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Ouaiiinnk FO.A. OntuMizaiisi KOMIUIEKCY TEXHOJOTTYHUX Ta O10JOTTYHHX
(dhakTOpiB IpU BUPOITYyBaHHI coi B yMoBax Jlicocteny 3axigHoro — KBamidikariiina
HAyKOBa Ipalls Ha MpaBax pykomnucy. Jlucepraris Ha 3100y TTS HAYKOBOTO CTYIICHS
nokTopa ¢inocodii 3a cnemianpHIiCTIO 201 «ArpoHOMIsH» — 3aKiiaj BUIIOI OCBITH
«IToninbepkuit nepkapHui yHiBepcuteT», KaMm'ssaenb-Iloainscbkuii, 2026.

AKTyanpHICTh TEMH TIOJIATa€ B OOIPYHTYBaHHI JOLIJIBHOCTI BHBYEHHS
arpoTeXHIYHUX 1 010J10TTYHUX (haKTOPIB MIPU BUPOILIyBaHH1 coi B ymoBax Jlicoctemy
3aXITHOTO y 3B’SI3Ky 13 JUHAMIYHUMH KJIIMaTUYHUMHU 3MiHaMH, 30KpeMa
TEHJICHIIIEI0 70 MIJIBUILECHHS CEPEIHbOPIYHUX TEMIEpaTyp Ta HEPIBHOMIPHOTO
PO3MOILTY OMNaJiB MPOTATOM BEreTAIIHOro IMepioay. 3a TaKMX YMOB peaiizallis
FEHETUYHOrO0 TMOTEHILIaly CYy4YacHHX COPTIB COi pI3HUX TPYI CTHUIJIOCTI
0e3MmocepeTHbO 3aJIEKUTH B1Jl ONTUMI3ALII] €JI€MEHTIB TEXHOJIOTII IX BUPOILYBaHHS.
Cepen 1iux eJ1eMEeHTIB KIIFOYOBE MICII€ HAJIEKUTH CIIOC00aM C1BOM Ta HOpMaM BUCIBY
HACIHHS, OCKUIBKM CcaM€ BOHM BHU3HAYAIOTh AapXITEKTOHIKY TOCIBY, ILUIOINILY
YKUBJICHHSI POCJIMH, €EKTUBHICTh BUKOPUCTAHHS BOJIOTH, TTOKUBHUX PEUOBUH Ta
COHSYHOI 1HCOJIAI.

TpanuuiiHUi WUPOKOPSIHUNA C€roci0 CciBOM C€Oi HE 3aBXAM J103BOJISIE
MaKCUMaJIbHO €(heKTUBHO BUKOPHCTOBYBATH BETETAIlIMHUN MTPOCTIP Ta CTPUMYBATH
pict Oyp'sHIB Ha paHHIX eTanax. BogHoudac yce OUIbIIOI MOMYISIPHOCTI HAOYBAIOTh
IHHOBAIIIHI TEXHOJIOrII, 30KpeMa ciBOa 3a tumom twin row (3aBoeni psaku). e
METOJI TO€EAHYE TepeBaru IIMPOKOPSAHOTO CHOCO0y 13 OiIbII PIBHOMIPHUM
PO3MOALIOM HACIHHA MO IUIONI, 10 3MEHIIYE BHYTPIIIHHOBUIOBY KOHKYPEHIIIIO
Mk pociuHamu. IIpoTe, eheKTHBHICTH BIPOBAKEHHS TEXHOJOTIT twin row Ta
ONTHUMI3allisi HOPM BHUCIBY 3aJUIIAIOTHCA JUCKYCIMHUMH 1 CYTTEBO 3aJI€kKaTh BIJ
010JIOTTYHUX OCOOJIMBOCTEN COPTIB COi PI3HUX IPyH CTHUIJIOCTI, K1 MAalOTh PI3HUMN
THUI TaJTy>KeHHS, TPUBATICTh BEreTallii Ta BUMOTH 10 YMOB TOBKULIL. KommuekcHe

BUBYEHHS B3aEMOII1 (PAKTOPIB «COPT — €10OCiO C1BOM — HOpMa BUCIBY» B KOHKPETHHUX



I'PYHTOBO-KJIIMAaTUYHUX YMOBAX € HEAOCTATHLO BUCBITICHUM Y HAYKOBIH JIiTEpaTypil
Ta OTPeOy€e METATBHOTO JTOCIIIKSHHS.

Takum yHOM, ONITHIMI3AIlisl TApAMETPiB CIBOU (IIUPOKOPSTHOTO Ta 32 TUIIOM
twin row) i HOpM BHCIBYy HACIHHS JUIs PI3HOCTHIJIMX COPTIB COi 3 METOIO
dbopMyBaHHS MaKCUMaJIbHOTO BPOXKAI0 BHCOKOi SKOCTI € aKTyaJlhbHUM HayKOBO-
MPAKTUIHUM 3aBJIaHHSAM, BUPIMICHHS SKOTO JO3BOJIMTH ITiIBUIIATHA PEHTA0CTBHICTh

BUPOOHUIITBA ITI€T KYJIBTYPH.

Merta gociiKeHb nojiArajia y BCTAHOBJIEHHI BIUIUBY clIOcOOy C1BOM 1 HOpMU
BUCIBY HACIHHS Ha PICT, PO3BUTOK, YPOXKANHICTh Ta AKICTh 3€pHA Pi3HOCTUIIIHMX
COPTIB CO1 IIpU BUPOIILYBaHHI B yMOBax JlicocTerny 3axiHOTO.

JlocaipkeHHsl BUKOHYBaluch ynpoaosxk 2023-2025 pokiB Ha 6a31 JOCIIITHOTO
MoJIE  HaBYaJIbHO-BUPOOHHUYOI J1aboparopii POCIMHHMIITBA BiloKkpeMieHOro
CTpYKTypHOrO miipo3ainy «HoBoymmwuipkuii daxoBuit konemk 3akiaay BHILOI
ocBiTU «lloginbChKHil ep>KaBHUN YHIBEPCUTET.

CxemMo10 ITOCTIIKeHb Tepen0ayeHO BHKOHAHHSA TPUQPAKTOPHOTO JOCIITY:
®daktop A — copt (Mouapa (ynbrpapanHiii), CsiiBo (cepeaHbopanHiii), CeHcop
(cepennpocTuriuii); ¢pakrop B — crocib ciBOu: mmpoxopsaaauii (45 cm), twin row
a00 nBoctpiukoBuii (19%x38 cm); daktop C — HopmMa BuciBy Hacinus (400, 500, 600,
700 Tuc. HaciHMH / ra). 3a KOHTpPOJIb B35ATO copTocTaHgapt Mopasis
(cepemHbOCTUTIINI ), CTIOCIO C1BOU — MUPOKOPSAHMI (45 cM), HOpMa BUCIBY HACIHHS
— 500 THC. HaciHMH / ra.

Ha ocHOBI mpoBeneHHX IOCHTIKEHb KOMILICKCHO OIIHEHO JiI0 CII0co0iB
CiBOM Ta HOPM BHCIBY HAaciHHS Ha (opMyBaHHS OIOMETPUYHHX TapameTpiB
PI3HOCTUTIIMX COPTIB cOi. BCTaHOBIEHO OCOOJMBOCTI PO3BUTKY ACHUMUISILIIHOL
MOBEPXHI POCIMH Ta IHTEHCHUBHICTh (DOTOCHMHTETUYHUX TPOIECIB B arpoIeHo3i
3QJIEKHO B1J JOCHII)KYBaHUX UYMHHUKIB, a TaKOX pPO3PaxoBaHO KOPEJSIiHI
3QJIKHOCTI MK HUMHU. Bu3Ha4YeHO piBeHb YpOKAHHOCTI, BMICT CUPOTO O11Ka Ta OJIii
B 3€pHI COi MiA BIUIMBOM €KCIEepUMEHTaldbHUX (QakTopiB. Ha 3aBepiieHHs
OOTPpyHTOBAHO €KOHOMIUHY Ta €HEPreTUYHYy €(peKTUBHICTh PO3POOICHUX €JIEMECHTIB

TEXHOJIOT1] BUPOIILYBaHHSA COI 1151 YMOB KOHKPETHOTO PETIOHY.



B pe3ynbpTaTi BUKOHAaHUX CIIOCTEPEKEHb BCTAHOBJIEHO, 110 COPT, C110ci0 ciBOU
Ta HOpMa BHUCIBY HaCl1HHSI BIUIMBAJIM Ha (HOPMYBaHHSI MOP(POMETPUUHHUX TTOKA3HUKIB
coi. MakcuManbHO BUCOKOPOCII POCIUHY Ta BUCOTa MIPUKPITIICHHS HUYKHBOTO 000y
oymu y copty coi Cencop. Hait6inbm xomdopTHi ymMoBH Wit (HOpMyBaHHS
ONTUMAIbHOI KUTBKOCTI 000iB 36,7 IITyK CKJIaJMCh 3a CIBOM IBOCTPIYKOBUM
cmocoboM (3a Tumom twin row) Hopmoro BuciBy HaciHHa 500 THC. mT/Ta.
OnTuManpbHOK  IUIOMICK0 ACHMUIIIIIHHOI TMOBEpXHI Ta (POTOCHUHTETUYHUM
MOTEHIIIaJIOM XapaKTepu3yBaBCs CepeaHbOCTUTINN copT CeHcop, 3HaUeHHsS Oynu
BiAMmOBimHO: B Mexax 52,4-56,3 tmc. m%ra Tta 2,26-2,44 MuH M? X JHiB/TA
OnTrManbHi TOKa3HUKU Oy Ha BapiaHTi CrOcoOy ciBOM 3a THmoMm tvin row
HOpMOIO BHUCIBY HaciHHS 500 Tuc. mr/ra.

JlocmiKeHHSIMUA BCTAHOBJICHO, 1110 YPOXKAMHICTB CO1 Y BCIX JTOCIHIIKYBaHUX
COpTIB OyJia BHIIOIO 3a CiBOM JBOCTPIYKOBHM cCriocoOoM 3a TumoMm twin row 3
HOpMaMu BHCIBY i copTiB: Momapt ta CsitBo — 700 tuc. mt/ra, a Cencop —
500 Tuc. mT/ra, 3 moOKasHUKamu BigmosigHo: 3,13; 4,22 Ta 4,40 T/ra.
CepennbopanHiii copT coi CsiiBo Ta cepenHbocTUrInid copT CeHCop BUSBUIIUCH
O1bIN ypoXkaliHi 3 TOKa3HUKaMU B MeXax 2,5-4,4 T/ra, 1110 1ICTOTHO MEPEBUIIYBaJIO
yJIbTpa paHHi copT MomapT Ta NEepeBHIyBaIM COPTOCTAHAAPT, IO B3SITO 3a
KoHTposib, Ha 0,2-1,1 T/ra. BimxwieHHs BiJ KOHTPOJIO 3aJ€KHO BiJ BapiaHTy
nociiny Oynmu B mexax -0,8-0,1.

[Ipu BU3HAYEHHI BIUIUBY CIOCOOY CiBOM 1 HOPMHU BHCIBY HACIHHSI HA BMICT
O1s1Ka Ta oJii B 3€pHI1 TOCIKYBAHUX COPTIB COi, BCTAHOBJICHO, 110 Y COPTY Momapt
HaiiBunmii BMicT Oinka 38,4 % OyB 3a HopMu BuciBy HaciHHS /00 Tuc. mr/ra; y
copty CsiiBo MakcuManbHui BMICT O1sika 39,3 % OyB 3a Hopmu BuciBy HaciHHsA 600
tuc. mr/ra; y Copty Cencop — 42,9 % 3a nopmu BuciBy HaciHHs 500 THC. mT/ra.
OntumansHuM BMmicToM omii 22,8 % xapaktepusyBaBcsi copT CeHcop 3a ciBOM
JIBOCTPIYKOBUM CIIOCOOOM HOpMOIO BUCIBY HaciHHS 500 Tuc. mT / ra, a TAKOXK COPT
CaiiBo (22,6 %) 3a ciBOM 1UM K€ CIIOCOOOM HOPMOIO BHCIBY HaCiHHSA

700 tuc. mt / ra. OntumansHoro Macoro 1000 3epen — 180 rpam xapakTepu3yBaBCs



copr CsiiBo 3a ciBOu cmocoobom twin row (19x38 cM) HOpPMOI0O BHCIBY
500 Tuc. mt / ra.

Po3zpaxyHkn  eKOHOMIYHOT  e(eKTHBHOCTI  CBiAYaTh, MO0  pIBEHb
pPEHTa0EIbHOCTI BUPOIILYBAHHS COi KOJMBABCS B JIOCUThH HMIMPOKOMY Jliarma3oHi 26-
157%. HaiiGinpmuii piBeHb pentadbensHocTi 132 ta 157% otpumano y copty CsiiBo
3a ciBOou twin row (19x38 cm) Hopmoro BuciBy HacinHsg 600 THC. 1T /Ta Ta y COPTY
Cencop 3a ciBou twin row (19x38 cm) Hopmoro BuciBy HaciHas 500 Tuc. it /ra
BIJIIIOBIIHO.

Po3paxyHkaMu eHepreTH4HOi e()eKTUBHOCTI BUPOITYBaHHS COi BCTAHOBJICHO
ICTOTHY PI3HUIIO 32 CHEPreTUYHUMU MOKa3HUKAMH 3aJIEKHO BIiJl COPTY, CIOCOO0Y
CiBOM Ta HOPMH BHUCIBY HaciHHA. ONTUMalbHUMHU €HEPreTUYHUMHU NOKa3HUKAMU
xapakTepusyBaBcsa copT CeHcop, BUX1JI BaJIOBOI €HEPrii MPHU BUPOLILYBaHHI I[bOTO
copTy cranoBuB 51,19-64,19 I'J>x/ra, a KoedilieHT eHepreTuYHOi ePEeKTUBHOCTI —
B Mexax 3,57-4,53, mo mnepeBumiyBasio koHTpoib Ha 0,25-1,21. KoedimieHT
eHepreTUyHoi ePeKTUBHOCTI copTy coi CsWBO KOJUBABCS 3aJIEXKHO BijJ CIOCOOY
CiBOM Ta HOpMH BHUCIBY HaciHHS i OyB B Mexax 2,59-4,18. Onrtumanshuii Kee
BUpoIyBaHHs coi copty CsiiBo 4,18 OyB Ha BapiaHTi CiBOM 3a TUIOM twin row
HOpPMOIO BHUCIBY HaciHHs 600 THcC. mT/Ta.

Knwuoei cnosa: cos, copm, epyna cmuainocmi, cnocio cigou, Hopma 8ucisy
HACIHHA,  OlOMempuuHi NOKA3HUKU, NIOWA JTUCMKIE,  HOomoCcuHmemuyHul
nomeHyian, ypooicatHicme 3epHa, emicm Oinka, emicm onii, maca 1000 3epen,

€KOHOMIUHI NOKA3HUKU, enHepecemudHa ec])ekmuenicmb.
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The relevance of the topic lies in substantiating the expediency of studying
agrotechnical and biological factors in soybean cultivation under the conditions of
the Western Forest-Steppe due to dynamic climate changes, particularly the trend
toward increasing average annual temperatures and uneven distribution of
precipitation during the growing season. Under such conditions, the realization of
the genetic potential of modern soybean varieties of different maturity groups
directly depends on the optimization of elements of their cultivation technology.
Among these elements, a key place belongs to sowing methods and seeding rates, as
they determine the crop architecture, plant feeding area, and efficiency of moisture,
nutrients, and solar insolation utilization.

The traditional wide-row method of soybean sowing does not always allow
for the most efficient use of vegetative space and the suppression of weed growth in
the early stages. At the same time, innovative technologies are gaining popularity,
particularly twin-row sowing. This method combines the advantages of the wide-
row method with a more uniform distribution of seeds across the area, which reduces
intra-specific competition between plants. However, the efficiency of implementing
twin-row technology and the optimization of seeding rates remain debatable and
significantly depend on the biological characteristics of soybean varieties of
different maturity groups, which have different branching types, vegetation periods,
and environmental requirements. A comprehensive study of the interaction among
the factors «variety — sowing method — seeding rate» in specific soil and climatic
conditions is insufficiently covered in the scientific literature and requires detailed
investigation.

Thus, optimizing sowing parameters (wide-row and twin-row type) and seed
seeding rates for soybean varieties of different maturity groups to form the maximum
yield of high quality is an urgent scientific and practical task, the solution of which
will increase the profitability of producing this crop.

The aim of the research was to determine the impact of the sowing method

and seed seeding rate on the growth, development, yield, and grain quality of



soybean varieties of different maturity groups grown under the conditions of the
Western Forest-Steppe.

The research was conducted during 2023—-2025 at the experimental field of
the educational and production laboratory of crop production of the Separate
Structural Unit «Nova Ushytsia Technical College of Higher Education Institution
«Podillia State Universityy.

The research design involved a three-factor experiment: Factor A — variety
(Mozard (ultra-early), Siaivo (medium-early), Sensor (mid-season); Factor B —
sowing method: wide-row (45 cm), twin-row or double-line (19%38 c¢cm); Factor C —
seed seeding rate (400, 500, 600, 700 thousand seeds / ha). The variety standard
Moraviia (mid-season) with a wide-row sowing method (45 cm) and a seed seeding
rate of 500 thousand seeds / ha was used as a control.

Based on the conducted research, a comprehensive evaluation of the effect of
sowing methods and seed seeding rates on the formation of biometric parameters of
soybean varieties of different maturity groups was carried out. The features of the
development of the plant assimilation surface and the intensity of photosynthetic
processes in the agrocenosis depending on the studied factors were established, and
the correlation dependencies between them were calculated. The yield level, crude
protein, and oil content in soybean grain under the influence of experimental factors
were determined. In conclusion, the economic and energy efficiency of the
developed elements of soybean cultivation technology for the conditions of the
specific region was substantiated.

As a result of the conducted observations, it was established that the variety,
sowing method, and seed seeding rate influenced the formation of morphometric
indicators of soybeans. The maximum plant height and the height of the lower pod
attachment were observed in the soybean variety Sensor. The most comfortable
conditions for the formation of the optimal number of pods (36.7 pieces) were
achieved with the double-line sowing method (twin-row type) at a seed seeding rate
of 500 thousand seeds / ha. The mid-season variety Sensor was characterized by the

optimal assimilation surface area and photosynthetic potential, with values ranging



within 52.4-56.3 thousand m?/ha and 2.26—-2.44 million m? x days/ha, respectively.
The optimal indicators were recorded in the variant with the twin-row sowing
method and a seed seeding rate of 500 thousand seeds / ha.

The research established that the soybean yield in all studied varieties was
higher when using the double-line sowing method of the twin-row type with the
following seeding rates: 700 thousand seeds / ha for the varieties Mozard and Siaivo,
and 500 thousand seeds / ha for the variety Sensor, with yields reaching 3.13, 4.22,
and 4.40 t/ha, respectively. The medium-early soybean variety Siaivo and the mid-
season variety Sensor proved to be more productive, with yields ranging within 2.5—
4.4 t/ha, which significantly exceeded the ultra-early variety Mozard and surpassed
the variety standard used as a control by 0.2-1.1 t/ha. Deviations from the control,
depending on the experimental variant, ranged within -0.8-0.1 t/ha.

When determining the impact of the sowing method and seed seeding rate on
the protein and oil content in the grain of the studied soybean varieties, it was found
that the variety Mozard had the highest protein content of 38.4% at a seed seeding
rate of 700 thousand seeds / ha; the variety Siaivo reached its maximum protein
content of 39.3% at a seed seeding rate of 600 thousand seeds / ha; and the variety
Sensor reached 42.9% at a seed seeding rate of 500 thousand seeds / ha. The variety
Sensor was characterized by the optimal oil content of 22.8% under the double-line
sowing method with a seed seeding rate of 500 thousand seeds / ha, as well as the
variety Siaivo (22.6%) under the same sowing method with a seed seeding rate of
700 thousand seeds / ha. The variety Siaivo was characterized by the optimal 1000-
grain weight of 180 grams under the twin-row sowing method (19%38 c¢cm) with a
seeding rate of 500 thousand seeds / ha.

Calculations of economic efficiency indicate that the profitability level of
soybean cultivation fluctuated within a fairly wide range of 26-157%. The highest
profitability levels of 132% and 157% were obtained for the variety Siaivo under
twin-row sowing (19%38 cm) with a seed seeding rate of 600 thousand seeds / ha,
and for the variety Sensor under twin-row sowing (19x38 cm) with a seed seeding

rate of 500 thousand seeds / ha, respectively.



Calculations of the energy efficiency of soybean cultivation established a
significant difference in energy indicators depending on the variety, sowing method,
and seed seeding rate. The variety Sensor was characterized by optimal energy
indicators; the gross energy yield in the cultivation of this variety amounted to
51.19-64.19 GJ/ha, and the energy efficiency coefficient ranged within 3.57-4.53,
which exceeded the control by 0.25-1.21. The energy efficiency coefficient of the
soybean variety Siaivo fluctuated depending on the sowing method and seed seeding
rate, ranging within 2.59-4.18. The optimal energy efficiency coefficient for
cultivating the soybean variety Siaivo (4.18) was achieved in the variant with the
twin-row sowing method and a seed seeding rate of 600 thousand seeds / ha.

Keywords: soybean, variety, maturity group, sowing method, seeding rate,
biometric parameters, leaf area, photosynthetic potential, grain yield, protein

content, oil content, 1000-grain weight, economic indicators, energy efficiency.



