in parallel to rolling the sheet to provide tenderloins

for tensile and impact tests in the transverse direction
of rolling (T-orientation).

After welding, the welds were stretched and im-
pacted. The tensile tests were carried out on cylindrical
samples with a diameter of 14 mm with a linear base
of five diameters.

Hardness measurements for different weld joints
were performed using the Wickers method (HV10).

In order to determine the impact viscosity of the
metal HAZ, we have carried out comprehensive impact
bending tests in different areas of test welds (T-orien-
tation of rolled sheeting). Five sets of standard samples
(consisting of 3 samples with a V-cut for the Sharpe im-
pact bend test) were tested for each weld joint. The inci-
sion was located along the metal of the seam, along the
mold line and 2.5 and 20 mm from the mold line. The
samples were cut from the straight edge of the weld.

RESULTS AND DISCUSSION

The results of calculations according to the above for-
mulas 1-4 are presented in graphs in Fig. 1 (a. b).

HV + KV740 Rm’ 0 KV-40
: ’ 0 | ’
i / 50 Hiba :
142KV / i \ 112
300 V| 1000 :
)y d L 40 |
800 !
[} = T
HV L 30 \ R
200 T 600 L
| . \'\:\R\N
' L 20 L T—
H 400 ‘
] ]
] ]
100 4 1 10 200 !
0 20 40 60 80 ts 0 20 40 60 80 ts
a) b)

Figure 1. Relationship of the properties of the experimental steel metal HAZ to cooling time in the range 850... 500°C
(1-HI=2.5 ki/mm; 2-HI=4.2 kl/mm): a) HV hardness and operation of KV-40; b) time resistance, MPA and yield stress

The macrostructure of the investigated welded
joints is shown Figure 1, 2. In all cases, the metallo-
graphic analysis confirmed the formation of the flat
metal with a smooth interface with the base metal.

Macro-rodefects such as unproves, cracks, slags, pores
and similar have not been found. The geometrical di-
mensions of the weld were in accordance with the
welding procedure [8-13].

a)

b)

Figure 2. Macro-structure of welded joints of steel of category E36: a) HI=2.5 ki/mm; b) HI=4.2 ki/mm (x1.5)

Ukrainian Black Sea Region Agrarian Science, 26(2), 9-15
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The results of tensile tests performed on cylin-
drical samples are presented in Table 1. Given the fact
that the cylindrical tensile samples included parts of
metal with different properties (ABS, base metal, seam
metal), the only valid value is the temporal resistance
of the base metal, as it is the cause of destruction in

all cases. The analysis of the results showed that the
properties of welded joints fully met the qualification
requirements of the DA Regulation for steel of category
E36 (T-orientation) [14] (Table 1).

The results of hardness measurements of the
investigated welded joints are shown in Figure 3.

Table 1. Results of tensile tests (d=14 mm)*

Steel category

(static energy)

E36 507
(HI=2.5 kI/mm) 500

E36 510
(HI=4.2 k}/mm) 512

23.6 72.0
257 77.8
24.7 70.5
243 72.8

Note: ™ - the tensile tests were carried out on cylindrical samples with a diameter of 14 mm with a linear base

of five diameters

HV HV
s N [Sel=Ede | )| e % N EF EEL EEE B EE
2 = |ze|zE|Ec | 2|48 S I |ER|EEEG | 2| |28
240 240
sl WS
200 ) AN 200
/ N/ \/\ / ~"|\ , AV
160 160 !
Welded joint zones Welded joint zones
a) b)

Figure 3. Hardness distribution (HV10) in welded compounds E36 steel category: a) HI=2.5 ki/mm; b) HI=4.2 ki/mm

Analysis of the hardness measurements showed
that the HAZ of welds hardened the base metal and
a good correlation of hardness with the thickness of
the rolled metal. Increasing the torque energy of weld-
ing from 2.5 kl/mm to 4.2 kJ/mm slightly equalizes the
hardness of the metal HAZ. A comparison of the calcu-
lated and actual hardness of the HAZ in the heating of
the main metal above 1350°C (the main metal adjacent
to the molding line) shows that there is a fairly high
degree of coincidence. For example, for welded 2.5 kl/mm
welded linear energy, the design hardness of the metal
HAZ is 230 HV (see Fig. 1,a). The average effective hard-
ness for a HAZ welded compound is 210 HV (see Fig. 3, a).
In this case, the calculation error is +8.7%. For weld-
ing stroke energy 4.2 kl/mm, the design hardness of
the metal ABS is 224 HV. (see Fig. 1, a) and the average
effective hardness of the HAZ is 216 HV (see Fig. 3, b).
The calculation error is +3.6%. Therefore, the calculated
and actual results of the metal hardness measurements
of the high-temperature HAZ of E36 welds are fairly
well harmonized and confirm the adequacy of the mod-
el (Eq. 1). It is not possible to determine the strength
characteristics of the high-temperature sections of OT
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of welded compounds in practice due to their small
length. However, by using known dependencies, they
can be estimated with reasonable confidence. This as-
sessment is well in line with the requirements of the
international standard I1SO 18265, which establishes
the tensile strength relationship between Vickers, Bri-
nell and Rockwell [15]. In this context, knowing the ac-
tual hardness indicators, it is possible to approximate
the properties of the different welded compound sites.
Experiment has shown that satisfactory error is also
achieved. For example, the minimum hardness value
of the base metal E36 for welded welding energy of
2.5 kl/mm is 170 HV (see Fig. 3, a), which corresponds to
a strength limit of ~545 MPa. Actual value of 500 MPa
(cf. table 1). In this case, the theoretical error does not
exceed +9%. For welding strokes of 4.2 kl/mm, the
minimum hardness of the base metal is 170 HV (see
Fig. 3, b), which corresponds to a strength of ~545 MPa.
Actual value 510 MPa (Table 1). In this case, the de-
termination of the hardness limit of a metal does not
exceed +7%.

By reasoning in this way it is possible to deter-
mine the strength of the metal of the high-temperature



section of HAZ in terms of its hardness. For example, the
mean hardness of the high-temperature HAZ. for welding
energy of 2.5 kl/mm is 210 HV (see Fig. 3, a), which corre-
sponds to the strength limit of 675 MPa and is well in line
with the design value of 770 MPa (see Fig. 1, b). The error
is +12 per cent. For welding stroke energy of 4.2 kJ/mm,
the mean hardness of the metal of the high-temperature
segment of the ABS was 216 HV (see Fig. 3, b), which cor-
responds to the strength limit of 695 MPa and is well in
line with the design value of 700 MPa (see Fig. 1, b). The
error is less than 1%, which confirms the adequacy of the
mathematical model (Eq. 2) with this degree of correlation.

Thus, knowing the exact chemical composition of
steel, it is possible, using the given dependencies, Perform
a primary assessment of the strength of the metal of the
high-temperature sections of steel, depending on the
cooling conditions of the weld joint during welding, with a
sufficiently high degree of accuracy for practical purposes.

The plasticity of a metal HAZ and especially its im-
pact viscosity depends not only on macro-indicators such

Kostin et al.

as chemical composition, method of manufacture and
thickness of the roller, cooling conditions during welding,
structural state of the metal, Tenderloin directions, cut
shape and test temperature conditions for the samples.
Structural and chemical micro heterogeneity of the met-
al, quantity and morphology of non-metallic inclusions,
purity of the grain boundary, concentration of dissolved
gases and other multiple factors are also decisive, which
are not included in the known regression models esti-
mates of the impact viscosity (impact) of the metal of the
high-temperature HAZ sites. This significantly reduces
the reliability of the calculations. Correlation coefficients
generally do not exceed 0.75 [3; 18; 19]. In this context,
most authors simulate the impact strength of high-tem-
perature HAZ areas for samples with a circular cut at
room temperature. However, it is the evaluation of impact
viscosity values for samples with a V-cut at negative tem-
peratures that is of practical importance [3; 21].

The distribution of average impact work in the
different zones of test welds is shown in Fig. 4 (a, b).

KV,
J Base
metal
e, "]
200 -
\ Weld
2 metal
100
0
-5 0 5 10 15 1, mm

Figure 4. Average impact in different welded joint areas (T-orientation): a)HI=2.5 ki/mm; b) HI=4.2 kl/mm

The analysis of the results showed that the mini-
mum impact values in all cases exceeded the regulated
value for E36 KVT ,, 24 ] steel. However, there is signifi-
cant anisotropy of properties in different welded areas.
In addition, the range of actual impact values within the
range of up to 25% in the high-temperature HAZ location
of interest is variable, which makes accurate prediction
problematic and once again confirms the low stability of
the performance of the metal impact HAZ for the thick-
ness of E36 steel (T-orientation). The greatest variation,
however, is found at metal sites 2-5 mm from the mold-
ing line, probably due to the formation of the most un-
stable structure in this area with the maximum negative
influence of the gases dissolved in the metal [4].

The estimated impact strength of high-tempera-
ture HAZ metal for sharp-cut samples and test tem-
perature -40°C is KV =32 J, for weld weld energy of
2.5 kl/mm and KV _, =38 J, for weld energy of 4.2 kl/mm
(see Fig. 1, a) which differs significantly from the real
figures (see Fig.4). In this context, the regression model
for the calculation of the metal impact viscosity of the

high temperature sections of the HAZ (Formula 4) by
chemical composition, taking into account the cooling
conditions of the weld, Does not provide a satisfactory
correlation between design and actual data and cannot
be recommended for practical application for the eval-
uation of properties of metal HAZ welded compounds
of high-thickness steel of category E36 (T-orientation).

Thus, in practical terms, existing mathematical
models for the evaluation of mechanical performance
(R, R,, and HV) to optimize weld compound proper-
ties and reduce related material costs HAZ metals can
be used in the development of welding processes for
E36-grade thick-steel steel structures. The operation of
the impact (KVT ) is mandatory.

CONCLUSIONS

1. Analytical methods for calculating the mechanical
characteristics of high-temperature HAZ sites (R , R_,
and HV) for chemical composition, taking into account
the cooling rate after welding, Provide a level of con-
fidence sufficient for practical application and can be
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recommended for the primary evaluation of the proper-
ties of welded compounds of high-thickness steel plates
of category E36 (T-orientation).

2.The minimum values of impact work in all cases
exceed the regulated indicator for steel of category
E36 - KVT 224 ). There is a significant anisotropy of
properties in different zones of welded joints. In the
high-temperature section of the HAZ, in both cases,
the range of actual values of the impact work has a
deviation of up to 25%, which makes accurate prediction
problematic and once again confirms the low stability of
the impact work of the HAZ metal for thick rolled steel
of E36 category (T-orientation). At the same time, the

greatest spread of values is typical for metal sections
at a distance of 2-5 mm from the fusion line, which
is probably due to the formation of the most unstable
structure in this area with the maximum negative effect
of gases dissolved in the metal.

3. Impact work (KV ) of high-temperature sec-
tions of the HAZ is not subject to analytical assess-
ment, with the degree of accuracy required for indus-
trial practice. For further application of the analytical
evaluation, it is necessary to conduct studies of the
effects of gases on the impact work. And also to make
the necessary corrections of the coefficients in the an-
alytical formulas.

[1]
[2]
[3]

[4]

[5]

[6]

[7]

(8]
[°]
[10]

[11]

[12]

[13]
[14]
[15]

[16]

[17]

[18]

REFERENCES
Kasatkin, O.G., & Zajffart, P. (1984). Interpolation models for estimating the phase composition of the zone
of thermal influence during arc welding of low-alloy steels. Automatic Welding, 1, 7-11.
Kasatkin, O.G. (1983). Calculation estimation of the impact viscosity of the weld metal. Automatic Welding, 3,
7-11.
Sychkov, A.B, Emeljushin, A.N, Platov, S.I, Mihajlicyn, SV, Terentev, D.V., & Sheksheev, M.A. (2015). Physical
modeling in the investigation of the weldability of structural steels. Bulletin of the South Ural State University.
Series “Metallurgy”, 15(1), 38-41.
Piekarska, W., & Goszczynska-Kréliszewska, D.(2017). Analytical methods of predicting the structure and mechanical
properties of high tensile strength steel. Procedia Engineering, 177.92-98. doi: 10.1016/j.proeng.2017.02.189.
Ragu Nathan, S., Balasubramanian, V., Malarvizhi, S., & Rao, A.G. (2015). Effect of welding processes on
mechanical and microstructural characteristics of high strength low alloy naval grade steel joints. Defence
Technology, 11(3), 308-317. doi: 10.1016/].dt.2015.06.001.
Ribeiro, A.C.N., Henein, H., Ivey, D.G., & Brandi, S.D. (2016). Evaluation of AH36 microalloyed steel welded
joint by submerged arc welding process with one and two wires. Materials Research, 19(1), 143-152.
doi: 10.1590/1980-5373-mr-2015-0532.
Talabi, S.I., Owolabi, O.B., Adebisi, J.A., & Yahaya, T. (2014). Effect of welding variables on mechanical
properties of low carbon steel welded joint. Advances in Production Engineering & Management, 9(4), 181-186.
doi: 10.14743/apem2014.4.186.
Weng, S., Huang, Y.H., Xuan, F.Z., & Luo, L.H. (2015). Correlation between microstructure, hardness and corrosion
of welded joints of disc rotors. Procedia Engineering, 130, 1761-1769. doi: 10.1016/].proeng.2015.12.325.
Grigorenko, G.M., & Kostin,V.A.(2012). Weldability of steels and criteria for its assessment. Welding production,
10, 3-10.
Saoudi, A. (2020). Assessment and statistical correlation of mechanical properties of double-sided single
pass submerged arc welded line pipe steel. Engineering Science and Technology, an International Journal, 23(2),
452-461.doi: 10.1016/j.jestch.2019.06.006.
Li, WJ. (2019). New low alloy high strength steel welding procedure evaluation. Key Engineering Materials,
814,238-241. doi: 10.4028/www.scientific.net/kem.814.238.
Kiran, B. (2020). Structural and thermal analysis of butt joint GTAW of similar and dissimilar materials with
distinct groove angles through simulation and mathematical modelling. FME Transactions, 48(3), 667-680,
doi: 10.5937/fme2003667b.
Goli-Oglu, E., & Greisen, Z. (2019). Experiences in manufacturing of steel heavy plates used in shipbuilding
and offshore constructions. Stahl und Eisen, 139(12), 26-32.
Official website of the Rules and standards — DNV. (n.d.). Retrieved from https://www.dnvgl.com/rules-
standards/.
Pohodnja, I.K.,Javdoshin, I.R., Palcevich, A.P.,, & Shvachko, V.I. (2004). Metallurgy of arc welding. Interaction of
metal with gases. Kyiv: Naukova dumka.
Piekarska, W., Goszczynska, D., & Saternus, Z. (2015). Application of analytical methods for predicting the
structures of steel phase transformations in welded joints. Journal of Applied Mathematics and Computational
Mechanics, 14(2), 61-72.doi: 10.17512/jamcm.2015.2.07.
Chennaiah, M.B., Nanda Kumar, P., & Prahlada Rao, K. (2016). Influence of heat input and PWHT on the
microstructure and mechanical properties in dissimilar (IS2062-EN8) welded joints. Procedia Computer
Science, 85, 54-61.doi: 10.1016/j.procs.2016.05.176.
Debnath, S., Mukherjee, M., & Pal, T.K. (2014). Study on microstructure and mechanical properties of thick
low-alloy quench and tempered steel welded joint. Materials Performance and Characterization, 3(1), 23-48.
doi: 10.1520/mpc20130028.

Ukrainian Black Sea Region Agrarian Science, 26(2), 9-15



Kostin et al.

[19] Grigorenko, G.M, & Kostin, W.A. (2013). Metody oceny spawalnos¢i stali. Przeglad Spawalnictwa, 7, 11-17.

[20] Guo,W., Li, L., Dong,S., Crowther, D., & Thompson, A. (2017). Comparison of microstructure and mechanical
properties of ultra-narrow gap laser and gas-metal-arc welded S960 high strength steel. Optics and Lasers
in Engineering, 91, 1-15. doi: 10.1016/j.0optlaseng.2016.11.011.

[21] Makri, H. (2016). Investigation on microstructure and mechanical properties of E36-3 steel welded joint.
Annals of “Dunarea de Jos” University, Fascicle Welding Equipment and Technology, 27, 47-54.

[22] 1SO 18265:2013. (2014). Metallic materials — Conversion of hardness values. Retrieved from https://www.iso.
org/standard/53810.htmL.

[23] 1SO 15609-1:2019.(2019). Specification and qualification of welding procedures for metallic materials. Retrieved
from https.//www.iso.org/ru/standard/75556.htmlL.

[24] 1SO 15614-1:2017.(2019). Specification and qualification of welding procedures for metallic materials. Retrieved
from https.//www.iso.org/standard/51792.html.

[25] 1SO 9692-2:1998. (1998). Welding and allied processes - Joint preparation - Part 2: Submerged arc welding of
steels. Retrieved from https://www.iso.org/ru/standard/21036.html.

KoMnnekcHa ouiHKa 3BaploBaHOCTI CcTani NiaBULLEHOI NPY)XHOCTi

Onekcangp Muxaiinoeuu Koctint, Bonoaumup Onekcanpposuy MapTUHEHKO?,
Jlapuca BonoaumupisHa BaxoHiHa?

'HauioHanbHUit yHiBepcUTET KOpabnebyayBaHHs iMeHi AgMipana MakapoBa
54025, npocn. lepois Ykpainu, 9, M. Munkonais, YkpaiHa

MuKoNaiBCbKMIA HaLLiOHANIbHUIA arpapHUii yHiBepcuTeT
54008, syn. leopris loHraase, 9, M. Mukonais, YkpaiHa

AHoTauig. CyyacHe BUpOOHMLTBO CiibCbKOrOCNOAAPCbKOI TEXHIKM T 061aAHAHHS, KOPNYCiB CYAEH, CTaLiOHapHUX
HadToBMX BypoBMX NNaThOPM, BITPOEHEPreTUYHUX YCTaHOBOK Ta iHLIMX METANOKOHCTPYKLiM LUMPOKO BUKOPUCTOBYE
JINCTOBY CTanb MiABULLEHOT MiLHOCTI. OCHOBHMM BMPOOHMYMM MPOLLECOM € 3BAPKOBAHHS, AKICTb SIKOTO 3anexXuTb
Bif, 6araTbox (akTopiB, y TOMY UMCAi Bif, 34aTHOCTI CTani NPOTUCTONTM 3BApPHOBaHHI0. BifloMo, L0 BNACTMBOCTI 30HM
TEPMIYHOrO BMNIMBY 3HAYHOIO MipOI0 3aN1eXaTb Bif, Pa30BUX NEPETBOPEHb,XapaKTep AKUX BU3HAYAETLCS IHTEHCUBHICTIO
Ta PO3BUTKOM AMPY3ifiHMX NpOLECiB Nepepo3noainy ByrfeLto Ta eryloumx eNemMeHTiB nig BNiMBOM 3BaptoBasibHOMO
Tepmoumky. ToMy HeobXiAHO OLHWUTM 3BAPKOBAHICTb CTaNli NEBHOIO XiMiYHOroO CKnaay, Wwob BMOpaTh ONTUManbHUMA
Cnoci6 i TeXHONOriYHI NapamMeTpu pexnMy 3BaproBaHHS AN BUTOTOB/IEHHS KOHKPETHOI METaNIOKOHCTPYKLi. 3 MeTO
3HUKEHHS MaTepiasbHUMX BMTPAT MOXHA BMKOPWUCTOBYBATM aHaNliTUUYHI METOAM PO3paxyHKy, ski 6ynn po3pobneHi
B IHCTUTYTI enekTpo3BaptoBaHHs iM. E.O. MNatoHa. BoHn 6a3yoTbCa Ha aHanisi nitepatypu Ta BUMBYEHHI 6AM3bKO
150 piarpamM TepMOKiHETMYHOrO po3nafy aycTeHiTy. MatemaTuyHi Mofeni [03BONAOTb 3 AOCTATHLHOK TOYHICTHO
NporHo3yBati Ga30BMii CKNAA i MEXaHIYHI BNAaCTMBOCTI BUCOKOTEMMNEPATYPHOT 30HM TEPMIYHOTO BM/IMBY B 3a/1€XKHOCTI
Big, XiMIYHOro CKNagy i 4acy OXONOMXKEHHS MeTany, HarpiToro A0 MakcuManbHoi Temnepatypu 1350 °C., B aianasoHi
Temnepatyp 850-500°C. OnHak Taki BUNpobyBaHHS € 4OCUTb AOPOrMMY | He J,03BONSHOTb ONTUMI3yBaTU BNACTUBOCTI
3BAapHOro LWBa MpKU 3MiHi peXuMy 3BaplOBaHHS, 3BaplOBa/ibHUX MaTepianiB Ta iHWMX OCHOBHUX TEXHOMOFIYHUX
dakTopiB. Y 383Ky 3 UMM CTaBUIOCS 3aBAAHHSA OLIHWUTM HAZIMHICTb 3aNpONOHOBAHOI METOAMKM NPU AOCAIAXKEHHI
3BaptOBAHOCTI CyaHOBYAIBHOI CTani NiABMLLEHOI MiLHOCTI kaTeropii E36, ans Havcnabworo T (nonepeyHoro) — opieHTaLii
nucta ToBLMHOK 50 MM. BUCOKI MOKA3HUKM KaTeropii ctani 4ocaratoTbCs 06MeXXeHUM 30i/bLEeHHSM BMICTY allOMiHit0
abo iHwmx enemeHTiB (Nb, V, Ti), wWo 3a6e3neyye po3mip ayCTeHITHOrO 3epHa He Binble n'aToro 6ana. [locnigkeHHs
MOKa3anw, Wo aHaniTMYyHi METOAU PO3PAXYHKY MEXAHIYHUX XapaKTePUCTUK BUCOKOTEMNEPATYPHUX AinsHOK 3TB 3a
XiMIYHMM CKNafOM 3 ypaxyBaHHSAM LUBMAKOCTI OXONOMXKEHHS MiCNs 3BaploBaHHA 3abe3neuyloTb AOCTATHIM A4
MPaKTUYHOIO 3aCTOCYBaHHS PiBEHb JOCTOBIPHOCTI Ta MOXYTb BYTWM peKOMeHA0BaHi AN NEePBUHHOI OLiHKM BNACTUBOCTEM
3BAPHUX 3€LHAHb, TUCTIB BENMKOI TOBLUMHM 3i cTani kaTeropii E36 (T-noaibHa opieHTauis). YoapHa pobota (KV-40)
BMCOKOTEMMEPATYPHMUX 30H TEPMIYHOIO BMIMBY HE NiANArA€E aHANITUYHIN OLiHLI 3 HEOOXiAHMM ANS BUPOOHUYOI
NPAKTUKKM CTyNeHeM TOYHOCTI

KntouoBi cnosa: cranb karteropii E36, ouiHKa 3BaproBaHOCTI, aHaNITUYHI METOAM PO3PaXyHKY B 3BAPHOBAHHI, KOMMIEKCHI
MeXaHiyHi BUNpOoOYBaHHS, MeXaHI4YHI BNACTMBOCTI, yAapHa BA3KiCTb, TBEPAICTb CTaNi
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Abstract. An important direction in the greening of tillage is to preserve and improve the physical properties of soils
in the optimal range of values, which is a necessary condition for the effective use of other agronomic measures
that affect the formation of crop yields. With the advent of new, modern energy-efficient tillage tools, there is a
need to conduct research on their effectiveness on the first stubble cultivation on the southern chernozem. The
purpose of the research was to establish the influence of surface (stubble) cultivation with tillage tools of the
“Lozovsky mashiny” brand after harvesting winter barley on the agrophysical properties of Southern heavy loamy
low-humus chernozem in the conditions of the Southern steppe of Ukraine. In the research process, methods were
used: field, laboratory, comparative-calculation, statistical. It was found that DUCAT-2,5 (short Harrow-Husker)
best structured the soil among the studied aggregates. The lowest soil hardness values (0.48-1.33 MPA) and the
tendency to form a plow sole were obtained in the version with vertical processing - Verti-till (turbo disk). The
obtained scientific results of the research will contribute to the wider introduction into the production of new units
of the “Lozivski mashini” brand for surface soil cultivation, which will contribute to the reduction of mechanical
stress and the preservation of moisture in the soil

Keywords: stubble tillage, structural and aggregate composition, field moisture capacity, soil hardness, plow sole

INTRODUCTION

In today’s conditions of limited resources, the primary
task is the efficient use of land, the introduction of re-
source-saving technologies for growing agricultural crops
that prevent a decrease in soil fertility, contribute to the
optimization of the agrophysical state with minimal energy
and money costs [1; 2]. The main means of optimizing
the agrophysical state of the soil is its cultivation. Un-
der conditions of intensive cultivation, the structure and
physical properties of soils deteriorate, the equilibrium
density increases, which leads to adverse economic and
environmental consequences [3; 4]. Therefore, one of the
ways to overcome this problem is to reduce gradually
the intensity of mechanical impact on the soil.

An important direction in the greening of tillage
is the preservation and improvement of the physical
properties of soils, which is a necessary condition for the
effective use of other agrotechnical measures (tillage,
fertilization, sowing rates) that affect the formation of
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crop yields [5]. Therefore, in modern conditions, the
search for technologies, cultivation systems and tillage
tools that would help preserve moisture and reduce
soil density is becoming relevant.

A significant number of studies have been devoted
to the influence of various tillage systems on its agro-
physical properties.

Thus, many researchers point to the negative im-
pact of long-term use of plowing on the water-physical
and agrophysical properties of soils, due to the formation
of a plow sole, which inhibits the growth of plant roots in
the lower layers of the soil. The root system, which does
not penetrate the lower layers of the soil, often does not
provide plants with water and nutrients when the upper
horizons dry out, especially during droughts. In addition,
plowing contributes to excessive loosening of the upper
soil layer, leads to increased mineralization of organic
matter and significant losses of humus reserves [6-8].

Nikonchuk, N., Korkhova, M., Pismenniy, O., Smirnova, I., & Shustik, L. (2022). Agrophysical properties of the soil depending
on the surface treatment with various tillage units. Ukrainian Black Sea Region Agrarian Science, 26(2), 16-23.



A. Balaiev and Yu. Borysenko [9] prove that min-
imizing tillage improves its water-physical properties
and ensures the preservation of moisture throughout
the growing season. However, the improvement of till-
age methods should be based on knowledge of equilib-
rium and optimal soil density, which are the theoretical
basis for minimizing tillage [10].

Determined [11] that plowing created more fa-
vorable conditions for reducing soil density,and the use
of shallow and zero processing technology was accom-
panied by a slight compaction of 0-30 cm of the layer.
Other researchers, on the contrary, prove that minimiz-
ing cultivation improves the parameters of the physical
properties of soils [12-14].

Studies of N.D. Reznichenko [13] found that the
lowest folding density of the upper (0-10 cm) soil layer at
the beginning of the growing season was formed with
the use of disk and chisel loosening,and with prolonged
use of shallow disk cultivation (12-14 c¢m) during two
rotations of crop rotation led to an increase in the fold-
ing density in the layer of 10-20 cm compared to deep
chisel loosening.

O.l. Tsyliuryk [15] determined that the use of
flat - cutting loosening in the technology of growing
corn significantly increased the hardness of the arable
layer-by 2.2 times compared to shelf plowing, where
arable land was turned over and the soil was maximally
loosened and decompressed.

Studies conducted in the Right-Bank forest-steppe
of Ukraine on chernozems of typical medium loam have
established that minimizing cultivation leads to an in-
crease in the density of the treated layer and a decrease
in the overall porosity of the soil [16].

A.A. Horbatenko et al. [17] found that the use
of shallow disk and non-polar main treatment of pure
Steam does not lead to a deterioration in the agrophys-
ical properties of ordinary chernozem compared to deep
plowing and chisel treatment. Against the background of
minimal cultivation, there is a tendency to increase the
volume mass and hardness of the sub-seed layer of soil by
10-30 cm, as well as an increase in the content of agronom-
ically valuable fractions of 10-0.25 mm in the arable layer.

Studies of M.R. Nunes et al [18] based on a me-
ta-analysis, the effects of chisel plowing, zero tillage (NT),
and perennial cropping systems (PER) compared with
plowing (MP) on soil structure parameters have been in-
vestigated and published. It was determined that reducing
the intensity of tillage improves the soil structure.

Similar results were obtained for growing oats in
the Left-Bank forest-steppe. The best structure and con-
tent of agronomically valuable soil aggregates in the
germination phase of oat plants is formed in the variant
with flat-cut processing [19].

O.V.Pikovska points out an increase in the content
of agronomically valuable aggregates in the soil layers
of 10-20 and 20-30 cm while minimizing cultivation
compared to plowing [19].

Recently, in many farms of the steppe and for-
est-steppe zones of Ukraine, due to lack of moisture

Nikonchuk et al.

and some other factors, preference is given to minimal
non-dump tillage stubble tillage with tillage units with
simultaneous crumbling, pruning of the root system of
weeds and crop residues of plants, partial sealing and
mulching of the field surface. With this approach, plow-
ing is not used at all. Especially widespread is the use
of units for vertical tillage, which are able to carry out
virtually universal tillage, which determines their wide
versatility of application and allows the same unit to
perform several tasks. As practice shows, after passing a
properly configured vertical unit, you can immediately
sow all types of crops [20].

So,the analysis of scientific publications has shown
an improvement in the agrophysical indicators of the soil
when using surface treatment, but with the advent of new,
modern energy-efficient tillage tools, it becomes neces-
sary to conduct research on their effectiveness at the first
stubble treatment on Southern chernozem.

In the experiments of C. Chang and W. Lindwall,
it is noted that more favorable conditions for the accu-
mulation of productive moisture in the soil are created
during surface or flat-cut mechanical soil cultivation,
compared to plowing [21].

According to scientists, traditional methods of
soil cultivation can be the reason for the reduction of
macroaggregates, the occurrence of degradation phe-
nomena in soils [22]. Soil cultivation with minimal me-
chanical impact on the arable layer leads to an increase
in the content of water-resistant aggregates [23], which
prompts the need to reduce the number of cultivations
during crop cultivation.

The purpose of the research is to determine the ag-
rophysical properties of the soil after harvesting spring
barley under the influence of surface (stubble) tillage with
tillage tools of the Lozivski mashini brand in the conditions
of the Southern Steppe of Ukraine.

MATERIALS AND METHODS

The research was conducted during 2020-21 on the re-
search field of the Educational-scientific-practical cen-
ter of MNAU (Blagodarivka village, Mykolaiv district of
Mykolaiv region). The soil of the research area is chernozem
southern heavy loam low-humus.

The scheme of the experiment provided for vari-
ants of stubble tillage with tools of the “Lozovsky mash-
iny” brand:

1. Control (without processing);

2.DUCAT RST-6 chopping Rotary chopper (knife-rotor);
3.DUCATUVT-6 vertical Harrow Verti-till (turbo disc);
4. DUCAT-2.5 short disc harrow-Husker (variodisk);
5.LIRA XL-21 heavy spring tooth Harrow (strigel).

To simplify perception, these machines were named
after the type of working body: knife-rotor; turbo-disk;
variodisk; strigel.

The test conditions were generally characterized
as typical for the Southern Steppe zone of Ukraine and
contribute to high-quality surface treatment. The av-
erage daily air temperature for the study period was
+25.4°C, the maximum one reached +33.5°C, and the
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minimum one was 17.5°C. The amount of precipitation
for the reporting period was 14.2 mm.

Agro background was spring barley stubble, stub-
ble height was 16.6 cm, soil condition in layers of 0-20 cm
had humidity 22.1-23.9%, and hardness 0.54-0.94 MPa.
Tillage was carried out immediately after harvesting
spring barley.

Working speed: knife-rotor — 13.0 km/h turbo disc -
15.1 km/h, variodisk - 12.0 km/h, Strigel - 10.2 km/h.

Tools have a different structure of working bodies
and modes of their operation, which ensures the quality
and peculiarity of the technological process inherent in
each machine.

The total area of the plot was 600 m?,the account-
ingareawas 100 m2.Therepetitioninthe experimentwas
threefold. The placement of land plots was consistent.

Field, statistical, and laboratory methods were
used to conduct experimental work. The structural and
aggregate composition of the soil was determined by the
N.I. Savinov method (dry sieving) [24], the soil hardness was
determined by the Kaczynski cutting ring method [24],
and the volume water content (%) was measured using a
portable device in layers every 5 cm of soil.

Soil samples were taken three times with an inter-
val of 5 days - 12.07; 19.07; 23.07.

RESULTS AND DISCUSSION

Stubble treatment-surface treatment that includes loos-
ening the soil to a depth of 5-8 cm without turning it over
for the purpose of pruning crop residues, weeds, leveling
the surface, mulching (mixing the soil with plant resi-
dues) in order to accumulate and preserve moisture and
improve the agrophysical characteristics of the soil [25].
The structure of the soil determines the favorable structure

of the arable layer, its water, and physical, mechanical
and technological properties: such as soil density, hard-
ness of the treated layer, in which the root system of
plants develops, reserves of productive moisture. Op-
timal conditions of water and air regimes are formed
in soils with a fine-grained and granular structure [24].

The soil structure according to the size of aggre-
gates is divided as follows: lumpy (aggregates >10 mm);
lumpy-granular, or macrostructure (aggregates 10-0.25 mm);
powdery, or microstructure (aggregates 0.25 mm).In the
resistance of soils to wind erosion, the main role is played
by the clumsiness of the upper layer (0-50 mm) [26].

The vast majority of researchers note that flat-
cut cultivation has a better effect on the structure than
plowing, and minimizing soil cultivation is an effective
means of improving the structure of ordinary chernozem
by increasing the content of agronomically valuable ag-
gregates [27; 28].

According to the results of A.A. Pavlichenko’s re-
search, it was established that the best structural con-
dition was observed during long-term shallow tillage,
where 60.2 and 64.2% of water-resistant aggregates
were found in the plow layer,or 1.5 and 1.2% more than
in control [29].

Shallow (10-12 ¢cm) moldboard cultivation con-
tributed to growth of the topsoil bulk density of cherno-
zem by 0.3-0.5 g cm™ and decrease in total porosity by
0.6-0.9% compared to plowing by depth of 20-22 cm in
field experiment of the National University of Life and
Environmental Sciences of Ukraine [30].

In studies, the structural and aggregate compo-
sition of the upper soil layer due to treatment with var-
jous tillage tools had significant differences between
the variants (Fig. 1).

100

90 80.8
80

70 64.3
60
50

40
30 20.1

15.6
20 8.9 10.3

m>100.] mm ®50.1-100.0 mm ®<50.0 mm

10 0.0

Control Knife-rotor Turbo drive Variodisk Strigel

85.0 87.0
75.8

15.0 16.1
8.1
0.0

Figure 1. Influence of stubble treatment with tillage tools on the content of soil aggregates in a layer of 0-8 cm, %

A larger number of units up to 50 mm in size were
formed as a result of crumbling the soil by working bod-
ies with a short disc harrow-Husker (variodisk), a vertical
processing harrow Verti-till (turbo disk) and a chopping
Rotary chopper (knife-rotor). Lumpiness in these variants
ranged from 80.8 to 87.0%, which exceeded the content of
lumps up to 50.0 mm in the control variant by 16.5-22.7%.
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Accordingly, the blockiness of the structure (ag-
gregates >10 mm) was the lowest in the variant when
processing with a short disc harrow-husker (variodisk) -
4.9%, and the maximum destruction of blocks occurred
when processing with a vertical harrow treatment Verti-
till (turbo disk). The increased content of block aggre-
gates was observed in the control version - 15.6%.
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To prevent the development of wind erosion in the
post-harvest period, which is important in the condi-
tions of the Southern Steppe, stubble treatment with a
turbo disk and a knife-rotor can be a significant factor
in the soil's anti-erosion resistance. The most agronom-
ically valuable structure is the content of particles of

0.25-10 mm of at least 70%, less than 40% is unfavor-
able. In studies, the optimal amount of agronomically
valuable aggregates in the upper layer of the soil was
created by mulching treatment with a short disc har-
row-husker (variodisk) and a chopping rotary chopper
(knife-rotor) - 74.7-78.7% (Fig. 2).

B Structural factor  ®0.25-10.0 mm
90
78.7
80 74.4
70 68.0 67.9
59.8

60

50

40

30

20
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15 29 2.1 3.7 2.1
0 — | — | —
Control Knife-rotor Turbo drive Variodisk Strigel

Figure 2. Content of agronomically valuable aggregates (0.25-10 mm) in a layer of 0-8 cm,
depending on the tillage of various aggregates %

Soil hardness - the property of the soil in its nat-
ural composition to resist compression and prospection.
This is one of the main indicators that characterizes
its physical condition, determines the environment in
which the root system of the plant is located, and, ac-
cordingly, it determines the efficiency of nutrition. Hard-
ness often leads to a decrease in seed germination, af-
fects the water,air and thermal conditions of the soil, the
traction resistance of tillage machines and tools [30].

Stubble treatment with tillage tools significantly
affected the hardness indicators in the soil layers and
depended on the working bodies of the mechanisms.
The lowest hardness was observed in the 0-5 cm layer
and gradually increased down the profile in all variants
of the experiment. The lowest hardness of the upper
soil layer was observed with the Verti-till vertical har-
row (turbo disk) — 0.48 MPA and in the control - 0.54 MPA
(Table 1).

Table 1. Soil hardness in different layers depending on stubble treatment with different tillage units, MPa

Layers of soil, cm

Tillage units

Knife-rotor
0-5 0.54 1.05
5-10 0.66 1.10
10-15 0.84 1.18
15-20 0.92 1.29

The highest hardness in the 0-5 cm layer was ob-
served in the version when processing with a chopping ro-
tary chopper (knife-rotor) - 1.05 MPa, which was 0.51 MPa
higher than the soil hardness from the control version. In
all soil layers, the lowest hardness values were in the con-
trol version (0.54-0.92 MPa).

When processing stubble with tillage tools, the
best results were obtained in the version with the Verti-till
vertical harrow (turbo disk) — 0.48-1.33 MPa. The greatest
compaction and hardness in the soil layer of 5-20 cm was

Turbo drive Variodisk Strigel
0.48 0.71 0.72
0.92 1.10 1.22
1.12 1.23 1.46
1.33 1.14 141

facilitated by processing with a heavy tooth spring harrow
(strigel) — 1.22-1.46 MPa. Using this indicator, you can de-
termine the depth, thickness, and density of the plow sole,
the formation of which depends on the tillage technology.
Increasing the hardness increases the energy intensity of
tillage, reduces water permeability, it slows down the de-
velopment of roots until they completely stop due to the
inability to penetrate through the compacted layer. The re-
sults of assessing the propensity of the soil to form a plow
sole using the falling cone method are shown in Figure 3.
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Figure 3. Influence of tillage on the tendency to form a plow sole by the height of immersion of the falling cone, cm

The least susceptible to the formation of a plow
sole was the soil in the version when treated with
working bodies with a short disc harrow-husker (vari-
odisk) — 1.05 cm, which was at the level of the control
Version (1.03 cm). The soil in the version of processing
with a heavy tooth spring harrow (strigel) was most
susceptible to the formation of a plow sole in terms of
the height of immersion of the falling cone - 1.71 m.
Processing with a verti-till vertical harrow (turbo disc)
and a rotary chopper (knife-rotor) revealed the same
tendency for forming a plow sole - 1.57-1.58 cm.

Soil hardness and humidity are related indica-
tors. With a decrease in the moisture content in the soil,
the hardness increases significantly and negatively af-
fects the root system of plants. Therefore, before install-
ing moisture supply, the soil hardness is determined to

identify areas of over-compaction. In recent years (2020-
2021), the risks of arid conditions have been increasing
more and more, so modern technologies require signif-
icant improvement, in particular in the search for agri-
cultural measures aimed at preserving natural moisture
resources.

The most important physical property of the
soil that determines its humidity is moisture capacity
(capillarity) - a value that quantifies the water-retain-
ing ability of the soil: the ability to absorb and retain
a certain amount of moisture from draining under the
influence of capillary and sorption forces. The degree
of soil moisture retention was determined using the
volume water content indicator, or field moisture ca-
pacity (“FMC”), which is a numerical indicator of soil
moisture (Table 2).

Table 2. Dynamics of moisture reserves in the surface layer (0-25 cm)
depending on stubble treatment with various tillage units, %

Tillage units

Layers of soil

10-15
First term

Control 74 20.2 449 421 56.1
Knife-rotor 16.0 389 50.0 46.8 65.5
Turbo drive 11.5 254 46.0 45.6 66.1
Variodisk 0.0 41.6 64.1 60.5 62.8
Barbell 0.0 44.4 48.1 63.3 63.9

Second term
Control 4.2 75 27.3 31.5 35.0
Knife-rotor 0.0 239 34.5 36.7 40.7
Turbo drive 6.7 8.2 38.3 444 55.4
Variodisk 0.0 28.0 46.3 56.1 59.3
Barbell 6.3 14.0 29.8 42.6 50.0

Third period
Control 6.3 10.6 27.8 314 35.7
Knife-rotor 2.1 144 24.1 30.4 34.2
Turbo drive 1.9 5.8 36.0 42.0 50.0
Variodisk 9.9 24.1 473 52.2 28.1
Barbell 4.7 5.5 30.3 38.6 494
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The control variant had the lowest values of field ~ variant with Ducat-2.5 variodisk and in dynamics they
moisture capacity in all soil layers. Thus, the moisture  were: 45.8% (first term); 37.9% (second term) and 38.3%
reserves in the soil layer from 0-25 cm were higher in the  (third period) respectively (Fig. 4).

EFirst term W Second term M Third period

45.8
434 439
40 38.9 37.9 38.3
35 34.1
30.6 285
30 .
27.2 27.1 257

25 211 224 210
20

15

10

5

0

Control Knife-rotor Turbo drive Variodisk Strigel

Figure 4. Dynamics of moisture reserves (%) depending on stubble treatment with various tillage units,
average at a depth of 0 to 25 cm

Lower moisture reserves in the 25 cm soil layer  bases, worm passages, etc. the optimal value is at least
were in the control version (without cultivation) - 34.1% 30 mm/hour. Therefore, the regulation of soil water per-
(first term); 21.1% (second term) and 22.4% (third period). meability should be reduced for improving the struc-

Among the four tillage units studied, in the 25 cm  ture and structure of the soil by appropriate mechanical
layer the lowest moisture reserves were observed in  treatment, the introduction of organic (especially green
the knife-rotor variant: such as 43.4,27.2 and 21.0%,re-  manure) fertilizers.
spectively. The water permeability of the soil depends on The water permeability of the loosened soil was
the mechanical composition and structure of the soil, optimal after treatment with the studied aggregates in
the amount of swelling, the composition of absorbent  all variants (Table 3).

Table 3. Influence of tillage with tillage units on water permeability soil through a fixed area, mL/cm?/min

Tillage units

. Time ) Knife-rotor Turbo drive Variodisk Strigel

intenakmin Su!;ziiclied Soles Sul;‘s)ii?ed Soles Sul;ziit:ed Soles SuZZii?ed Soles
1 3.63 34 3.9 1.9 4.8 2.8 4.0 2.0
2 3.82 4.3 4.1 1.9 5.3 3.2 4.2 2.0
3 4.36 4.6 4.6 2.3 5.4 3.2 44 2.0
4 4.54 5.3 4.9 2.7 5.7 3.8 4.5 2.0
5 5.04 5.9 5.5 2.7 6.2 3.8 4.5 2.3
6 5.38 6.3 5.8 2.7 6.5 3.9 4.8 2.3
7 5.91 7.0 6.3 3.3 71 4.3 4.8 2.3
8 591 73 6.7 3.5 7.2 4.5 4.8 2.4
9 6.3 79 7.2 3.6 7.6 5.0 5.0 2.5

However, the soil was better able to pass the in all variants of studies on this indicator, the option for
added water when treated with Ducat-2.5 variodisk  processing with a ducat RST rotary chopper (knife-rotor)
both after 1 minute and after 9 minutes of research -  was distinguished as 6 — 3.4-7.9 mL/cm?/min. Lower rates
4.8-7.6 ML/cm?/min. In addition, good results of water  of moisture absorption by the sole were shown by the
absorption along the loosened layer were obtained in  option for stubble treatment with a heavy tooth spring
the Verti-till vertical harrow treatment variant (turbo  harrow (strigel) LIRA XL-21 from 2.0 to 2.5 mL/cm?/min.
disk) - 3.9-7.2 mL/cm?/min.

Avaluable indicator of tillage is the water perme- CONCLUSIONS
ability of the sole, which affects the provision of moisture  Based on the results of a scientific study of the effec-
to the root system of plants. According to the table data, tiveness of using surface tillage of tillage tools of the
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“Lozovsky mashiny” brand, the following conclusions
can be drawn:

— the best structured soil was a short harrow-husker
DUCAT-2.5; the content of agronomically valuable ag-
gregates of 0.25-10 mm was 78.7% (K page=3.7). The
content of lumpy fractions of 0-50 mm in size of more
than 70% in the treated layer was provided by all ag-
gregates, which was an excellent indicator;

—the lowest indicators of soil hardness and the ten-
dency to form a plow sole were obtained in the Verti-till

vertical treatment variant (turbo disk) - 0.48-1.33 MPA.

The greatest compaction and hardness in the soil layer

of 5-20 cm was facilitated by processing with a heavy
tooth spring harrow (Strigel) — 1.22-1.46 MPA;

— preservation of soil moisture in terms of moisture
capacity (VWC) was best provided by a short disc har-
row-husker (variodisk) DUCAT-2.5 (variodisk).

In connection with the significant mechanical
load on soils and climate changes, especially in the
Southern Steppe zone of Ukraine, the obtained scientif-
ic results are relevant and will be implemented in pro-
duction. In addition, further tests of the “Lozivski mashini”
brand tools on irrigation, which will contribute to the
preservation of moisture in the soil, are promising.
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Arpodi3nyHi BNacTUBOCTI 'PYHTY 3aJ/Ie)XHO Bif, NoBepxXHeBOro
(ctepHbOBOIro) 06po6iTKy 'rPYHTOO6pO6HMMM 3HAPAAAAMMU

Hatansa BonogumupiBHa HikoHuyk!, Maprapurta MuxaiinieHa Kopxosa?,
Oner Bonogumuposuu MucbmeHuit?, Ipuna BiktopisHa CmipHoBa?, JleoHig Mpokonosuuy LLlycTik?

MuKonaiBCbKMI HALiOHaNbHWIA arpapHUiA yHiBepCUTET
54008, Byn. leopris loHraase, 9, M. Mukonais, YkpaiHa

2YKpaiHCbKMIM HAaYKOBO-A0CAIAHMI IHCTUTYT MPOrHO3YBAHHSA Ta BUNPOOYBAHHS TEXHIKM | TEXHONOTiN
[N CinbCbKOrocnoaapcbkoro BUpobHMUTBA iMeHi JleoHiaa Moropinoro
08654, Byn. IHxxeHepHa, 5, cMT JocnigHuubke, Kuiscbka 061., YkpaiHa

AHoTauis. Baxxn1MBMM HanpsMKOM B eKosori3aLlii 06pobiTky rpyHTY € 36epexeHHs Ta NoKpaLLeHHS QisUYHUX BNACTUBOCTEN
I'PYHTIB B ONTUMasIbHOMY iHTEPBai 3HAYEHb, LLLO € HEOBXiAHOK YMOBO e(hEKTUBHOIO BUKOPUCTAHHS IHLLIMX arpOTEXHIYHMX
3aX0AiB, SKi BNAMBAKOTL Ha (DOPMYBAHHS YPOXKANHOCTI CilbCbKOrOCMOAAPChKMX KYNLTYP. 3 MOSABOK HOBWX, Cy4aCHUX
eHeproe@eKkTMBHUX I'PYHTOOOPOOHMX 3HAPAAb BUHMKAE HEODXIAHICTb Y NPOBEAEHHI AOCNiIKEHb 3 iX eheKTUBHOCTI Ha
nepLIOMy CTepHbOBOMY 06p06iTKy Ha YopHO3€eMi niBaeHHOMY. MeToto focnifKeHb 6yn0 BCTaHOBWUTM BMIMB MOBEPXHEBOTO
(cTepHbOBOrO) 06POBITKY PYHTO0OPOOHUMM 3HAPAAAAMM BpeHay «JT03IBCbKI MALIMHW» NicNs 36MPaHHA S4MEHI0 03MMOT0
Ha arpodi3nyHi BNaCTMBOCTI YOPHO3EMY MiBAEHHOIO BAXKKOCYIMIMHKOBOro ManoryMycHoro B ymoBax llisaeHHoro Creny
YkpaiHu. Y npoueci JoCnimKeHHs BUKOPUCTOBYBANMCS METOAM: NOMIbOBUIA, TaBOPATOPHUIA, MOPIBHSIBbHO-PO3PaxXyHKOBUH,
CTaTUCTMYHKIA. BCTaHoBNEHO, WO cepen AOCNiKYBaHUX arperatiB Havkpale cTpykTypysas rpyHT DUCAT-2,5 (kopoTka
6opoHa-NyLWMNbHUK). HalHWx4i nokasHuku TBepaocTi rpyHTy (0,48-1,33 MI1a) Ta CXWMNbHICTb A0 YTBOPEHHS MYXHOI
nigowswm 6yno oTpUMaHo y BapiaHTi 3 BepTMKanbHUM 06pobiTkoM — Verti-till (Typ60o-anck). OTpuMaHi HayKoBi pe3ynbTaTy
[OCNiIKEHb CNPUSTUMYTb LIMPOKOMY BMPOBAIXKEHHIO Y BUPOOHMLTBO HOBMX arperaTiB 6peHay «/103iBCbKi MaLUMHKUY Ans
noBepxXHeBOro 06pobiTKy IPYHTY, LLIO LOMOMOXKE 3MEHLLYBATU MEXaHIYHe HaBaHTaXKeHHs Ta 36epiraTv BONOry B rpyHTI

KntouoBi cnoBa: ctepHbOBUi 06POBITOK FPYHTY, CTPYKTYPHO-arperaTHuii CKnag, NoiboBa BOJIOTOEMHICTb, TBEPAICTb FPYHTY,
MAY>KHA NigoLWBa
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Abstract. The topicality of the topic is due to the need to develop the production of energy crops, in particular hemp,
given the limited amount of available minerals for the needs of heat supply. Hemp is suitable for biofuel production
as a profitable crop with a wide range of uses. For the purpose of the study, the authors assessed the influence
of agrotechnical factors on the productivity of sowing and quality indicators of hemp seeds for the production of
solid fuel in Latvia. The Polish hemp variety “Bialobrzeskie” and the Latvian hemp variety “Parini” were evaluated
for application of 3 doses of nitrogen fertilizers. Analyzes are used, which are classified as systemic, statistical and
comparative. Research methods are applied: generally accepted in crop production, field and laboratory - to clarify
the interaction of the object of research with agrotechnical and natural abiotic factors; calculated and weighted -
to determine the productivity of crops; calculation and comparison; mathematical and statistical (dispersion) - for
assessing the probability of research results. It was determined that for fibrous hemp, the dry matter yield of the
stem ranges from 6.5 to 11.0 t/ha, and the seed yield is 0.7-1.4 t/ha. The productivity of hemp significantly depends
on agrotechnical factors, in particular, on the variety and application of fertilizers, because these component
technologies significantly affect the yield and quality indicators of seeds for the production of solid biofuel. The
hemp variety “Parini” is less productive than the hemp variety “Bialobrzeskie”, even with the use of N, nitrogen
fertilizer dose. The dose of nitrogen fertilizers affects such energy parameters as ash content and the highest
calorific value. The research revealed a significant (P<0.05) influence of the trunk fraction on productivity, the
highest calorific value and ash content. The scientific novelty is that the impact of the variety and doses of nitrogen
fertilizers on productivity, including the energy properties of hemp, has been evaluated, and the practical value is
in the improvement of the technology of growing hemp by correctly selecting the variety and optimizing the dose
of nitrogen fertilizers to create high-quality products for heating and use of waste-free technologies

Keywords: hemp, variety, doses of nitrogen fertilizers, productivity, ash content, highest calorific value, solid biofuel

INTRODUCTION

Solid fuel from biomass has a wide range of applica-
tions: production of heat, electricity, heating, etc. [1; 2].
This indicates that solid biofuels have greater potential
than other biomass resources. It is important to use local
resources for biofuel production, as this will reduce
costs, support local producers and contribute to energy
self-sufficiency and the development of the national
economies of both Latvia and Ukraine.

Substitution of natural gas, oil, coal with agri-
cultural waste (e.g. straw, chaff, etc.) and energy plants
will become economically viable if the prices of non-re-
newable resources increase and the volume of mineral
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extraction decreases [3], therefore energy crops must be
fully utilized of all factions.

For the development of new technologies for the
development of alternative energy sources in Ukraine,
the scientific and technical program of the National
Academy of Sciences “Grape Crops”was launched. It was
carried out by ten NSUs, in particular by employees of
the Institute of Bask Cultures [4; 5].

It is common knowledge that internal combus-
tion engines run on gasoline, gas, and diesel, and the
prices of these primary fuels are constantly rising. In
addition, the environment is polluted. All these troubles
require the introduction of new methods and ways of
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creating fuel that will be efficient from an economic
point of view, and clean from an environmental point
of view. Currently, bioethanol and biodiesel are among
the promising alternative fuels for cars and other types
of transport [2].

The characteristics of the properties of power
plants are determined by standards. They differ for each
type of biofuel, and each country, including Latvia and
Ukraine, has its own standards, but there are European
Union standards. At the same time, it is difficult to de-
termine the ideal requirements for the quality of the
installation, since they may differ for different consum-
ers, for example, owners of large and small furnaces.
In addition, increasing the qualitative and quantitative
indicators of crops without increasing the cultivated
areas is an urgent issue. An important role is played by
ecologically clean growing technologies, which ensure
better tillage of the soil, the cultivation of appropriate
varieties and the application of fertilizers according to
the agrochemical parameters of the soil.

Hemp belongs to bioenergy crops. The calorific
value of the stems of this plant is comparable to coal [5].

The world market contains more than 25,000
hemp industry products [4]. In addition, the demand for
products from technical hemp on the world market is
constantly increasing [6; 7].

At the same time, hemp seeds and fiber should
be considered valuable raw materials for use in textile,
cellulose, pharmacological, cosmetic, construction and
other types of business, and the properties of this bio-
energetic plant, the effect of agrotechnical measures on
them should be studied in order to increase the produc-
tivity of hemp agrophytocenoses. Therefore, the aim of
the work was to assess the influence of such agrotech-
nical factors as the type and dose of nitrogen fertilizers
(and their optimization) on the yield and quality indica-
tors of hemp for the production of solid fuel in Latvia.

Hemp seed (Cannabis sativa L.) is an annual (mon-
oecious and dioecious) crop of the hemp family (Cannaba-
ceae). Historically, the cultivation of Cannabis sativa L.
began in China around 2700 BC. e., when the properties
of hemp as a medicinal plant were discovered. After that,
the cultivation of hemp spread throughout Asia, and by
2200-2000 BC. e. also in Europe [8-10].AV. Pylypchenko
assures that the word “‘cannabis” appeared in Holland as
a translation of the English word “canvas” (translated as
a sail) [11].

Archaeological materials show that the first fab-
rics were woven from nettle and hemp fibers at least
1000 years ago [12]. In the Middle Ages, there were
specialists in the production of hemp twisters, and they
had their own association. Edible hemp seeds were found
in the Tulsa barrow in the XI-XIII centuries.

L.G. Nikolaychuk [7] notes that technical hemp is
considered a traditional Ukrainian plant material, but
it was forbidden to sow these plants in Ukraine at the
time, because they were classified as narcotic.

N.V.Sholoyko, V.I. Popov, and T.I. Lysenko [10] claim
that by 1990, technical hemp occupied more than 10% of
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the agricultural land structure. Ropes, canvas and hemp
oil were produced from this crop. Cultivation of these
plants was highly profitable. Starting from the 1990s,
hemp crops as a cash crop were practically destroyed.

The main components of the Cannabis sativa L.
harvest include stems with short fibers and seeds. The
seeds are used as sowing material, or after advanced
processing they are used for the needs of the food, con-
fectionery, pharmaceutical, cosmetic and paint indus-
tries [11; 13; 14].

The breeders of the Institute of Bast Crops of the
National Academy of Sciences of Ukraine created the
Victoria variety and in 2009 submitted it for variety testing,
because tetrahydrocannabinol (THC) was not detected
there. In terms of productivity, it was not inferior to the
standard variety (FOCO-31), and provided 1.5 thousand
hryvnias/ha of economic effect (net profit) [5].

Due to the fact that Latvia is a member of the
EU, and Ukraine aspires to join this organization, they
both need to develop the hemp industry. This is a huge
area that will require extensive scientific research and
analysis over many decades.

The agroecological characteristic of hemp is im-
portant. Hemp suppresses weeds with its abundant leaves
and is an indispensable crop in organic farming [4; 5; 11].

Hemp is a rare crop of Ukraine. After their cultiva-
tion, indicators of the sanitary state of the soil improve.
Polish specialists at the 4" conference in Rouen, which
took place in 1996, in a scientific report on the topic
“Remediation of land contaminated with radionuclides”
provided digital material that showed a decrease in the
content of salts from the group of heavy metals in various
types of soil sown hemp Therefore, the production of
hemp and the manufacture of products from them (fiber,
seeds and seeds) is environmentally safe for mankind,
because there is no radiological burden on the living
organism [15].Hemp grows quickly (i.e., no initial treatment
with herbicides is required), removes heavy metals from
the soil (bioremediation),and provides high-quality non-
food products in the face of climate change [9; 16].Hemp
and its products are environmentally friendly [15; 16].
The demand for products from technical hemp on the
world market is constantly increasing [11; 17; 18]. During
the last decade, the demand for non-narcotic plants of
this culture has increased by several hundred billion
dollars [7],although there are already about 50.000 types
of hemp products on the world market [10]. Therefore,
it is advisable to invent ways to increase the volume of
its production in order to satisfy the demand for quality
products.

MATERIALS AND METHODS

Testing of seeded hemp was carried out in Latvia on
turf-gley soil type (organic matter content 35-38 g/kg,
pH 7.0-7.3, available plant phosphorus content - 83-
145 mg/kg P,0,, potassium content - 65-118 mg/kg K,0).
The area of the sown experimental plot of hemp was
20 m? in three repetitions. The seed sowing rate is
70 kg/ha.

Ukrainian Black Sea Region Agrarian Science, 26(2), 24-34
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In the spring, after leveling and cultivating the
field, before sowing (or on the day of sowing) complex
mineral fertilizer (N:P:K - 6:26:30 - 300 kg/ha) was ap-
plied as the main fertilizer. The experiment studied the
effect of doses of nitrogen fertilizers on the productiv-
ity of hemp. Nitrogen (N) fertilizers (@ammonium nitrate
(N 34%)) were applied as follows: 0 kg/ha N, 60 kg/ha N,
100 kg/ha N as a pure ingredient (labeled N, N, N, )
when hemp formed 3-6 pairs of leaves. No pesticides
were used for hemp.

The granulometric composition of the soil was
determined by the pipetting method (ISO/DIS 11277),
the humus content was determined by the Tyurin method
(LV ST ZM 80-91). The soil reaction was determined po-
tentiometrically (ISO 10390), the content of phosphorus
and potassium was determined by the Egner-Rieme (DL)
method (LV ST ZM 82-97). Data analysis of the hydro-
thermal coefficient (HTC):

- HTC from 1.0 to 2.0 - sufficient humidity;

- HTC>2.0 - excessive hydration;

- HTC<1.00 - not enough moisture;

- HTCfrom 1.0 to 0.7 - dry;

- HTC from 0.7 to 0.4 - very dry;

- HTCin Rezekne District, Latvia, for hemp seeding
averaged 1.0 to 2.0 over the growing season.

The study evaluated the Polish hemp variety “Bi-
alobrzeskie” (monoecious) and the Latvian (local) hemp
variety “Plrini” (dioecious), which has been grown for more
than 200 years at the Piksares farm in Valmier County,Ruina
Rural District. These are promising and productive varieties,
suitable for the agro-climatic conditions of Latvia.

Since February 27,2020, the hemp variety “Parini”
has been included in the Catalog of plant varieties of
Latvia as a variety for the preservation of genetic resources
of field plants.

On the website of the International Union for the
Protection of New Varieties of Plants, it is stated that

the variety “Bialobrzeskie”, which was used in the study,
is included in the catalog of EU varieties. It was bred in
Poland (Instytut Krajowych Wlokien Naturalnych or Inst.
of Natural Fibers (PL)) on December 31, 1967, and was
also registered in Austria, the Czech Republic, and Slove-
nia in 1968.This variety was obtained by crossing several
monoecious and dioecious hemp: [((LKCSD'/'Kompolti') //
‘Bredemann 18°) /3/ 'Fibrimon 24'].

The analysis of plant samples was carried out
according to established standard methods:

- the dry substance of the sample was determined
at 105°C; drying to a constant mass;

- heat capacity exceeding V=const, established from
dried samples at 105°C - Qh. (LVS CEN/TS 14918) with
calorimeter IKA C 5003;

- ash content of dry matter - A- (IS0 1171 - 81).

In the course of the research, analyzes were used,
which are classified as systemic, statistical,and compara-
tive, and the available information was summarized.

RESULTS AND DISCUSSION

Hemp, with its high calorific value and relatively high
dry mass yield, is a good feedstock for bioenergy pro-
duction, especially if it is available in combination with
other energy sources.

We have established the volumes of hemp pro-
duction in two countries with different soil and climate
zones, Latvia and Ukraine.

In Ukraine, according to the State Statistics Ser-
vice [19], the area under hemp has undergone changes
over time. For the period from 2015 to 2020, the largest
area (2.8 thousand ha) was allocated to this culture for
seed purposes in farms of all categories in 2016. A little
less was sown in 2017 (2.6 thousand ha) and very little
(0.1 thousand ha) in 2018.1n 2020, this indicator improved
significantly, 1.6 thousand ha were planted and then seeds
were collected from an area of 1.6 thousand ha (Fig. 1).
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Figure 1. Hemp sowing area and gross seed collection in Latvia and Ukraine

Source: constructed by the authors based on data [19; 20]

An important indicator of the volume of agricultural
production in the states is the gross harvest. It depends
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collection of seeds (4.2 thousand tons) was recorded in
2018 and 2020 [20]. Ukrainian farmers collected the larg-
est amount of seeds (16.9 thousand tons) in 2016 thanks

to the larger area for collecting hemp seeds. In general,

during the analyzed period (2015-2020), the area of hemp
seed cultivation in Ukraine increased by 60% (Table 1).

Table 1. Production of hemp for seeds in Latvia and Ukraine

Indicators Country
Area, thousand ha Latvia
Gross collection, thousand ¢ Ukraine
Productivity, c/ha ‘ Latvia
Indicators Ukraine
‘ Latvia

Area, thousand ha :
Ukraine

Source: calculated by the authors based on data [19; 20]

A somewhat different situation is inherent in the
production of hemp in Latvia. During the period from
2015 to 2020, the area (from 0.1 to 0.8 thousand hect-
ares) under this crop for seed purposes increased (see
Fig. 1), and therefore the gross harvest of bioenergy
crop seeds increased. It should be noted that the Latvi-
an government provides subsidies to hemp producers.
In order to receive payments in Latvia, it is possible to

Avarage for 2015-2020 2020 in % till 2015

0.5 600.0
1.5 60.0
3.0 950.0
72 -11.5
4.7 429
5.3 -41.7

grow varieties listed in the EU Variety Catalogue: “Be-
niko”, “Bialobrzeskie”, “Epsilon 68, “Fedora 177, “Felina 327,
“Futura 757, “Kompolti”, “Kompolti hybrid TC’, “Santhica 23",
“Santhica 27%,“Santhica 70”,“Uso31” and others.

The yield of seeds also underwent significant
changes and on average for Ukraine ranged from 3.5 t/ha
(under fairly dry conditions in 2020) to 7.5 t/ha in the
favorable rainfall and temperature regime of 2018 (Fig. 2).

Productivity, c/ha

2015 2016

2017

2020

2018 2019

Figure 2.Yield of hemp seeds in Latvia and Ukraine

Source: constructed by the authors based on data [19; 20]

This indicator was marked somewhat lower for
Latvian farms. The amplitude of its fluctuation was estab-
lished for the studied period from 1.4 in 2016 to 6.1 c/ha
in 2017.

On average, for 2015-2020, each harvested hect-
are of hemp produced 4.7 tons of seeds in Latvia and
5.3 tons of seeds in Ukraine. The difference of 0.6 c/ha
(12.8%) can be explained by different types of soil, in-
sufficient amount of heat in Latvia, although there is
significantly more precipitation than in Ukraine. All these
factors ensure the proper growth and development of
hemp plants.

Under today’s conditions, hemp cultivation in
Ukraine and Latvia began to expand, in addition, medici-
nal products for the treatment of various diseases began
to be produced [10; 11].

In the agro-climatic conditions of Latvia, hemp
cannot be grown for the production of narcotic products,
as delta-9-tetrahydrocannabinol (THCQ) is only a few
tenths of a percent in these plants cultivated in the EU,
and varieties have been created that do not contain
cannabinoids at all [16].

The breeders of the Institute of Bask Crops of
the National Academy of Sciences of Ukraine [21] bred
monoecious non-narcotic varieties of hemp for the pro-
duction of seeds in the western regions, at the same
time, their potential under different cultivation models
has not been sufficiently studied. The yield between
varieties ranges up to 25%, depends on the sowing rates
for the wide-row sowing method.

L.S. Bezugla [22] claims that modern Ukrainians
consider hemp a narcotic plant, although it has been
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grown in Ukraine since ancient times as a food, fodder,
and technical crop. Hemp seeds are intended for the pro-
duction of valuable oil,and meal - as a product for feed-
ing livestock. Hemp fiber is suitable for the production of
ecological textiles, firewood - as bedding for animals,
mulch - for covering the ground cover under plants and
even for the production of building materials [17; 22; 23].

It is noted that there are varieties of hemp intended
for a specific purpose. So, it is better to use the Fedora 17
variety for seed production, the Futura 75 variety for fi-
ber production. These two varieties can be used for dual
purpose production in individual countries.By the way,
seeds of Fedora 17 and Markant varieties were formed
even in the northern part of Latvia. In Italy, the Czech
Republic and France, from 0.3 to 2.4 Mg/ha of seeds were
formed [24].

Currently, the pulp and paper industry consumes
almost half of the world's forest material. At the same
time, hemp produces almost four times more paper
than wood. In addition, this culture is adapted to most
climatic zones. The shelf life of hemp paper reaches
1,500 years. For Europe and the USA, it is necessary to
produce 6 million tons of pulp from long fiber annually.
For this purpose, it is necessary to set aside up to 1 million
hectares of land for hemp [4; 25]. Hemp is a valuable
raw material in the paper industry [8; 16; 26], thermal
insulation materials in construction.

Hemp shavings are a waste that can be used in
the production of chipboard for the construction indus-
try, as the flexural strength of the produced board reaches

2.4 MPa for the coarser group of particles with a thermal
insulation coefficient of 0.057%0.002 W/(mK) [25].

VM. Durach and L.G. Nikolaychuk [4; 27] consider
the traditional and most promising for Ukraine the tex-
tile industry, which is focused on the production of textile
products, clothes, shoes, etc. for firefighters, oil workers,
soldiers of the Armed Forces of Ukraine and soldiers of
various formations. Hemp fiber turned out to be strong
and was useful for making clothes, sails and paper. It has
been established that the first copies of the Bible were
written on hemp paper. Hemp oil was widely used in food
and cosmetics, hemp extracts were used to treat various
diseases [7-9]. Hemp oil has a wide range of applications:
from food to cosmetics, hemp extracts are also used to
treat many diseases. The oil content of hemp seeds can
exceed 35%. It can be used as biodiesel fuel and to produce
other industrial products (such as plastics).

The by-products of oil production are valuable
animal feed as well as fertilizer. Plant leaves remain in
place as a source of nitrogen in the soil. After hemp is
harvested, it is processed in the textile industry, and the
remaining wood is used as biomass feedstock for pulp
production, i.e. hemp is fully utilized. From hemp, it is
possible to obtain ecologically clean building materials
with low density, which provide high tensile and com-
pressive strength, as well as good heat and sound insu-
lation properties [6; 28]. Hemp straw showed the highest
calorific value (18.29 MJ/kg) compared to other sources
of hea [29]. Hemp is a profitable crop with a wide range
of uses in Latvia and other countries (Fig. 3).

Hemp (Cannabis sativa L.)
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Figure 3. Options for the use of cannabis Cannabis sativa L. (L. Poisa)
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Hemp briquettes are characterized by a faster
loss of mass during combustion compared to common
wood chip briquettes. This is explained by the fact that
the amount of thermal energy is released much faster in
hemp briquettes. Measurements of briquettes made from
hemp shavings showed a significant heat of combustion
(approximately 18,000 kl/kg (for wood 17,000 kl/kg)).
The total amount of heat per unit area of the mixture of
sapropel and hemp shavings is 48 MJ/m?, but the effec-
tive amount of combustion is 13 Ml/kg [30].

So, more heat will require less fuel. This is import-
ant for choosing the type of fuel suitable for the climat-
ic conditions of Latvia, where the meteorological dura-
tion of winter is about 80 days, when the temperature
can be below -30°C.

Several studies have shown that plants with a
wide range of uses have greater prospects and there-
fore lower costs [8; 31; 32],again proving the economic
viability of hemp cultivation. 1 ha of hemp absorbs ap-
proximately 2.5 tons of CO2, which significantly reduc-
es the greenhouse effect [8; 16]. Hemp is also suitable
for biofuel and biogas production in Latvia, as its pro-
ductivity is relatively good, so it is also economically
beneficial.

The yield of technical hemp stalks depends on
the variety, applied fertilizers, as well as a number of
other factors. In Latvia, the following varieties of hemp

Poisa and Antipova

are productive: “Bialobrzeskie”, “Epsilon 68” and “Futura
75" with an average yield of dry mass of 14 t/ha [33].

It has been established that the growing season
of hemp in Latvia lasts from 110 to 140 days, depend-
ing on the variety. For fibrous hemp, the dry matter yield
of the stem ranges from 6.5 to 11.0 t/ha, the seed yield
is 0.7 to 1.4 t/ha.

It is worth noting that the quality of grown hemp
products is strongly influenced by weather conditions.
The studied culture is used to increase the amount of
fuel and improve its energy properties.

Increasing the rate of nitrogen fertilization had
a different effect on “Parini” and “Bialobrzeskie” hemp
(Table 2).“Parini” was more sensitive, which is explained
by differences in the development of hemp of this variety.
In hemp, with the beginning of flowering, the intensity of
growth decreases. The average yield of dry hemp stem
for the local hemp variety “Parini” was higher when us-
ing the dose of nitrogen fertilizers N, , - 9.94 t/ha, but
lower when using N, - 5.94 t/ha. A similar trend was
observed for the hemp variety “Bialobrzeskie” - above
N,,, — 13.70 t/ha, below - N, - 9.80 t/ha.

Nitrogen mineral fertilizers help increase the size
of plant cells, as well as increase their water content,
increasing the gross weight. An indicator of the effec-
tiveness of applying nitrogen fertilizers is a high yield
of gross products.

Table 2. The average yield of hemp depending on the doses of fertilizers

Variety Norms/doses of fertilizers

Part of a plant Variety
N60
Parini 5.91 8.18 9.94
Bialobrzeskie 12.01 14.6 16.12
Dry matter Average 8.96 11.39 13.03
_ RSO.05A=O'698; RSO.05B=O'698; RSO.OSAB=1'209
Bialobrzeskie RS 05,=0.898; RS ..=1.101; RS .,.=1.556
Parini 4.46 6.43 761
Bialobrzeskie 7.81 8.87 9.91
Shiva Average 6.13 7.65 8.76
Parini RS, 0s.= 0.54; RS, ,,=0.54; RS .,.=0.94
Bialobrzeskie RS, 5,=0.64; RS, .,=0.78; RS ,,;=1.11
Note: RS, ,, - factor - growing year at the significalt level 95%; RS, ., - factor - fertilizers norms/doses at the significalt

level 95%; RS

0.05AB

The hemp variety Futura, which is a late monoe-
cious, can form a large amount of biomass and a suit-
able level of seed collection [34]. Scientists of the Rural
University of Athens [35] came to the conclusion that
the introduction of a technical increased dose of nitro-
gen under hemp, up to 240 kg/ha, provides a greater
yield of biomass, dry weight of the stem and mass of
the inflorescence by 37.3%,48.2% and 16% respectively,
if the unfertilized background is taken as the control.
An increase in the linear growth of plants in the height
and length of the inflorescence (from 1.66 to 1.76 m
and from 66.2 to 82.9 cm, respectively) was noted. The

- factors interaction at the significalt level 95%

average weight of seeds was almost the same for all
tested doses of nitrogen fertilizer. The best indicators of
plant growth and development are characteristic of the
Tygra and Futura 75 varieties.

It was determined [36] that the collection of
hemp fiber and its quality are significantly influenced
by the norms of sowing seeds and providing plants with
the main macronutrients. It has been established that
in order to obtain the yield of hemp, which will be char-
acterized by high-quality fiber (more than 2200 kg/ha),
it is necessary to plant them with a seeding rate that
will ensure a density of 329 plants/ha. Nitrogen should
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be applied in doses of 251-273 kg/ha, phosphorus — 85-
95 kg/ha, and potassium - 212-238 kg/ha.

It is well known that the most important climatic
factors that significantly affect the productivity of plants
are the supply of moisture, heat, photosynthetically ac-
tive radiation (PAR), carbon dioxide. V.M. Kabanets [37],
on the basis of research carried out in Ukraine, conclud-
ed that the optimum density of hemp stalks is 1.65 million
units/ha. At this density, the smallest inflow of PHAR en-
ergy was found, which is extremely necessary for the full-
fledged generative productivity of the weed component
of the agrophyocenosis of the second wave. Based on the
correlation analysis, it was established that the yield level
of seeds and stems of Cannabis sativa L. depends signifi-
cantly on the presence of mobile phosphorus in the soil
and somewhat less on potassium. Under the conditions
of organic farming, such dependence is not observed [38].

The correct selection of precursors is one of the
most important factors not only in organic farming, but
also in reducing the spread of diseases and pests, as
well as one of the factors in ensuring high productivity
with adequate quality.

It is noted that almost any previous plant is suit-
able for hemp, the main thing is that a sufficient amount
of organic fertilizers is applied before it [39], or, accord-
ing to other scientists [40], hemp can be grown after
any plant without fertilizers and without weed control.

Chemical weeding of hemp with the herbicide Targa
Super reduces weediness of the crop and increases the
yield of stems. The improvement of this indicator (by
2.1-2.6 t/ha) is facilitated by such a measure as foliar
feeding of plants with the microfertilizer Ecolist uni-
versal against the background of the main application
of mineral fertilizers in the dose of NP, . For harvesting
hemp seeds (with a moisture content of 14-24%), the
combine of the brand “Case” has proven itself better
compared to the combine of “PALESSE” [5].

All plants need nutrients. Hemp has a high need
for macronutrients - nitrogen, phosphorus and potas-
sium; additional nutrients - sulfur, calcium and magne-
sium; trace elements - iron, manganese, zinc, chlorine,
boron, copper and nickel. The availability of nutrients
for plants depends on the quality of the soil, fertilizers
and weather conditions, so it is necessary to ensure op-
timal growing conditions, which can be done by following
appropriate agricultural techniques.

Nitrogen (N) is the main limiting factor for plant
growth and development in natural and agricultural

ecosystems. Increasing the rate of application of nitro-
gen fertilizers in the field also increases plant produc-
tivity [41]. Nitrogen can have a beneficial effect on the
yield and its quality only if it is used to fertilize crops in
a balanced mode with the rest of the nutrients, taking
into account the biological features of the crop and the
characteristics of the soil. The presence of nutrients in
the plant and the quality of the obtained products de-
pend on fertilizers, which also significantly affect the
composition of ash.

At the same time, according to the conclusion of
scientists [42],an increase in the density of plant stands
from 30 to 120 plants/m? increased the yield of stems
by 29%, and nitrogen application from 0 to 60 kg/ha
d.r. - by 32%. Nitrogen fertilizers did not significantly
affect the seed productivity of hemp.

The studied plants have long roots, up to 2.5 m,
which reduces soil erosion. The plant is used to increase
the productivity of the next crop in the crop rotation
cycle by 10-15%, to restore the fertility of unproductive
soil for agricultural purposes and to improve diversity
in EU agriculture.

Hemp seeds are still used in Latvian national
dishes in various ways [43; 44].

The root system of hemp contributes to the im-
provement of soil productivity. This may indicate that
well-cultivated soils and appropriate agrotechnical mea-
sures have a positive effect on the productivity of these
plants. It has been proven [44] that the accumulation
and transformation of fresh organic substances formed
by plant residues of hemp depend on technological
measures in organic agriculture. They help soil micro-
organisms to transfer stress loads from the effects of
mineral fertilizers and pesticides.

Meteorological conditions in Latvia are favorable
for both early and late sowing of hemp.

The dose of nitrogen fertilizers affects such en-
ergy parameters as ash content and the highest calorific
value. For the “Bialobrzeskie” hemp variety, a significant
effect on the calorific value (QA) of the dose of nitrogen
fertilizers =23.1%) and parts of the stem (n=33.2%)
and the interaction between parts of the stem and the
dose of these fertilizers (n=17.2 %). The calorific value (QA)
of the local hemp variety “Pdrini” was significantly influenced
by the agro-meteorological conditions of the experimen-
tal year (A), the dose of nitrogen fertilizers (C) and parts
of the stem, but the greatest influence on (QA) was the
interaction between factors A and C (n=46.6%) (Table 3).

Table 3. The share of influence of factors® on quality indicators of hemp seeds in Latvia, n, %

“Parini”

Indicators

Hemp varities

“Bialobrzeskie”

Year of study (A) 72 15 18 ns 1.09
Plant component 3 12 36 33 66.09
(B)/grade (B) 19 18 5 23 23.01
N fertilizer (C) 0 0 26 10 4.09
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Indicators “Parini”

Interaction (AxC)

A
Interaction (AxB) 3
1
1

Interaction (BxC)

Interaction (AxBxC) ns

Note: * - the influence of the studied factors is reliable at the 95% significance level (Ff
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Table 3, Continued
Hemp varities
“Bialobrzeskie”

47 11 ns ns
4 1 17 ns

ns ns

1 0 12 ns

>F,,;); ns - the influence of the

fact

studied factors is insignificant at the 95% confidence level (Ffm<FO.O5);A - ashiness; Qh is the highest calorific value

The study noted a significant (P<0.05) propor-
tional effect of the part of the stem - for “Bialobrz-
eskie” - 33.2% and “Purini” - 12.0%. Therefore, in order
to achieve a higher calorific value, it is important to
evaluate whether it is rational to use the whole stem or
only the wood chips as fuel.

Polish scientists [45] investigated hemp biomass
for its use as an energy crop. Physico-chemical proper-
ties of this plant, manifested in the process of burning
straw and briquettes in low-power boilers, corresponded
to current standards. However, excessively large emis-
sions were recorded, which, taking into account the cur-
rent regulations, does not allow the use of this product
in heating devices, where the air supply goes under the
grates.

The positive effect of nitrogen on the growth of
hemp is manifested from the phase of 3 pairs of leaves,
until this time hemp only needs a sufficient amount of
nitrogen. Factors (genotype and seeding rate) signifi-
cantly influenced the yield of above-ground biomass of
hemp, as well as the calorific value per hectare [33].

Scientists [15] assure that it is necessary to use
phosphorus-potassium fertilizers in the hemp fertiliza-
tion system, which will ensure a significant decrease in
the flow of radionuclides into the plant, and then from
it into the products.

The ash composition of biomass depends on the
type and part of the plant, for example, trunk, bark, nee-
dles have different ash composition. Hemp straw has
a lower ash content than grass, which is important for
the use of solid vegetable biofuels in automatic furnaces.
Therefore, it should be noted that the species have
some qualities characteristic of the variety, which are
not significantly affected by the meteorological condi-
tions of the given vegetation period, but are affected by
the interaction of various factors (fertilizer rate, variety,
meteorological conditions, plant parts) [9; 23; 46].

Latvian farmers are interested in growing crops
such as hemp and their varieties, as well as in the use of
technologies that require less energy consumption. The
low consumption of the latter largely determines the lower
cost of production and the higher income of the owner.

With professional and competent determination,
the farmer must achieve that the amount of pre-accu-
mulated (primary) energy and energy used in the pro-
duction process at each stage of cultivation is as small

as possible, and the mass of accumulated solar energy
(generated biomass) is as large as possible.

CONCLUSIONS

Hemp seeds have a wide range of uses, including the
production of granules, pellets, briquettes, etc. For the
production of solid renewable biofuel from seeded
hemp, it is worth using their surplus, which will allow
strengthening the hemp industry in Latvia and Ukraine
as one of the components of energy independence of the
countries.

In order to obtain a larger amount of biofuel formed
by the researched crop, it is necessary to increase the
level of production intensification, which will positively
affect both yield and product quality.

The productivity of hemp crops is significantly
affected by the application of nitrogen fertilizers. The
average formed yield of dry hemp stems for the local
variety “Parini” was recorded higher when using a
dose of nitrogen fertilizers N, - 9.94 t/ha, but 40.2%
lower on unfertilized sowing (N, - 5.94 t/ha), variety
“Bialobrzeskie” hemp: above N, - 13.70 t/ha, below
N, - 9.80 t/ha (or 47.8% less). A significant (P<0.05)
proportional effect of the share of the stem was noted -
for “Biolobrzeskie” - 33.2% and “Purini” - 12.0%.

The advantage of using biomass energy is that
it is renewable and reduces Latvia's dependence on
imported energy resources. This corresponds to the
Guiding Principles of Energy Development. In general,
the cultivation of hemp for biofuel production in Latvia
is desirable both from the point of view of agro-climatic
conditions and economic profitability.

The volume of hemp production in Ukraine is
limited, although the weather and climate conditions
are favorable for increasing its gross harvest.

The productivity of hemp, both in Latvia and in
Ukraine, depends significantly on agrotechnical factors,
in particular on the type and dose of fertilizers, because
these component technologies have the greatest impact
on the yield level and quality indicators of seeds for
the production of solid biofuel. There is research on the
factors that influence the amount of hemp fiber, but not
enough attention has been paid to varieties that grow
very quickly, have a high capacity to accumulate a lot of
straw and have a low ash content. Our further scientific
work is aimed at solving these issues.
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Bnnaue arporexHiyHux ¢akrTopis
Ha NpoAayKTUBHICTb KoHonni (Cannabis sativa L.)

Jliena AHcosHa Moiwa?, Nipia KnumieHa AHTMNOBa?

!Pe3ekHeHCbKa aKadeMia TEXHOMOTIiM
LV-4601, Atbrivosanas aleja, 115, M. Pe3ekHe, J1aTBis

ZMuUKONaiBCbKMIM HaLLIOHANbHWIA arpapHUiA YHiBepcUTeT
54008, syn. leopris loHraase, 9, M. Mukonais, YkpaiHa

AHoTauif. AKTyanbHiCTb TeMu 06yMoBAeHa HEOOXIiAHICTIO pO3BUTKY BUPOOHMLTBA €HEepPreTUYHUX KYbTYp, 30KpemMa
KOHOMeNb, 3 OrNSAY Ha 0OMeXeHy KiNbKiCTb HAafBHUX KOPUCHWUX KOManuH Ha noTpebu TennosabesneveHHs. Ans
BMpOOHMUTBA Bionannea NpuAaTHUMM € KOHOMAI SK peHTabenbHa KynbTypa 3 WMPOKMM CNEKTPOM BUKOPUCTAHHS.
3a MeTy AOoCNiAXeHHS aBTOPWU MOCTaBMAM OLHKY BMAMBY arpoTexHiYHMX (akTopiB Ha NPOAYKTUBHICTb NOCIBY Ta
AKiCHI MOKA3HWKM HaCiHHS KOHOMEeSb AN BUPOOHMLITBA TBEPAOrO Nanuea B J1aTeii. OLiHEHO COPT NONbLCLKOI KOHOMAI
«Bialobrzeskie» Ta naTBifcbknit copT koHONANI «POrini» 3a BHeCeHHS 3 [03 a30THWX f06puB. BukopuctaHo aHanisu,
AKi BiAHOCATb A0 CUCTEMHUX, CTATUCTUYHUX | MOPIBHANbHUX. 3aCTOCOBAHO METOAM AOCNIAXKEHHS: 3araNbHONPUNHATI
Y POCAUHHULTBI NONbOBMIA | NaBOPATOPHUIA — ANs 39CYBAHHS B3aEMOLii 00€KTA LOCNIAKEHb 3 AarpOTEXHIYHUMMU
Ta NpUPOSHUMM abioTMYHMMKM (AKTOpPaMU; pO3PaxyHKOBO-BAroBuUi — AN BU3HAYEHHS NMPOAYKTMBHOCTI MOCIiBIB;
PO3paxyHKOBO-MOPiBHANbHWI; MaTEMATUKO-CTATUCTUUYHUI (MCMEPCIAHWUIA) — ANS OLIHIOBAHHS BipOriAHOCTI pe3ynbTaTiB
[ocnigxeHb. BusHaueHo, Wwo Ans BONOKHUCTUX KOHOMEb YPOXKaMHICTb CyXOi pe4oBMHM CTeb1a KONMMBAETHCS B MEXAX
6,5-11,0 1/ra, a HaciHHa - 0,7-1,4 T/ra. [IpOAYKTUBHICTb KOHOMENb ICTOTHO 3aNeXMUTb Bif arpOTEXHIYHMX PAKTOpIB,
30KpeMa Bif, COpTy i BHeceHHs [06puB, 60 Li CKNafoBi TEXHOMOrT BaroMo BM/MBAKOTb HA BPOXAMHICTb Ta AKICHI
MOKa3HWKM HaCiHHA Ans BUpobHULTBA TBepaoro 6ionanmea. Copt kKoHonenb «PUrini» MeHLW NpoAyKTUBHUMA, HidXX COpT
KoHonenb «Bialobrzeskie», HaBiTb 38 BUKOPUCTaHHSA 0031 a30THMX A06puB N, . BennunHa no3m asotHux 0obpus
BM/IMBAE HA TakKi eHepreTMYHi napaMeTpu 9K 30/bHICTb | HAaMBMLLA TENAIOTBOPHA 34aTHICTb. JocnigkeHHs BUSBUAK
poctoBipHuit (P<0,05) BNAMB YacTkmM cTOBOYpa Ha YPOXaMHICTb, HAMBULLY TEMIOTBOPHY 34aTHICTb TA 30/1bHICTb.
HaykoBa HOBM3Ha Nonsrae B TOMY, LLO OLiHEHO BMIMB COPTY i 403 @30THWUX AOOPUB HA NPOAYKTUBHICTb, B TOMY YMCi
i eHepreTMYHi BNaCTUMBOCTI KOHOMEb, @ NPAKTUYHA LiHHICTb — B YAOCKOHANEHHI TEXHONOTiT BUPOLLYBAHHS KOHOMENb
LWNAXOM BipHO AibpaHoro copTy Ta onTMMI3aLii 403K a30THUX LOOPUB AN CTBOPEHHS BUCOKOSKICHOT NpoayKLii Ha
TENI0MNoCTa4YaHHA Ta BUKOPUCTaHHS 6e3Biax0LHMX TEXHONOTIN

KntouoBi cnoBa: koHoOMAi, COPT, 031 a30THMX [OOPUB, YPOXKAMHICTb, 30M1bHICTb, HAMBULLA TEMNNOTBOPHA 34aTHICTb,
TBepae 6ionanueo
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Abstract. The use of methods of marker-associated selection opens up new perspectives in the context of maximum
realization of the productive potential of animals, which makes the issue of the application of modern scientific
approaches in animal husbandry particularly relevant. Considering this, the analysis of the productive qualities
of cattle with different genotypes according to the set of candidate genes is one of the most urgent tasks of
animal genetics and breeding. Therefore, the purpose of this study is to analyze the productive qualities of cows
of the Ukrainian red-spotted dairy breed with different genotypes according to the TLR1, SLC11A1 and CSN2 loci.
Genotyping of cattle individuals was performed using the PCR-RFLP method for TLR1 and SLC11A1 and AS-PCR
for CSN2. The analysis of productive qualities of animals was carried out by comparing the parameters of three
lactations for each group of animals according to the indicators of average milk yield for 305 days of lactation (kg),
protein content in milk (%) and milk fat content (%). The study was carried out on the basis of previously obtained
results of individual typing of individuals according to research loci. According to the results of studies conducted
in the experimental population of cows for the toll-like receptor 1 (TLR1) locus for the first and third lactations,
the dominant values of the yield index are characteristic of homozygotes with the GG genotype, while for the
second lactation the highest values of yield are observed for homozygous individuals for allele A. At the same
time, a probable difference between the indicators of individuals with different genotypes was not established.No
significant difference between the groups of cows with the studied genotypes in the parameters of fat and protein
content in milk by the TLR1 locus was also found. SLC11A1 is characterized by a characteristic difference from the
previous gene, as two mutations forming haplotypes — CC-AA, CG-AA and CG-AT out of nine potentially possible
variants were found in this locus. According to indicators of milk productivity, animals with the CG-AA haplotype
had higher values of milk compared to other haplotypes during all three lactations (the difference is probable).
The greatest differences were observed with the CG-AT haplotype. According to the indicators of the content of
milk protein and fat, no probable differences between individuals with different haplotypes were established.
The variability of signs for all lactations was at a low level. As for the beta-casein locus, according to the results
of the conducted research, no significant difference in the indicators of milk productivity of cows with different
genotypes was found. The highest confidence values are characteristic of individuals with the A1Al genotype,
however, the difference with individuals with other genotypes is unlikely. In any case, the A2 allele, according to
the value of the indicators of homozygous individuals (genotype A2A2), does not have a negative effect on the
parameters of milk productivity of animals

Keywords: polymorphism, allele, population, productivity, cows

INTRODUCTION molecular genetic markers to genomic selection. The

The basis of the high efficiency of selection work in
animal husbandry is based on the principle of fol-
lowing the advanced achievements of genetics as the
fundamental basis of selection. Over the past several
decades, DNA-oriented technologies have become the
most widely used - from the use of various types of
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possibility of direct assessment of an animal's geno-
type by DNA, in the absence of phenotypic assessment
at this stage, made it possible to carry out large-scale
passporting of populations of representatives of vari-
ous agricultural animal species, as well as to identify
carriers of productive and counterproductive alleles
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and genotypes. Today, in Ukraine, despite the difficult
circumstances associated with the difficulties of financ-
ing scientific research programs in animal husbandry,
work is being carried out on the use of methodical ap-
proaches of marker-associated selection (MAS), aimed
at determining the characteristics of the genetic and
population parameters of research groups of animals,
as well as for the analysis of the productive qualities
of individuals with different genotypes based on the set
of potential candidate genes. Toll-like receptor 1 (TLR1),
transmembrane protein SLC1 (SLC11A1) and beta-casein
(CSN2) genes are among the most promising in cattle
genetics. The presence of marker alleles, which are as-
sociated with economic and valuable traits of animals
within experimental groups, is quite important for tar-
geted selection in order to maximize the productive
potential of cattle. Undoubtedly, traditional methods of
animal selection based on phenotypic traits (selection by
phenotype) are of great importance in the selection pro-
cess. However, from the point of view of world practice, it
is the selection by genotype (MAS) that makes it possible
to significantly increase the efficiency of the work being
carried out.

According to the results of numerous studies, the
presence of a number of mutations in the above-men-
tioned loci has been established, which in some breeds
of cows are associated with adaptive qualities of ani-
mals [1-3]. On the other hand, the relationship with in-
dicators of milk productivity of animals (protein content,
fat content, etc.) has practically not been investigated.
Considering the above, the purpose of further research
was to analyze the productive qualities of cows of the
Ukrainian red-spotted dairy breed with different geno-
types according to the TLR1, SLC11A1 and CSN2 loci.

Vertebrate TLR1 and SLC11A1 genes are associ-
ated with the regulation of immune responses against
a wide range of pathogenic microorganisms, and their
products, proteins, by their function mostly belong to
receptors involved in the processes of innate immunity.
Individual mutations of the TLR1 gene reduce the ef-
fectiveness of the immune response against lipopeptide
and lipopolysaccharide components of the cell wall of
various types of bacteria [4; 5]. In turn, the SLC11A1
gene encodes a transmembrane protein known as one
of the potential targets that contribute to innate immu-
nity against various intracellular pathogens (tuberculo-
sis [1], bovine brucellosis [2; 3]).

An important role of the TLR1 gene in the im-
plementation of adaptive immunity lies in its ability
to influence antimicrobial activity in the skin, mucous
membranes of the respiratory tract, and the gastroin-
testinal tract of animals [6]. With the help of phyloge-
netic analysis, it was established that the TLR1 gene,
together with TLR6 and TLR10, is characterized by a
common origin and is located in a tandem that forms
a gene cluster of ~69 kb TLR6-TLR1-TLR10 on Bos tau-
rus chromosome 6 (bta6é) [7]. According to the results
of the mapping of quantitative traits QTL (Quantitative
Trait Loci) in the cattle genome, it was established that
this cluster is located in a dense QTL region, which is
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important for a number of traits of technical parame-
ters of milk and the manifestation of clinical mastitis [8].
Under these circumstances, the TLR1 locus turned out
to be a promising candidate for the study of animal re-
sistance/susceptibility parameters to diseases such as
mastitis [9]. Different authors found out that mutations
in genes of the TLR family lead to a decrease in the
efficiency of pathogen recognition and activation of the
link of the innate immune system [10; 11]. In particu-
lar, Cinar and co-authors [12] revealed the association
of research genotypes of cows with the risk factor for
infection of animals with paratuberculosis (John's dis-
ease, pTB). Based on the results of immunoenzymatic
analysis, it has been proven that East Anatolian Red and
Anatolian Black breeds are more resistant to paratu-
berculosis compared to Holsteins, therefore, selection
of animals for a certain genotype of TLR1 (+1380A/G)
can potentially reduce the risk of developing this dis-
ease in cattle. Other scientists have demonstrated that
some mutations of the TLR1 gene are associated with
the manifestation of clinical signs of such infections as
brucellosis and bovine tuberculosis [13; 14]. Instead,
Russell and co-authors established an association be-
tween different SNPs in the TLR1 locus, reduced levels
of clinical mastitis (CM) and increased protein and fat
content in milk [15].

The SLC11A1 gene, located on chromosome 2,
consists of 15 exons and 14 introns, with a total size of
~11 kb. In addition to associations of this gene with pa-
rameters of resistance/sensitivity to various infectious
diseases, a reliable connection between research gen-
otypes of the Holstein breed and the manifestation of
clinical mastitis has been proven. It can be assumed that
the SLC11A1 locus is a potentially valuable candidate
gene, first of all, for improving resistance to mastitis, as
well as for determining the parameters of productive
traits in dairy cattle populations [16]. This is confirmed
by the studies of other scientists, who found a corre-
lation between NRAMP1 (alternative name SLC11A1)
polymorphisms and the number of somatic cells in the
milk of cows [17].

In contrast to the above, the beta-casein gene
refers to objects related not to the functioning of the
body's immune system, but to milk proteins. In cow's
milk, beta-casein belongs to one of the most common
fractions, while two variants - A1 and A2 - are the most
interesting and promising for research. Variant Al is
(potentially) associated with a set of pathological ef-
fects on the human body if milk containing beta-casein
of this type is consumed. In turn, the A2 option is com-
pletely devoid of these features. However, the question
of potential counterproductiveness of the “desired” A2
allele (association with low milk yield compared to A1)
remains open. In this regard, in addition to the issues
of general typing of animals of different cattle popula-
tions according to Al and A2 alleles, it is also advisable
to investigate the productive qualities of individuals
with different genotypes.

Previously, in our research, we determined the
features of the genetic structure of research populations



of cattle of various breeds based on the TLR1, SLC11A1,
and CSN2 loci [18]. In this work, we focus on the study
of productive parameters (milk yield) of cattle (Ukrainian
red-spotted dairy cow breed) with different genotypes
according to the above-mentioned loci.

MATERIALS AND METHODS

The study was conducted in the laboratory of molecular
genetic and physiological and biochemical research in
animal husbandry of the Institute of Animal Husbandry
of the National Academy of Sciences and in the labora-
tory of molecular genetic research of the Department
of Animal Biology of the National University of Biore-
sources and Nature Management of Ukraine.

As an object of research, we used a population
of cows of the Ukrainian red-spotted dairy breed (DPDG
“Gontarivka”, Kharkiv region, Vovchanskyi district). DNA
was isolated from individual samples of biological ma-
terial (hair bulbs) using a commercial kit of reagents
“DNA-Sorb-B” (Amplisens) according to the manufacturer's
recommendations. Genotypes were determined using
the PCR-RFLP (Polymerase Chain Reaction - Restric-
tion Fragment Length Polymorphism) method for TLR1
(Bc1l polymorphism) and SLC11A1 (Pstl polymorphism),
and using AS-PCR for CSN2.

To separate the restriction/amplification frag-
ments, electrophoresis was performed in a 1.5% aga-
rose gel with the addition of ethidium bromide as a dye.
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AUV transilluminator with a wavelength of 312 nm was
used for visualization.

The value of average milk yield for 305 days of
lactation (kg), indicators of milk fat content (%) and pro-
tein content in milk (%) were used to study parameters
of milk productivity of animals. Performance analysis
was performed by comparing the parameters of the
first three lactations for each studied locus.The analysis
of productive parameters of cows with different geno-
types for the TLR1, SLC11A1 and CSN2 loci was carried
out using one-way analysis of variance (ANOVA) and the
Tukey-Kramer multiple comparisons test as a tool for
post-hoc testing. Calculations were made in Microsoft
Excel using the Real Statistics Resource Pack. Distribu-
tion was tested for normality using the Shapiro-Wilk
test. In case of deviation from the normal probability
distribution, the non-parametric Mann-Whitney U-test
was used.

RESULTS AND DISCUSSION

Based on the results of the research, the milk produc-
tivity parameters of cows of the Ukrainian red-spotted
breed with different genotypes according to the TLR1
locus were determined (Table 1). Taking into account
the peculiarities of the genetic structure of the experi-
mental group of cows, parameters were compared be-
tween individuals with all possible (according to this
locus) genotypes — AA, AG and GG.

Table 1. Indicators of milk productivity of cows of the Ukrainian red-spotted breed
with different genotypes according to the TLR1 locus

Genotype
Indicator
AA AG (c[c
First lactation
Milking, 305 days, kg 5370.5+306.02° 5135.9+158.20° 5375.7+280.27°
C,% 13.96 14.11 18.79
Fat, 305 days, % 3.82%+0.021° 3.86%0.017° 3.87+0.034°
C,% 1.32 2.05 3.13
Protein, 305 days, % 3,32%0,0482 3,31+0,0282 3.319+0.022°
C,% 3.55 3,86 2.35
Second lactation
Milking, 305 days, kg 6214%267.85° 5949.3+159.42° 6127.5£281.332
C,% 10.56 12.28 16.55
Fat, 305 days, % 3.73+0.032° 3.76%0.015° 3.77+0.026°
C,% 211 1.81 2.48
Protein, 305 days, % 3.26+0.066° 3.25%0.025° 3.26+0.026°
C,% 4.95 3.58 2.88
Third lactation
Milking, 305 days, kg 6760.5£301.21° 6576.5+129.532 6783.7£240.83°
C,% 10.91 9.03 12.80
Fat, 305 days, % 3.67%0.030° 3.69%0.013° 3.70%0.022°
C,% 2.02 1.56 2.12
Protein, 305 days, % 3.19+0.057° 3.17%0.027° 3.15%0.032°
C,% 441 4.02 3.63

Note: different subscripts (a, b) indicate the probability of difference (p<0.05) within the indicator
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According to the research results, it was found
that for both the first and third lactation, the maximum
values of the lactation index are characteristic of ho-
mozygotes for the G allele, however, AA homozygotes
have practically identical values. In turn, on the second
lactation, the situation changes somewhat - the high-
est milk yield values are characteristic of individuals
homozygous for the A allele, while for homozygotes GG,
a slight difference in this indicator was noted (87 kg).
Based on the obtained results, no probable differ-
ence between the values of the indicators was found
(Table 1). In addition, according to the yield index for
305 days, the value of the coefficient of variation was
mostly within the average level of variability of the in-
dicator (it did not exceed the limit of 19%) for all three
lactations.

It should be noted that the sample was charac-
terized by a small number of individuals of individual
genotypes, which is explained by the inclusion of only
individuals of the first three lactations, which thus re-
duced the total number of animals in groups relative to
one or two lactations.

No significant difference was found between the
groups of cows with the tested genotypes for the TLR1

locus regarding the indicators of milk fat and protein
content. According to the parameters of the content of
milk fat and protein in relation to the value of the coef-
ficient of variation, all groups of animals are character-
ized by a low level of variability (the value of Cvin each
case is below 5%).

The SLC11A1 locus is significantly different from
the TLR1 described above. In this locus, two mutations
that form haplotypes — CC-AA, CG-AA and CG-AT out of
nine possible variants were investigated. Other variants
of haplotypes were not detected in the research pop-
ulation of cows. In more detail, the results of studies
of the features of the genetic structure of cow popu-
lations of various breeds of Ukrainian selection based
on the TLR1 and SLC11A1 genes are considered in our
previous work [18]. Features of the distribution of hap-
lotypes in the research population of animals (ratio of
frequencies of individuals with different haplotypes)
made it possible to analyze the productive indicators of
cows (Table 2). It should be noted that in this case, the
analysis of performance indicators of animals with dif-
ferent haplotypes has more practical value compared
to individual genotypes. This is due to the fact that the
haplotype is a single functional unit.

Table 2. Indicators of milk productivity of cows of the Ukrainian red-spotted breed
with different haplotypes at the SLC11A1 locus

Indicators
CC-AA

Haplotype

CG-AA CG-AT

First lactation

Milking, 305 days, kg 5006.8+129.79% 5587.5+222.17° 4814.6%£211.28
C,% 9.69 17.3 11.61
Fat, 305 days, % 3.88+0.026° 3.84+0.02° 3.89+0.031°
C,% 2.57 2.28 2.11
Protein, 305 days, % 3.31+0.027° 3.335%0.029° 3.29+0.029°
C,% 3.09 3.76 2.40
Second lactation
Milking, 305 days, kg 5884.4+119.33® 6295.9+233.92° 5696.3£213.31%
C,% 7.59 16.19 9.90
Fat, 305 days, % 3.776*0.019° 3.74%0.0192 3.78%0.021°
C,% 1.91 2.29 148
Protein, 305 days, % 3.26%0.029° 3.26%0.029° 3.22%0.034°
C,% 342 3.87 2.84
Third lactation
Milking, 305 days, kg 6518.2+133.62% 6899.7+200.68° 6358.1%67.03%
C,% 7.67 12.68 2.79
Fat, 305 days, % 3.72%0.0172 3.68%0.016° 3.7¥0.019°
C,% 1.74 1.94 1.35
Protein, 305 days, % 3.18+0.027¢° 3.17+0.029° 3.13+0.057¢2
C,% 3.24 4.07 4.84

Based on the results of the research, it was found
that according to the indicators of milk productivity, in-
dividuals with the CG-AA haplotype are characterized by
higher yield values compared to individuals with other
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haplotypes (the difference is probable, p<0.05). Moreo-
ver, the biggest difference is observed with the CG-AT
haplotype (772.9 kg). This tendency (predominance of
index values in individuals with the CG-AT haplotype)



was noted during all three lactations. For individuals
with the CG-AA haplotype, the maximum value of the
coefficient of variation was also established, which indi-
cates the average level of trait variability, but these val-
ues do not go beyond the definition of the homogeneity
of the sample. In our opinion, this is due, in addition to
everything else, to the need to analyze a much larger sam-
ple of animals in the case of a large number of potential
variants of variability (9 possible haplotypes).

Based on the indicators of the content of milk
protein and fat, no probable differences between indi-
viduals with different haplotypes were established. The
variability of signs for all lactations was within the insig-
nificant (low) level.

It should be noted that the situation may be differ-
ent for the SLC11A1 locus due to the variability of the
distribution of haplotypes in the group, but, in any case,
the results of the research indicate the perspective of
further research on other populations and breeds of cattle
(subject to the mandatory condition of increasing the
sample of animals, which will it is possible to analyze
the productive parameters of individuals with other hap-
lotypes).

Regarding the above two loci, it should be noted
that most studies are devoted to the analysis of the rela-
tionship between TLR1, SLC11A1 gene polymorphisms
and resistance/susceptibility to various infectious diseas-
es, in contrast to our study, which covers the parame-
ters of milk productivity of animals. In various scientif-
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ic works, it is stated that genes of the TLR family are
associated with the innate immune response in various
animal species [1; 12].In the studies of Bjelka and co-au-
thors [19], performed on breeding cows of the Czech Red
breed, the association of the synonymous polymorphism
798 C>T TLR1 with reproductive and physical character-
istics of cows, namely the connection with ease of calv-
ing and duration of productivity, was proven.

In the case of SLC11A1, Bagheri and other au-
thors established [16] that the g.1139 C>G mutation in
exon 11 of the indicated gene of the Holstein breed
had a probable connection with the signs of clinical
mastitis (P<0.05). A. Ateya et al., [20], using the exam-
ple of Holstein and Brown Swiss dairy cattle, also found
nucleotide sequence variations (SNPs) associated with
resistance/sensitivity to mastitis, which, in turn, makes
it possible to consider the SLC11A1 gene as a valuable
gene - a candidate for solving the problems of improv-
ing resistance to mastitis and, accordingly, productive
traits in dairy cattle populations.

According to the results of research on the features
of the genetic structure of the experimental group of
cows, the productive parameters of animals with different
genotypes at the CSN2 locus were analyzed (Table 3). It
should be noted that in this case, all possible variants
of the genotypes - A1A1, A1A2 and A2A2 - were ana-
lyzed, but the number of individuals for each fluctuated
significantly (which was reflected in the error value of
the mean).

Table 3. Indicators of milk productivity of cows of the Ukrainian red-spotted breed
with different genotypes according to the CSN2 locus

Indicator Genatype
A'A! AA? AZA?
First lactation
Milking, 305 days, kg 5502,0+410.122 5170,0+173.392 5266,4+213.42°
C,% 14.90 13.83 17.66
Fat, 305 days, % 3.81+0.0382 3.86+0.022? 3.88+0.022°
C,% 2.02 2.28 2.50
Protein, 305 days, % 3.36+0.024° 3.31+0.024° 3.32+0.029?
C,% 1.40 3.02 3.86
Second lactation
Milking, 305 days, kg 6384,00+363.552 5967,4+169.322 6047,2+214.122
C,% 11.39 11.70 15.43
Fat, 305 days, % 3.68+0.0272 3.76+0.014° 3.78+0.020?
C,% 1.49 1.54 2.33
Protein, 305 days, % 3.22+0.040? 3.24+0.019° 3.27+0.033?
C,% 217 2.50 4.40
Third lactation
Milking, 305 days, kg 6754,3%£269.69° 6727,9+158.812 6603,4+181.90°
C,% 7.99 9.73 12.01
Fat, 305 days, % 3.64+0.0297 3.69+0.0132 3.70+0.0182
C,% 1.57 141 2.11
Protein, 305 days, % 3.16+0.024° 3.16+0.027° 3.18+0.0332
C,% 1.52 3.54 4.56
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According to the results of the research, no signif-
icant difference in milk productivity indicators of cows
with different genotypes at the beta-casein locus was
found. The highest values of confidence are character-
istic of individuals with the A1A1 genotype, but, as al-
ready noted, the difference is unlikely. According to the
value of the coefficient of variation, the lactation indi-
cator is characterized by an average level of variability,
its variability slightly decreases by the third lactation.
In any case, the A2 allele, according to the value of the
indicators of homozygous individuals (genotype A2A2),
does not have a negative effect on the parameters of
milk productivity of animals. The research results are
consistent with the data obtained by other authors on
various breeds of cattle [21; 22]. Thus, the differences
between individuals with different genotypes at the
CSN2 locus lie in the qualitative composition of milk
beta-casein (beta-casein type - Al or A2). However, this
conclusion can be true only for the experimental group
of cows (Ukrainian red-spotted dairy breed). In the case
of another population, provided that the modifying ef-
fect of the genetic background is taken into account (the
peculiarities of the influence of the genetic structure
at a number of other loci), the effect may be different,
which indicates the need for analytical studies in each
individual situation.

Targeted studies on the study of the genetic struc-
ture of populations by gene complexes that are related
to productive parameters are of great importance for se-
lection work on improving economic and useful traits in
various breeds of cattle, in particular breeds of Ukrainian
selection and preserving their genetic potential. Based
on the results of the conducted research, it is possible
to draw a conclusion regarding the need for targeted
and intensive selection work with various breeds of farm
animals, taking into account the data on genotyping in-
dividuals by a number of markers and analyzing their
associations with economic and useful traits of animals.

Taking into account the results of the research,
only the analysis of individuals by genotype according
to the set of candidate genes and the use of modern ge-
netics methods will allow obtaining experimental groups

of cows that will be characterized by clearly defined
complex genotypes (at certain loci), which in the future
will allow to carry out directed selection work with the
aim of maximum implementation of the productive po-
tential of animals.

CONCLUSIONS

Based on the results of the research, it was established
that for cows of the Ukrainian red-spotted dairy breed,
according to the locus of toll-like receptor 1 (TLR1)
accordingtothe parameter of standard milk,the maximum
values of the indicator for the first and third lactations
are characterized by individuals with the homozygous
genotype GG, while for the second lactation, the highest
milk yield values are typical for individuals homozygous
for allele A. Probable differences in milk productivity
indicators between individuals with different genotypes
for the TLR1 locus (1596G>A) have not been established.

Based on the results of the analysis of the produc-
tive qualities of animals with different haplotypes at the
SLC11A1 locus, it was found that during all three lacta-
tions, animals with the CG-AA haplotype were character-
ized by higher milk yield values in 305 days compared
to individuals of other haplotypes. At the same time, the
biggest difference is observed with the CG-AT haplotype.
According to the indicators of the content of milk fat and
protein, no significant differences between animals with
different haplotypes were established. The variability of
signs for all lactations was at a low level.

According to the beta-casein (CSN2) locus, accord-
ing to the results of research conducted for individuals
with different genotypes (A1A1,A1A2 and A2A2), no prob-
able differences were found during three lactations in
terms of milk productivity (milk yield, fat content, protein
content).

According to the results of the research, prom-
ising genotypes for the TLR1, SLC11A1 and CSN2 loci
were identified in experimental groups of cows of the
Ukrainian red-spotted dairy breed, which makes it pos-
sible to use the obtained data for further breeding work
to obtain experimental populations of animals with the
desired genotypes.
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MpoayKTUBHICTb KOPiB YKPaiHCbKOI YepBOHO-pPSi60i MONTIOYHOI Nopoau
3 pi3HUMU reHoTMNaMm 3a nokycamm TLR1, SLC11A1 Ta CSN2

OkcaHa KpiiBHa IBaweHko, Poman Onekcanpposuy Kyni6a6a

HauioHanbHui yHiBEpCUTET BiopecypciB i MPUPOLOKOPUCTYBAHHS YKpaiHu
03041, syn. l[epois O6opoHu, 15, m. Kuis, YkpaiHa

AHoTaujig. 3acTocyBaHHS METOAIB MapKep-acoLLiMOBaHOI cenekLii BiAKpUMBAE HOBI NEPCNEKTUBM B KOHTEKCTI MaKCUMasbHOI
peanizauii NpoAyKTUBHOrO MOTEHLiany TBAPUH, WO pobUTb NMUTAHHS 3aCTOCYBAHHS CyYaCHWMX HAYKOBMUX MiAXOAIB Y
TBAPUHHMLTBI 0COBAMBO aKTyasibHMM. 3 OINISIAY Ha Lie, aHani3 NpoAYKTUBHUX SIKOCTeM 0COBMH BENUKOI poraToi Xya06u
3 Pi3HMMU rEHOTUMAMM 33 CYKYMHICTIO reHiB-KaHAWAATIB HANEXWUTb A0 OAHOTO 3 HAWAKTYa bHILLMX 3aBAAHb FEHETUKM
i cenekuii TBapuH. OTxe, MeTa AaHOIO JOCAIAXKEHHS, — MPOBECTM aHaNi3 NPOAYKTUBHUX SKOCTEWN KOPiB YKPAiHCbKOI
4epBOHO-psA60i MONOYHOI NOpOAM 3 pisHMMM reHoTUNaMmn 3a nokycaMn TLR1,SLC11A11a CSN2.feHoTMNYyBaHHSA 0COOMH
BPX nposoannu 3a BukopuctaHHg metony PCR-RFLP gna TLR1 ta SLC11A1 i AS-PCR ang CSN2.AHani3 npoayKTUBHUX
SKOCTEN TBAapUH MPOBOAMAM 33 PaxXYHOK MOPIBHSHHA NapaMeTpiB TPbOX NaKTaLiiM AN KOXHOI rpynu TBapuH 3a
NMOKa3HWKaMu cepefHboro Hagot 3a 305 aHis nakTauii (kr), BMicTy 6inka B Monoui (%) Ta XXMPHOMONOYHOCTI (%).
HocnigXeHHs NpoBeAeHO HAa OCHOBI OTPUMaHMX paHille pe3ynbTaTiB iHAMBIAYaNbHOMO TUMYBAaHHS OCOOMH 3a
[OCNiAHMMM NOKYCaMuW. 3a pe3ynbTaTaMu NPOBEAEHWUX AOCNIAKEHb Y AOCAIAHIA NONynaLii KOPiB 32 JIOKYCOM TOMN-
noai6Horo peuentopa 1 (TLR1) ang nepwoi Ta TpeTboi NaKTauii LOMiHYOYi 3HAYEHHS NOKA3HMKY HAA0K XapaKTepHi
[N rOMO3UIoT 3 reHoTMNoM GG, y TOM Yac, ik AN ApYroi nakTauii HalMbinbLwi 3HAYEHHS HALO0H CNOCTEPIralTbCs ANs
rOMO3MroTHMX 0CO6MH 3a aneneM A.T1pu LbOMY BipOrifHOI Pi3HULL MiXX MOKa3HUKAMM OCOBMH 3 Pi3HUMM reHOTUMNAMU
He BCTAHOB/IEHO. 3HAYHOI Pi3HULI MiX rpynamMu KOpiB 3 AOCAIAXYBAHUMM reHOTUMNAMM 32 NOKA3HWKAMK BMICTY
Xupy Ta 6inka B Monoui 3a nokycom TLR1 Takox He BuseneHo. Ang SLC11A1 BnactmBa xapakTepHa BifMiHHICTb Bif
nonepesHbOro reHy, OCKiNbKM B LLbOMY JIOKYCI BUSBNEHO ABi MyTauii, wo ¢opmytote rannotmnu — CCGAA, CG-AA ta CG-AT
i3 0eB'aTU NOTEHLINHO MOXMBUX BapiaHTIB. 3@ NOKAa3HMKAMMU MONOYHOT NPOAYKTUBHOCTI TBAPMHM 3 rannoTUNoMm
CG-AA Manu 6inblui 3Ha4YEeHHS HAA0H NOPIBHSAHO 3 IHWMMM ranaoTUNaMM NPOTAroM BCiX TPbOX NaKTauin (pisHMUS
BiporigHa). Hanbinbwi BigMiHHOCTI cnocTtepiranu 3 rannotunom CG-AT. 3a NOKasHMKAMM BMICTY MOJIOYHOrO BGinka Ta
XXMPpY BipOrifHUX BiAMiIHHOCTEN MiXX 0COBMHAMM 3 Pi3HMMM ranIoTUNaMM He BCTaHOBNEHO. BapiaTMBHiCTb 03HaK ang
BCiX NlaKkTaLin nepebyBana Ha HM3bKOMY piBHi. LLlo cTocyeTbecs nokycy 6eTa-kaseiHy, 3a pe3ynbraTaMu NpoBeAeHUX
[OCNIAXEeHb 3HAYHOI Pi3HMLI B NOKA3HMKAX MOMOYHOI NPOAYKTUBHOCTI KOPIB 3 PiSHUMM FEHOTUNAMU HE BUSAB/EHO.
HaiBuLli 3HaYeHHs HafoK NpuUTaMaHHi Ang 0cobuH 3 reHotunom A1AL, npoTe, pi3HMUS 3 OCOOUMHAMU 3 IHWKUMU
reHoTMnaMu He € BiporigHoto. Y 6yab-9KoMy BUNAAKY, anenb A2, 33 3Ha4YeHHSAM NOKA3HMKIB TOMO3UIOTHUX 0COBMH
(reHotnn A2A2), He NPOSIBNSIE HEraTUBHOIO BM/IMBY HA NapaMeTpy MONOYHOI NPOAYKTUBHOCTI TBApUH

Kntouosi cnoBa: nonimopdisMm, anenb, nonynauis, npoayKTUBHICTb, KOPOBU
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Abstract. The main characteristics of the milk productivity of Holstein dairy cattle differ in different countries due
to differences in terrain, management and breeding objectives. At the same time, the manifestation of non-genetic (that
is, environmental) factors during milk production, as a rule, mask the real breeding value of animals. The main goal
of this study was to analyze the influence of lactation number, year and season of calving on the milk productivity
of 238 Holstein cows during a 4-year period (2014-2017). The study was conducted using primary data on the
dairy productivity of livestock in the conditions of PJSC Plemzavod Stepnoi of the Kamian-Dnipro district of the
Zaporizhia region.The following characteristics were evaluated for each animal: duration of lactation, hope for
305 days of lactation, hope for the entire lactation, fat content and protein content in milk. P. Wood's model was
used to approximate lactation curves within each subgroup. All signs of milk productivity were analyzed based on the
algorithm of one- or two-factor analysis of variance with fixed factors using the statistical package STATISTICA v. 6.0
(Statsoft Inc.).Lactation number was found to have a significant effect on all milk yield traits that were examined
(in all cases: p<0.001). Hope for 305 days of lactation increased with the growth of lactation number. The highest
values of this characteristic were noted during the 2" and 3™ lactations. The lowest estimate of milk yield for
305 days of lactation of dairy cows of this farm was obtained in 2014, and the highest in 2016. The calving
season probably influenced the indicators of milk productivity (primarily, the content of fat and protein in milk)
of firstborns. In addition, the milk yield score at 305 days of lactation was lower among winter- or spring-calved
gilts compared to fall-calved animals. No influence of the calving season was noted among adult cows. Lactation
number and year of calving probably influenced the estimates of the coefficients and parameters of P. Wood's
model. The shape of the lactation curves of firstborns was flatter compared to mature cows. Estimates of peak milk
yield were lower, but the index of constancy of the lactation curve was higher during the 1+ lactation. Thus, we
found that obtaining real (unbiased) estimates of milk productivity traits of Holstein cattle requires preliminary
adjustment of data regarding the influence of lactation number, year and season of calving

Keywords: milk productivity, number of lactations, year and season of calving, P. Wood model, dairy cattle

INTRODUCTION
Improving the productivity of dairy cattle requires an
understanding of the factors that affect this productiv-
ity. Among the factors of the external environment, it
is possible to distinguish factors that can be measured
(animal age, year, season of the year, milking frequency,
etc.) and factors with an unmeasured influence (infec-
tious diseases, parasitic infestations, etc.). Accordingly,
the first of them can be identified and used in dairy
farm management. Housing and feeding conditions,
lactation number (or age of the animal), year and sea-
son of calving are the leading environmental factors
affecting the efficiency of lactation performance of cattle.
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In addition, breed affiliation, stage of lactation and
frequency of milking also affect the level of milk pro-
ductivity [1].

On the other hand, the use of the test-day model
makes it possible to increase the assessment of the
genetic value of breeding stock by 4...8%, and the pre-
diction of milk yield of dairy cows based on the char-
acteristics of their lactation curves is considered an im-
portant management tool in dairy farming [2].

The peculiarity of the lactation curve is that milk pro-
duction per unit of time is peaked and shifted to the
right. The variety of mathematical formulas presented in
the literature that can be used to model the lactation

Kramarenko, O., & Kramarenko, S. (2022). Influence of lactation number, year and season of calving on milk productivity
of cows. Ukrainian Black Sea Region Agrarian Science, 26(2), 43-52.
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curve is due to the fact that each of them fits certain sets
of empirical data better than others. In order to provide
significant adequacy to the original data, the shape of
the fitted curve must be sufficiently flexible. One of the
most widely used formulas for describing the lactation
curve is the incomplete gamma function proposed by
P.Wood [3]. In addition, P. Wood’s model can adequately
approximate the dynamics of fat content in milk during
lactation, which was recently demonstrated for Holstein
cows in China [4].

A more important characteristic of the lactation
curve is its persistence, which reflects how quickly the
daily milk yield decreases after reaching the peak level
of productivity. It has higher values in animals that have
lower milk yields and reach peak milk productivity later.
The analysis of the relationship between the constancy of
the lactation curve of cows and other functional char-
acteristics of their milk productivity in [5] showed that
genetic improvement of this indicator is possible and
favorable.

In addition, the age of insemination of heifers
is an important factor affecting the assessment of the
stability of the lactation curve. Thus, in work [6] it was
shown that the shape of the lactation curve of heifers
that calved at a younger age tended to be lower and
flatter than for heifers that calved at an older age; the
latter are characterized by a sharper rise in the lactation
curve and its subsequent faster decline after reaching
the peak of productivity.

It was established [7] that the estimates of the
heritability coefficient (h2) of the parameter of constancy
of the lactation curve of Holstein cows during the first
three lactations had a tendency to decrease, mainly due
to the increase in the value of the residual variance,and
were 0.17,0.16 and 0. 14, respectively. The estimation of
genetic correlation coefficients between the parameter
of constancy of the lactation curve for different lacta-
tions was 0.26 (between the 1%t and 2"), 0.32 (between
the 2" and 3) and 0.23 (between the 1%t and 3" lac-
tations).

During the study of paratypical factors that in-
fluenced the variability of the lactation curves of Hol-
stein and Jersey cows, the likely influence of the lacta-
tion number and the calving season on the coefficients
of P. Wood's model, as well as on the indicator of the
constancy of the lactation curve, was established. At
the same time, a probable combined effect of “lacta-
tion number x calving season” on the accuracy of ap-
proximation of actual data by this model was found
(estimation of the coefficient of determination R?). On
the other hand, the probable influence of the “year of
calving” factor on the estimates of P.Wood’s coefficients
was noted only among cows of the Jersey breed, but not
among Holstein cows [8].

As indicated in the paper [9], the influence of the
lactation number on the estimates of the coefficients
and indicators of P. Wood’s model can be explained by
the fact that the older the animal, the higher its lacta-
tion begins with higher milk yields, but since at a certain

Ukrainian Black Sea Region Agrarian Science, 26(2), 43-52

stage of the lactation activity there is an inhibitory ef-
fect of body size (regardless of the level of productiv-
ity), the rate of decline in milk productivity is higher
in more mature cows. That is, body weight has a more
significant inhibitory effect on the productivity of adult
animals due to their higher productivity [9]. At the same
time, the influence of lactation number was more no-
ticeable for breeds bred in tropical regions than among
European and American breeds of cattle [10].

Another explanation for the influence of the lac-
tation number on the shape of the lactation curve may
be the presence of a difference in the rate of depletion
of the body; adult cows use their reserve much faster
in the earlier stages of lactation, which leads to higher
values of the coefficient “b”and, conversely, to lower val-
ues of the coefficient “‘c” of P. Wood’s model, than among
first-born cows [9]. Accordingly, the later period of peak
milk yield among first-borns compared to adult cows
can be explained by differences in rates of depletion of
body reserves between adult cows and heifers. Higher
rates of exhaustion in the early stages of lactation in
adult cows lead to an early peak of productivity [8; 9].
Climatic factors also significantly affect the estimates
of the coefficients and parameters of P. Wood’s model.
At the same time, the estimates of total and peak hope
are the lowest among cows that calved in the summer
due to a limited feeding ration and the effect of heat
stress [11].

Since most studies of the influence of the year
and season of calving on the level of milk productivity
of Holstein cows, as cited above, were conducted in arid
and hot climates [1; 8; 10; 11], the results of a similar
analysis in the conditions of the temperate climate of
Ukraine deserve special attention .

The purpose of this study was to analyze the in-
fluence of lactation number, year and season of calving
both on the total milk productivity of cows and on the
peculiarities of the formation of their lactation curves.

MATERIALS AND METHODS

Primary data on the milk productivity of Holstein cat-
tle in the conditions of PJSC Plemplant Stepnoi of the
Kamian-Dnipro district of the Zaporizhzhya region
(n=238 heads) served as the material for the work. Data
for the first three lactations of animals that calved
during 2014-2017 were included in the analysis.

The following traits were evaluated for each
animal: duration of lactation (DIM), 305 day lactation
(MY305), total lactation (TMY), milk fat content (FP) and
milk protein content (PP). In addition, the daily expec-
tation of animals was determined for 10 control days
(TD1-TD10), corresponding to the 30%, 60, 90™, etc.
days of lactation If data for a certain control day were
missing for the corresponding animal, the daily intake
estimate was calculated by linear interpolation for the
two days before and after the control date, respectively.

For each feature, the arithmetic mean value and
its error (Mean=SE) were calculated. Testing of the hy-
pothesis regarding the lack of influence of lactation



number, year of calving and season of calving on the
characteristics of milk productivity was carried out based
on the algorithm of one- or two-factor analysis of vari-
ance (ANOVA) with fixed factors.

The seasons of the year were defined as follows:
winter (December - February), spring (March — May), sum-
mer (June - August) and autumn (September - November).

P.Wood’s model [3] was used to approximate the
lactation curve based on data for 10 control days:

Yt=ab'et9 1)
where Yt is daily hope (in kg) at time t (control days from
TD1 to TD10); a - initial hope; b - the rate of growth of
hope until reaching the peak; c is the rate of decrease
of the load after reaching the peak.

The estimate of peak yield (in kg) was calculated
according to the formula:

Ymax = a (S)b e (2)
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and the moment of reaching peak fertility (in days) ac-
cording to the formula:

Tmax = % (3)
Persistence of the lactation curve (persistence) in
P.Wood's model was calculated according to the formula:

St=c®*D 4)
The quality of the approximation of the initial
data by P. Wood's model was evaluated on the basis of
the coefficient of determination (R?).
All statistical calculations were carried out using
the algorithms described in the manual [12] using the
software STATISTICA v. 6 (StatSoft Inc.).

RESULTS AND DISCUSSION

Effect of lactation number. It was established that the
number of lactation probably influenced all the investi-
gated signs of milk productivity of cows (Table 1).

Table 1. Indicators of variability (Mean*SE) of signs of milk productivity of cows depending
on the lactation number

Lactation n DIM, days TMY, kg MY 305, kg FP, % PP, %
I-a 238 337.9%4.8 10224.0£153.5 9374.8+84.5 4.26%0.01 3.28+0.01
II-a 238 377.8%7.9 12277.0£2419  10711.6%127.7 4.30+0.01 3.30+0.01
Ill-5 107 357.7%9.7 11567.8+342.6 ~ 10631.4+247.8 4.30+0.01 3.30+0.01

F(2;579) - 452.50 16.04 34.81 26.53 23.03

p - <0.001 <0.001 <0.001 <0.001 <0.001

The average duration of lactation significantly ex-
ceeded 305 days and varied from 337.9 (for first-borns) to
377.8 days (during the second lactation).A similar pattern
was noted in relation to the total milk yield - it ranged
on average from 10,224.0 (for first-borns) to 12,277.0 kg
(during the second lactation). The first-borns were also
characterized by the lowest estimate of milk yield for
305 days of lactation (9374.8 kg), which was significantly
inferior to the corresponding estimates obtained for ani-
mals of the experimental herd during the |l and Il lactations.

Qualitative characteristics of milk productivity
also showed age variability - both the protein content

and the fat content in milk increased in full-aged cows
compared to first-born cows (see Table 1).

As might be expected, age-related differences
in the level of milk production were closely related to
the shape of the lactation curve of the animals. In gen-
eral, firstborns were characterized by relatively low
and more or less stable milk yields at different stages
of lactation, and during the Il and Il lactations, the
shape of the lactation curves acquired a typical shape
with a rapid increase at the beginning and a gradual
decrease in daily milk yields after reaching the peak
value ( Fig. 1).
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Figure 1. Lactation curves of cows depending on lactation number (L1-L3)
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In general, probable differences between the
daily milk yields of animals depending on the lactation
number were noted on control days TD1-TD6 (one-way
analysis of variance: in all cases p<0.001) and for TD10
(p=0.023). The obtained lactation curves were quite
well approximated by P. Wood’s model - the coefficient
of determination (R?) estimates for animals of different
groups ranged from 97.66 to 99.42% (Table 2).

The first-borns were characterized by the lowest
estimates of the coefficients “a”and ‘c” of P.Wood’s model

and, accordingly, the minimum amount of peak lacta-
tion (Ymax), but at the same time, their lactation curve
had the highest assessment of indicators of constancy
(St) and the moment of reaching peak lactation (Tmax).
While during the 2™ and 3" lactations, the animals of
the experimental herd had the highest estimates of the
coefficients “a” and “c” of the Wood model, as well as a
high value of the peak yield when it was reached ear-
lier, but a lower constancy of the lactation curve (see
Table 2).

Table 2. Coefficients and indicators of P. Wood’s model of the lactation curve
of cows depending on the lactation number

Lactation ] b c
I 32.83%0.24 0.149+0.014  0.049+0.004
Il 44.87+0.47 0.157+¥0.022  0.089*0.006
I 45.57+0.49 0.270+0.022  0.123*0.006

A plausible effect of lactation number on milk
yield traits has previously been demonstrated for Hol-
stein cattle kept on a large commercial farm in Mexico.
Thus, the yield of first-borns for 305 days of lactation
was 7607+145 kg of milk, while among adult animals
(6th lactation and above) it reached 9548+181 kg of
milk. The total weight gain per lactation of firstborns
was about 4500 kg less than the similar indicator of
adult cows, which was 13544+5491 kg with an average
duration of lactation of 454*154 days [13].

Similar results were obtained for Holstein cows
in the conditions of Arizona (USA). The average yield
of milk among firstborns was 6656+193 kg, and during
the I, Il and IV lactations — 7335193, 7769+193 and
7894%194 kg, respectively. The maximum manifestation
of hope was reached during the 5™ lactation and in older
cows [14].

For animals of the same breed under the condi-
tions of Turkey, it was established that the firstborns were
significantly inferior in terms of the level of milk yield
for 305 days of lactation (5885+48 kg) to the estimates
obtained during the Il lactation (6096%55 kg), but in the
future, a tendency to a gradual decrease was observed
decrease in milk yield during the fifth lactation [15].

R%, % St Tmax, days Ymax, kg
97.66 32.0 92.7 334
99.25 16.5 53.8 419
99.42 14.3 67.0 43.0

For Holstein cows in the arid conditions of North
Africa (Tunisia), it was also established that firstborns
were characterized by a low level of milk productivity
(541252 kg), and during the Il and Il lactations it in-
creased significantly (5721+55 and 5614%47 kg, respec-
tively). Although in the future, the amount of milk ob-
tained gradually decreased until the 5th lactation [1].

Thus, the reviewed studies demonstrated that milk
production increases with increasing lactation number
and is maximized during IV or V lactation. This may be
associated with an increase in the size of the udder and
an increase in the number of secretory cells in adult
animals [16]. At the same time, the influence of lactation
number on the level of milk productivity may vary de-
pending on the year of its initiation [17].

Effect of year of calving. As for the influence of
the year of calving, the highest estimate of the average
duration of lactation was noted for cows of the Il lacta-
tion that calved in 2016 (405.7 days). Accordingly, these
animals also had the highest estimate of the total yield
(13.155.0 kg). On the other hand, the highest estimate
of milk yield for 305 days of lactation (11.210.2 kg) was
noted for cows of the 3™ lactation, which also calved in
2016 (Table 3).

Table 3. Indicators of variability (Mean*SE) of signs of milk productivity of cows depending

on the year of calving and lactation number

Year of calving DIM. days TMY. kg MY305. kg
|-st lactation
2014 61 353.1%#11.6 10396.8+329.7 9215.9%117.8 4.14+0.02 3.21+0.01
2015 107 335.6%6.3 9997.6+222.5 9212.5%130.1 4.30+0.01 3.30+0.01
2016 67 330.3%8.1 10555.0£261.0 9843.4+170.2 4.30+0.01 3.30+0.01
F(2;232) 1.75 1.32 5.94 162.33 170.11
p ns ns 0.003 <0.001 <0.001
[I-nd lactation
2015 59 381.1#19.1 12340.2#503.2  10589.2#201.5 4.29+0.01 3.29%0.01
2016 105 405.7%12.7 13155.0¢392.9  10980.7£177.1 4.30+0.01 3.30+0.01
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Table 3, Continued

Year of calving DIM. days MY305. kg
2017 72 337.7%7.2 11082.6%¥316.3  10488.0£284.0 4.31+0.01 3.31+0.01
F(2; 232) 4.89 5.02 1.31 6.20 5.11
p 0.003 0.002 ns 0.001 0.001
I11-rd lactation
2016 49 394.4£17.0 12883.5#514.7  11210.2%#330.3 4.300.01 3.30+0.01
2017 56 327.1%#9.5 10429.4#421.3  10112.3%£363.8 4.32+0.01 3.30+0.01
F(1;103) 12.80 13.86 4.89 8.14 3.30
p 0.001 <0.001 0.029 0.005 ns

Note: ns - p>0.05

In general, no effect of year of calving was noted
only for duration of lactation and total milk yield among
first-borns, milk yield for 305 days of lactation during
the 2" lactation and protein content in milk during the
3 lactation. Thus, in most cases, the year of calving
probably influenced the quantitative and qualitative
characteristics of milk productivity of cows of the ex-
perimental herd.

In general, the animals that calved in 2016 (tak-
ing into account the influence of the lactation number)
were characterized by the highest estimates of milk
productivity in comparison with 2014, 2015 and 2017
(see Table 3).

A combined effect of lactation number and year
of calving was noted only for milk fat and protein con-
tent (two-way analysis of variance with fixed factors: p
< 0.001 in both cases). This may be due to the fact that
both the protein content and the fat content of the milk

were significantly lower for the firstborns that calved in
2014 than in the other groups (see Table 3).

Probable differences between daily milk yields de-
pending on the year of calving were noted for first-borns
on all control days (in all cases p<0.05), except for the
first two (TD1-TD2). During the 2™ lactation, on the con-
trary, the daily milk yield for separate control days did not
differ among animals that calved in different years; only
milks for TD2,TD3 and TD8 were excluded (in all cases
p<0.05). Finally, during the third lactation, a significant ef-
fect of year of calving was noted for daily milk yield in the
second half of lactation (TD6-TD8) (in all cases p<0.05).

Approximation of lactation curves by P. Wood’s
model for experimental animals of different calving
years and lactation numbers was also quite high - the
coefficient of determination (R?) estimates in most cases
amounted to 95...98%, with the exception of firstborns
that calved in 2014 (Table 4).

Table 4. Coefficients and indicators of the P. Wood model of the lactation curve of cows depending
on the year of calving and lactation number

Year of calving

|-st lactation

Tmax. days

Ymax. kg

2014 33.49%1.46 0.085+0.075  0.043+0.015 91.43 30.3 60.2 32.6

2015 32.83%0.21 0.106+0.012  0.042+0.003 98.30 33.5 77.3 32.6

2016 32.86%0.36 0.206*0.021  0.056*0.005 94.90 32.2 111.8 349
I1-nd lactation

2015 43.34%0.58 0.089+0.028  0.067%0.007 98.40 19.1 40.8 40.7

2016 45.35%0.68 0.132+0.031  0.080+0.008 98.29 174 50.1 424

2017 45.77%0.86 0.261+0.040  0.124+0.011 98.33 13.8 63.9 42.8
I1l-rd lactation

2016 46.09+0.68 0.261+0.031  0.115%0.008 98.74 15.3 69.4 44.0

2017 45.28+1.11 0.292+0.052  0.135%0.014 97.42 13.2 65.8 423

It was established that both the year of calving
and the lactation number had a significant effect on
the estimations of lactation stability (St) obtained for
different groups of animals (two-way analysis of vari-
ance with fixed factors: in both cases p<0.05). As for the
peak yield, only a probable effect of lactation number
(p=0.007) was established, while the moment of peak
yield (Tmax) for different groups of animals showed

completely random variability and did not depend on the
factors used in the analysis (see table 4).

The effect of year of calving was established for
Holstein cows under the conditions of Turkey. The lowest
level of milk productivity for 305 days of lactation was
noted in 1995 (4391+109 kq), but further its gradual
increase was observed, reaching a maximum in 2004
(7280£81 kg). The reasons for this increase may be the
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use of bulls with high genetic ability, effective breeding
for milk yield, high intensity of culling of animals from
the herd, and improvement of conditions for keeping
and feeding dairy cows [15].

For Holstein cows in the arid conditions of Tunisia,
a probable influence of the year of calving on the level
of milk productivity was also proven. At the same time,
the lowest estimate of yield in 305 days (4879+118 kg)
was noted in 1998, and the highest (6251%186 kg) in
2003.1t has been established that such fluctuations can
be associated with changes in herd size, age of animals

and improvement of dairy herd management practices
implemented from year to year [1].

Influence of calving season. A certain influence of
the calving season on the characteristics of milk pro-
ductivity was established only among firstborns (Ta-
ble 5). At the same time, an almost probable trend to
interseasonal differences was established for fat in 305
days (p=0.057), primarily due to significant differences
between the estimates of animals that calved in the
winter period (8957.1 kg) and animals that calved in the
summer or in autumn (9552.3...9606.9 kg).

Table 5. Indicators of variability (Mean=SE) of signs of milk productivity of firstborns depending
on the calving season

Calving season DIM. days MY305. kg
Winter 41 358.8+16.4 10429.2£536.8 8957.1+241.2 4.30+0.01 3.30+0.01
Spring 73 340.4%6.6 10182.7#238.1 9284.8+143.6 4.260.01 3.28+0.01
Summer 85 328.5%6.4 10130.9%£212.1 9552.3+138.2 4.23+0.01 3.26+0.01
Autumn 38 331.5%8.1 10290.5£399.3 9606.9+181.1 4.31+0.01 3.30+0.01
F(3;232) 1.74 0.16 2.54 8.79 6.82
p ns 0.057 <0.001 <0.001

For qualitative signs of milk production, the in-
fluence of the season of calving was highly probable
(in both cases p<0.001) and was accompanied by higher
estimates of fat and protein content in first-borns that
calved in the cold seasons of the year (autumn-winter)
and low - in the warm seasons of the year ( spring-sum-
mer) (see table 5).

Probable differences between daily milk yields of
firstborns depending on the calving season were noted
for all control days (in all cases p<0.05), with the excep-
tion of the very last one (TD10). During the 2" lactation,
on the contrary, the daily milk yields for individual con-
trol days were likely to differ only during the first part
of lactation (TD2-TD4) (in all cases p<0.05), that is,when

the level of milk productivity is the highest. Finally, during
the third lactation, a probable effect of calving season was
noted for daily milk yield only at the beginning of lacta-
tion (TD1-TD2) (in all cases p<0.05).

Approximation of lactation curves by P. Wood’s
model for experimental animals of different lacta-
tion number and calving season was again high - the
coefficient of determination (R?) in most cases was
90...98%, with the exception of first-borns that calved
in winter (Table 6). For first-borns (regardless of calv-
ing season), the lactation curves differed significantly
from the typical shape, while during the Il and Il lac-
tations, the shape of these curves was very close to
the typical shape (Fig. 2)

Table 6. Coefficients and indicators of the P. Wood model of the lactation curve of cows depending
on the calving season and lactation number

Calving season

Tmax. days Ymax. kg

|-st lactation

Winter 31.90+1.12 0.109%0.069  0.043+0.017 65.11 33.1 78.2 31.7
Spring 31.56+0.31 0.097+0.019  0.031£0.005 90.17 45.3 95.9 32.0
Summer 33.64+0.52 0.201£0.030  0.058*0.007 91.67 30.3 105.0 35.3
Autumn 35.18+0.36 0.219+0.025 0.077%0.006 97.52 22.7 86.6 355
[I-nd lactation
Winter 46.89+0.89 0.183+0.041  0.107%0.011 98.21 14.1 521 431
Spring 43.960.87 0.101£0.042 0.073%0.011 96.99 17.8 42.2 411
Summer 43.32+0.54 0.172+0.026  0.089+0.007 98.85 171 59.1 40.9
Autumn 47.38%0.41 0.167%0.018 0.091£0.005 99.48 16.4 55.9 444
I1l-rd lactation
Winter 49.32+1.07 0.132£0.047 0.093%0.012 97.47 14.7 43.2 45.3
Spring 42.30+1.60 0.306%0.081 0.139+0.021 94.41 13.2 67.3 39.7
Summer 42.41%0.53 0.340%£0.026  0.133*0.007 99.19 14.9 779 41.5
Autumn 50.07£0.71 0.215+0.030  0.112%0.008 98.98 14.2 58.3 46.4
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Figure 2. Lactation curves of cows depending on the calving season of firstborns (A), animals of the Il lactation (B)
and Il lactation (C): W - winter; Sp - spring; S = summer; A - autumn

It was established that the calving season probably
did not affect the estimates of lactation stability (St),
peak milk yield (Ymax) and the moment of its achieve-
ment (Tmax) obtained for animals of different groups,
while a probable influence was proved only in relation
to the lactation number (two-factor variance analysis
with fixed factors: in all cases p<0.01).

In work [13] it was shown that the milk produc-
tivity of Holstein cows during 305 days of lactation was
lower in animals that calved in spring (8804153 kq)
and summer (8724%163 kg), in contrast to individu-
als that calved in autumn (9079%151 kg) or in winter
(9085%143 kg).

In the conditions of Arizona (USA), the highest
yield for 305 days of lactation was obtained from Hol-
stein cows that calved in spring (7690£195 kg) and in
winter (7765193 kqg), which significantly exceeded the

corresponding estimates of animals calving in summer
(7387193 kg) or in autumn (7543%193 kg). A similar
regularity was also noted in relation to the influence
of the calving season on the total hope for the entire
lactation [14].

It was also noted that these cows had a simultane-
ous influence on the level of milk productivity of both
the lactation number and the calving season - first-
borns that calved in the spring were characterized by
a lower amount of milk in 305 days of lactation than
animals with winter calvings (6625 and 6783 kg, re-
spectively). At the same time, older animals did not
show significant differences depending on the calving
season. Moreover, for almost all groups of adult cows,
the 305-day survival was much higher in animals that
calved in the fall compared to females of the same age
with summer calvings [14].
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Thus, under the influence of heat stress, firstborns
gave priority to growth and maintenance of their own
viability due to milk synthesis. And cows that calved in
spring and summer were obviously more sensitive to
heat stress at the beginning of lactation, when their en-
ergy needs were the highest [14].

For Turkish Holsteins, the highest level of milk yield
for 305 days of lactation was noted for cows with win-
ter calvings (5890£64 kg), and the lowest — with summer
calvings (5506%68 kg). For winter-calving cows, this was
likely due to adequate feeding levels in the early months
of lactation and the addition of alfalfa to the diet when
milk yields began to decline. On the other hand, cows
that calved in the summer had low milk yields due to
the fact that they were exposed to high environmental
temperatures in the first 3-4 months of lactation [15].

It was previously established that the season of
calving affected the weight in 305 days and for Simmen-
tal cows - the highest weight (4819+82 kg) was also
noted in animals with winter calvings, and the lowest
estimate of this trait in cows that calved in summer
(4477+81 kg) [18].

A highly probable effect (p<0.001) of the calving
season on the 305-day lactation yield was also found for
Tunisian Holstein cows — the highest scores (582769 kqg)
were given to animals calving in winter, while cows calv-
ing in summer yielded almost 614 kg of milk [1].

The effects of heat stress (on the basis of the
THI coefficient) were studied on Holstein-Friesian cows
in the conditions of Turkey [17]. It was proved that the
milk yield of cows started to decrease slowly starting
from April, and decreased sharply in May, when the
value of the THI coefficient exceeded 65...70. During
the summer months, when this value exceeded 70, the
hope continued to decrease. However, milk yield started
to increase again at the end of August and, finally, in
October reached May values.

In general, P.Wood’s model adequately described
the initial data. Only for firstborns that calved in win-
ter, the coefficient of determination was low (65.11%)
and, accordingly, the shape of their lactation curve was
atypical. It was previously established that in 15...42%
of Holstein cows in the conditions of Tunisia, individual
lactation curves may have an atypical shape [11]. And
in work [19] it was shown that 26.3% of 1278 analyzed
full lactation curves of Turkish Holstein cows in the
conditions of Turkey had an atypical shape.

In work [10] it was noted the likely influence of
the number of lactation on the constancy of the lac-
tation curve; the lactation curves of firstborns of the
Friesian x Bunaji cross had a flatter shape and a lower
level of daily milk yield than adult animals. These au-
thors also indicated that the milk productivity of first-
borns is determined to a greater extent by environmen-
tal factors than the lactation activity of more mature
cows [10].

Ukrainian Black Sea Region Agrarian Science, 26(2), 43-52

Similar regularities in the formation of lactation
curves of Holstein cows in the conditions of Tunisia are
also indicated in the paper [11]; lactation curves of first-
borns were characterized by lower daily milk yields than
mature cows, but at the same time had higher estimates
of the stability index. On the other hand, adult cows
reached peak milk yield earlier (within 5-6 weeks of lacta-
tion) than first-born cows (within 7-10 weeks of lactation).
And the value of the peak milk yield was higher in adult
cows (23...34 kg) than in first-born cows (17...20 kg) [11].

CONCLUSIONS

It was established that the number of lactation had a sig-
nificant effect on all the examined signs of milk produc-
tivity of cows (in all cases: p<0.001). Age differences in the
level of milk productivity were closely related to the shape
of the lactation curve of animals; first-borns were charac-
terized by relatively low and stable daily milk yields at all
stages of lactation, and after the ll-th and Ill-th calvings,
the shape of the lactation curves acquired a typical shape
with a rapid increase at the beginning and a gradual de-
crease in daily milk yields after reaching the peak value.

In most cases, the calendar year of calving prob-
ably influenced the quantitative and qualitative charac-
teristics of the milk productivity of the cows of the exper-
imental herd. In general, the animals that calved in 2016
(taking into account the influence of the lactation num-
ber) were characterized by the highest estimates of milk
productivity in comparison with 2014, 2015 and 2017.

Some trend towards the effect of calving season
on milk yield traits was found only among firstborns
(p=0.057), primarily due to significant differences between
the scores of animals that calved in winter and animals
that calved in summer or autumn. For the qualitative signs
of milk productivity, the influence of the calving season
was highly probable and was accompanied by higher esti-
mates of fat and protein content in firstborns calved in the
cold seasons of the year (autumn-winter) and low in the
warm seasons of the year (spring-summer).

Thus, the obtained results will make it possible
to develop breeding programs that will take into ac-
count the influence of important paratypic factors on
the manifestation of milk productivity of cows of a dairy
herd, as well as to increase the accuracy of obtaining
estimates of the breeding value of breeders in the con-
ditions of a given farm.
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BnnnB HoMepy NaKTauii, POKYy Ta Ce30HY OTeNleHHS
Ha MONOYHY NPOAYKTUBHICTb KOpiB

Onekcanpp CepriioBuu Kpamapenko, Ceprii CepriioBuu KpamapeHko

MuKONaiBCbKMI HALLIOHANbHWIA arpapHUiA YHiBepCUTeT
54008, Byn. leopria loHraase, 9, M. Mukonais, YkpaiHa

AHoTauig. OCHOBHI 03HaKM MOIOYHOT NPOAYKTUBHOCTI FOMLUTUHCBKOI MONOYHOI XyA06uM BiApi3HAKOTLCS B Pi3HUX KpaiHax
yepes BiAMIHHOCTI B MiCLLEBOCTi, MEHEKMEHTI Ta cenekuinHux Linax. MNpu Lbomy, NposB He-reHeTUYHKUX (ToBTo,
€Ko/oriyHnx) hakTopiB Mij 4ac BUPOOHULITBA MOJIOKA, SIK MPABUI0, MAaCKYIOTb peasbHy MAEeMiHHY LiHHICTb TBapHH.
[ONOBHOK METOK JAHOr0 AOCNiAXeHHS OyB aHani3 BNIMBY HOMePY NaKTaLlii, pOKY Ta Ce30HY OTeNeHHS Ha MOJIOYHY
NPOAYKTUBHICTb 238 KOPIiB rONLUTUHCbKOI MOPOAM NpoTArom 4-piuHoro nepiogy (2014-2017 pp.). LocniokeHHs 6yno
NpOBefEeHO 3 BUKOPUCTAHHAM NePBUHHMX AAHMX LOA0 MOIOYHOI NPOAYKTUBHOCTI XyA06u B ymoBax NpAT «[Mnem3sasog,
«CrenHom» KaMaHcbko-[HINpoOBCbKOro paloHy 3anopi3bkoi 06nacTi. [ng KOXHOi TBAapUHM ByNnu OuiHeHi HACTyMHi
03HaKW: TPUBANICTb NakTaLii, Haaiv 3a 305 aHIB nakTauii, Hafil 33 BCIO NaKTaLito, BMICT KMpY Ta BMICT Bisika B MONOL.
[na anpokcuMaLii NakTauiMHUX KpUBMX B MEXAX KOXHOI cybrpynu b6yno BukopuctaHo mogens M1.Byaa. Bei 03Haku
MOJIOYHOT NPOAYKTUBHOCTI ByN10 NpOaHani3oBaHO Ha NiACTaBi anAropuTMy O4HO- Yu ABOGAKTOPHOro AMCNEpCinHOro
aHanisy i3 dikcoBaHnMm daktopamm 3a ponomoroto cratuctuuHoro nakety STATISTICA v. 6.0 (Statsoft Inc.).
byno BcTaHOBNEHO, WO HOMEp NaKTauii BiporiLiHO BMAMBAB HA BCi O3HAaKM MOJIOYHOI MPOAYKTMBHOCTI, WO 6yno
pocnigxeHo (y BCix Bunagkax: p<0,001). Hagin 3a 305 gHiB nakTauii nigBuLLyBaBCS 3i 3pOCTaHHAM HOMeEpY NakTauii.
HariBuwi 3HaYeHHs wi€i 03Hakm B6yno BiaMiveHo npoTaroM Il-iTa Ill-i nakTauii. HanHuk4y ouinky Hagoto 3a 305 gHis
NakTauii kopiB AiMHOro ctaga gaHoro rocnogapcrea 6yno otpumaHno y 2014 poui, a Hareuwy -y 2016 poui. Ce3oH
OTeNIeHHS BiPOrigHO BMNIMBAB HA MOKA3HMKM MOMIOYHOT NPOAYKTUBHOCTI (HacaMnepea, BMICT Xupy Ta 6ifka B MonoLi)
neps.icTok. Kpim Toro, ouiHka Hagoto 3a 305 gHiB nakTauii 6yna HMXKYOK cepen, NepBicToK, AKi OTENUAUCE B3UMKY ab0
HaBeCHI y NOPIBHSAHHI i3 TBApMHaMW, SKi oTennnucb BoceHW. Cepen NOBHOBIKOBUX KOPIB BMJIMBY CE30HY OTENEHHS
He BiAMiYeHO. HoMep nakTauii Ta pik oTeNeHHa BiporiAHO BNAMBANM HA OLiHKM KoedilieHTIB Ta napameTpis Moaeni
M. Byna. opMa nakTauiMHUX KpUBMX NEPBICTOK Oyna Bifibll Niacka y NOPiBHSHHI 3 MOBHOBIKOBUMM KOpoBaMu. OLiHKM
NiKOBOr0 HaZoK BYNM HUXYI, ane NoKasHMK CTANOCTi IAKTALMHOT KpuBOi ByB BMLLe Nig Yac I-i nakTauii. Omke, Hamu
6yno BCTAHOB/EHO, LLO OTPMMAHHS peanbHUX (He3MilLeHMX) OLiHOK 03HaK MOJIOYHOI NPOAYKTUBHOCTI FOAWTUHCHKOI
Xy[o6u notpebye nonepeaHbOro KOperyBaHHs AaHWX LWOAO0 BM/MBY HOMePY NakTaLii, poKy Ta CE30HY OTe/IeHHS

KniouoBi cfioBa: MonoyHa NpoayKTUBHICTb, HOMEp NaKTalii, pik Ta ce30H oTeneHHs, mogens . Byaa, MonoyHa xynoba
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Abstract. Peas are a crop that is quite picky about weather conditions, therefore, against the backdrop of worsening
climatic conditions, it is necessary to pay attention to the wintering form. The main advantage of overwintering
peas is that it uses the moisture of the winter period and thanks to this forms above-ground and underground
biomass of plants even before the onset of summer drought. At the beginning of the recovery of spring vegetation,
plants have a well-developed root system that penetrates deep into the soil up to 10 cm, while spring peas at
this time are just beginning to sow. As a result, the potential yield of winter peas is 2-3 times higher than that of
spring peas. The purpose of the research was to determine the influence of varietal features of plants, seed sowing
rates on the photosynthetic activity of crops and grain yield of winter peas in the conditions of southern Ukraine.
Research methods: field, laboratory, computational, statistical. As a result of the research, the peculiarities of the
growth of the above-ground mass of plants, the photosynthetic activity of crops and the formation of grain yield
of winter pea varieties were studied. The optimal rate of winter pea seed sowing, at which the genetic potential of
varieties is fully realized, has been revealed. The norm of seed sowing was established, at which winter pea plants
formed the maximum area of the leaf surface. Research has established that in most cases the maximum level
of biomass harvest is formed at the minimum density of plants in the budding phase. As the density increases,
the biomass gradually decreases, which is a reliable sign of the significant advantage of crops with lower sowing
rates in terms of photosynthesis productivity.lt was determined that the highest winter pea grain yield, on average
over the years of research and according to the studied sowing rates, was formed by the Enduro variety. Research
has established that wintering peas form a small area of the leaf surface, which is characterized by a high level
of difference in productivity at a reduced seeding rate. The practical aspects and conclusions reflected in the
article are aimed at improving the processes of wintering pea productivity in the conditions of southern Ukraine,
in particular, at significantly more efficient use of moisture during the growing season of plants for the formation
of a unit of harvest

Keywords: photosynthetic activity, leaf surface, above-ground biomass of plants, chlorophyll, density, grain yield

INTRODUCTION

The main task of modern agriculture in Ukraine is to
increase the productivity of grain crops, which will con-
tribute to the formation of plant resources, providing
livestock with complete feed, and the population with
food products. An important place in solving this task
is occupied by peas. Its grain contains protein, carbohy-
drates, saturated with essential amino acids, minerals
andvitamins,thereforeitiswidelyusedinthe production
of balanced concentrated feeds. A short growing season
and the ability to fix atmospheric nitrogen characterize
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peas as the best predecessor for agricultural crops, in
particular winter forms [1].

Peas are characterized by great genetic diversity,
according to the morphological composition there are
varieties with leaves (ordinary) and leafless (with ten-
drils of the so-called aphylla type), indeterminate and
determinate growth of the stem and very early and
late ripening. There are winter and spring varieties.
Seeds vary in color, shape and size. Some varieties of
peas are used as a vegetable crop; field peas are used

Rudenko, V., Shcherbakoy, V., Panfilova, A.,& Kogut, I. (2022). Peculiarities of photosynthetic activity of winter pea
plants depending on the sowing rates. Ukrainian Black Sea Region Agrarian Science, 26(2), 53-58.
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for the production of dry grain for the food industry,
and forage pea varieties are also widely used [2].

Peas are grown in most countries of the world.
North America has increased its share of seed pea and
lentil production in recent years. Europe, once the larg-
est producer of seed peas, is seeing a sharp decline in
total legume production. At the same time, Asian coun-
tries remain the main producer of many leguminous
crops, including field peas [3].

According to V.V. Kolosovska [4], peas are widely
distributed in Ukraine due to their high productivity and
feed value. Peas are a potential crop that, under optimal
growing conditions, can provide a high yield of green
above-ground mass, as well as grain. Significant fluctu-
ations in the yield of peas depend on the influence of
weather conditions on the productivity of plant photo-
synthesis. The yield of peas depends on many factors, in
particular, agricultural technology, weather and climate
conditions during the growing season of plants, varietal
characteristics, etc. [5; 6; 8]. In recent years, small areas
of sowing and low yields of pea grain are due to unfavor-
able weather conditions and the lack of stable demand
in the domestic market, as well as the difficult economic
situation of agricultural enterprises. All this, as well as
the imperfect technology of growing peas, gives preference
to agricultural crops whose cultivation costs are lower,
and their production volumes are larger [4; 7; 9].

Systematic droughts in the second half of May and
in June suppress the pea so much that it grows 15-20 cm
tall,forms no more than 2 beans per plant with 1-2 seeds,
and thus provides a yield of 0.4-0.6 t/ha, which is a cat-
astrophic phenomenon against the background of other
cultures. Therefore, producers, despite the importance of
peas in animal diets, refuse this crop and exclude it from
their crop rotations.

But in the last 15-20 years, a new form of peas has
appeared - winter peas, which are sown in autumn and
spring. He manages to form a generative apparatus ear-
lier than during droughts.Such peas under normal condi-
tions provide a yield of 2.0-2.5 t/ha of seeds, and under
favorable conditions - 3.5-4.0 t/ha. Currently, breeders
are creating wintering varieties, and agricultural techni-
cians are developing a technological model that would
correspond to the biology of this pea. It should be noted
that the development of winter pea agrotechnology has
not yet been completed, and many issues need to be clari-
fied. In particular, the optimal parameters of sowing rates
and plant stand density have not been definitively de-
termined. This element of technology was mechanically
transferred from spring peas, so the goal of our research
was to determine the optimal rate of sowing seeds for
modern varieties of winter peas for growing it in the con-
ditions of southern Ukraine.

One of the main elements of the pea growing
technology is the rate of sowing seeds, which ensures
optimal sowing density. The pea sowing rate ranges from
0.8 to 1.4 million similar seeds per hectare [5]. In con-
ditions of sufficient moisture supply, more seeds should
be sown than in dry conditions [6].
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N.V. Telekalo [7] in his experiments came to the
conclusion that it is the correctly selected sowing rates
that provide a high adaptive capacity, which allows met-
abolic processes to be restored to an optimal level after
exposure to stress factors, which is especially important
in conditions of climate change. The main characteris-
tics that determine the adaptation of peas include a
high harvesting index, the type of stem growth, friendly
ripening of grain, resistance to pests and diseases, shed-
ding of grain, high potential yield.

Optimum plant density and nutrient supply are
the most important conditions that affect the productivity
of agricultural crops. Therefore, studying the impact of
different sowing rates on plant density and yield is of
great importance for the process of forming the structural
elements of the crop. The density of plants before harvest-
ing is an indicator that shows the correct choice of seed
sowing rate during sowing. The rate of sowing can sig-
nificantly affect the realization of the potential yield of
peas under different soil and climatic conditions of its
cultivation [8]. Thus, the studies of V.V. Lykhochvor and
V.M. Andrushko [9] determined that the structural ele-
ments and yield of peas were significantly influenced
by the norms of seed sowing. Thus, increasing the rate
of sowing seeds to 1.4 million/ha contributed to a de-
crease in the number of beans per plant to 4.5 pcs., the
number of grains in a bean - to 6.1 pcs., the number of
grains per plant - to 27.6 pcs. Then, at the sowing rate
of 0.9 million/ha, the specified indicators amounted to
4.8, respectively; 6.9; 33 pcs. It has been proven that, in
addition to the investigated norms of seed sowing, the
yield of Madonna pea grains was also influenced by the
agrometeorological conditions of the research years.

At the same time, the dependence of the photo-
synthetic activity of plants on the density of agrophy-
tocenosis is an important and little-studied issue. Ab-
sorption of light and its direct effect on the growth of
agricultural plants is an important factor in the life of
plants [10]. As for many agricultural plants, the amount
of incoming photosynthetically active radiation and the
efficiency of use of solar radiation by the plant cover
are important indicators during the cultivation of legu-
minous crops [11].

It has been confirmed that the intensity of photo-
synthesis of cultivated plants is a rather labile feature,
prone to significant exogenous influence of environmen-
tal factors. Agrometeorological conditions during the
growing season of agricultural crops affect the indica-
tors of photosynthesis. In addition, the photosynthetic
activity of crops depends on the area of the leaf surface
of plants, the area of their nutrition, the content of nu-
trients in plant leaves, etc. [12; 13]. The leaf surface area
of plants is one of the main factors that determines the
amount of absorbed solar energy and its use for biomass
accumulation, and also affects the indicators of net pho-
tosynthetic productivity. In turn, the amount of biomass
accumulated by plants and the activity of photosynthetic
processes are decisive in the formation of the yield of
agricultural crops [14-16].
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The increase in the area of the leaf surface of plants
is an indicator that characterizes the general growth rate
of any agricultural crop, which leads to a significant ab-
sorption of solar radiation and, as a result, contributes to
the formation of higher productivity [17].

Thus, further deepening of research in this direc-
tion is an urgent task of modern plant breeding.

MATERIALS AND METHODS

For the study, the winter pea varieties Moroz, Enduro and
Baltrapp were used, which were sown on the experimen-
tal field of the Odesa State Agricultural Research Station
of the National Academy of Agrarian Sciences of Ukraine

for 3 years. The scheme of the experiment provided for
the study of the following sowing rates: 0.7; 0.9; 1.1;
1.3 million seeds/ha. The size of the plots and placement:
in the massif, the plot is 15 m? (10x1.5 m), randomized.
Inter-level corridor: 6 m. Number of repetitions: four.

The experimental field is located in the village
of Khlibodarske, Bilyaiv district, Odesa region. The soils
are represented by northern chernozem with a humus
content of 2.0% in a layer of 10-30 cm. The content of
macroelements in the soil during the years of research
was P,O - 6.25; N - 2.60; K,0 - 17.4 mg/100 g of soil.

The main experiment had the following arrange-
ment of plots (Table 1).

Table 1. Scheme of the location of the plots in the experiment

| repetition 11l repetition

CH, CH, CH,
CH, CH, CH,
CH, CH, CH,
CH, C,H, CH,
CH CH, CH
1l repetition
CH, C,H, CH,
CZHZ C1H4 CSHl
C3H2 CZH4 ClHZ
ClHS C3H4 CZHZ
CZHS C1H1 C3H2

CH, CH, CH,
CH, CH, CH,
CH, CH, C,H,
CH, CH, CH,
CH, CH C.H
IV repetition
CH, CH, CH,
CZH4 CIHZ C3H3
C3H4 CZHZ C1H4
ClHl CSHZ C2H4
C2H1 C1H3 C3H4

Note: C, - Moroz variety; C, - Enduro variety; C, - Baltrapp variety; H, - sowing rate 0.7 million plants/ha; H, - sowing
rate 0.9 million plants/ha; H, - sowing rate 1.1 million people/ha; H, - seeding rate of 1.3 million people/ha

The area of the sheet surface was measured by
the weight method with the preparation of standard
cutouts with an area of 1 cm?. 20 cuttings were weighed
and all leaves from a sample of plants were weighed.
The area of the leaves in the samples was calculated
according to the proportion:

20 cm?*-m,
Xcm?-m

T
2T

= 20X, (1)
my
The size of the photosynthetic potential was cal-
culated according to formula 2:

P=TXT (2)

S, - leaf area at the beginning of the calculation period,
thousand m?/ha; S, - leaf area at the end of the calcula-
tion period, thousand m /ha; T - calculation period, days.

The size of the net productivity of photosynthe-

sis was calculated according to formula 3:

NPP =

U, —U, (3)

FP - photosynthetic potential thousand m?/ha = days;
U, - dry biomass harvest at the end of the period; U, -
dry biomass yield at the beginning of the period, g/ha

RESULTS AND DISCUSSION

The conducted studies showed that winter peas form a
rather low level of the leaf surface (Table 2).

55

Table 2. eaf surface area of peas under different sowing rates, 2021 (thousand m?/ha)

Sowing rate. million Moroz Enduro Baltrapp
seeds per hectare 2-3 leaves Budonization 2-3 leaves Budonization 2-3 leaves Budonization
0.7 13 13.5 1.1 114 0.8 13.4
0.9 2.2 16.5 0.9 16.0 13 16.2
1.1 2.7 18.40 1.2 19.1 1.5 19.1
1.3 3.0 239 1.9 22.5 15 22.7
HIP ., thousand m? - 0.8 - 11 - 0.7

05°
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Varieties had no significant differences in leaf area.
Adirect dependence of the size of the leaf area on the sow-
ing rate was found. As you can see, in all cases, crops
with the highest seeding rate had the maximum leaf area.
This indicates that the result of photosynthetic activity

(accumulation of organic phytomass) is primarily deter-
mined not by a quantitative indicator (the size of the leaf
area), but by a qualitative one (the productivity of the leaves).
Such a conclusion can be drawn already from the analysis
of data on the harvest of above-ground biomass (Table 3).

Table 3. Crop of above-ground pea biomass under different sowing rates, t/ha (2021)

Sowing rate of million Moroz Enduro Baltrapp
seeds per hectare 2-3 leaves Budonization 2-3 leaves Budonization 2-3 leaves Budonization
0.7 1.2/0.24 6.6/1.65 1.0/0.21 7.9/1.97 1.3/0.26 6.9/1.79
0.9 1.6/0.32 6.7/1.61 1.2/0.24 6.9/1.72 1.6/0.31 6.1/1.59
11 1.9/0.40 6.2/1.55 1.4/0.27 6.5/1.63 1.8/0.36 5.9/1.53
1.3 2.0/0.43 6.5/1.62 1.7/0.33 6.4/1.60 2.1/0.40 5.6/1.51
HIP,,, thousand m? - 0.03/0.02 - 0.02/0.02 - 0.04/0.03

Note: green mass is shown in the numerator, and absolute dry mass in the denominator

As you can see, in most cases, the maximum level
of biomass harvest is formed at the minimum density
of plants in the budding phase. As the density increases,

the biomass gradually decreases, which is a reliable sign
of the significant advantage of crops with lower sowing
rates in terms of photosynthesis productivity (Table 4).

Table 4. Net productivity of photosynthesis for the period of 2-3 leaves
to the budding phase depending on the pea sowing rate, 2021 (Moroz variety)

Increase in dry
biomass per period,

Sowing rate, million

Average leaf area,

seeds per 1 ha m?/ha t/ha
0.7 2400 1410000
0.9 9400 1290000
1.1 10500 1050000
1.3 13400 1190000

Thus, the decisive role in the formation of the phy-
tomass crop belongs to the productivity of photosynthe-
sis,and not to the size of the apparatus. The difference be-
tween the extreme options, as we can see, reaches 200%.

. Photosynthetic Net photosynthetic
Du;ar:g:jn 3; Te potential, thousand  productivity, g/m?
P »aay m?/ha *days per day
36 266.4 5.29
36 338.4 3.81
36 378.0 2.78
36 482.0 2.47

Such a difference led us to the idea of determining the
chlorophyll content in pea leaves. We obtained the follow-
ing results (Table 5).

Table 5. Chlorophyll content in pea leaves in the budding phase, 2021 (Moroz variety)

Sowing rate, million/ha

0.7 59
0.9 4.9
11 3.3
13 2.7

Indeed, the difference in options was very high
(more than 2 times). Comparing the fractional composi-
tion, it is necessary to note the lack of specificity in this
respect. In all cases, the “c” fraction was equal to 35-40%

of the “a” fraction, which is a typical ratio for plants with

Total chlorophyll, mg/100g

Including

4.3 1.6
3.5 1.4
2.4 0.9
2.0 0.7

the C4 type of photosynthesis. The main indicator that
characterizes the expediency of one or another sowing
rate is the yield of the main products. In our experiment,
the Baltrapp variety with a sowing rate of 0.7 million
seeds/ha was the most productive (Table 6).

Table 6. Yield of winter peas depending on the sowing rate, t/ha

Sowing rates Moroz
million/ha 2021 Avarage
0.7 (B) 0.69 1.79 1.20 0.73
0.9 0.69 1.78 1.21 0.69
1.1 0.68 1.35 1.02 0.68
1.3 0.67 1.40 1.04 0.67
A-0.06 A-0.11
HIP,,, t/ha B-004  B-013 - -
AB-0.08 AB-0.18
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Enduro Baltrapp

2021 Avarage 2021 Avarage
3.03 1.88 0.74 3.10 1.92
2.60 1.65 0.67 2.48 1.58
2.12 1.40 0.66 211 1.39
191 1.30 0.56 1.88 1.22



Other varieties also formed the maximum pro-
ductivity at the sowing rate of 0.7 million seeds/ha. Only
the Moroz variety provided the same level of productivity
at the norms of 0.7 and 0.9 million/ha.

Of course, the results of the 2020 crop, when the
drought nullified all the efforts of the producers,and the
wild pea did not form any crop at all, could negatively
affect the final conclusions. But the data of 2021 very
convincingly testifies to the expediency of sowing peas
at the rate of 0.7 million units/ha.

Research by VV. Lykhochvor and V.M. Andrushko [18;
19] established that the yield of pea grain also changed
under the influence of seed sowing rates. A somewhat
lower yield was noted on the variant with a seed sowing
rate of 0.9 million/ha - 6.34 t/ha. The highest yield of
peas, on average over the years of research, was noted
on the variants of the experiment with a seeding rate of
1.0 and 1.1 million/ha - 6.52 and 6.55 t/ha, respectively,
which is more by 0.18-0.21 t/ha for the option of seed-
ing rate of 0.9 million/ha. On the variants of the experi-
ment 1.2; 1.3 and 1.4 million/ha observed a natural de-
crease in the yield of pea grain in all years of research.
It should be noted that, regardless of the investigated
rate of seed sowing, higher grain yield was formed by
plants of the Madonna variety.

CONCLUSIONS

On the basis of two-year data, it can be concluded that
wintering peas form a small area of the leaf surface,
which is marked by a high level of difference in produc-
tivity. Thus, the leaf surface area of winter pea plants at
the rate of seed sowing of 0.7 million/ha was the small-
est and, depending on the phase of growth and devel-
opment of the plants, was 1.3-13.5 thousand m?/ha
in the Moroz variety, 1.1-11.4 thousand m%/ha in the
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Enduro variety and 0.8-13.4 thousand m?/ha in the Bal-
trapp variety. At the same time, the largest leaf surface
area was formed by pea plants at the sowing rate of
1.3 million/ha, regardless of the studied variety. Variet-
ies had no significant differences in leaf area. The deci-
sive importance in the formation of the crop belongs
to the productivity of photosynthesis. Thus, according
to the results of the research, the highest indicators of
net productivity of photosynthesis were characterized
by the variant of the experiment with the seed sowing
rate of 0.7 million/ha.

It was established that the highest winter pea
grain yield, on average over the years of research and
according to the studied sowing rates, was formed by
the Enduro variety — 1.56 t/ha, which exceeded the in-
dicators of the Baltrapp variety by 0.03 t/ha or 1.9%.
and for the Moroz variety - by 0.38 t/ha or 24.4%. It
should be noted that, regardless of the studied variety,
the highest grain yield was obtained for seed sowing
norms of 0.7 million/ha - 1.67 t/ha on average for the
studied varieties, which exceeded the indicators of oth-
er variants of seed sowing norms by 0.19-0.48 t/ha or
11.4-28.7%. It should be noted that an increase in the
sowing rate of winter pea seeds to 1.3 million/ha en-
sured the lowest grain yield regardless of the studied
variety in all years of research.The practical aspects and
conclusions of our research are aimed at improving the
conditions of growth and development of winter pea
plants during the growing season, which directly af-
fect the yield of the crop in the conditions of southern
Ukraine, in particular,the introduction of the researched
elements of crop cultivation technology will ensure a
much more efficient use of moisture during the grow-
ing season of plants and, as a result, their formation of
a higher grain yield.
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Oco6nuBocTi POTOCUHTETUYHOI AiANbHOCTI POCNUH
ropoxy 3MMyIlouoro 3aJ1e)XXHo Bif, HOpM BUciBy

B’auecnae AHapiitoBuy PyaeHko?, Biktop flkoBuu Llep6akos?,
AHTOHiHa BikTopiBHa MaHginosa?, IHHa MukonaisHa KoryT!

10pecbkuii AepXKaBHUI arpapHuUii yHiBepcuTeT
65039, Byn. KaHatHa, 99, M. Opeca, YkpaiHa

MuKonaiBCbKMUIA HaLiOHaNbHMI arpapHuUii yHiBepcuTeT
54008, syn. leopris loHraase, 9, M. Mukonais, YkpaiHa

AHortauisi. [opox — 4ocuTb BU6arnMBa A0 NOrofHUX YMOB Ky/bTypa, TOMY Ha T/i MOTipLIEHHS KNIMAaTUYHOI cuTyauii Tpeba
3BEPHYTU yBary Ha 3umytody ¢dopmy. OCHOBHOK NepeBarot ropoxy 3MMYKUOro € Te, WO BiH BUKOPUCTOBYE BONOTY
3MMOBOTO Nnepiofy i 3aBAAKM LbOMY GOPMYE HaA3EMHY i Nia3eMHy 6ioMacy POCAUH LWe paHille, HiXK HAaCTA€E NiTHS
nocyxa. Ha noyaTky BifAHOBNEHHS NPOLLECiB BECHAHOI BereTaLii poc/inMHM MatoTb LO0O6pe pO3BUHEHY KOPEHEBY CUCTEMY,
SKa NPOHMKAE BrMO rpyHTy £0 10 CM, TOAI SIK rOpOX SIpUI B Liel Yac TiflbKM NOYMHAE BUCIBATK. K HACNIAOK, MOTEHLIMHA
YPOXKaMHICTb rOpOXy 3MMYKHOro B 2 -3 pasu BULLA, HiXX Yy sporo. MeToto focnigkeHb 6yno BU3HaYEHHS BNAUBY COPTOBMX
0CO6NMBOCTEN POCAMH, HOPM BUCIBY HACiHHS HAa (POTOCUMHTETMYHY AiSNbHICTb MOCIBIB Ta YPOXAMHICTb 3epHA ropoxy
3MMYIOHOro B yMOBaX NiBAHs YKpaiHW. MeToam AocnigxeHb: NoNb0BUiA, TabOpaTOPHUI, PO3PaxXyHKOBUIA, CTaTUCTUYHMIA.Y
pe3ynbTaTi 4oCNifKeHb 6yno BUBYEHO 0COBIMBOCTI HAPOCTAHHS HaZl3eMHOI MAaCK POC/UH, DOTOCUHTETUYHOI AiSNIbHOCTI
nociBiB Ta GOPMYBaHHS YPOXKAMHOCTI 3epHa COPTIB rOPOXy 3MMyko40ro. BuseneHo onTMManbHy HOPMyY BUCIBY HACiHHS
ropoxy 3uMy40ro, 3a SKOi MOBHOK MipOK peani3yeTbCs reHeTUYHMI NoTeHuian copTie. BcTaHOBNEHO HOPMY BUCIBY
HACiHH$, 33 IKOi POC/IMHM FOPOXY 3MMYO4Oro hOpMyBanu MaKCMManbHY MOLLY IMCTKOBOI MOBEPXHI. [locnimxeHHaMu
BCTAHOBJIEHO, LU0 Y BiNbLIOCTI BUNAAKIB MAaKCMMAsbHUIA PiBEHb YpOXKato BioMack CPOpMOBAHO 3a MiHIMaNbHOI ryCTOTH
pocnuH y dasi ByToHi3auii. 3i 3p0CTaHHAM FyCTOTU NOCTYMOBO 3MEHLYETbCS Biomaca, Wo € HaAIMHO 03HAKOH
CYTTEBOI NepeBaru nocieiB 3 MEHLWMMW HOPMaMM BUCIBY 3a MOKA3HMKAMM NMPOAYKTUBHOCTI POTOCMHTE3Y. BU3HaueHo, wo
HaWBULLY BPOXaMHICTb 3epHA rOPOXY 3MMYHOHOr0, B CEPEeAHbOMY 33 POKM AOCNILKEHD i 32 LOCNIAKYBAHUMU HOPMaM BUCIBY,
cdopmysas copT EHaypo. JocnigkeHHSMM BCTAHOBNEHO, LLO 3UMYHOUMIM ropoX GOpMYE HEBEMKY MIOLLY TIMCTOBOI NOBEPXHI,
AKa Bi3HAYAETbCS BMCOKMM PIiBHEM BiAMIHHOCTI 3a NMPOAYKTMBHOCTI NPW MOHMXKEHI HOpMi BUCIBY. BinobpaxeHi B
CTaTTi MPaKTUYHI aCMeKTV Ta BUCHOBKM CNPSIMOBAHI Ha BAOCKOHANEHHS npoueciB GopMyBaHHS NPOAYKTUBHOCTI FOPOXY
3MMYKYOro B yMOBax NiBAHSA YKpaiHW, 30KpeMa 3a 3Ha4YHO ePEeKTUBHILLIOro BUKOPUCTaHHS BONOMM B nepion BeretaLii
POCAUH Ha GOPMYBaHHS OAMHML BPOXato

KnrouoBi cnoBa: GOTOCMHTETUYHA aKTUBHICTb, IMCTKOBA MOBEPXHS, HaA3eMHa BioMaca pocauH, xnopodin, rycroTa,
YPOXaMHICTb 3epHa
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Abstract. An important problem of modern breeding is the selection process, the basis of which is based on a
comprehensive assessment of the breeding gene pool, which will make it possible to increase the genetic potential
of the sheep of the Askanian fine-wool breed. The development of the sheep breeding industry in Ukraine largely
depends on the genetic potential of breeding resources, which are used in the selection of pairs for mating. Thanks to
such approaches, it is possible to quickly achieve higher breeding rates of progress on the main traits of productivity.
Therefore, the intensification of sheep breeding not only increases the role of breeding, but also requires the
improvement of breeding methods, while the traditional practice of sheep breeding should accumulate breeding
methods based on a comprehensive assessment of the genetic potential. The hereditary potential significantly affects
the productive performance of sheep only after 4-5 generations with the targeted use of the best rams descended
from highly productive queens. Therefore, the purpose of this work is to conduct a comprehensive assessment of the
productive qualities of Askanian fine-wool sheep and identify the best sires, the use of which will ensure an increase
in wool productivity by increasing the genetic potential, which will make it possible to obtain the next generation
of animals more productive than the previous one.The results of the research give grounds to assert that the main
indicators of wool productivity, as well as indicators of the live weight of sheep of different sex and age groups of
the Askanian fine-fleeced breed, depend on the origin, that is, the ram-producer and indicate sufficient opportunities
regarding the hereditary potential of this herd, which will make it possible to maintain compliance with the breed
type and realize their genetic features. At the same time, the analysis of the obtained research results allows for a
comprehensive assessment and identification of the best rams, providing an opportunity to increase productivity,
improve the quality of wool and reduce the cost of sheep products

Keywords: live weight, wool shearing, wool productivity, growth, development, economically useful traits, sires

INTRODUCTION

It has been established that highly productive parents
have a significant impact on the level of wool produc-
tivity not only of individual herds, but also of the breed
as a whole. Their genotype is one of the key points to
speed up the integration and improve lines, intrabreed
types and breeds. And the practice of world and do-
mestic selection and breeding work in sheep breeding
shows that in order to improve the productive quali-
ties of sheep, it is necessary to apply their comprehen-
sive assessment. At the same time, it is important to pay
significant attention to the assessment of sires that have
high breeding and productive qualities and can be the
ancestors of new family groups and lines. The works of
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many scientists, both domestic and foreign, have estab-
lished that the genotype of the parents is one of the key
points that makes it possible to accelerate the integration
and improve lines, intrabreed types and breeds [1; 2].

When using the genetic principles of breeding
animals, breeders set tasks that could identify the best
genealogical formations and outline the most promis-
ing ones for their further improvement, study the ge-
nealogical structure, give a genetic explanation for the
phenomenon of prepotency of sires and queens, and es-
tablish the possibility of using the combination effect
when breeding behind lines [3].

The practice of world and domestic selection and

Karatieieva, O., Polishchuk, T., & Posukhin, V. (2022). Evaluation of productive qualities of sheep of askani fine-wool
breed. Ukrainian Black Sea Region Agrarian Science, 26(2), 59-66.
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breeding work in sheep breeding shows that in order to
improve the productive qualities of sheep, it is necessary
to apply their comprehensive assessment, which consists
in ensuring that animals in each subsequent generation
surpass their parents in their productive qualities [4].
The success of breeding work largely depends on the
ability to most objectively determine the breeding value
of animals using various assessment methods [5]. When
selecting sheep for further work, it is necessary, on the
one hand, to exclude the possibility of the spread of un-
wanted genes in the herd, for example, causing morpho-
logical and physiological defects, and on the other hand,
to increase the frequency of desired genes [6]. The most
important components of breeding work are the target-
ed selection and selection of sheep for mating, obtaining
and raising strong healthy young animals, full feeding,
proper maintenance of adult animals [4-6].

In modern conditions of progressive technologies,
scientists are increasingly performing a comprehensive
assessment of breeding animals using various methods
for analyzing the productive and breeding qualities of
animals, using both classical zootechnical methods and
more modern ones [9-11].

The breeding methods used in sheep breeding
provide an increase in their productivity by only 1-2%
from the level achieved in previous generations, how-
ever, they do not always involve the use of an integral
assessment of rams and queens by genotype and by a set
of qualitative and quantitative indicators of their own
productivity. The trend in the development of world sheep
breeding and the further intensification of breeding work
are aimed at increasing the wool productivity of sheep
and necessitate a comprehensive assessment of sheep,
even in industrial herds, according to the degree of re-
alization of their genetic potential in the context of the
main economic and useful indicators of productivity. In
Ukraine, this issue does not lose its relevance, which
aroused our interest in a comprehensive study of the
main economically useful traits of sire rams and their
impact on the productivity of offspring.

LITERATURE REVIEW

During the period of early ontogenesis, the growth and
development of the organism and future productivity
are formed as a result of the “genotype x environment”
interaction. The impact of the genotype on the growth
and development of animals in the Taurian type of the
Ascanian fine-fleece breed depends on the proportion
of heredity and economically useful traits of sire rams
used in breeding [10; 11].

N.Papakina, T.Oskyrko argue that in the conditions
of enterprises, breeding work is carried out according to
the available productivity indicators - formed by the in-
dividual phenotype of animals, and the confirmation of
the valuable genotype of producers is the maintenance
of their own high productivity and the manifestation of
valuable traits in descendants [12].

V. Yakovchuk and O. Smorochynskyi prove that
when selecting sheep for breeding, one of the main
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indicators is their live weight, which indicates the full
development of animals, and it is he who is the leading
one during the grading of sheep [13].

In breeding work with sheep, much attention is
also paid to their growth indicators. So, according to
N.S. Papakina, the growth and development of young
animals is an integral part in the formation of the final
productivity of farm animals and poultry. Knowledge of
the species, breed and sex characteristics of these com-
ponents makes it possible to introduce optimal methods
for managing natural biological processes into produc-
tion and genetically obtain high productivity of sheep.
Within the same enterprise, as a rule, young animals of
different sexes are kept, and knowledge about sexual
relations and the features of the formation of their pro-
ductivity is the basis for improving the existing technol-
ogies for keeping and caring for young animals [8].

I. Gladij also studied the relationship between
animal types and their productivity. This is the scientist,
who found that in terms of growth rates, small animals
prevailed over large ones, and rams of a knocked-down
physique, that is, more compact, with a rounded body,
prevailed over stretched ones, with a flatter body [14].

M. Ptacek, J. Duchacek, L. Stadnik, and J. Beran
studied the characteristics of the growth and develop-
ment of young sheep of different sexes, which allowed
them to establish patterns of sheep formation in dif-
ferent age periods in order to use the data obtained to
raise animals of the desired type of constitution and
directions of productivity [15].

Particular attention is paid to the study of the
relationship between morphofunctional traits and the
correlation analysis of economically useful traits, which
makes it possible to establish the degree of dominant
influence of parental organisms on the manifestation
of a similar trait in offspring [9].

A number of Ukrainian and foreign scientists have
proved that sheep breeding is a strategic sector in the
agricultural sector [3; 5; 10]. According to M. Mihajlova et
al.and V. Topikha et al., the Askani fine-fleeced breed of
sheep, unique in its direction and level of productivity,
constitutional features, is of great value in the breeding
gene pool of domestic sheep breeding.J. 0. Hampton et
al.[10] and M.T. Bastanchury-Lépez et al., proved that it
fully meets the world-class requirements [16]. O.1. Kara-
tieieva, claims that their genotype is used both to cre-
ate new areas of sheep breeding, and for crossing in
order to increase the level of meat, milk and wool pro-
ductivity, accelerate early maturity, improve the quality
of meat, wool, skins and fur sheepskins [1]. What is con-
firmed in the studies of O.P. Krupa, T. Rak [2]. Chikhirov
with a group of authors proved that the use of Askanian
fine-fleeced rams makes it possible to raise domestic
sheep breeding to the world level,and, in turn, refuse to
import foreign rams of a similar productivity direction,
which will help to avoid loss of funds and eliminate the
difficulties of acclimatization of imported representa-
tives, which was confirmed by T.I. Nezhlukchenko and
others [2; 4; 11].



MATERIALS AND METHODS
The basis for the research was the private enterprise
“Agrofirm”Vasilyevka” of the Mykolaiv region, in the period
2019-2021.

For the study, three groups of sheep were formed,
which come from three different rams, which were com-
pared with each other according to the main economic
and useful traits.

Karatieieva et al.

At the first stage, the live weight of animals of dif-
ferent sex and age groups and their wool productivity were
subject to research: clean and washed wool shear, clean
wool yield, wool length. Further, within each group, the ex-
perimental sheep were divided into sex groups, the rams
and lambs of which were compared with each other and
their productive qualities were evaluated according to the
methods generally accepted in zootechnics (Table 1) [17].

Table 1. Scheme of the formation of experimental groups in the conditions
Private enterprise ‘Agrofirma “Vasilievka”

Experienced group

Ram No. 483
Ewe lambs
16 5 16

Lambs Ewe lambs

Since the assessment by phenotype does not pro-
vide complete information about the inheritance of eco-
nomically useful traits and does not allow us to identify
the best carriers of heredity, we used correlation analysis
with the calculation of relative variability [17].

Statistical data processing was carried out using
the Microsoft Excel and Statistica 6.1 software package
according to G.F. Lakin [18].

RESULTS AND DISCUSSION

Characteristics of the productivity of sheep of the Askanian
fine-wool breed

According to the results of the research, out of the total
number of sheep, which is kept at the enterprise, 3 main
rams of the producer are used, and 157 ewes, which to-
gether act as a kind of founder of all future generations.
These animals have a responsible role, since the genetic
potential of all future descendants will depend on the
level of productive and breeding qualities. Therefore, in

Ram No. 256

Ram No. 628

Lambs Ewe lambs Lambs

5 16 5

order to maximize their genetic potential, the selection
of parents is approached very responsibly, special at-
tention is focused on sires, whose role in this process
can be called decisive.

Obtaining high-quality lamb and wool produc-
tivity is inextricably linked with the live weight of the
sheep. Therefore, in order to maximize the live weight
of sheep and, accordingly, the level of meat and wool
productivity, rams and ewes with the highest indicators
are selected. For sires, on average, it is 118 kg, which is
a fairly high indicator for the Askanian fine-wool breed,
and 65 kg for a ew, which is also fully consistent with the
breed indicator (Table 2). Also, we observed that the live
weight indicator is high not only for adult sheep, but also
for other sex and age groups. So, at a fairly young age,
replacement rams reach 88 kg of live weight, which is
a very good indicator, the same can be seen about ewes
and overbreds, in which the live weight is at the level
of 43 and 50 kg, respectively.

Table 2. Productivity indicators of sheep of the Askanian fine-wool breed

Characteristic

Gender and age group Live weight, kg Coat length, cm Unv::zt;erflk\;vool Pure ﬁlz/(:r yield, Clean wlc()gol [ CETA
Rams, total 18 206 19.3 32.4 93.9 14.5
Major ram producers 3 118 111 18.1 47.4 8.1
Repair rams 15 88 8.2 14.3 46.5 6.4
Ewe-lambs 87 43 9.5 5.2 45.6 2.2
Yearling 39 50 8.1 6.3 445 2.6
Ewes 157 65 10.3 74 441 3.3

When selecting parents, attention is paid not only
to live weight, but also to wool productivity indicators,
which for the main sires were within the following limits:
wool length - 11.1 ¢cm, unwashed wool shear - 18.1 kg,
pure fiber yield - 47.4%, pure wool shearing - 8.1 kg, and
for ewes: wool length — 10.3 cm, unwashed wool shearing -
74 kg, pure fiber yield — 44.1%, pure wool shearing - 3.3 kg.
Both in the case of live weight indicators and wool produc-
tivity, full compliance with breed standards was observed.

In the group of replacement rams and ewes, in
terms of wool productivity, compliance with the breed
standards was also noted.

E. Zonabend Konig, J.M.K. Ojango, J. Audho,
T. Mirkena, E. Strandberg, A.M. Okeyo &lJ. Philipsson also
confirm that meat and wool productivity are the most
important traits of sheep breeding and depend on the
quality of the breeding material, then there are ewes
and rams-producers [19].
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[. Suprun, A. Getya, V. Fychak, M. Jani¢ek in their
studies speak about the high genetic potential of sheep
breeds bred in Ukraine. Observers argue that in the cur-
rent economic conditions, sheep breeding remains one
of the most promising for development in terms of im-
proving land use efficiency, employment, providing the
processing industry with raw materials, and for the pop-
ulation - providing food (meat, milk, cheese). When se-
lecting animals for breeding, it is necessary to pay great
attention to sires as carriers of the main heredity [20].

Relative variability of the main traits of selection of re-
placement young stock of the Askanian fine-fleece breed

Many authors point out that in breeding work with indi-
vidual breeds of sheep, the selection of animals occurs

on the basis of their assessment by phenotype. But as-
sessment by phenotype does not always make it possi-
ble to determine the hereditarily best individuals, since
the quantitative signs of productivity are quite variable
and are formed under the influence of the genotype
and environmental conditions [2; 18]. Therefore, there
is a need to assess the quantitative characteristics of
the young Askanian fine-wool breed, which originated
from different sires.

In the course of the experiment, 1 study group
of offspring was formed from each sire ram: ewes and
rams, which were studied in terms of changes in live
weight at birth and at the age of 4, 6, 8,12, 15 months
(Table 3).

Table 3. Changes in the main economically useful traits of young sheep of the Askanian fine-wool breed

Ram No. 483

Ewe lambs Lambs Ewe lambs

Ram No. 256

Group

Ram No. 628

Ewe lambs

Lambs Lambs

Live weight, kg

At birth 4.0+0.05 5.1%0.12 4.0+0.03 4.6%0.12" 3.6*0.05™ 4.4%0.16"
4 27.4+1.18 38.4%+1.46 26.4+1.21™ 36.7%¥1.89" 25.3%1.37" 35.7+1.63"
6 36.1£2.61 52.6%3.42 35.3+1.11 51.1%£3.47 33.7%2.85 50.5+4.81
8 40.0£3.17 64.0+5.71 39.0+3.14 62.0%4.51 38.6%4.26 61.0+2.86
12 52.9£2.28 83.6%4.51 50.7%6.22 82.1+5.34 49.2%3.20 80.6%5.51
15 56.7£2.26 91.6%7.51 56.0£3.17 90.1+3.33 54.5+2.26 88.8+4.58

Sheared wool, kg
12 7.0%0.59 14.1+0.24 6.4+0.05™ 13.2+0.14* 5.4%0.04™ 12.3+0.09™
Wool length, cm
4 3.9%2.12 5.5%2.14 3.6x1.04 5.0£#1.13 3.6x1.64 5.4+1.09
6.4%2.13 8.8+3.32 5.4+1.34 8.3%£2.30 5.7%2.16 8.4%3.21
12 8.8+4.06 10.8+4.32 7.7%2.12 9.3+3.34 8.2%3.06 10.1+£5.29

E.Z. Konig, T. Mirkena, E. Strandberg, J. Audho,
J. Ojango, B. Malmfors, A.M. Okeyo & Jan Philipsson state
that animal live weight data and visually assessed size
are the most important factors in selecting sires for
breeding goals. Large body size is an indicator of good
growth rates and is an important feature in breeding [21].

Since wool shearing is directly proportional to the
live weight of the animal, when assessing this trait at the
age of 12 months, we noted a similar trend. Namely, the
young animals of group | were characterized by higher
values of wool shearing compared to other groups. The
ewes had 7.0+0.59 kg of wool, which is probably more than
this indicator in the ewes of Il - 6.4+0.05 kg (P<0.001)
and Il groups - 5.4+0.04 (P<0.001). A similar trend was
noted in terms of the level of manifestation of this trait
in rams of group I, which probably turned out to be bet-
ter than analogues of group Il - 13.2+0.14 (P<0.01) and
group Il = 12.3%#0.09 (P<0.001). Characterization of coat
length from 4 months of age to 12 months of age es-
tablished a similar manifestation of this trait. That is,
the young animals of group | have higher values for the
length of wool, in comparison with the other two groups.
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M.A. Snyman, W.. Olivier also came to the con-
clusion that economically important signs of repro-
duction, growth and wool productivity are in a certain
relationship. The better the young growth grows and
develops, the faster it reaches a higher live weight and,
as a result, will subsequently have better indicators of
wool productivity [22].

K.A. Ward, J.D. Murray, C.M. Shanahan, N.W. Rigby
& C.D. Nancarrow have used growth hormone to in-
crease wool production in sheep. Phenotypically, such
sheep responded to increased levels of growth hormone
by increasing their body growth rate and, as a result,
were noted by an increase in wool productivity [6].

Correlations between economically useful traits
are an important element in breeding work; they rep-
resent the interdependence of two or more random
variables. Correlative variability is used when improv-
ing a certain trait, since the animal organism is a com-
plex interacting system, therefore, improving one trait,
it inextricably improves and another, or vice versa, a
negative impact on one trait will entail a decrease in
others [7; 18].



Therefore, we set a goal to investigate the relative
variability between the main breeding traits in sheep
breeding: such traits as live weight, wool shear, wool
length.

As can be seen from Table 4, the correlations
of the main economically useful traits in the context
of the experimental groups remain at a high level,
however, unlike the previous study, there have been
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changes in the main economically useful traits. Namely,
between the indicators of live weight and wool shear-
ing, high positive relationships were established in
all experimental groups, regardless of sexual demor-
phism - 0.641-0.773 for ewes and 0.823-0.914 for the
group of rams. With the highest values in representa-
tives of group Il - 0.773%£0.0116 (P<0.001) for ewes and
0.914+0.0427 for rams.

Table 4. Correlations between the main economically useful traits of young sheep
of the Askanian fine-wool breed

Body weightxwool cut

Correlation features

Wool lengthxwool cut

Ewe lambs Lambs Ewe lambs Lambs
Ram No. 483 0.695+0.0284 0.881+0.0342 0.892%0.0111 0.968+0.0031
Ram No. 256 0.773+0.0116™ 0.914+0.0427 0.919+0.0232 0.723+0.0118™
Ram No. 628 0.641%0.0542 0.823+0.0132 0.704%0.0438" 0.971+0.0534

In terms of the length and shearing of wool in
the context of the experimental groups, we also found
very high correlations for lambs from 0.704 to 0.919, and
for rams from 0.723 to 0.971. With the highest values in
the group of yolks in the representatives of group Il -
0.919+0.0232,and the lowest in group Il - 0.704+0.0438
(P<0.05). For the group of rams, a slightly different trend
is noted in terms of the degree of relative variability be-
tween the length and wool shearing. Thus, the best were
male representatives of group 111 (0.968+0.0031) with the
least manifestation in rams of group Il - 0.723+0.0118
(P<0.001). And among the female representatives, a nat-
ural trend was observed, where the higher values of the
relative variability were in the representatives of the Il
group - 0.919+0.0232, with the lowest values in the fe-
males of the Il group - 0.704%0.0438 (P<0.05).

A number of scientists from different countries
have successfully used correlations when working with
sheep in different areas of productivity. So, P.S. Ostapchuk
V.S. Pashtetsky, E.N. Usmanova, TA. Kuevda, E.Yu. Zyablits-
kaya, T.P. Makalish & J.S. Saenko found a positive correla-
tion between coat fineness and body weight (p<0.05); be-
tween shearing of natural wool and fine wool (p<0.05);
between natural wool shear and live weight (p<0.05);
between washed wool and wool fineness (p<0.05) and
sheared natural wool (p<0.05). And the greatest thickness
of the skin was on the back and lower leg. Scientists also
suggest that skin regeneration occurs due to the cells of
the basal layer. This is due to the fact that the thickness
of the basal layer decreases in the following order: later-
al-rear-leg-neck, which correlates with the degree of im-

pact of damaging factors on these areas and the degree of
growth of the animal [23].

Assessment of the processes of growth and development
of young growth of the Askanian fine-wool breed, depending
on their origin

The data of systematic weighing and measurements
characterize the growth rate, which is of great economic
importance, since intensively growing animals spend less
nutrients per unit of growth than slowly growing ones.
The growth rate is determined by the absolute and rela-
tive growth rates per day, month, year [4; 17].

The study of changes in the live weight of sheep
and the assessment of the level of meat productivity
we want, as well as the genetic characteristics of sheep
only by age intervals, are rather superficial and insuffi-
cient. Therefore, live weight is subject to the classical in
zootechnics assessment of live weight gain indicators:
absolute, average daily and relative [7; 24; 25].

Therefore, we set the task to investigate the in-
dicators of changes in live weight gains at the age of 4-,
6+ 8- 12- 15 months (Table 5). When analyzing the age
dynamics of the growth in live weight of young animals,
it was noted that the highest absolute growth rates
were achieved at the age of 0-4 months for representa-
tives of the 1st study group, for rams the value reaches
33.0%1.65 kg, for ewes 23.6%1.18 kg. In turn, the indica-
tors exceeded the value of group Il - 32.0+1.6 kg and
22.8+1.14 kg, respectively. And group Ill, for which these
indicators were at the level of 31£1.55 kg for rams, and
21.6%*1.1 kg for ewes.

Table 5. Age dynamics of live weight gain in young sheep of the Askanian fine-wool breed

Growth
Absolute kg Average daily, g Relative, %
Ewe lambs Lambs Ewe lambs Lambs Ewe lambs
Ram No. 483
0-4 23.6%1.18 33.0+1.65 196%0.01 278%0.01 151£7.5 153%7.6
4-6 8.7%0.45 14.1+0.7 145+0.007 237+0.01 27+1.35 31%1.6
6-8 4.4+0.22 11.4+0.57 70+0.004 190+0.01 11+0.5 20+1.0
8-12 12.6%0.63 20.0+1.0 105%0.005 163%0.008 27+1.35 27+1.35
12-15 4.0+0.2 8.1x0.41 41+0.002 89+0.004 7%0.4 9.1£0.5
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Table 5, Continued

Growth
Absolute kg Average daily, g Relative, %

Ewe lambs Lambs Ewe lambs Lambs Ewe lambs Lambs

Ram No. 256
0-4 22.8+1.14 32.0%1.6 189+0.01 267%0.01 152£7.6 155£7.6
4-6 8.9+0.44 14.0%0.7 148+0.007™ 239%0.01 29+1.45 33+1.7
6-8 4.0%0.2 11.3%0.6 67%0.003 189+0.009 11+0.5 20+1.0
8-12 11.5+0.57 20.0£1.1 96%0.005 164%0.008 25+1.3 27+1.4

12-15 5.2+0.26 8.0+0.4 58+0.003 72%0.003" 10+0.5 9%0.5

Ram No. 628
0-4 21.6%1.1 31.0+1.55 180+0.001™ 261+0.01 150%7.5 157%7.8
4-6 8.5%0.43 15.0£0.8 141+0.007 246%0.01 29+1.45 34+1.7
6-8 4.8+0.24 10.3+0.52 81+0.004 172+0.008 14+0.7" 18+0.9
8-12 10.5+0.52 20.0£1.0 88+0.004 165+0.008 2412 28+1.4
12-15 5+0.25 8.0x0.4 59+0.003 91+0.005 10+0.5™ 10+0.5

As in the age of 0-4 months, and in other age
periods, the 1% group remained the leader in most age
intervals in terms of absolute growth. So, she was noted
at 8-12 months, with an increase rate of 12.6+0.63 kg for
ewes and 20.0£1.0 kg for rams, where she significantly
exceeded others, in addition, she had the highest growth
rate in rams 11.4%0.57 kg at 6-8 months, 8.1+0.41 kg at
12-15 months, and generally proved to be the most stable
in terms of indicators in each age period.

In terms of studying the indicators of changes in
average daily gains, they had a rather undulating and
unequal nature of dominance, which began to branch
out between all the studied groups, each of which had
an advantage in a certain indicator. However, for com-
parison with the study of absolute growth, the advan-
tage gradually shifted for this trait from group | to Ill,
which showed its dominance in almost every category.

The final stage of the study was the study of in-
dicators of the level of relative growth, which is used to
evaluate the economic and biological characteristics of
animals, the intensity of dissimilation processes in the
body. For the above indicator, there is a similar situation
with the growth rates studied earlier, where the advan-
tage of groups | and Ill continued, which shared leader-
ship in one or another period. However, in this aspect,
group | showed absolute dominance in two sex and age
groups, remaining the first in terms of relative growth at
the age of 8-12 months with an indicator of 27£1.35%
for ewes (P<0.05), and 28+1.40% for sheep and in the
age period of 6-8 months.

The third study group turned out to be the best
in a number of relative gains in the age period of
0-4 months - 3153%7.6%, 4-6 months — 229+1.45%,
334%1.7%, 6-8 months - 214+0.7% and in the age pe-
riod of 8-12 months - 328+1.4% and 12-15 months -
210£0.5%, 310+0.5%.

M.C. Gauvin, S.M. Pillai, S.A. Reed, J.R. Stevens,
M.L. Hoffman, AK. Jones, S.A. Zinn, K.E. Govoni suggest
that slow growth and development of young animals

Ukrainian Black Sea Region Agrarian Science, 26(2), 59-66

can have immediate and lifelong negative consequences
for the formation of an animal as a carrier of breeding
and productive qualities. And this leads to a decrease in
quality and an increase in the cost of production. The
authors also argue that limited nutrition or overfeeding
slows down muscle growth and changes metabolism
during an intensive period of growth, reduces the num-
ber of myogenic progenitor cells and leads to changes
in the global expression of genes involved not only in
the formation of the live weight of the animal, but also
in productivity in general [24]. This was also confirmed
in the studies of other authors [26].

CONCLUSIONS

The main indicators of wool productivity are represented
by the shearing of unwashed wool, the length of wool, the
shearing of clean wool and the yield of pure fiber, as well
as the live weight indicators of sheep of different sex and
age groups of the Askanian fine-fleeced breed are within
the breed standard. And they testify to sufficient oppor-
tunities regarding the hereditary potential of this herd,
which will make it possible to maintain compliance with
the breed type and realize their genetic characteristics.

Among the studied groups, according to the change
in the main economically useful traits of young sheep,
it was found that in terms of the level of development
of live weight, indicators of wool productivity, growth
and development characteristics, regardless of sexual
dimorphism, the sheep of the first group turned out to
be the best, which indicates a high genetic potential
of ram No. 483 This will allow using it to increase pro-
ductivity, improve the quality of wool and reduce the
cost of sheep products.

Analyzing the work done by us, we can conclude
that the characteristics of correlations have established
certain patterns depending on the traits of the genotype
of the sire. So, according to the majority of correlations
between the main features, the young animals of group I,
obtained from ram No. 256, turned out to be the best.
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According to the level of development of abso-  both in terms of sex and age groups, and in certain age

lute, average daily and relative gains, young animals  periods. The prospect of these studies may be the use of
obtained from representatives of | and Il of the study modern techniques in the evaluation of sires to identify
group dominated, showing their absolute advantage, the best carriers of the genetic potential.
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OuiHKa NPOAYKTUBHUX IKOCTEN OBeLb aCKaHiNCbKOi TOHKOPYHHOI nopoau

OneHa IBaHiBHa KapaTteeBa?, TetaHa BiktopieHa Moniwyk?2, Bagum Onekcanaposuy Mocyxiu?

IMuKonaiBCbKMIA HaLiOHANIbHUI arpapHUii yHiBepCUTET
54008, Byn. leopris loHraase, 9, M. Mukonais, YkpaiHa

2BiHHMLbKMI HaLLiOHANbHUIA arpapHUiA YHiBEpCUTET
21000, Byn. CoHa4Ha, 3, M. BiHHMuS, YKpaiHa

AHoTaujig. BaxxMBoto npo61eMoto Cy4acHoi NaeMiHHOI CrpaBu BUCTYNAE CeNeKLiiHMI NpoL,ec, 0CHOBA SIKOro 6a3yeTbCs Ha
BCEDIYHIM OLiHLi N1eMiHHOro reHOMOHAY, LLLO AACTb MOXMBICTb MiABULLMTU FEHETUYHMIA NOTEHLiaN OBeLb AaCKAHIMCbKOI
TOHKOPYHHOT nopoan. PO3BUTOK ranysi BiB4apCTBa B YKpaiHi 3HAYHOK MipOI0 3aN1eXKUTb Bif, FEHETUYHOrO NOTEeHLiany
NAeMiHHUX pecypciB, SKi BUKOPUCTOBYHOTbCS Npu Nigdopi nap AN CnaprtoBaHHS. 3aBASKM TakUM MigxoLaM MOXHA
[OCTaTHLO WBMAKO OOCATHYTU BULIMX CenekuUiMHMX TEMMNIB MpOrpecy 3a OCHOBHWMM O3HaKaMu NPOAYKTUBHOCTI.
Tomy iHTeHCMdiKkaLi BiBYApCTBA He nuLLe MiABWLLYE PONb cenekLii, ane i BUMara€ BAOCKOHANEHHS METOAIB CeneKkLinHol
poboTH, MpU LbOMY TPaAMLiNHA NPaKTUKa pO3BEAEHHS OBELb MOBMHHA aKyMy/t0BaTM METOAM Ceneklii, 3aCHOBaHI Ha
BCEDIYHIM OLiHLi reHeTMYHOro noteHuiany. CnafKoBMIM NOTEHL,iaN BiAYYTHO BNIMBAE HA NPOAYKTUBHI MOKA3HUKM OBELb
TiNbKK yepes 4-5 NoKoniHb 3a YMOBM LLiNECNPSIMOBAHOIO BUKOPUCTAHHS KpaLLMx 6apaHiB Bif BUCOKONPOAYKTUBHUX
MaToK. ToMy MeTot poboTH € NPOBEAEHHS KOMMNNEKCHOI OLHKW NPOAYKTUBHUX SIKOCTEN OBELb aCKaHIMCbKOT TOHKOPYHHOI
NopoayM i BUSIBNEHHS Kpalmx 6apaHiB, BUKOPUCTAHHS SKMX 3a6e3neunTb piCcT NOKA3HUKIB BOBHAHOI MPOAYKTUBHOCTI
3a paxyHOK 36i/IbLLEHHS FeHETUYHOIO NOTEHLiany, WO [03BOAUTb OTPUMATU HACTYMHE NOKONIHHS TBApUH NPOAYKTUBHILLE
nonepeaHboro. Pesynstat 4OCNIAKeHb AAK0Tb NiACTaBYy CTBEPAYKYBATY, LLIO OCHOBHI MOKA3HMKMU BOBHSIHOI NPOAYKTUBHOCTI,
a TAaKOX NOKA3HMKM XXMBOI Barn OBeLb Pi3HMX CTAaTEBO-BiKOBMX rPyn acKaHiMCbKOi TOHKOPYHHOI NOPOAM 3anexaTb
B, NOX0o[KeHHs, TO6To 6apaHa, i CBiAYaTh NPo LOCTAaTHI MOXIMBOCTI BiAHOCHO CNAaAKOBOro NOTEHLLiany Lboro cTasa,
L0 AACTb MOX/IMBICTb 36eperTu BiANoOBiAHICTb MOPOLHOMY TUMY i peanilzyBaTtH ix reHeTuuHi ocobamsocTi. [pu LboMmy,
aHani3 OTpUMaHUX pe3ynbTaTiB AOCNIAKEHb LO3BONISE BUKOHATU KOMIIEKCHY OLLIHKY i BUSBUTM Kpalwmx 6apaHis,
3abe3neyyoyn MOXAMBICTb NiABULLMTU NPOAYKTUBHICTb, MOKPALLMUTM SKiCTb BOBHM | 3HU3MTKU COBIBapPTICTb NPOAYKL|
BiBYapCTBa

KntouoBi cnoBa: xwuBa Bara, HAaCTpUr BOBHM, BOBHSIHA MPOAYKTUBHICTb, PiCT, pO3BUTOK, FOCMOAAPCbKO-KOPUCHI 03HAKMU,
H6apaHu
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Abstract. The article is devoted to the formation of the post-war model of development of the agro-industrial complex
of Ukraine. The topicality of the topic consists in determining the means of restoration and further development of
the agro-industrial complex with appropriate justification of the proposed model, which will contribute to solving the
problems of providing food to Ukrainian and foreign consumers. Considering the specifics of the research, the main
method was chosen to be systematic, which ensures the complexity of the research. Along with it, the methods of
comparisons, formalization, and economic analysis were used, which make it possible to supplement and expand the
scope of the research to obtain a scientifically based result. The purpose of the article is to substantiate the prognostic-
financial concept of the restoration model of the agricultural industry of Ukraine in the post-war period. The article
analyzes the pre-war state of the agro-industrial complex according to the main criteria and reveals the reasons for
inefficient use of its potential. A comparison of the efficiency of agricultural production based on the indicator of
added value was made in Ukraine with such countries as Poland, Brazil, Germany, France, where Ukraine was found
to be significantly behind. It is also emphasized that a small share of Ukrainian agricultural raw materials is sent to
industrial processing,which significantly reduces the amount of added value. Taking into account the importance of the
influence of external environmental factors on the functioning of the agro-industrial potential at the present time,an
analytical justification of this influence in cost calculation is provided. Using the system method, an algorithm for the
development of the specified model was proposed, the hierarchy and structure of the development of this complex
were substantiated, six principles were determined, scientific approaches were developed for the formation of a
prognostic model of the post-war development of the specified complex in experimental and working versions, and
the conditions for its implementation were highlighted. The scientific novelty of the article lies in the development
of theoretical provisions, which together made it possible to propose a predictive model of the development of
the agro-industrial complex of Ukraine in the post-war period, which will contribute to the restoration and further
development of the entire specified complex with sustainable provision of national food security

Keywords: agro-food potential, prognostic model, structure of agro-industrial complex, influencing factors

INTRODUCTION
In the difficult war conditions of 2022, which is charac-

competitive on the Ukrainian and foreign commodity
markets, to significantly increase the share of processed

terized by catastrophic levels of destruction of the eco-
nomic and social component of society, it is necessary
to start forming the appropriate restoratie schemes,
mechanisms, models, etc. already now. In this context,
the problem of restoring the agrarian-industrial com-
plex (AIC) is not only to return to the previous state,
but also to form a model that would make it possible
to use its potential more effectively, in particular, to be
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agricultural raw materials, increase the level of organic
production, increase the volume of products of animal
origin, etc. In order to solve this extremely important
national task, it is necessary, first of all, to develop a
well-founded model of the agricultural industry, using
a set of scientific approaches, in particular: methods -
systematic, comparisons, comparisons, economic analy-
sis; theories of behavioral economics, poles of growth.
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Taking into account the current social situation,
it is expedient to divide the publications on the agri-
cultural industry into two periods - the pre-war period
and the period that continues from February 24, 2022,
when Russia’s military invasion of Ukraine was carried
out. Such a division is logically justified, since the con-
ditions for the functioning of the agro-industrial com-
plex in these periods are fundamentally different. The
pre-war period is important in this study because it is
a certain point of reference that captures its pre-war
state.Evaluating the works of Ukrainian scientists in the
pre-war period regarding strategies, models, mechanisms,
etc., we note that they describe the current and future
state of the agricultural industry, taking into account the
social situation. Thus, in the research work of A. Bosak
and L. Mustafaieva, the peculiarities of the production
of agricultural products and their export possibilities
were investigated, the factors affecting the competitive-
ness of agricultural sector products were analyzed, the
influence of European integration processes on the de-
velopment of the Ukrainian agro-industrial sector was
identified, and the prospects for the further expansion
of the free trade zone between Ukraine were substanti-
ated and the EU [1].O.Novikov, N. Potryvaieva and others
substantiated the feasibility of irrigation development
in the conditions of Southern Ukraine, as an important
condition for the formation of a favorable innovation
and investment environment in the region and proved
that the development of irrigation requires a systematic
approach with mandatory scientific support with the use
of public-private partnership. They also determined the
economic efficiency of the implementation of the project
of the innovative landfill of rainfed agriculture using
Smart technologies [2].Ya. Hadzalo and Yu. Luzan iden-
tifiled shortcomings and substantiated the expediency
of significant modernization of the organization of state
management of the agrarian sector and proposed an al-
gorithm for building the system of management of the
agrarian sphere of Ukraine [3]. P. Izhevskyi carried out
an analysis of the export-import balance of the agro-in-
dustrial complex of Ukraine, identified its key problems,
found that the growth of agricultural holdings encour-
ages small and medium-sized agricultural producers to
find new forms of organization, and proposed solutions
to key problems of agriculture and food industry with
the help of network interaction of enterprises [4].

In the current conditions of the globalized world,
the efficiency of agriculture is gaining importance, and
it is the subject of research by foreign scientists. Thus,
L. Camanzi and S. Troiano emphasized the impact of
climate change and natural resource conservation on
agricultural production methods, determined the trends
of the transition to green economies in the future and
justified that the improvement of the multifunctional
role of agriculture will occur due to technological trans-
formations and innovations, including the relationship
between management environmental resources and ag-
ricultural activities, and also determined that the im-
plementation of models of conscious and responsible
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consumption opens up new opportunities for increas-
ing sustainability both on a local and global scale [5].
M. Miranda and J. Glauber found rapid growth in grain
and oilseed production in the Southern Hemisphere
during 1980-2019, and argued that production growth
is important because it increases supplies to meet
global food needs. A semiannual stochastic model of
spatio-temporal equilibrium of the general agricultural
market with two main exporting regions, the North and
the South, which plant and harvest at different times
of the year is proposed [6]. M. Abraham et al. at the mi-
croeconomic level, reviewed the systematics of aggre-
gation models, assessed the impact of qualitative and
quantitative factors, analyzed their advantages and dis-
advantages, and concluded that aggregation models
improved access to credit markets and technology [7].
The list of the works of Ukrainian scientists during the
war period, in particular until the first half of May 2022,
when active military operations continue in the terri-
tories of Zaporizhzhia, Mykolaiv, Kherson, Kharkiv, Do-
netsk,and Luhansk regions, is not so extensive, because
now the situation is being understood with an analy-
sis of possible vectors of further social development,
including foreign policy, economic, military and demo-
graphic aspects. Thus, A. Vyshnevskyi proposed to cre-
ate a kind of strategic thinking committee for Ukraine,
something like the Global Thinking Committee at Co-
lumbia University in New York, which was headed at
different times by Joseph Stiglitz and Saskia Sassen [8].
V. Novikov expressed a well-founded assumption that
from the point of view of the economic structure, we
need to change and not preserve the structure of the
economy, or in other words, we need a plan for the tran-
sition from an agrarian-raw material to a technological
economy [9]. |. Burakovskyi emphasizes the important
role of the consolidation of the entire society, noting
that the post-war recovery of Ukraine will require co-
lossal efforts from both the government and society.
In particular, civil society should facilitate the estab-
lishment of a regular, honest and responsible dialogue
between citizens and the authorities, as well as offer
effective solutions to relevant problems [10].

Analyzing these works, we note that they highlight
the views of specialists who have certain scientific and
pragmatic experience in the relevant field, and therefore
there is an effort to find answers to relevant questions
from somewhat personal approaches, in particular from
an emotional position and not entirely clear scientific
justifications, at the same time these and other works
form the components of the theoretical-methodolog-
ical and pragmatic basis for the development of the
agro-industrial complex, which in the future should re-
ceive a complete form.

Taking into account the imperative need to find
optimal forms, mechanisms, schemes, models of the
post-war development of the agricultural industry and
the almost absence of scientifically based develop-
ments regarding its organization, an appropriate model
is proposed.



The purpose of the article is to develop a model of
the post-war development of the agricultural industry
of Ukraine with the corresponding theoretical justifica-
tion and feasibility of implementation.

MATERIALS AND METHODS

For the theoretical substantiation of the specified model,
the system method was used as the main one. The pe-
culiarity of this method is that its application makes it
possible to study complex, unbalanced, open systems,
which is the agro-industrial complex of Ukraine. Con-
sidering the serious problems of the specified complex,
the universality of the approaches of this method de-
termines the forms and schemes of the research, which
ensures the formation of the stipulated model. The ap-
plication of the method of comparisons helps to identify
differences in the dynamics of the development of the
agro-industrial complex of Ukraine and other countries
and to shape development directions. The method of
formalization was used in the substantiation of the
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specified model. A. Konverskyi presents its essence as fol-
lows: “Formalization is a type of sign modeling, by means
of which the essence of the studied object or phenom-
enon is fixed, transmitted by a sign or a combination of
signs and, most importantly, this combination of signs is
treated as the object or phenomenon itself. Thus, it is not
about the fact that as a result of formalization we ab-
stract from the content of the studied objects, but about
the fact that, with the help of symbols, the essential as-
pects of the content are expressed through the form,
and then the study of the content is carried out on the
basis of a symbolic model, according to formal rules [11,
p.54-55]. Economic analysis was used in the study of the
state of the agro-industrial complex of Ukraine in the
pre-war and post-war periods, which made it possible
to identify specific problems, determine characteristics,
and form development vectors of the specified model.

For the logical construction of the research order,
a corresponding algorithm was formed (Fig. 1).

Assessment of the pre-war
potential of the AIC

v

Damage caused to the AIC as a result of military
operations

v

Principles of functioning of the model

v

Assessment of the influence of
external and internal
environmental factors

v

—

Variant of the forecast state of the AIC model

Checking the optimality
of the forecast state of
the AIC model

| Development of a working model of the AIC |

| Conditions for the implementation of the AIC model |

Figure 1. Algorithm for the development of the APC model

Source: developed by the authors

The information base of the research was: works of
foreign and domestic scientists, branch specialists; sta-
tistical and analytical materials of the Ministry of Agrar-
ian Policy and Food of Ukraine, Ministry of Agriculture

and Rural Development of Poland; specialized public
organizations, scientific institutions; regulatory and legal
documents that reflect the current and strategic aspects
of the functioning of the agro-food complex.
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RESULTS AND DISCUSSION

In the process of carrying out the research, the algorithm
for developing the APC model was substantiated. A
prognostic model of the agricultural industry was built,
which includes elements of the external and internal
environment, as well as the structure of the agricultural
industry and its components. An assessment of the
current problems of the specified complex is presented
and the main characteristics of its functioning are de-
termined.

The stages of the research are reasonably deter-
mined. Separate characteristics of the pre-war potential
of the agro-industrial complex by individual compo-
nents are presented. It is worth noting, according to the
UN (Food and Agriculture Organization, FAO), Ukraine
is one of the most important producers of agricultural
products in the world and plays a leading role in the
supply of food products to world markets. According to
the results of 2021, Ukraine is the world’s largest ex-
porter of sunflower oil (35% of world exports), ranks
second in the export of barley (14% of world exports),
third in the export of corn (11%) and rapeseed (over
10%), 1% place in terms of wheat exports (about 10% of
world exports). Agricultural exports in general are the

largest source of foreign exchange earnings for Ukraine.
At the same time, the export structure of Ukrainian ag-
ricultural products indicates its mainly raw material
nature and the need for development in the direction
of deeper processing and production of products with
higher added value [12, p. 93].

At the moment, the structure of crop production
is dominated by crops of low-margin crops (89% by area
of crops), which leads to a lower profit compared to the
possible profit obtained from the sale of high-margin
crops. For comparison, developed countries mainly grow
high-margin crops (80% in the crop production struc-
ture in Spain, Italy and the Netherlands). The structure of
animal husbandry is weakly diversified with a predom-
inance of poultry farming. Animal husbandry occupies
21% of the agricultural sector. During the last five years,
a downward trend has been observed - the number of
cattle and pigs is decreasing, and the number of poultry
is increasing. “The reasons for the decrease in the num-
ber of cattle are unprofitability” [14]. Despite the perma-
nent increase in the export of agri-food products during
2014-2021, growing import volumes, in particular those
products that can be manufactured in Ukraine, cause
great concern (Fig. 2).
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Figure 2. Dynamics of export and import volumes of agro-food products, billion dollars. USA

Source: compiled according to [15-17]

For an objective assessment of the agro-food
potential of Ukraine, we will compare the relevant main

criteria of Ukraine and Poland and draw conclusions
(Table 1).

Table 1. Criteria for agricultural production in Ukraine and Poland in 2020

Indicators

Territory, thousand square meters km
Population, million people
Nominal GDP of the country, billion dollars USA
GDP of the agricultural sector, billion dollars USA

% of the GDP of the agricultural sector in the GDP of the country

Area of agricultural land, million hectares
Area plowed, %
Export of agricultural products, billion euros
State support for farmers, billion euros
Source: [18-20]
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Ukraine

% to Poland

312.7 603.5 193
379 422 1113
594 156 26.2
149 14.6 98.0
2.5 9.4 3.76 times
18.7 42.2 2.26 times
36.5 53.9 147
34 19 55.9
41 0.39 9.5



Evaluating these criteria, we determine that Ukraine
is larger: the area of agricultural land is 2.26 times, the
plowed area is 1.47 times, but it is smaller: the export
of agricultural products is 55.9%, and the state support
for farmers is only 9.5%. Therefore, the level of intensity
of land use in Ukraine is much higher, but the efficiency
of management is much lower, therefore it is expedient
to change the pre-war model of agro-industrial com-
plex with an emphasis on eliminating those problems
that were previously inherent.

Forming a new model of the post-war develop-
ment of the agro-industrial complex of Ukraine, it is
worth taking into account the damage caused to the
agro-industrial complex as a result of military opera-
tions. B. Danylyshyn calculated the possible losses of the
economy, in particular the agricultural sector: “Similar
estimates of losses of the economy based on the “terri-
torial withdrawal” of regions of Ukraine from the normal
process of economic reproduction show that the eco-
nomic losses of Ukraine on an annual basis can reach:
GDP production - 46%; export revenues - 48%; capital
investment - 45%” [21]. Specialists of the Financial Club
performed calculations according to two options by 52%,
agriculture by 45%, export - by 52%. According to this
scenario, the fall in the GDP of Ukraine may amount to
31% [22]. In this context, it is worth noting that now the
war in Ukraine continues and the damages will be speci-
fied after its end.

It should be noted that the insignificant efficiency
of using the potential of the agro-industrial complex was
due to many reasons, in particular: low productivity of
agriculture in comparison with Poland, Brazil, and Ger-
many; predominant nature of raw material production;
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the growing trend of food imports; negative factors of
influence, first of all, of the external environment, which
are caused by the permanent increase in the prices of en-
ergy carriers, mineral fertilizers, the significant limitation
of supplies to EU countries due to insignificant quotas,
as well as the imperfect theoretical and methodological
justification of its current functioning and development
in the direction of European integration processes, which
should include the intensification of agricultural produc-
tion, an increase in the volume of organic production,
and an increase in the share of processing of agricultural
raw materials [23; 19; 20]. Without defining the entire
complex of this rationale, let’s focus on only one of the
components - the principles of the model’s functioning.
Justifying the principles, we will determine that the ob-
servance of such scientific approaches as systematicity
and synergistics presupposes the use of the main method,
and in this case the systemic method will be the most
receptive, as it allows to study open complex systems,
which is the agricultural industry of Ukraine.

Let’s argue these principles.

1.Hierarchy of construction. Taking into account
the postulates of the system method, the economic sys-
tem is structured into appropriate hierarchical levels,
subsystems and elements. Depending on the purpose
and tasks of the research, the methodology is deter-
mined and the structure of the research object is sub-
stantiated. In the context of this study, the subsystem is
defined as the APC, which in turn has a corresponding
hierarchy. Regarding the hierarchy, in general, there are
no significant differences of opinion among scientists, in
particular V. Kopytko, O. Kopytko [24], G. Sytnyk [25], |. Bila,
N. Nasikan [26], so we will define it as follows (Fig. 3).
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Figure 3. Hierarchy of agro-industrial complex of Ukraine

Source: summarized by the authors

2. Structural integrity. Note that, regarding the
structure of the agro-industrial complex, scientists present
a different composition of subsystems and elements.
Taking into account the purpose of this study, it is expe-
dient to apply the following provisions when justifying
the elements of the agro-industrial complex subsystem:

- an element, as a component of a subsystem, must
have compatible features with the subsystem, namely, the
relevant governing body, organizational certainty, rules
of functioning and development (normative and legal
framework), resource composition, connections with other
elements of the subsystem and the external and internal
environment;

- the ability to generate and spend the appropriate
type of energy (labour, financial, raw materials, etc.);

- play an inherent role, according to its purpose, in
the structure of the subsystem and influence the func-
tioning of other elements;

- to have a certain autonomy, which, however, does
not contradict the strategy and tactics of functioning
and development of the subsystem.

Taking into account the specified provisions, the
composition of the elements of the agricultural industry
as a defined subsystem of the economic system is pre-
sented as follows (Fig. 4).
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Figure 4. Functional component structures of the agro-industrial complex of Ukraine

Source: developed by the authors

Determination of criteria for current functioning
and strategic guidelines for development. The crite-
ria are the defining characteristics of the state of the
object under study, and therefore their selection must
be approached carefully. A comparison of individual
criteria for the state of the agro-industrial complex
in Poland and Ukraine makes it possible to assess the
comparative efficiency across countries. Such estimates
serve as the basis of economic analysis and allow
choosing the most optimal vectors of development of
the agro-industrial complex of Ukraine in the post-war
period. Pragmatics of Ukraine in the pre-war period op-
erated, for the most part, with statistical characteris-
tics, including sown areas, gross harvests, volumes of
export deliveries, and, at the same time, characteristics
regarding economic efficiency, including comparative
content, somewhat receded into the background. The
criteria should be formed taking into account: optimiz-
ing the interests of the state as a whole, regions, ter-
ritorial communities and commodity producers. In this
context, a well-known proverb is mentioned, the au-
thorship of which is attributed to Cicero (106-43 BC)
and which in an approximate version of the Ukrainian
language is interpreted as follows: “Heavenly grace is
needed to reconcile the benefits of the redeemers and
the population, so as not to bring one into sacrifice to
others and make sure that the sheep are whole and the
wolves are fed”[27,p. 29]. This issue remains relevant at
the present time, but in connection with the improve-
ment of the legislation and a clearer definition of the
property, land, and financial rights of the participants
of the agro-industrial complex, it must be resolved.
Also, the production of agricultural products from 1 ha
of land area should be a significant criterion. Ukraine
has quite significant areas of agricultural land, however,
the predominant raw material nature of export sup-
plies significantly reduces the real capabilities of the
agro-industrial complex, which does not contribute to
obtaining additional income, does not create new jobs
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and does not contribute to replenishment budgets of
all levels [15-17]. Within the scope of the purpose and
defined scope of the study, it is not possible to submit
other criteria with the appropriate analytical appara-
tus, however, such an approach to the specified criteria
should be followed.

4. Emergencies. It provides for the formation of
progressive qualities in the agro-industrial complex, in
particular, the intensification of agricultural production,
an increase in the volume of added value, an increase
in the area of organic production, which until now were
not inherent to its individual elements. Such progressive
qualities should be foreseen based on the real efforts of
the participants of the agricultural industry.

5.Synergetics. This principle has a rather broad
interpretation, but it is one of the basic ones for the de-
velopment of complex systems. As for the agro-indus-
trial complex, transforming to the current reality, which
is characterized by military operations in large areas of
Ukraine, logistical problems, insufficient budgetary sup-
port for agricultural producers, it conditions the emer-
gence of new qualities, the elimination of obstacles on
the way to development, energy accumulation, etc.

6. Consolidation of the efforts of agro-industrial
complex participants to restore destroyed agricultural ar-
eas, production facilities, warehouses, infrastructure, as
well as the creation of new management mechanisms.

The implementation of these criteria is a strong
theoretical and methodological basis and should con-
tribute not only to the restoration of the pre-war state
of the agricultural industry, but also to determine the
vectors of recovery and be the basis of a new model of
the agricultural industry.

Like any complex structure, the agro-industrial
complex subsystem is affected by factors of the exter-
nal and internal environment in the process of function-
ing. which can be positive or negative. According to the
system method, a factor is formed by a corresponding el-
ement of the environment and its influence is determined



by the energy of this element, taking into account the
preventive actions taken against the negative reaction
of another element or elements on which this influ-
ence is directed. Since the composition of the elements
of the social system is much wider than the elements
of the agro-industrial complex, they can be influenced
by elements of other systems [28]. Thus, a convincing
example is when the elements of the military subsys-
tem of Russia have a significant negative impact on all
elements of the agro-industrial complex subsystem.
Since factors by their nature can be military, political,
economic, demographic, etc., we will limit ourselves to
economic ones. In the external environment, positive
factors are the favorable situation of agri-food Ukrainian
products, the removal of quotas for Ukraine by the Eu-
ropean Union, and negative factors are logistics networks
that are blocked by Russia, delays in payment for de-
livered products. The positive factors of the internal
environment are the quality of Ukrainian chernozems,
favorable climatic conditions, and the professionalism
of product manufacturers, while the negative ones are
insufficient budget funding and a lack of labor. In an ana-
lytical form, the power of influence on the components
of the potential of the agricultural industry at the na-
tional level from the negative factors of the external en-
vironment is defined as follows (eq. 1).

n
ZP =—(AF + AM + A4S + AL + AN +AT) x K (1)

i=1
where: P is the specified impact force; F - loss of finan-

cial resources; M - loss of material resources; S - loss
of land resources; L - loss of labor resources; N - losses
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from damaged infrastructure; T-other losses depending
on the specifics of the object; K is a generalizing correc-
tion factor that takes into account the level of damage.

Applying this approach, it is possible to calculate
the corresponding strength of influence of the selected
factors. When developing the specified model, the main
provisions of the prognostic-financial concept were
substantiated. Forming the methodological toolkit, the
determined system method was used as the basis of
the research. One of his postulates suggests that in or-
der to study a complex open system, it is necessary to
go beyond its boundaries. Regarding this study, it in-
volves the use of the latest theoretical constructions
from various fields of science, in particular the theory of
behavioral economics and the theory of growth poles,
the identification of specific signs of the functioning of
the object of resource, financial, and legal content, the
relationship with the surrounding environment, and
the prediction of its forecast state. Also, the use of: the
method of comparisons involves the analysis of the ag-
ricultural sector in comparing its previous and future
state with other countries; analytical methods - en-
ables assessment with obtaining specific parameters;
prognostics - the possibility of forming scientifically
based components of the object with the definition of
development vectors; sociological methods - to take
into account the mental component of the Ukrainian
people, which is a defining characteristic of the devel-
opment of the social system, in particular the agricul-
tural sector.

Using these approaches, we will form a prognostic
model of agriculture (Fig. 5).
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When developing the model, the shortcomings
of the functioning of the pre-war model were taken
into account, in particular:

- lack of state support. Thus, budget expenditures
in individual European countries in 2019 amounted to
(million euros): Turkey - 7,034, Poland - 2,693, Italy - 2,486,
Denmark - 610, Bulgaria - 578, which compared to 540
in Ukraine, are significantly larger. therefore, it is expe-
dient to increase it [29];

- incompleteness of strategic documents regarding
development vectors [30-32]. Evaluating the acts that
regulate the functioning of the agro-industrial complex,
we note that they do not have defined timelines, guide-
lines for strategic development, permanent monitoring,
scientific support, and sufficient budget funding [33;
34]; insufficient pragmatic justification, which does not
contribute to the effective management of agribusiness
structures [35; 36]. We also note that in these and other
legal acts there is a vague demarcation by hierarchy
and meaning: strategic - (relevant long-term strate-
gies); basic — national level of agro-industrial complex
(Codes); regarding the development of certain indus-
tries — Concepts; operational response - Resolutions of
the CMU; current functioning - Decisions of ministries,
departments, local authorities. As one of the examples,
we note that in direction 9. “Agro-industrial sector and
food industry” of the National Economic Strategy for the
period until 2030 [37] certain problems are highlighted,
certain wishes are expressed regarding the develop-
ment of the agro-industrial complex industries, but with-
out a clear responsibility of officials due to deadlines,
adequate budgetary support, etc. This situation regard-
ing the legal support of the domestic agricultural in-
dustry in general, and its branches in particular, is due
to organizational problems, in particular, the lack of in-
volvement of relevant scientific institutions, specialized
public organizations, and analytical agencies, therefore
further improvement of this base is proposed;

- the lack of permanent fruitful cooperation be-
tween the structures of the agricultural industry, there-
fore, in accordance with the principle of consolidation,
the creation of a multi-level coordination body with ap-
propriate powers, budget funding with the involvement
of representatives of all participants of the agricultural
industry is foreseen. The functions of this body should
not be duplicated with the powers of relevant ministries,
but in war and post-war conditions, such a need is rele-
vant for the preparation and further implementation of
current and strategic decisions. Note that the presence of
coordinating, controlling, consulting independent bodies
is inherent in developed agricultural countries. Thus, in
Italy,an independent performance evaluation body func-
tions and in monochrome form performs the functions
of evaluating the activities of the Ministry of Agriculture,
Food and Forest Policy (Organismo indipendente di eval-
uation della performance in forma monocratica) [38].

To determine the optimality of the forecast state
of the agricultural industry model, we will use the fol-
lowing approaches:
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- compliance of such a model with the main devel-
opment vectors of the corresponding models in the
leading agricultural countries. In this context, we note
that the models in the mentioned countries have their
own characteristics, but the problems of proper budget
financing, food security, support of the domestic pro-
ducer, basic resource provision, and organic production
are solved much more effectively;

- the creation of powerful clusters at the local level,
with basic administrative formations at the level of ter-
ritorial communities, including agricultural commodity
producers, a united agricultural cooperative, processing
enterprises, logistics structures, trade networks, con-
sulting services, financial structures, and an effectively
functioning coordinating body based on the adminis-
tration of territorial communities;

- dynamic growth of the GDP of agriculture and the
corresponding volumes at hierarchical levels;

- overcoming the identified negative trends.

In the conditions of the current military aggres-
sion of Russia, it is difficult to make a predictive assess-
ment of the state of the agricultural industry of Ukraine,
however, certain adjustments are made after it ends.

Taking into account the identified shortcomings
in the proposed model, if appropriate, appropriate ad-
justments are made and a working model of the agro-in-
dustrial complex is formed. Considering that Ukraine is
now in a state of future uncertainty due to significant
economic, military, political, demographic, etc. factors, it
is necessary to take this into account when forming the
working model of the agricultural industry. It should be
noted that modern economic and mathematical meth-
ods, with a certain degree of probability, make it pos-
sible to determine this, in particular, using the theory
of decision-making under conditions of uncertainty and
applying known approaches, in particular - Chebyshev’s
inequalities or the criteria of Laplace, Wald, Savage, Hur-
witz, Hodges-Lyman, etc. [39; 40].

In order to ensure the effectiveness of the proposed
working model of agriculture, the conditions of its im-
plementation play a significant role. In this context, we
will present relevant proposals at the level of state man-
agement and the views of individual specialists.

One of the areas of implementation of this model
is the Decree of the President of Ukraine No. 266/2022.
dated April 21, 2022, “Questions of the National Council
for the Recovery of Ukraine from the Consequences
of the War”, which provides for the creation of such
a body [41]. The authors note that the intended func-
tioning of such a body correlates with proposals for a
multi-level coordinating body of the agricultural sector.

His own vision of the post-war recovery process,
which is also related to the agricultural sector, was
presented by the chairman of the board of the Insti-
tute of Economic Research and Political Consultations
I. Burakovsky during the conference in Warsaw on April
28, 2022 “After the war. Rethinking the future of civil
society”, where he noted; “The war took more than 50%
of Ukraine’s GDP, and in order to compensate for these



losses, the economy must grow by 15% annually for
5 years, by 7% for 10 years. Today, the question of recovery
is considered from the point of view of terms (time),
funds (financial needs) and sources of financing (aid
from the international community, reparations, etc.). The
post-war recovery of Ukraine will require enormous ef-
forts from both the authorities and society. In particular,
civil society should promote the establishment of reg-
ular, honest and responsible dialogue between citizens
and the authorities, as well as offer effective solutions
to relevant problems. The effectiveness of post-war re-
covery directly depends on how effectively the state will
work as a manager of the recovery project” [10].

Determining the future of the post-war model of
Ukraine, in particular its structural component of the
agricultural sector, economic consultant V. Novikov ex-
pressed the following assumption: “If we look at the
Ukrainian situation from the perspective of the Marshall
Plan, then the restoration of its economy in its pre-war
form will mean the preservation of its agrarian raw ma-
terials, which makes Ukraine the poorest country in Eu-
rope. Therefore, from the point of view of the economic
structure, we do not need the Marshall Plan, we need to
change, not preserve, the structure of the economy. In
other words, we need an “Anti-Morgenthau Plan”, that is,
a plan for the transition from an agrarian-raw material
to a technological economy” [9].

Regarding the intellectual support of the recov-
ery process, the Chairman of the Board of Transparency
International Ukraine, A. Vyshnevsky, expressed his opin-
ion in a reasoned way: “Today is a unique historical mo-
ment, when the President of Ukraine has the moral right
and objective reasons to turn to such people as Gregory
Mankiw for intellectual help. Saskia Sassen, Edward Gla-
ser and many other outstanding thinkers of the world
scale” [8].

The role of economic scientists in individual coun-
tries had a positive effect, which consisted in the rapid
recovery of the country from military destruction, the
transition to an innovative path of development, it is
enough to mention their role in the formation of new
economic models. This is L. Erhard - the author of the
“German miracle” in post-war Germany [42], V. Leontiev
in the 70-80s (‘Asian tigers” - Hong Kong, South Korea,
Singapore, Taiwan) [43], who advised the governments of
these countries, L. Baltserovych — who in the late 1990s
formed a market model of the economy in Poland [44].

Evaluating these views, it is determined that it is
worth listening to the advice of foreign consultants, tak-
ing into account their experience, but Ukrainian scien-
tists should develop their own model, since they are the
bearers of the national mentality, feel the importance
of the problem and are able to develop appropriate
projects. In this context, we will present the opinion
of the well-known Ukrainian scientist I. Lukinov, ex-
pressed at the beginning of the present century: “To
bring the country's national economy out of a state of
crisis, the formation of a scientifically based Ukrainian
doctrine and the concept of its economic development,
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which belongs to our scientists together with practical
workers, is of great importance to develop as soon as
possible by own efforts, without waiting for Western
advisers and consultants to do it" [45, p. 10].

CONCLUSIONS

Revival of the agricultural industry destroyed by the
war is a complex and long-term process, given the ex-
tent of the destruction, the departure of workers out-
side of Ukraine, financial problems, etc., and that is why
it requires the efforts of the entire society. The task of
Ukrainian scientists is to propose theoretical construc-
tions and practical mechanisms for such recovery, and
in this context, the development of a model of the post-
war development of Ukraine’s agricultural industry is
an important national task.

Using the developed research algorithm with
the application of systemic and synergistic approaches
and methods of comparisons, formalization, economic
analysis, a prognostic model of the agricultural indus-
try of Ukraine was formed. In the process of developing
this model, a thorough analysis of the potential of the
agro-industrial complex was carried out, with an as-
sessment based on the criteria of the area of agricultur-
al land, the productivity of the specified complex, and
export-import operations. For the theoretical and prag-
matic formation of the model: the hierarchy of the agri-
cultural industry of Ukraine was clarified; the functional
component structures of the agro-industrial complex are
substantiated; the expediency of applying six principles
is emphasized; the strength of the influence of negative
factors on the potential of the agro-industrial complexin
the cost calculation is analytically determined. Consider-
able importance was attached to the comparison of the
state of the agricultural industry of Ukraine with other
countries. Thus, the comparison of the percentage ratio
of the Ukrainian crop and livestock industries, where it is
79% and 21%, respectively, is unproductive, compared to
the weighted average in the EU countries, where this ra-
tio is 57% to 43%. Significant differences were revealed
in the comparative analysis of the main agro-food indi-
cators of Ukraine and Poland for 2020, where, with the
area of agricultural land in Ukraine 2.26 times larger, the
plowed land - 1.47 times, we have almost comparable
GDP volumes of this complex, and the export of agro-
food production is only 55.9%.

The scientific result of the research has theo-
retical and practical significance. The theoretical part
consists in the development of the theoretical and
methodological basis of the prognostic model of the
agricultural industry of Ukraine, and the practical part -
in the possibility of applying the components of this
model at the regional and local levels. We should also
note that the prognostic and financial concept of this
model is a significant contribution to the solution of an
important task at the national level and should contrib-
ute to the processes of revitalization of the agricultural
industry of Ukraine in new social conditions, taking into
account the European choice of Ukraine.
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Taking into account the relevance of this issue  the development of industries, financial support, and

for the near future of the agricultural industry, it is ex-  increasing the level of processing of agricultural raw
pedient to continue research highlighting the specifics of  materials.
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Mopgenb NicNIBOEHHOIO PO3BUTKY arponpoOMUC/IOBOIro KOMMJIEKCY YKpaiHu:
NPOrHocTuYHo-¢piHaHCOBUM KOHUEenNT

Onekcanpp €sreHoBuy HoikoB?, Opiit BacunboBuu MaciuHmk?

MuKonaiBCbKMIM HaLiOHaNbHWIA arpapHUiA yHiBepCUTET
54008, yn. leopria loHraase, 9, M. Mukonais, YkpaiHa

ZHaujioHanbHUI HAYKOBMUI LLEHTP «IHCTUTYT arpapHOi eKOHOMIKM»
03127, Byn. lepois O6opoHu, 10, M. Kuis, YkpaiHa

Anortauig. Cratta npucesyeHa GopMyBaHHIO NiCASBOEHHOT MOAENT PO3BMTKY arponpoOMUCIOBOr0 KOMMAeKcy YKpaiHu.
AKTyanbHiCTb TEMM NONSra€ y BU3Ha4YeHHi 3acobiB BiAHOBNEHHS Ta NOAANbLIOIO PO3BMTKY arpoOnpOMMUCIIOBOrO KOMMAEKCY
3 BiAMOBIAHUM 0OIPYHTYBAHHAM NMPOMOHOBAHOI MOAENI, L0 CNPUSTUME BUPILLEHHIO NPobieM 3abe3neyeHHst NPOL0BOILCTBOM
YKPAiHCbKMX Ta 3apyBiXKHUX CNOXKMBaYiB. 3BaXKat0um Ha cneumdiky LOCTiKeHHS, 0CHOBHUM METOA0M BUOPAHO CUCTEMHMIA, LLLO
3abe3neyye KOMMNAEKCHICTb BUKOHAHHS fOCNiLKeHHS. [Topss, i3 HUM BUKOPUCTaHO METOAM NOpiBHSAHb, dopManisalii,
€KOHOMIYHOr0 aHani3y, aKi AalTb 3MOry AOMOBHUTM Ta PO3WMPUTU 0BCATU JOCNIOAKEHHS A9 OTPUMAHHS HAayKOBO
06rpyHTOBaHOro pe3ynsTaTy. MeToo CTaTTi € 06rpyHTYBaHHSA MPOrHOCTUYHO-(hiHAHCOBOMO KOHLENTY BiAHOBIOBANbHOI
mogeni AlMK YkpaiHu y nicnaBo€eHHMI nepioa. Y CTaTTi NpoaHani3oBaHO NepefBOEHHUI CTaH arponpoOMMUCIOBOro
KOMMNEKCY 32 OCHOBHUMMU KPUTEPISIMU Ta BUSBNEHO NPUUYNHKU HEeedDEKTUBHOrO BUKOPUCTAHHS MOro MoTeHuiany.
3MiACHEHO NOPIBHAHHS edeKTUBHOCTI CiibCbKOroCnoAapCcbKoro BUpOOHMLTBA 3@ MOKA3HMKOM A0AAHOT BapTOCTi B
YkpaiHi i3 Takumu KpaiHamu ak MNonbua, bpasunis, Himewunna, @paHuis, e 6yno BUSBNEHO CYTTEBE BiACTaBAHHSA
YKkpaiHn. TakoX HaronoLwWweHo Ha HE3HAYHIM YaCTLi YKPATHCbKOT CiNbCbKOroCnoAapCbKoi CUPOBUHM, IKa HAMPABASETLCS
Ha NMPOMUC/IOBY NepepobKy, WO 3HAYHO 3HWUXKYE 06CArM fL06aBNEHOI BapTOCTi. 3BaXKat0UM HA BAXIUBICTb BMJIMBY
YMHHUKIB 30BHILLIHbOMO CEpefOBMLLA Yy TeNEPiLLHIN Yac Ha QYHKLIOHYBAHHS arponpoMMUCIOBOro NOTeHLiany, noaaHo
aHaniTMYHe 06rpyHTYBaHHS LLbOrO BM/IMBY Y BAPTICHOMY 064MCIeHHI. BUKOpUCTOBYOUM CUCTEMHMIA METOA, 3aNPOMNOHOBAHO
QropuUT™M po3pobKKM 3a3HaYeHoi Moaeni, 06rpyHTOBaHO i€papXito Ta CTPYKTYpY PO3BWTKY LibOTO KOMIMIEKCY, BU3HAYEHO
WiCTb NPUHLMMIB, PO3POBNEHO HAYKOBI MNiAX0AM WoA0 GOPMYBAHHS NPOrHOCTUYHOI MOAENT NiCISIBOEHHOIO PO3BUTKY
333HAYEHOro KOMMEKCY Y eKCnepuMMeHTaibHOMY | poboumx BapiaHTax Ta BUCBIT/IEHO YMOBM ii BMpoBamkeHHs. HaykoBa
HOBMW3HA CTaTTi NONSra€ y po3pobLi TeEOPETUUHMX NOOXKEHb, IKi B CYKYMHOCTi a1 3MOry 3anporoHyBaTH MPOrHOCTUYHY
MOAEeNb PO3BUTKY arponpoMMUCIOBOrO KoMaekcy YKpaiHM y NiCISBOEHHUI nepiofd, Wwo b6yae CnpusTU BiLHOBIEHHIO
Ta NoAANbLIOMY PO3BUTKOBI BCbOrO 3a3HAYEHOr0 KOMMEKCY i3 CTIMKMM 3abe3neyeHHsM HaLioHaNbHOT NPOLOBObYOI
6e3neku

KntouoBi cnoBa: arponpofoBoibyMin NOTEHLiaN, NPOrHOCTUYHA MOAenb, CTPYKTypa AlK, YNHHUKKM BNAUBY
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