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Pedepar: 'ycrora cTosHHS pOCiuH i cucTeMa ynoOpeHHs TiOpHIiB COHSIIIHUKY PO3IVISIAIOTHCS SIK
OJTHI 13 BOXKITUBUX €IIEMEHTIB TEXHOJIOTI] BUPOIYBaHHS KyabTypu. MeToto poOoTu Oyn0 BU3HAYUTH BILIHB
HOPM BHCIBY Ta MiHEpaJlbHUX IOOpHB Ha OlOMETpHYHI TOKAa3HUKH Ta BPOXKAWHICTH HACIHHS HOBHUX
paiioHOBaHHX TiOpHUIiB COHAMHUKY B yMoBax CximHoro Jlicoctemy Ykpainu. JlocnmimkeHHS TpOBOAMIN B
2021, 2023 pp. Ha mocmigHoMy 1ot [HcTuTyTYy pocnuaannTBa imM. B.S. FOp’eBa HAAH VYkpainu. Busuanm
JIBA KJIACUYHI TIOpUI¥ COHSIIHUKY OJIIHHOTO HAMIPSIMKY BHKOpUCTaHHS Spuiio i XopuB, 1Ba (OHU KUBICHHS
(6e3 BHecenHs n00puB (koHTpoisib) Ta N30P30K30), yotnpu Hopmu BuciBy (40, 50, 60 i 70 THC. CXOXKUX
HaciHuH Ha 1 ra). BeranoBneHo, mo 3a Hopmu BuciBy 70 THC. mIT./ra HaWBUIIMMHA OyIIA POCIWHU TiOpuaa
Xopus y koHTpomi (165,8 cM), a HaltHIKYIMH — pociuHE Ti0puna Apuio va Gori N30P30K30 3a mHopmu
BuciBy 60 Trc. mr./ra (139,2 cm). CepenHs KibKICTh JIMCTKIB Ha pOCIUHI Ti0puaa Xopus Oyia OilbLIO0
(31,2 i), "Hixk y ribpuna Apwuno (30,4 mr.). MakcuMaibHy IUIOITY JIMCTKOBOT IOBEPXHI HA POCIIMHY Ta Ha
omuH rexrap chopmysas riopua SIpuino na pori N30P30K30 3a nHopmu BuciBy 40 tuc. mr./ra (9425,6 cm? i
39,5 tuc./M?, BianoBigHO). YporxkaiiHicTh HaciHHs Tibpuaa Spuio Oyna BUIIOK 3a HOpMHU BHCiBY 40 THC.
mt./ra i 50 Trc. mrt./ra, ocodnuso Ha ¢poni N30P30K30 (2,07 1/rai 2,02 1/ra, BianosigHo). Y ridopuaa Xopus
YpOXKalHICTh HACIHHS Oyiia HAMBHIOKO B KOHTPOI 32 HOpMH BuciBy 70 Tuc. mt./ra (2,19 T/ra), a Ha doHi
N30P30K30 — 3a nHopmu BuciBy 40 tuc. mr./ra (2,24 1/ra). OTxe, GOpMyBaHHS BUCOTH POCIHH, KIJIBKOCTI
JIMCTKIB, TUIOMI JIUCTKOBOI MOBEPXHI Ta BPOXKAWHOCTI HACIHHS COHSAIIHMKY 3aJieKano Bil TiOpUAHUX
0COOJIMBOCTEH KYJIBTYpPH, YIOOPEHHS Ta T'yCTOTH CTOSIHHS POCIIUH.

Kuarouosi ciioBa: Helianthus annuus L., Tiopun, ynoOpeHHs, HOpMa BUCIBY, BHCOTa POCIIHH, JIUCTKOBA
MIOBEPXHS, BPOXKAHHICTh HACIHHSI.

Abstract: Plant density and fertilization regimens are considered as important elements of the
sunflower hybrid cultivation technology. The purpose of this study was to evaluate the effect of seeding rates
and mineral fertilizers on biometric parameters and seed yield of new zoned sunflower hybrids in the Eastern
Forest-Steppe of Ukraine. The study was conducted in an experimental field of the Yuriev Plant Production
Institute of NAAS of Ukraine in 2021 and 2023. We studied two classic oil sunflower hybrids (‘Yarylo’ and
‘Khoryv’), two fertilization regimens (without fertilization (control) and N30P30K30), and four seeding
rates (40,000, 50,000, 60,000, and 70,000 germinable seeds per 1 ha). The tallest plants (165.8 cm) were
recorded for hyb. ‘Khoryv’ sown at a seeding rate of 70,000 seeds/ha in the control and the shortest ones —
for hyb. ‘Yarylo’ (139.2 c¢cm) sown at the seeding rate of 60,000 seeds/ha hybrid and fertilized with
N30P30K30. The mean number of leaves per plant was greater in hyb. ‘Khoryv’ (31.2 leaves) than in hyb.
“Yarylo’ (30.4). The maximum leaf area per plant and per hectare was formed by hyb. ‘Yarylo’ sown at the
seeding rate of 40,000 seeds/ha and fertilized with N30P30K30P30K30 (9,425.6 cm? and 39,500 m?,
respectively). Hyb. ‘Yarylo’ yielded more seeds when sown at the seeding rates of 40,000 seeds/ha and
50,000 seeds/ha, especially after N30P30K30 fertilization (2.07 t/ha and 2.02 t/ha, respectively). Hyb.
‘Khoryv’ yielded more seeds in the control when sown at the seeding rate of 70,000 seeds/ha (2.19 t/ha) and
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in the N30P30K30 experiment when sown at the seeding rate of 40,000 seeds/ha (2.24 t/ha). Therefore, the
sunflower plant height, number of leaves, leaf area, and seed yield depended on hybrid features, fertilization,

and plant density.

Key words: Helianthus annuus L., hybrid, fertilizer, seeding rate, plant height, leaf area, seed yield.

[Tnomi mociBiB consauky (Helianthus annuus
L.) B Ykpaini, €Bporri Ta CBiTI MafOTh TEHACHITIIO 110
3poctanis. 3 2010 mo 2021 pp. 1e 3pocTaHHSA B
€Bpori cranoBuno 49 %, y citi — 28 %. B Ykpaiui 3a
JaHUH  Tepiof  IUIOMII  IOCIBIB  COHSIIHHKY
30impmmmck  y 1,5 paza. 3OUTbIIEHHS —TUION]
BUPOIIYBAaHHS  CYNPOBODKYETBCS 1  3pOCTAHHSIM
BpPOXXaHHOCTI HACIHHS COHSIIHHKY. YPOXKaiHICTH
HaCIHHS COHSIIHHKY B YKpaiHi y cepemHbOMy 3a
BKazaHUi repion craHoBuTh 2,07 T/ra. 30UTBIICHHS
MOCIBHUX IUTONI Ta PiBHS BPOXKAHHOCTI 3YMOBIIIOE i
3pocTaHHsi ~ OO0CsAriB  BUPOOHMITBA  HACIHHS
comsimEnKy. Y 2021 p. cBiToBe BHPOOHHIITBO,
nopiBHsHO 3 2010 p., 36imemmnocs B 1,8 pasza. [lpu
poMy 63,3—75,7 % CBITOBOrO BUPOOHUIITBA HACIHHS
COHSIITHUKY 3a0e3medytoTh Kpaiau €Bporu. B €Bpormi
o0csTH BUpOOHMIITBA 32 BKa3aHHIA TIepiozT 3pOcii B 2,2
pa3za. UYactka VYkpaiHm B 00csArax CBITOBOIO
BUPOOHMIITBA CTaHOBHUTH 25,5 %, a B oOcsrax
eBporeiiceroro BupoonuuTsa — 35,9 %. Taki o0csru
BUPOOHUIITBA OB’ s13aH1 3 CKOHOMIYHOIO
MPUBAOIMBICTIO COHSIITHUKY JJIsI CLTBIOCIIBUPOOHUKIB
[1].

ExoHoMiuHa  e()eKTHMBHICTh  BHUPOOHMIITBA
COHSAIIHMKY 3QJISKUTh BiJl PIBHA BpPOXAMHOCTI
HaciHHs. Hopmu BUCiBY HaciHHS, SIK (JaKTOp BILUIUBY
Ha IHTEHCHBHICTb (DOTOCHHTE3Y, BOIOCHOKMBAHHSI
arpoleHO3y B KiHIIEBOMY PaxyHKY BU3HAYalOTh PiBEHb
(hopMyBaHHS BpOXKaiiHOCTI arporieHo3oM. OTpuMasi
OararopiuHi JaHi CBi[4aTh MPO CHEU(IUHy PEaKIliro
PI3HUX TiOpUIIIB Ta COPTIB COHSIIHUKY HA JIIFO Pi3HUX
HOpPM BHCIBY [2, 3].

I'iOpumy COHAITHUKY Pi3HOI CEMEKIlil SBISIOTh
co00I0 PIZHOMAHITHI €KOJIOTIYHI OIOTHIH KYJIBETYpH.
Jnst HUX XapakTepHa pi3Ha peakxilis Ha 3MiHy YMOB
30BHIIIHBOTO ~ CEpPEIOBUINA. 3BAKAIOYM Ha  IIe,
(opMyBaHHSI ONITUMAJILHOI TYCTOTH CTOSIHHS POCITHH
COHAIIHMKY B TIOCIBI BIIrpac CyTTEBY pOJb Y
3a0e3MeueHH1 ONTUMAIBHOTO TIepebiry ¢i3ionoriaHux
MPOLECIB KYJIBTYPH, L0 B PE3YJIbTaTi TO3HAYAETHCS Ha
ii mpomykTuBHOCTI. Tak, 30UIBIIEHHS TYCTOTH MOCIBY
MOHaJ ONTUMAIBGHOI HOPMH  TPU3BOIMTH  JIO
301JIbLIEHHSI BUTPAaTH TOXXMBHUX PEYOBHH 1 BOAM 13
IpyHTYy Ha (OpMYyBaHHS BEI€TATUBHMX OpraHiB
POCIIMH, IO, OCOOJMBO B YMOBAaX HEJIOCTaTHHOTO
3BOJIOXKEHHSI, 3YMOBJIIOE HENOOIp YpOXar HACIiHHS.
[IpaBunbHuii BUOIp TiOPHAIB COHSIIHUKY, T'YCTOTH
CTOSHHSL Ta CIOCOOy PO3MIIIEHHS Ja€  3MOTy
VHUKHYTH TIEPErpiBaHHs TIPYHTY, SIKE CIIPHYMHSE
MOpYLIEHHS BOAOOOMIHY B POCIHMH, a YMOBH
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The sunflower (Helianthus annuus L.)
acreage in Ukraine, Europe and the whole world
tends to grow. From 2010 to 2021, it increased
by 49% in Europe and by 28% in the world. In
Ukraine, there was a 1.5-fold increase in the
crop acreage during this period. The acreage
enlargement is associated with an increase in
sunflower seed yields. In the specified period,
the average yield of sunflower seeds in Ukraine
was 2.07 t/ha. Increased acreages and yields
lead to a rise in sunflower seed production. In
2021, the global production increased by 1.8
times, compared to 2010. Here, European
countries provide 63.3-75.7% of the global
production of sunflower seeds. In Europe, there
was a 2.2-fold rise in the production volume
during the specified period. The share of
Ukraine is 25.5% and 35.9% in the global
production volume and in the European
production  volume, respectively.  Such
production volumes are related to the economic
attractiveness of sunflower for agrarians [1].

The economic efficiency of sunflower
production depends on seed yield. Seeding
rates, as a factor influencing photosynthesis
intensity and water consumption by an
agrocenosis, ultimately determine the yield
produced by this agrocenosis. Long-term data
indicate that different sunflower hybrids and
varieties respond specifically to various seeding
rates [2, 3].

Sunflower hybrids bred in different
locations represent different ecological biotypes
of the crop. They respond differently to
changing environmental conditions.
Considering this, the optimal density of
sunflower plants in the field is very important
for optimal levels of physiological processes,
finally affecting the crop productivity. Thus,
when the plant density is increased above the
optimum, the consumption of nutrients and
water from soil is enhanced to form vegetative
organs of plants, which, especially under
insufficient wetting, reduces seed yields.
Appropriate selection of sunflower hybrids,
plant density and placement helps avoid soil
overheating, which perturbs water metabolism
in plants, and water metabolism and
transpiration significantly affect photosynthesis
[4, 5].
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BOMOOOMIHY 1 TpaHCHiparlisi iCTOTHO BIUTMBAIOTh Ha
¢orocuntes [4, 5].

Otmxe, WIUIBHICTH pO3TAallyBaHHA POCIHMH B
[IEHO31 € TIOTYXHUM (DaKTOpOM, IO BIUIMBAE Ha
MPOAYKTHBHICTE  COHSIIHWKY Ta 11 CKIJIAJIOBI.
BusHaueHHsT ONTHMaNbHOI MIUTBHOCTI A TaKHX
KyJbTYyp, SIK COHSIIHUK, BKpaik HeoOximHo. Tak, mymst
COPTIB PaHHBOCTHUIIIOL TPYIIX OJIITHOTO TPH3HAYCHHS
B 30HI miBHIYHO-cXimHOro Jlicoctemy Vkpainu
ONTUMAIBHOIO IIJIBHICTIO CTOSHHA POCJIHH, IIO
3a0e3reuye BUCOKHIA PiBEHb MMPOIYKTHBHOCTI POCITHH,
€ 4050 THcs4 pociuH Ha rexTap [6].

3a pe3ynbTaraMd  TOJBOBUX  JIOCHIJDKCHB
BCTAHOBJICHO, 1110 IPY BUPOILIYyBaHHI COHSIIHUKY Ha
TEeMHO-KAIITAHOBOMY IPYHTI B HEMOJIMBHHX yMOBax
miBAHS YKpaiHM TyCTOTYy CTOSIHHS POCIHH  CIij
KOPUTYBAaTH 3JISKHO Biji TEHETUYHOTO TMOTEHINATY
riopuniB. Tak, mis ribpuma SIcoH onTUMATBHOIO
rycroroto crosiHHs € 50 Tuc./ra, a s riopuaa Jlapii
— 40 Ttuc./ra. Haiibinpmmii BB Ha QopMyBaHHS
BPOXKAHOCTI HACIHHS MajH TiOpUIHWNA CKIaa Ta
no0puBa, YacTKa BIUIMBY SIKHX nepesuitysaia 30 %, a
B okpemi poku — 35-40 %. HaiOinbry oOmiiHICTH
HaciHHs (moHanm 40 %) omepikaHO 3a ITiABHINEHOT
KUTBKOCTI OMafiB y mepiof Bereraiii pociuH [7, §]. B
ymoBax IliBgennoro Cremy VYkpaiHu HaWKpaIiow
HOPMOIO BHCIBY coHSIIHUKY copty Dymis KJI € 50
THC. CXOKMX HaciHuH Ha 1 Ta [4]. JocmimKkeHHIMHI
O.B. IlIBayka Ta H.O. HoBOmMHCEKOI TaKOXK
BCTQHOBJICHO, 110 B YyMOBax MiBOHS YKpaiHu
HaOUThIly ypokaiiHicTh (2,27 T/ra) OTpEMaHo 3a
rycrotu crosHHa pocimH 50 Tmc. wT/ra [9]. 3a
nmanumu  [.B.  TliHBKOBCHKOIO Ta  CITIBABTOPIB,
ONTUMaNbHa TyCcTOTa CiBOM COHSILIHUKY Ul
Oinpmocti ridpunie 'y IlpaBoGepesxHomy Crerry
VYkpainu craHoBuTh 60 THC. 1IT./Ta [10, 11].

JocmimKkeHHss TOKa3aad, M0 HAHOLIBIINI
ypoxail s 30HM cyxoro cremy Kasaxcrany
OTpHMaHo y TiOpuja coHsimHUKy Baiterek 17 3a
CTPOKY ciBOM 15 TpaBHs Ta HOpMH BHUCIBY 57 THC.
HaCIHMH/Ta, a JJIsl 30HH CTEMy — 3a CTPOKy ciBomu 10
TpaBHs Ta HOPMH BUCIBY 65 TrcC. HaciHuH/Ta [12].

OtpumaHi pe3yabTaTy Ha pepmi arpOHOMIYHOTO
(hakyneTeTy  CUTbCHKOTOCIIONAPCHKOTO  (haKyJIBTEeTy
VHiBepcuTeTy ACBIOT TOKa3ald, IO Ha BUCOTY
POCIIH, Macy HAaciHHS Ha POCJIHHY, YpOXKaiHICTh
HACIHHS, BIZICOTOK OJIii 1 BUXiI Ol iCTOTHO BIUIMBaa
rycrota pociuH consmHuKy. lllinpHICTE TOCIBY
20000 pocnun/ra nana HaiBUILI cepeaH] 3HAYCHHS
BpoKarHOCTI HaciHHs [13].

Hocmimkennsimu = ML @emopuyx, M.A.
KoBanboBa JoBeaeHO, 10 HAHOLIBLII EKOHOMHO
BUKOPHCTOBYBAJI BOJIY POCIHMHH BHUCOKOOJICTHOBHX
TiOpHIIB COHSIITHUKY 3 TYCTOTOIO CTOSIHHS 60 THC./Ta.
3a iX po3paxyHKaMH MAakCHMaJbHUH BIUIMB Ha

Therefore, the plant density in a coenosis
is a powerful factor affecting the sunflower
productivity and its constituents. Determination
of the optimal density for crops such as
sunflower is vital. Thus, for early-ripening oil
varieties grown in the Northeastern Forest-
Steppe of Ukraine, the optimal plant density,
which ensures a high productivity of plants, is
40,000-50,000 plants per hectare [6].

Based on field results, it was revealed that
when sunflower is rainfed grown on dark
chestnut soil in the South of Ukraine, the plant
density should be adjusted depending on the
genetic potential of a hybrid. For example, for
hyb. ‘Yason’, the optimal plant density is 50,000
plants/ha, while for hyb. ‘Darii’, it is 40,000
plants/ha. Hybrid composition and fertilizers
had the greatest impact on the seed yield: the
contribution exceeded 30%, reaching 35-40%
in some years. The highest oil content in seeds
(over 40%) was achieved with increased rainfall
during the growing period of plants [7, 8]. In the
Southern Steppe of Ukraine, the best seeding
rate for sunflower variety ‘Fushiia KL’ is 50,000
of germinable seeds per 1 ha [4]. O.V. Shvachka
and N.O. Novoshynska also reported that in the
South of Ukraine, the greatest yield (2.27 t/ha)
was harvested at a density of 50,000 plants/ha
[9]. According to H.V. Pinkovskyi et al., the
optimal seeding rate for most sunflower hybrids
in the Right-Bank Steppe of Ukraine is 60,000
seeds/ha [10, 11].

A study showed that the greatest yield of
sunflower seeds in the dry steppe of Kazakhstan
was harvested from hyb. ‘Baiterek 17° sown on
May 15 at a seeding rate of 57,000 seeds/ha; in
the steppe, that the greatest yield was harvested
from hyb. ‘Baiterek 17’ sown on May 10 at a
seeding rate of 65,000 seeds/ha [12].

Results obtained on the Agronomy
Department farm of the Faculty of Agriculture
of Assiut University showed that sunflower
plant height, seed weight per plant, seed yield,
oil percentage, and oil yield were significantly
influenced by plant density. With a plant density
of 20,000 plants/ha, the highest mean yield of
seeds was harvested [13].

M.I. Fedorchuk and M.A. Kovaliov
proved that plants of high-oleic sunflower
hybrids used water most economically when
grown at a density of 60,000 plants/ha.
According to their calculations, the maximum
effect (63.7%) on the seed yield was exerted by
plant density, while the hybrid contribution was
27.3% [14].
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(hopMyBaHHS BpOXKat0 HACIHHSA Ma€ TYCTOTA CTOSHHS
pociuH 63,7 %, a Ha TiOpUIHUN CKIIAJ JOBOAUTHCS
27,3 % [14].

3a mammmm  O.l.  TlomskoBa, HaMOUTHIITY
YpOXaWHICTh TiOpWIIB COHSIIHWKY Ha JOCIiTHOMY
noi [HctutyTy oniitnux Kynstyp HAAH orpumano 3a
rycroti crosHHA 60 THC./ra y BapiaHTax 3
JIOTTOCIBHOIO 00POOKOF0 HaciHH (0ioIoTiuHe TOOPHUBO
[Nonimikcobakrepun, 12 mr/kr). 3menmieHas 1o 40
THC./ra abo 30impmenHs o 80 Tuc./ra TycToTH
CTOSIHHSI ~ POCJIMH  IIPU3BEIO IO  3HIDKCHHA
BpokaitHocTi Ha 0,02—0,14 1/ra [15].

Pesynperarn  nmocmimxens B.B.  Bopucenko
CBim4arh, mo y ¢a3i yTBOpEHHS KOIIMKiB—IIBITIHHS
pu TycToTi pociuH 90 Trc./ra Ta mmpuHi MiXpsias 70
CM TIUIOIIA JIMCTKOBOI TOBEpPXHI Mania Oiiblii
MOKA3HUKH B PaHHBOCTHUIJIOTO ridopuaa 3arpasa (80,7
THC. M?/ra) Ta  CEPEIHBOPAHHLOTO  riOpuaa
Vkpaincekuit F1 (78,0 tuc. m%ra), mopiBHsHO 3
BUPOIIYBAaHHIM [IUX T1OpHIiB npu ryctoTi 70 THC./ra i
mprHi Mikpsas 70 em — 78,0 Tue. M*/ra Ta 69,9 TwHc.
M*/ra  BianoBinHo. OTOCHHTETHYHUN MOTEHIAN
POCIIH COHSIIHUKY B 3a3HadeHii asi Takox OyB
BummmM [16]. BomHodac, myOmikarmii 1is0ro aBropa y
CIBaBTOPCTBI 3 IHIMMMH HAYKOBIISIMH CBi4arh, IO
JUIsl  BHpPOIYBaHHA 000X TIOpUIiB B  yMOBax
[paBoGepesxuoro Jlicocteny Ykpainu onTHMaIBHOIO
e rycroTa 70 THC. pOoCIHH/Ta i3 IMUPHUHOIO MIKPIIH 70
CM, 32 SIKUX MaKCUMAJIbHO peaizyeThcs HACIHHEBUMA
MOTeHIia TiOpUaiB Ta (POPMYEThCS MaKCHMallbHa
KUTbKicTh HaciHHsA [17], miamerp xommkis [ 18], Bumi
MOKA3HUKH BMICTY TpOTeiHy B HAacCiHHI, OUThIIM
MOKa3HUK 300py MPOTeiHy Ta OJIii 3 OAWHHUII TIUIOII Ta
Kpalla OiiHiCTh COHSITHUKA [ 19].

3a BHpOLIYBaHHS COHSIIHUKY B MiCISyKICHUX
nociBax B ymoBax CxigHoro Cremy VYkpainu
criocTepiraiach rnepepara rycToTH CTOSTHHS pociinH 90
THC./Ta B yCIX JOCIIKYBAHUX TiOpHIIB. 3HIDKSHHS
T'YCTOTH CTOsTHHS pocimH (110 70 THc./ra Ta 50 THc./ra)
abo i migBumenHs (go 110 Twc./ra) COpUYMHSIO
3HIDKEHHA mnpoxykruBHocTi Ha 0,9-13,7 % [20].
[lokazaHo Takok, MmO crocobu ciBOM (mHMpHHA
MDKpsib — Big 15 cM g0 70 cM) MaJio BIUIMBAIM Ha
SKICTh ~ HACiHHS, ajle B  OUIBIIOCTI  POKIB
CIOCTEpITAIOCh  MIJBUIIEHHS  ONIMHOCTI  Ha
CYLUTLHOMY TIOCiBI. 3arymieHHst coHstmHuKy (40; 50;
60; 70 Tuc./ra) cnpuse 30UIbIICHHIO ONIAHOCTI Ta
3MEHIIIEHHIO OUTKOBOCTI HaciHHs [21].

Baxnusum €JIEMEHTOM TEXHOJOT1i
BUPOIIYBaHHS ~ COHSIIHMKY €  TakoK  (OH
MiHEpaJIbHOTO KUBJICHHS. Pe3ynbrary gociipKkeHs Ha
TEMHO-KAIITAHOBUX IPYHTaX MiBACHHOIO pETiOHy
VkpaiHM  TOKa3anu, 10  ONTUMI3aIlsg  QoHY
MIHEpAIIbHOTO  KMBJICHHS CIpHsIA  30UIBIICHHIO
BUCOTH pociuH 1 mwiomi jgucts. O0uaBa MOKa3HUKH
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According to O.I. Poliakov, the greatest
yields of sunflower hybrids in the experimental
field of the Institute of Oilseed Crops of NAAS
were obtained at a density of 60,000 plants/ha
in experiments with pre-sowing seed treatment
(biofertilizer Polymyxobacterin, 12 mL/kg). A
decrease in the density to 40,000 plants/ha or an
increase to 80,000 plants/ha led to a reduction
in the yield by 0.02-0.14 t/ha [15].

V.V. Borysenko’s results indicate that in
the “calathidium formation-anthesis” period at
a plant density of 90,000 plants/ha and an inter-
row width of 70 cm, leaves were larger in early-
ripening hyb. ‘Zahrava’ (80,700 m?/ha) and in
medium-early hyb. ‘Ukrainskyi F1° (78,000
m?*/ha) compared to the cultivation of these
hybrids at a density of 70,000 plants/ha and an
inter-row width of 70 ¢m (78,000 m?*ha and
69,900 m?/ha, respectively). The photosynthetic
potential of sunflower plants in this phase was
also higher [16]. At the same time, publications
by this author in co-authorship with other
scientists indicate that for the cultivation of both
hybrids in the Right-Bank Forest-Steppe of
Ukraine, the optimal density is 70,000 plants/ha
and the optimal inter-row width is 70 cm: these
conditions maximize the seed potential of the
hybrids and ensure the maximum amount of
seeds [17], the largest head diameter [18],
higher protein and oil contents in seeds, and
better collections of protein and oil per unit area
[19].

Upon sunflower cultivation in stubble
crops in the Eastern Steppe of Ukraine, the plant
density of 90,000 plants/ha was beneficial for
all studied hybrids. A decrease in the plant
density (to 70,000 plants/ha and 50,000
plants/ha) or an increase (to 110,000 plants/ha)
caused a reduction in productivity by 0.9—
13.7% [20]. It was also shown that sowing
methods (width between rows - from 15 cm to
70 cm) had little influence on seed quality, but
in most years, the oil content was higher in the
close-grown fields. The thickening of sunflower
(40,000, 50,000, 60,000, and 70,000 plants/ha)
helps to increase the oil content and decrease the
protein content in seeds [21].

Mineral fertilization is also an important
element of sunflower cultivation technology.
Results of studies on dark chestnut soils of the
southern region of Ukraine showed that
optimized mineral fertilization made plants
taller and leaves larger. Both parameters were
maximized when hybs. ‘Alambra KS’ and
‘Blyutuz hybrids’ were fertilized with N9OP60.
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MaKCHIMI3yBaJIUCSI TIPH  BHUPOIIYBaHHI  TiOpHIiB
Alambra KS Ta Blyutuz i3 BHeCeHHSIM 100pHB Y 1031
NI9OP60. 1li mociigHi BapiaHTH TakKOX 3a0e3MeUMn
(hopMyBaHHAI MaKCHMAaJIbHOTO PIiBHS BPOXKAHOCTI
HACiHHS Ta HAMBHIIUX ITOKa3HUKIB pEHTA0ETLHOCTI Ha
1 xr nirouoi pedoBuHM TOOpHB [22].

PesynsraTi 1oCIiKEHb TIOKA3aiIH, IO CePe/IHs
rycrora pociu (mpubmasao 10 pocmun Ha 1 M?) i3
nomipHoto HopMmoro N (mpubmuzno 150 kr N Ha 1 ra)
Moke OyTM KOPHCHOIO AJIsI TIOKPAIIEHHS DOCTY,
PO3BUTKY Ta 3araJibHOI BPOXKaWHOCTI 1HOKYIILOBAHOTO
COHAIHKKY (Oiooriune noOpuBo Nitroxin (MiCTUTB
Azotobacter sp. i Azospirillum sp.) B kinbkocTi 1 mitp
Ha 30 kxr HaciHHs) [23].

B ymoBax Timimoapy BHECEHHS] KOMOIHOBaHHX
noopuB (NSOPS0KO0 Ta N5SOPS0KS50) BrmmHyno Ha
78,55%  wmiHmMBOCTI  BpokaiiHOCTI  TiOpHzaa
comwsiiHiKy NK Neoma, mo € 3Ha4YHO BHIIUM
MOPIBHSHO 3 TYCTOTOO mociBy (70 % 29 ¢, 1110 1aBaio
49261 mpopocratouux saep Ha 1 ra; 70 x 26,5 cm —
53908 Ha 1 ra; 70 x 24 cm — 59524 Ha 1 ra; 70 x 21,4
cM — 66756 Ha 1 ra) Ta BIUIMBOM OOPOOITKY IPYHTY
(opanka, ¢pesyBaHHs Ta (pe3yBaHHS + OpaHKa).
301IBIIEHHAS TYCTOTH 32 PaXyHOK 3MEHIIICHHS BiICTaH1
MK pocrmuHamu 3 29 cM 1o 24 cm abo 214 cm
MO3UTUBHO BIUIMBAJIO HA BPOXKAHHICTH COHSIITHHKY.
3actocyBanns pizaux NPK mpuBeno no0 3HayHOrO
MIIBUIIEHHS BpOXKaHOCTI Ha 4546 % TOpiBHAHO 3
HeynoOpeHoro MiTHKO. OOpOOITOK IPYHTY CYTTEBO
HE BIUITMHYB Ha BPOXKaiHICTh COHSIITHUKY [24].

OnruMizaisi ClIbCHKOr0CHOIaPCHKUX PECYPCiB,
TaKMX sIK PiBeHb JIOOPUB i TYCTOTa POCIIMH, TIOKa3aa,
0 3aBASKd TYCTOMY TOCiBy (BiICTaHb MiX
pocimHamu — 15 cM) Ta 3a/IOBOJICHHIO TOTpEOH
comsimauKy B P (30,8 kr/ra) i K (41,5 kr/ra) Hopma
BHeceHHs N Moxe OyTH 3HauHO 3MeHIeHa (62,3 kr/ra)
pa3oM i3 OTpUMaHHIM MPUHHATHOTO BPOXKAIO HACIHHS
(3797 xr/ra) [25].

Jlga  MOJBOBMX  JIOCTINM, TPOBEIACHI B
JOCITi THOMY TOCTIONIAPCTBI CaxaHCBKOT
CLTBCHKOTOCTIONAPCHKOT TOCTITHOT CTaHIIii, [TOKa3ay,
110 30LTBIIEHHS BHECEHHS a30THHUX J00pHB i3 72 10
168 xr N/ra ta moci renoruity Nsovak npu niibHIN
BijicTaHi 15 CcM MDK pOCIMHAMH MAaKCHUMI3y€e
BPOXKaMHICTh HACIHHS 3 OJMHMIII TIIOII [26].

[NakuCTaHCHKMMU BYCHHMH  BHSBIICHO, IO
JKUTTE3IATHICTh HACIHHS, I1HAEKC IUION[ JIMCTKIB,
(opmyBaHHs OioMacH, Maca HaCiHHS Ta BPOXKAHHICTh
HACIHHSl COHSIIHMKY HA OIMHHLIO IUIONMI 3HAYHO
30UIBIIYIOTHCS 3aBISIKH BHECCHHIO BUCOKOT HOpMU N.
VYpoxaiHicTb HaCiHHS Ta MONTINHAHHS
(OTOCMHETHYHO aKTWUBHOI pafialii 3pocrae 3i
30UIBIIEHHSIM PiBHS a30TYy Ta IycToTd pocimH. [Ipore
HAJUTHIIOK a30Ty, TMOCWIIIOIOYM BETETaTUBHHH PIiCT
HAJ[3¢MHOI YaCTHHH, TIOIOBXKYE TEPiO¥ A0 [BITIHHI

These experimental conditions also ensured the
maximum seed yield and the highest
profitability per 1 kg of active substance of
fertilizers [22].

In a study, it was shown that a medium
plant density (about 10 plants per 1 m?) with a
moderate N dose (about 150 kg of N per 1 ha)
could be wuseful to improve the growth,
development and total yield of inoculated
sunflower (biofertilizer Nitroxin containing
Azotobacter sp. and Azospirillum sp.; 1 liter per
30 kg of seeds) [23].

In Timisoara, the contribution of
combined fertilizers (N50P50K0 and
N50P50K50) to the yield wvariability in
sunflower hyb. ‘NK Neoma’ was 78.55%,
which was significantly higher compared to that
of the seeding density (70 x 29 cm, which
produced 49,261 germinating kernels per 1 ha;
70 x 26 .5 cm — 53,908 germinating kernels per
1 ha; 70 X 24 cm — 59,524 germinating kernels
per 1 ha; and 70 X 21.4 cm — 66,756 germinating
kernels per 1 ha) and to the effect of soil
cultivation  (ploughing,  scarifying, and
scarifying + ploughing). Increasing the plant
density by reducing the distance between plants
from 29 c¢cm to 24 cm or 21.4 cm had a positive
effect on the sunflower yield. The application of
different NPK doses led to a significant (45—
46%) increase in the yield by compared to the
unfertilized plots. Tillage did not significantly
affect the sunflower yield [24].

Optimization of agricultural resources,
such as fertilizer amounts and plant density,
showed that due to dense sowing (distance
between plants - 15 cm) and satisfaction of
sunflower's need for P (30.8 kg/ha) and K (41.5
kg/ha), the N application can be significantly
reduced (62.3 kg/ha), with harvesting an
acceptable seed yield (3797 kg/ha) [25].

Two field experiments conducted on the
experimental farm of Sakhanske Agricultural
Research Station showed that an increase in the
nitrogen fertilizer dose from 72 to 168 kg N/ha
on genotype ‘Nsovak’ sown with an inter-plant
distance of 15 cm maximized the seed yield per
unit area [26].

Pakistani scientists found that sunflower
seed viability, leaf area index, biomass
formation, seed weight, and seed yield per unit
area increased significantly due to high doses of
N. The seed yield and photosynthetically active
radiation absorption were increased as the
nitrogen dose and plant density were elevated.
However, an excess of nitrogen, increasing the
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Ta Qizionoriynoi ctuntocti [27]. Pesynsratu iHImoro
JOCITDKEHHSI TAKOXK TOKa3yloTh, IO a30T 1 TyCTOTa
POCIIHH CyTT€BO BIUIMBAIOTH Ha BPOXKAHHICTh HACIHHS
Ta JeAKi KOMITOHCHTH BpOXKaitHOCTI TiOpHmiB
COHSIITHHKY [28].

Bce, mo HaBemeHO BHINE, 3yMOBIIOE
JIOIUTBHICTD TIPOBENEHHS CIICIIATbHIX AOCIIIHKEHD
IIOZI0 BHW3HAUECHHS BIUIMBY HOPM BHCIBy Ha
0iOMETpUYHI TOKa3HUKH Ta BPOKAHHICT HACIHHS
HOBUX paifOHOBaHUX KIACHYHUX TiOPU/IiB COHAIIHUKY
B ymoBax CximHoro Jlicocremmy VYkpainm 3
000B’SI3KOBUM BUBUEHHSIM e(eKTHBHOCTI
MiHEpaJIbHUX TOOPHB.

MeTtoauka

Hocaimxenns 6yno mposenene B 2021, 2023
pp- HAa  gocmigHomMy — moxi  IHCTHTYTY
pocaunnunrea iM.  B.SI.  lOp’eea HAAH
(XapkiBcekuit  paifon  XapkiBchkol — 00JacTi
Vkpainu). IpyHT —  YOpPHO3eM  THIOBHUM
CepeHbOTYMYCHHUN c1a00BUITY KCHHIH.
[MomepenHMK COHAMIHNKY — sTaMiHb sSpwit (2021 p.)
Ta xkuTo o3ume (2023 p.).

BuBuanu nBa KJIacCU4HI TiOPUIN COHSITHUKY
ONIHOTO HAaINpsSMKy BHUKOpUCTAaHHS Spmmo i
XopuB (opUTriHATOP — [HCTUTYT POCIMHHUIITBA M.
B.A. IOp’eBa HAAH), nBa dbonu xuBneHus (6e3
BHeCeHHsI 1o0puB (koHTpoab) Ta N30P30K30 mix
Mepiry TNepeAnociBHY KyJIbTHBAIiI), YOTHPH
Hopmu BuciBy (40, 50, 60 i 70 THC. CXOXHUX
HaciHuH Ha 1 ra). [IoBTOpEeHHS — YOTHpPHUPA30BeE,
ioma o0J1iKoBoi AiISHKH — 33,6 M2

Hocnin 3akmamganu ta mpoBogwiu Ha ¢oOHI
3aCTOCYBaHHSI TPYHTOBUX TepOINHIIB MiJ APYTY
MepenociBHy KyabTHBalito (6akoBa cymim Tizep
(miroua pevoBnHa — mpomizoxiop, 720 r/m) — 2,0
n/ra + Cenedit (miroya pedoBHHaA — IMPOMETPHH,
500 r/n) — 2,0 n/ra). Y nepion Bereraiii KyJlIbTypH
3actocoByBanu rpamiHinua Ksin Crap Makc
(miroua pewoBuHa — xizanodon-I1-etnn, 125 r/m) —
1,2 n/ra. Ilepen ciBOoro HaciHHS 000X riOpuiiB
COHSIIHUKY O00pOoOMIM  0aKOBOIO  CYMIIIIIIO
npenapatiB  bapion  (mitoua  peyoBuHa « —
Metanakcun-m, 350 r/in) — 3,0 n/ra + Ex3o0p (airoua
pedoBuHa — TiameTokcam, 600 r/m) — 6,0 n/ra.
CiBOy mpoBomwim  ciBankor  «Kiern—2,8»
(26.05.2021 p.) Ta «Knen—4,2» (22.05.2023 p.) 3
MiKpsansam 70 cM.

JlocmiipkeHHs BUKOHAHO 3TiTHO 13 3arajabHO
NPUHHATUME MeToqukaMu. Y (a3l HBITIHHSA B
KOKHOMY BapiaHTi BUAUILIIN 1 3akpimnoBanu 40
pociaud (mo 10 pOCAMH MOCHIb Yy YOTHPHOX
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vegetative growth of the aboveground part,
extends the periods wuntil anthesis and
physiological ripeness [27]. Results of another
study also showed that nitrogen and plant
density significantly affected the seed yield and
some yield components in sunflower hybrids
[28].

All of the above determines the
expediency of specific studies on evaluation of
effects of seeding rates on biometric parameters
and seed yield of new zoned classic sunflower
hybrids in the Eastern Forest-Steppe of Ukraine,
with a mandatory assessment of the
effectiveness of mineral fertilizers.

Methods

The study was conducted in an
experimental field of the Yuriev Plant
Production Institute of NAAS of Ukraine in
2021 and 2023 (Kharkivskyi District,
Kharkivska Oblast of Ukraine) in 2021 and
2023. The soil was typical medium-humus,
slightly leached chernozem. The predecessor of
sunflower was spring barley (2021) and winter
rye (2023).

We studied two classic oil sunflower
hybrids (‘Yarylo’ and ‘Khoryv’; the originator is
the of the Yuriev Plant Production Institute of
NAAS of Ukraine in 2021 and 2023), two
fertilization regimens (without fertilizer
(control) and N30P30K30 before the first pre-
sowing cultivation), and four seeding rates
(40,000, 50,000, 60,000, and 70,000 germinable
seeds per 1 ha). The experiments were carried
out in four replications. The record plot area was
33.6 m%.

The experiments were laid out and carried
out on the application of soil herbicides before
the second pre-sowing cultivation (tank mixture
Tizer [active substance — propisochlor; 720 g/L]
2.0 L/ha + Selefite [active substance -
promethrin; 500 g/L] 2.0 L/ha). During the crop
vegetation, 1.2 L/ha of graminicide Queen Star
Max was used (active substance — hizalofop-P-
ethyl; 125 g/L). Before sowing, seeds of both
sunflower hybrids were treated with a tank
mixture Barion (active substance - metalaxyl-m;
350 g/L) 3.0 L/ha + Exor (active substance —
thiamethoxam; 600 g/L) 6.0 L/ha Ha. The
hybrids were sown with a Klyon seeder
(05.26.2021) or a Klyon-4.2 seeds (05.22.2023).
The inter-row width was 70 cm.
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MOBTOPEHHSX) Ta MiAPaxoBYyBaJd KIUJIBKICTh
JIUCTKIB 1 BHMIpIOBaIW JiHIHAKOIO po3Mip 20-T0
THUCTKa-i1eHTHdikaropa TS MTOAATBIIIOTO
pO3paxyHKy IUIOLIi JIMCTKOBOI TIOBEpXHI 3a
(hopmyno, HaBeNEHOIO B TMATEHTI HA KOPHUCHY
Mozaens Ne 56163 Ykpaina [29]. ¥ ¢azi moBHOTO
YTBOpEHHSl KOIIMKIB Ha Bxe 3akpimieHux 40
pociauHaX BU3HAYAIH JTIHIWHKOIO BUCOTY POCIHH —
BiJl MOBEpXHI TPYHTY AO MICIS TPHUKPITIICHHS
Komuka (cepeaHe apudmernyHe 3 ycix
BuMiproBanb) [30]. VYpoxkaifHiCTP  HACiHHS
COHSIIIHUKY BH3HAYEHO METOMOM CYIIJILHOTO
MOIIJSTHKOBOTO ~ OOMOJIOTY 3 MOJANBIINM
nepepaxyBanHsaM Ha 10 % Bomoricte Ta 100 %
guctoTy [31]. CraTucTHuHy 0OpOOKY pe3ysbTaTiB
JIoCiay nmpoBeaeHo 3a qonomorow Excel [32].

Pe3yabTaT T2 00rOBOpPEHHS

Bceranosneno, B cepeaabomy 3a 2021, 2023
pp., IO CepeaHs BUCOTA POCIHMH riopuaiB Spuio
Ta XOpHUB y IOCHIJi CTaHOBUJIA BiAMOBiAHO 144,7
cM 1 164,1 cm. MakcumanbHa BHCOTa POCIHH
3adikcoBaHa B riOpuga XopuB y KOHTPOMi 3a
HopMu BuciBy 70 Tuc. mr./ra (165,8 cm), a
MiHiManeHa — B TiOpuma Spwmno Ha (ol
N30P30K30 3a nHopmu BuciBy 60 Tuc. mir./ra
(139,2 cm). Bucora pociinH Ha BCiX BapiaHTax y
riopuma Xopus Oyna CTAaTUCTUYHO BipOTiTHOIO,
MOPIBHSHO 3 yciMa BapiaHTaMmHu y Tibpuaa Spuio.
[MopiBHsiHO 3 KOHTpOJdeMm BHeceHHss N30P30K30
NPHU3BENIO 0 JIOKa30BOTO 3HWKEHHS BHCOTH
pocauH y ridpuaa Spuio 3a Hopmu BuciBy 50 THc.
mr./ra (Ha 5,4 cm) i 70 Tuc. mt./ra (Ha 5,2 cm)
(Tabm. 1). B3aemomist Mix TiOpugaMu i TYCTOTORO
mociey Ta riOpugamu 1 ynoOpeHHsSM Oyia
3HAYYLIOI0 JUISl BUCOTH POCIIHMH COHSIIHUKY i B
iHmomy nociimkenHi [33].

CepenHsi KUIBKICTh JIMCTKIB Ha POCIHHI
riopuga Xopue Oyna Ginbmoro (31,2 mT.), HIX y
riopuga  Apuno (30,4 wT). VYnoOpenss,
MOPIBHSIHO 3 KOHTPOJIEM, 3yMOBHIIO CTaTUCTHYHO
3HaYMME 3MEHILEHHS KIUJIBKOCTI JINCTKIB Ha
pocnuny y ridpuna Spwio 3a HOpMH BHCiBY 50
trc. mr./ra (Ha 1,0 wt.) i 70 Trc. mr./ra (Ha 0,7
mrT.), a y riobpuga Xopus — 3a HOpMHU BHCIBY 40
tc. mrt./ra (Ha 0,5 mT.). BomHodac BigOynmock
JI0Ka30Be 30UIBIICHHS KIIBKOCTI JIMCTKIB Ha
pocnuny B ribpuna Spwio 3a HopMmu BuciBy 40
tc. wr./ra (Ha 0,9 mwr.). [HImIE mocHimKEeHHS
TaKOX CBIJYMTH, [0 BHCOTA POCIUH 1 KIJIbKICTh

The study was conducted by traditional
methods. During anthesis, 40 plants were chosed
and marked with pegs in each variant (10 plants
without distinction in four replications), leaves
were counted, and the size of the 20th leaf-
identifier was measured with a ruler for further
calculation of the leaf area by the formula given
in the utility model patent no. 56163 Ukraine
[29]. In the completely formed calathidium
phase, the plant height was measured with a
ruler on the 40 chosen plants - from the soil
surface to the head attachment point (mean of all
measurements) [30]. The yield of sunflower
seeds was determined by threshing without
distinction by plots with subsequent adjustment
for 10% moisture content and 100% purity [31].
Data were statistically processed in Excel [32].

Results and Discussion

It was found that in 2021 and 2023, that the
mean plant height in hybrids. ‘Yarylo’ and
‘Khoryv’ was 1447 cm and 164.1 cm,
respectively. The tallest plants (165.8 cm) were
recorded for hybrid. ‘Khoryv’ sown at a seeding
rate of 70,000 seeds/ha in the control and the
shortest ones — for hybrid ‘Yarylo’ (139.2 cm)
sown at the seeding rate of 60,000 seeds/ha hybrid
and fertilized with N30P30K30. The plant height
in hybrid ‘Khoryv’ in all experimental variants
statistically significantly differed from that in
hyb. ‘Yarylo’ in all experimental variants.
Compared to the control, the N30P30K30
application led to a significant decrease in the
plant height in hyb. ‘Yarylo’ sown at a seeding
rate of 50,000 seeds/ha (by 5.4 cm) or 70,000
seeds/ha (by 5.2 cm) (Table 1). The effects of
“hybrids - seeding density” and ‘“hybrids —
fertilizer” interactions were significant for the
sunflower plant height in another study as well
[33].

Hybrid ‘Khoryv’ had more leaves per plant
(the mean number of leaves was 31.2) than hyb.
“Yarylo® (30.4.). Fertilization, compared to the
control, led to a statistically significant decrease
in the number of leaves per plant in hyb. ‘Yarylo’
sown at a seeding rate of 50,000 seeds/ha (by 1.0
leaves) or 70,000 seeds/ha (by 0.7 leaves) and in
hyb. ‘Khoryv’ sown at a seeding rate of 40,000
seeds/ha (by 0.5 leaves). At the same time, there
was a significant increase in the number of leaves
per plant in hyb. ‘Yarylo’ sown at a seeding rate
0f 40,000 seeds/ha (by 0.9 leaves). Another study
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JIUCTKIB Ha POCIHHI 3aJIeKaTh BiJi TECHOTHILY
COHSTITHUKY [26].

Cepenns 1IoIma JIHCTKOBOI ITOBEPXHI Ha
ofnHil pocnuHi TiOpuaa Spuno Oyna OinmpmIoo
(5962,9 cm?), ik y ri6puaa Xopus (5319,0 cm?).
Boanouac cepenus mioma TUCTKOBOT MOBEPXHI HA
OJHOMY TeKTapi MociBiB riOpuaiB Spwio Ta
Xopue Oyma onnakoso (28,8  Tmc./m?).
MakcuManbHy IUION[Y JIMCTKOBOI TOBEpPXHI Ha
pOCIUHY Ta Ha ONMH rekTap cHopMyBaB TiOpUI
Apuno na pori N30P30K30 3a Hopmu BuCiBY 40

tic. mr./ra (9425,6 cm? i 39,5 THC./M?,
BimmoBigHo). [lami 1gBa moOKa3HUKH ~ OynH
CTaTHCTUYHO  JOCTOBIPHUMH, TIOPIBHSIHO 3

OUJIBIIICTIO BapiaHTIB JOCTITY.

also showed that the plant height and the number
of leaves per plant differed in different sunflower
genotype [26].

The mean leaf area per plant in hyb.
“Yarylo® was larger (5,962.9 cm?) than that of in
hyb. ‘Khoryv’ (5,319.0 cm?). At the same time,
the mean leaf areas per hectare in hybrids ‘Yarylo’
and ‘Khoryv’ were identical (28,800 m?). The
maximum leaf areas per plant and per hectare
were recorded for hybrid ‘Yarylo’ sown at a
seeding rate of 40,000 seeds/ha and fertilized with
N30P30K30 (9,425.6 cm? and 39,500 m?
respectively). These two parameters were
statistically different compared to those in most
experimental variants.

Ta6auns 1. BiomeTpuyHi MOKa3HUKYU KIIACHYHUX TiOPHUIIB COHSAIIHUKY Y (a3l UBITIHHS 3ae)KHO BiJ (QOHY KUBICHHS

Ta HOpMH BHCIBY, 2021, 2023 pp.

Table 1. Biometric parameters of the classic sunflower hybrids during anthesis depending fertilization and seeding

rate, 2021, 2023.

Hopma Kinbkicth [Tota IUCTKOBOI MOBEpXHi /
®on BUCIBY, THC. Bucora JIMCTKIB Ha Leaf area
Ti6pun (A) / JKUBIICHHS / mr./ra (C) / pociuH, cM /| POCIHUHY, IIT.
Hybrid (A) | (B)Fertilizatio | Seeding rate, Plant height, / Number of Hap (Z)CHHHY’ H? 1 ra, e,
n (B) thousand cm leaves per oM™/ perz m-/per 1 haz,
seeds/ha (C) plant plant, cm thousand m
0e3 nobpuB 40 146.5 30.2 5320.4 23.2
(xouTpOoaBH)NO 50 149.1 31.2 5391.9 26.8
fertilizer 60 142.8 30.4 4102.7 21.9
Spuno / (control) 70 148.9 30.4 37253 22.7
Yarylo 40 143.7 311 9425.6 395
NaoPaoKso 50 143.7 30.2 7455.2 33.0
60 139.2 30.1 6829.8 33.8
70 143.7 29.7 5452.2 29.7
0e3 nobpuB 40 163.4 31.6 5385.1 254
(xouTposL)NO 50 164.0 31.7 4714.0 27.8
fertilizer 60 163.3 31.3 4045.6 23.2
Xopus / (control) 70 165.8 30.8 3991.8 26.0
Khoryv 40 164.2 311 7958.5 35.2
NaoPaoKso 50 164.7 31.7 6443.8 324
60 161.8 31.0 5562.2 314
70 165.6 30.6 4451.3 28.9
HIPy.05 1utst paxropy A / LSDo g5 for factor A 6.5 0.4 1559.0 5.9
HIPy.05 1utst pakropy B / LSDg o5 for factor B 6.5 0.4 1559.0 5.9
HIPg.0s st paxropy C / LSDo.05 for factor C 9.1 0.6 2204.8 8.3
HIPg.0s 15151 daxtopi AB / LSDo.os for factors AB 9.1 0.6 2204.8 8.3
HIPg.0s a1 daxropi AC / LSDo.os for factors AC 12.9 0.8 3118.0 11.7
HIPg.0s a5 daxropis BC / LSDo.os for factors BC 12.9 0.8 3118.0 11.7
I:g’éos st paktopie ABC / LSDo s for factors 18.3 19 44095 16.6
KoedimienT xopensii (7) 3 ypoxaiHiCTIO
nacinns / Coefficient of correlation with seed 0.429 0.270 0.522* 0.643*
yield (1)

IIprmitka. * — moka3HuK 3HaunMui 3a P < 0.05.
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Tadauuns 2. YpoxxaliHICTh HACIHHS KJIACHYHUX T1OPUAIB COHSIIHKUKY 3aJI€KHO BiJl )OHY KHUBJICHHS Ta HOPMH BHCIBY,
2021, 2023 pp.
Table 2. Seed yield of the classic sunflower hybrids depending on fertilization and seeding rates, 2021 and 2023.

Bimxunenns BpoxkaitHOCTI
Hopwma Bucigy, Tuc. . HaCiHHS y KOHTPOIIi 10
Tiopua (A)/ | DORKUBICHHT /| (C)/Seeding | PORMHHICTE a3 oGpHBaMH (),
: (B) Fertilization HaciuHs, T/Ta / AN
Hybrid (A) (B) rate, thousand Seed vield. t/ha 1/ra [ Fertilizer-induced
seeds/ha (C) yield, change in the seed yield
(&), t/ha
0e3 no6puB 40 183 —
50 1.84 —
(xoHTpOMIB)NO 0 160
fertilizer (control : —
Spuno / ( ) 70 1.63 -
Yarylo 40 2.07 +0.24
50 2.02 +0.18
NaoPzokao 60 191 +0.31
70 1.69 +0.06
0e3 n06puB 48 138 —
(koHTpOJTBE)NO 3 : —
fertilizer (control) 60 1.85 -
Xopus / 70 2.19 -
Khoryv 40 2.24 +0.44
50 1.99 +0.20
NaoPaKso 60 2.07 +0.22
70 2.01 -0.18
HIPg s ast haxtopy A / LSDo o5 for factor A 0.18
HIPg s ast haxtopy B / LSDo g5 for factor B 0.18
HIPy .05 st paxropy C / LSDg s for factor C 0.25
HIPy .05 nuist paxropis AB / LSDo.os for factors AB 0.25
HIPy.05 st paxropiB AC / LSDg o5 for factors AC 0.36
HIPg s ast haxtopis BC / LSDg g5 for factors BC 0.36
HIPy.05 st paxropis ABC / LSDo g5 for factors ABC 0.50

YnoOpeHHs, TMOpPIBHAHO 3  KOHTPOJEM,
MPUBOAWIO 10 30iJBIIEHHA TUIONII JINCTKOBOL
MOBEpXHI Ha POCIMHY Ta Ha OAHMH TEKTap Yy
ri6punis Spuio (Big 1726,9 no 4105,2 cm? Ta Big
6,2 1o 16,3 tuc./mM?, Bimnosiguo) ta Xopus (Bix
459.,5 no 2573,4 cm® Ta Bix 2,9 no 9,8 THc./M2,
BIJIMOBiIHO). MiHepaibHe KHUBIEHHS CIPHAIO
30UTBIIIEHHIO TUIONII JUCTS W B 1HIIOMY JOCIIJI
[22]. 3arymieHHs TIOCiBiB TNPU3BOAHMIO IO
3MEHILIEHHS ILUIOIII JINCTKOBOI MOBEPXHI HA OMHIM
pocinuHi ridpuais Spuno ta Xopus.

[Inoma 1McTKOBOI MOBEPXHI HAa POCIUHY Ta
Ha OJIMH TeKTap, sIKi BUMIptoBaiu y (a3l mBiTiHHA
KIIACUYHUX T10pHUIIB COHANTHUKY Spuiio Ta Xopus,
MaJji CTATUCTUYHO 3HAYHMUN TO3UTUBHUH 3B’ 30K
3 YpOXKaiHICTIO HaciHHS uX Tiopuais (r=0,522 i
r=0,643, BiAMOBIIHO).

AHani3 ypoXalHOCTI HACiHHS KJIACHYHHUX
riOpuiB COHSALIHUKY 3aJIeXKHO BiJl POHY KUBJICHHS
Ta HOPMHU BHCIBYy BUSIBHUB, IO B riOpuma Spwuio
JaHWH TOKa3HUK OyB BHILUM 3a HOpM BHCiBYy 40
tiuc. mr/ra i 50 tuc. mr/ra. Tak, piBeHb
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Fertilization led to an increase in the leaf
areas per plant and per hectare in hybs. ‘Yarylo’
(from 1,726.9 to 4,105.2 cm? and from 6,200 to
16,300 m?, respectively) and ‘Khoryv’ (from
459.5 t0 2,573.4 cm? and from 2,900 to 9,800 m?,
respectively) compared to the control. Mineral
fertilization increased the leaf area in another
experiment as well [22]. The crop thickening
resulted in a decrease in the leaf area per in hybs.
“Yarylo’ and ‘Khoryv’.

The leaf areas per plant and per hectare,
which were measured during the anthesis, had a
statistically significant positive correlation with
the seed yields in classic sunflower hybs.
‘Yarylo’ and ‘Khoryv’ (r=0.522 and r=0.643,
respectively).

Analysis of the seed yields of the classic
sunflower hybrids depending on fertilization and
seeding rates revealed that hyb. ‘Yarylo’ yielded
more when sown at seeding rates of 40,000 and
50,000 seeds/ha. Thus hybrid yielded 1.83, 1.84,
1.60, and 1.63 t/ha when sown at a seeding rate

ISSN 1026-9959. Plant Breeding and Seed Production. 2024. 126



YPOKaWHOCTI HACIHHS JaHOTO TiOpHma 3a HOPMH
BuciBy 40; 50; 60 i 70 Tuc. mT./ra CTAHOBHB Ha
¢honi 6e3 noopuB Bignosiauo 1,83; 1,84; 1,601 1,63
T/ra, a Ha ¢oni N30OP30K30 — 2,07; 2,02; 1,91 i
1,69 1/ra. [lopiBHAHO 3 KOHTPOJIEM, CTATHCTHYHO
JIOCTOBIpHY TpUOABKY BpOXAWHOCTI HACiHHS
JIAHOTO TiOpWIa BiJl 3aCTOCYBaHHS MiHEPATbHUX
no0OpuB 3a0e3neunnu HOpMH BUCiBY 40 THC. mT./Ta
(0,24 1/ra) 1 60 Tuc. mwr./ra (0,31 1/ra) (Tabdn. 2).

V ribpuaa XopuB ypokaliHiCTh HaciHHS Oyna
HaWBHIOIO B KOHTPOINI 32 HOpMHU BHUCIBY 70 THC.
wr./ra (2,19 1/ra), a Ha ¢doni N3OP30K30 — 3a
Hopmu BuciBy 40 tmc. mr/ra (2,24 T/ra).
[TopiBHSAHO 3 KOHTPOJEM CTATUCTHYHO JOKA30BY
mpubaBKy BpOXKaHOCTI HACIHHS IIHOTO Ti0pUaa 3a
BHeceHHs1 N30P30K30 3abe3neunnu HOpMU BUCIBY
40; 50 i 60 Tuc. wr./ra (0,44; 0,20 i 0,22 T/ra,
BiAMOBiMHO). PesymbTaru AOCHiKEHh IHIIHX
BUCHUX TaKOX IMOKA3yIOTh, IO T1IOPUIHUI CKIIaj,
n00puBa Ta TYCTOTA MOCIBY MalOTh ICTOTHUH BILIUB
Ha (hopmyBaHHA BpPOXKaHHOCTI HaCiHHA
COHSIITHUKY [7, 8].

BucHoBku.

3a HopMH BHCiBY 70 THC. IIT./Ta HAHBUILUMH
Oynu pociunu riopuaa Xopus y koHtpoii (165,8
CM), a HAWHIKYNUMU — POCIIUHH Ti0puna SApuio Ha
¢oni N30P30K30 3a Hopmu BuciBy 60 THC. mT./Ta
(139,2 cm). Pi3Huns y riOpuzgiB 3a BHCOTOIO
pociuH Oyna CTAaTHCTHYHO BipOTiAHOK 32
P <0.05.

CepenHsl KUIBKICTh JUCTKIB Ha POCJIHHI
riopuga Xopus Oyna 6inpmoro (31,2 mT.), HIXK y
riopuma SApwuno (30,4 mT.). MakcuManpHy ILIONLY
JUCTKOBOI TIOBEpXHI Ha POCIWHY Ta Ha OJUH
rektap chopmyBa ribpun Spuno Ha Qoni
N30P30K30 3a HOpMmHM BuciBy 40 Twc. mr./ra
(9425,6 cm? i 39,5 Trc./M?, BiANOBiHO).

YpoxaliHicTe HaciHHA TiOpuaa Spuno Oyna
BHINOIO 32 HOpMU BUCiBY 40 Tuc. mT./ra i 50 Tuc.
mT./ra, ocooauBo Ha Goni N30P30K30 (2,07 1/ra
i 2,02 T1/ra, BigmoBimuHo). Y Tribpuma Xopwus
ypOXKalHICTh HaciHHS Oyna HaWBUIOK B
KOHTpOJi 3a HopMH BuciBy 70 Tuc. mr./ra (2,19
1/ra), a Ha ¢oHi N30P30K30 — 3a HOpMHu BHCIBY
40 tuc. mr./ra (2,24 1/ra).

of 40,000, 50,000, 60,000, and 70,000 seeds/ha,
respectively, without fertilizers and 2.07, 2.02,
1.91, and 1.69 t/ha, respectively, when fertilized
at N30P30K30. Compared to the control, a
statistically significant gain in the seed yield of
this hybrid from mineral fertilization was
ensured with seeding rates of 40,000 seeds/ha
(0.24 t/ha) and 60,000 seeds/ha (0.31 t/ha)
(Table 2).

The seed yield of hyb. ‘Khoryv’ was the
maximal in the control at a seeding rate of 70,000
seeds/ha (2.19 t/ha) and in the N30P30K30 at a
seeding rate of 40,000 seeds/ha (2.24 t/ha).
Compared to the control, a statistically
significant gain in the seed yield of this hybrid
fertilized with N30P30K30 was ensured by
seeding rates of 40,00, 50,000, and 60,000
seeds/ha (0.44, 0.20, and 0.22 t/ha, respectively).
Other scientists’ results also showed that the
hybrid composition, fertilizers and seeding
density had significant effects on the sunflower
seed yield [7, 8].

Conclusions.

Hyb. ‘Khoryv’ had the tallest plants (165.8
cm) when sown at a seeding rate of 70,000 seeds/ha
in the control and hyb. ‘Yarylo’ had the shortest
ones (139.2 cm) when sown at a seeding rate
60,000 seeds/ha and fertilized with N30P30K30.
The difference in the plant height between the
hybrids was statistically significant at P <0.05.

Hyb. ‘Khoryv’ on average had more leaves
per plant (31.2 leaves) than hyb. ‘Yarylo’ (30.4).
The maximum leaf areas per plant and per hectare
were formed by hyb. ‘Yarylo’ sown at a seeding
rate of 40,000 seeds/ha and fertilized with
N30P30K30: (9,425.6 cm? and 39,500 m?
respectively).

Hyb. “Yarylo’ yielded more seeds when sown
at seeding rates of 40,000 seeds/ha and 50,000
seeds/ha, especially in the N30P30K30 experiment
(2.07 t/ha and 2.02 t/ha, respectively). Hyb.
“Khoryv’ produced the maximum yield of seeds
when sown at a seeding rate of 70,000 seeds/ha in
the control (2.19 t/ha) and at a seeding rate of
40,000 seeds/ha in the N30P30K30 experiment
(2.24 t/ha).
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