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Potential and Real Alfalfa (MEDICAGO L.) Seed Yield on Increased Soil
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Pedepar: IIpoBeneHo OLHKY BIUIMBY TiIPOTEPMIYHUX PECYPCIB T4 OKPEMHUX €IEMEHTIB CTPYKTYpPH
HACIHHEBOI MPOMYKTUBHOCTI 3a JIBa POKH BHKOPHCTaHHsS TPaBOCTOI0 Ha ypOXKaWHICTh HACIHHS 3pa3KiB
TeHO(OH/y JIIOLIEPHHU PIi3HOTO E€KOJIOro-reorpadiyHoro MOXOMKCHHS Ha (DOHI IMiJBHIICHOI KHCIOTHOCTI
IpyHTY. BUABNEHO iCTOTHHMI BIUIHB TiIPOTEPMIYHHUX PECYPCiB HA HACIHHEBY MPOAYKTUBHICTH (HEBEIHKI Ta
CepeqHi OCyXH B Mepioj MBITIHHA Ta 30MPaHHS BPOXKAO TIIBHUIYIOTH ii, a OTaiy — HABIIAKH, 3HIDKYIOTH ).
3po0sieHO BUCHOBOK, IO Ui CKOPOUCHHS 4Yacy Ha IPOBEACHHS CTPYKTYPHOTO aHami3y JOCTaTHbO
BUKOPUCTOBYBAaTH O3HAKW 3 HAWOLIBII iCTOTHO BHPAKEHUM BILTUBOM — KIIbKICTh MPOMYKTHBHUX ITaroHiB,
KHTHUIIH HA TIATOHI, 000iB y KATHUII Ta HaciHUH y 000i. [lomanpimoro BuBueHHS oTpeOye MUTaHHS MiHIMIi3aIi1
BTpaT HACiHHS Yepe3 TeHEeTHYHi, 010JIOTI4HI Ta MEXaHIYH1 YAHHUKH.

KuarwuoBi cinoBa: Medicago sativa, KUCIOTHICTh TPYHTY, HACIHHEBA MPOAYKTUBHICTH, KOS(IIliEHT
KOPEJIAIIii, TiIpOTepMivHI PECYPCH.

Abstract: This study assessed the impact of hydrothermal factors on and contributions of individual
seed productivity components to the seed yields of alfalfa germplasm accessions of different eco-
geographical origins grown on soil with increased acidity over two years of sward utilization. A significant
influence of hydrothermal factors on seed productivity was observed: minor to moderate droughts during
anthesis and harvest increased it, while precipitation, conversely, decreased. It was concluded that to reduce
the time spent on structural analysis, it is sufficient to use traits that are most significantly affected: number
of productive shoots, racemes per shoot, pods per raceme, and seeds per pod. Further research is needed on
minimizing seed losses caused by genetic, biological, and mechanical factors.

Key words: Medicago sativa, soil acidity, seed productivity, correlation coefficient, hydrothermal
factors.

Beryn Introduction
_ AKT}_’aHBHiCTB ) JIOCITiJKCHD BILTUBY The relevance of research into the impact
T1IAPOTEPMIMHUX PECYPCIB Ta OKPEMHUX CJICMCHTIB of hydrothermal factors and individual seed

CTPYKTYPH HAaciHHEBOI MPOAYKTUBHOCTI  Ha
ypOXKalHICTh  HAcCiHHS  3pas3kiB  reHodoHay
JOLIEPHU pi3HOTO €KoJIoTO-TeorpadiyHOro
MOXOJKEHHS 3yMOBJIeHa HEOOXiJHICTIO BUAIICHHS
BHCOKOIIPOAYKTUBHOTO BUXIJTHOTO MaTepialy JJis
MOJANBIIOT0 BHKOPHCTAHHA B CEJIEKUIHHOMY
mpowueci.

productivity components on seed yields of
alfalfa germplasm accessions of different eco-
geographical origins is driven by the necessity
of identifying highly productive initial
materials for further breeding.
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Jouepna (Medicago sativa L.) nosponsie
3a0€3MeYNTH TBAPUHHUIITBO OaraTHMu Ha O1JIOK i
BiTaMiHM KOpMaMH Ta € HaiOUIbII MIMPOKO
KYJIETUBOBAHOI0 0OOOBOID KOPMOBOKO KYJIBTYpPOIO
y cBiTi [1]. SIk Gararopiuaa 6060Ba pociuHa, BOHA
30aradye IpyHT a30TOM, TOJIMIIY€E HOTO CTPYKTYPY
W pomiodicTh, ajie, He3Ba)KAIOYM Ha IIe, IOCIBHI
TUTOMII MiJ] i€ KyABTYPOIO CKOPOUYIOTHCS, TAKOK
icHye gJediuuT HaciHHEBoro warepiamy [2].
OCHOBHUM YMHHUKOM, KM BH3HA4a€ HACIHHEBY
Ta KOPMOBY NPONYKTHUBHICTH JIOLEPHHU, € BUOIp
COpPTYy HAHO1IBII TPOAYKTHUBHOTO Ta aAIITOBAHOTO
70 KOHKPETHUX TPYHTOBO-KIIIMaTUIHUX yMOB [3].
Pocivam  dronepHM HOpPMajnbHO PpOCTYTh Ta
po3BuBarOThCA 3a pH 6,5-8,4. 3HMXKEHHS peakiii
IPYHTOBOTrO po3uunHy np0 5,0-5,5 HeratusHO
MMO3HAYA€ThCSI HAa METa0ONIYHMX Tmporecax i
MPOAYKTUBHOCTI pociuH [4]. HalGinpmm moMiTHO
MiJ BIUIMBOM TiJBHIIEHOI KHUCIOTHOCTI IPYHTY
3HM)KYETHCSl HACIHHEBA TPOAYKTUBHICTD JTIOIIEPHH
[5]. Bigznaueno Takox, mo 3a pH 4,5-5,0, xomu
3pOCTa€ aKTUBHICTD 1 TOKCUYHICTH 10HIB aJIFOMiHItO
(Al3+), OynpOoukoBi OakTepii MPUIYNUHSIOTH
CBOIO JKHUTTEMIAIBHICTD [6, 7].

3a pgamumu  XI Typy arpoxiMigHOTO
oOctexxeHHs1, Oinmbine 24% TpyHTIB B YKpaiHi €
KHCITUMH. Bucoka muTtoma Bara KUCIHX IPYHTIB
xapaktepHa s 3oHH [lomices (48,4%). VY
XKurtomupcrkiii, Binnuupkiii, YepHiriBcbkiii Ta
3akapmnarchKiii 00NacTsIX MUTOMA Bara KHCIHX
IUION[ Yy  3arajJbHOMY 00CsA31  00CTeKEHHUX
CIBCBKOTOCTIOAAPCHKHUX YTifb CTAHOBUTH Bim 57
10 66 % [8]. 3arasiom y cBiTi 110112 TAKUX IPYHTIB
CTaHOBUTHL  Omu3pko 50%, a  OCHOBHHMH
HETaTMBHUMH YWHHHKAMH Ha LUX TEPHUTOPIAX €
TOKCHYHI piBHI anoMiHiio (Al) i mapranito (Mn),
a Tako cybonTumainbHi piBHi pocdopy (P) [9].
Takuii cTaH CUIBCBKOTOCHOAAPCHKUX — 3€MeJb
aKTyaJli3ye  PO3BUTOK  TEXHOJOTIH  CEJIeKIIii
JIOIEPHH, CIPSMOBAaHMX Ha CTBOPEHHS COPTIB,
3MaTHUX peaiidyBaTH aJanTUBHUN IOTEHIIa
TCHOTHITY CaMe 3a TaKuX HECTIPUSATINBUX YMOB.
[Muranns enadivHoi amanTanii pPOCIWH MarTh
BayKJIMBE 3HA4YCHHS JUTSE e(heKTUBHOTO
BUKOPUCTAHHS  I'PYHTOBO-KJIIMaTHYHUX  yMOB
KOKHOT 30HH. [i posib 0COGIMBO 3pocTae B yMOBax
XIMIKO-TE€XHOTE€HHOT iHTeHcudikarmii
POCIMHHUIITBA, OCKUIBKU OIiNBIIICTh €JIEMEHTIB
Takol arpoTeXHiKH CIPSIMOBAHO Ha ONTHMIi3allilo
yMOB cepenoBuina came cyocrpary [10, 11]. Tomy
BUHUKA€ HEOOXiTHICTH y NPOJOBKEHHI MOLIYKY
HOBOTO  BHXIJHOTO MaTepiany JIIOLEPHU 3
ONTUMAIBHUM TOEIHAHHSIM EJIEMEHTIB KOPMOBOL
Ta HACIHHEBOI TPOAYKTHBHOCTI Ha  (oHi
MiBUIIEHOT KHCJIOTHOCTI IPYHTOBOTO
CepeJoBHIIA.
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Alfalfa (Medicago sativa L.) supplies
livestock farming with protein- and vitamin-
rich forages and is the most widely cultivated
leguminous fodder crop globally [1]. As a
perennial legume, it enriches the soil with
nitrogen, improving its structure and fertility.
Despite these benefits, alfalfa-sown area is
shrinking; there is also a deficit of seeds [2].
Selection of the most productive -cultivar,
which is adapted to specific soil and climatic
conditions, is the main factor determining
alfalfa's seed and fodder productivity [3].
Alfalfa plants grow and develop normally at pH
6.5-8.4. A decrease in the soil solution reaction
to pH 5.0-5.5 negatively affects metabolic
processes and plant performance [4]. Alfalfa
seed productivity most noticeably decreases
under the influence of increased soil acidity [5].
It was also noted that at pH 4.5-5.0, where the
activity and toxicity of aluminum ions (Al3+)
elevates, nodule bacteria cease their vital
activity [6, 7].

According to the 9th agrochemical
survey, more than 24% of soils in Ukraine are
acidic. The woodlands have a high proportion
of acidic soils (48.4%). In the Zhytomyrska,
Vinnytska, Chernihivska, and Zakarpatska
Oblasts, the proportion of acidic areas in the
total surveyed agricultural land ranges from 57
to 66% [8]. Globally, such soils account for
about 50%, with the main negative factors in
these territories being toxic levels of aluminum
(Al) and manganese (Mn), as well as
suboptimal levels of phosphorus (P) [9]. This
state of agricultural lands actualizes the
development of alfalfa breeding technologies
aimed at creating cultivars capable of fulfilling
their genetically determined adaptive potentials
specifically under such unfavorable conditions.
Issues of edaphic adaptation of plants are of
vital importance for the effective utilization of
pedo-climatic resources in each zone. Its role
particularly increases upon chemical and
technogenic intensification of plant cultivation,
as most elements of such farming techniques
focus on optimizing the soil of all
environmental conditions [10, 11]. Therefore,
there is a continuing need to search for new
initial  alfalfa material with  optimal
combinations of fodder and seed productivity
components on increased soil acidity.



VY nronepHU BUSBICHO 3HAYHHUN HETaTHUBHHN
BIUTMB MIJABUIICHOI KHCJIOTHOCTI TIPyHTY Ha
¢dbopmyBaHHS KOPMOBOT Ta HACiHHEBOI
MPOAYKTUBHOCTI JOCIIIKYBaHUX 3pasKiB.
UYacTtuHa 3 HUX B3arajii He ¢OopMyBajIl HACIHHS B
TaKMX yMOBaX, IPOTE€ KOPMOBa MPOAYKTHUBHICTh
3QIMINAETHCSA HAa AocTaTHboMy piBHI [12]. Tomy
i IBUIIEHH ST HACIHHEBOT TPOAYKTUBHOCTI 1 HaIai
3alMIIAE€THCS OAHIEI0 3 TOJOBHHX HpoOIeM y
cenekmii miei kymprypu [13-15]. llorenmian
HACIHHEBOI POILYKTUBHOCTI JOLEPHU
peaiizyeTbcsi JHIIe 4YacTKoBO. lle 3ymoBieHO
HHU3LKUM PiBHEM 3aIMIICHHS KBITOK (3a3BHuaii 40—
60%) Ta HEBENHKOIO KITBbKICTIO HAaCIHUH y 0001 (3-
4 1mT.), IO 3HAYHOI MIpPOI0 3alleKHUTh Bif
riApOTEepMIYHUX Ta IPYHTOBUX YMOB [16].

Meroro poboTm crama OIiHKAa BILTUBY
€IeMEeHTIB  HAaCiHHEBOI  MPOAYKTHBHOCTI  Ta
rigporepmiuHoro pexuMmy Ha  QopMyBaHHS
MOTEHIIHOTO Ta (PAKTUYHOTO BPOXKAIO HACIHHSA
JOLIEpHU pizHOTO €KoJIoro-TeorpadiyHoro
MMOXO/PKeHHST Ha (DOHI ITABUIIEHOT KHUCIOTHOCTI
IPYHTY Yy TEpIIUil Ta APYTHUH POKH BUKOPHCTAHHS
TPaBOCTOIO.

MeToauka

Hocnimxenns mposomwmy y 2020-2022 pp. Ha
MoJAX [HCTUTYTY KOPMIB Ta CLILCHKOTO TOCTIONAPCTBA
[Monimns HAAH ykpainu. [pyHTH — Cipi omizoneni 3
pH comboBoi BuUTSKKM 5,2-5,3 Ta TiAPONITHYHOIO
KuCNoTHICTIO 2,1-2,4 mr/ekB. Ha 100 T rpyHTY.

Sk Marepian IS JOCIIKEHD
BUKOPUCTOBYBaJIH 192 KONEKIIHHNUX 3pa3KH JFOLIEPHH
MOCIBHOI  Ta  MIHJIMBOI  PI3HOTO  €KOJOTO-
reorpadignoro noxomkenHs. Cepen HHX 3pa3KiB
TIOXOKEeHHsIM 3 Yikpainu 46 mt.; PO — 31; CIIIA —
18; ®panmii — 13; Apreatunn — 11; Kazaxcrany — 7;
Himeuunnn, Jluteu, Kanagwm, FOrocmasii — mo 5
3pa3kiB, Y30ekucrany, bonrapii, [lopryranii — no 4;
ITanii, Yropmman, Bemii — mo 3; [cnawnii, ExkBamopy,
Tamxukucrany, Mekcuku, Yui — o 2; pemira — 1o 1
3pasky (bpazunis, BenmukoOpuranis, [pak, Monroumis,
Aszepbaiiipkan,  Adranictan, [pysis, Amkup,
Typeuunna, Kuprwmscran, Pymynis, Ilepy, Ky0a,
Tanzanis). [Qyis Outbln  1MOKa30BOTO 300paKeHHS
CTPYKTYPHOTO aHaJli3y HACIHHEBOI MPOLYKTHBHOCTI
BUKOpHCTaHO 38 KpaIiyx 3pa3KiB JIOLEpHH (Tabiuis
1).

3akiamaHHs CEJIEKLIIMHUX PO3CaIHUKIB
npoBogwioc B 2020 p. JdiTHIM OE3MOKPHUBHUM
CTIO0COOOM CiBOM IHMPOKOPSITHO (45 cM) mis 00Ky
HAaCiHHEBOT TpoAykTHBHOCTI. Ilmomia  oGmikoBOi
JUISIHKA — 3 M? TOBTOPHICTH JiBOpa3oBa. [loiboBi
JTOCITI JDKEHHS, 00Ky, CITOCTEPEIKCHHS Ta

A significant negative effect of increased
soil acidity on fodder and seed productivity of
the studied alfalfa accessions was observed.
Some of them did not form seeds at all under
such conditions, although fodder productivity
remained sufficiently high [12]. Therefore,
increasing seed productivity remains one of the
main challenges in this crop breeding [13-15].
The potential for alfalfa seed productivity is
only partially fulfilled. This is attributed poor
pollination of flowers (usually 40-60%) and
few seeds per pod (3-4), which largely depend
on hydrothermal and soil conditions [16].

Our purpose was to evaluate the
contributions of seed productivity components
and hydrothermal profile to the potential and
real seed yields of alfalfa accessions of
different eco-geographical origins grown on
increased soil acidity in the first and second
years of sward utilization.

Methods

The study was conducted in the fields of the
Institute of Feeds and Agriculture of Podillia of
NAAS of Ukraine in 2020-2022. The soil is gray
podzolized with a salt extract pH of 5.2-5.3 and
hydrolytic acidity of 2.1-2.4 mg/eq. per 100 g of
soil.

192 collection accessions of purple and
variegated alfalfa of different eco-geographical
origins were studied: 46 accessions from Ukraine,
31 from the Russian Federation, 18 from the
USA, 13 from France, 11 from Argentina, 7 from
Kazakhstan, 5 each from Germany, Lithuania,
Canada, and Yugoslavia, 4 each from Uzbekistan,
Bulgaria, and Portugal, 3 each from Italy,
Hungary, and Sweden, 2 each from Spain,
Ecuador, Tajikistan, Mexico, and Chile, and 1
each from Brazil, Great Britain, Iraq, Mongolia,
Azerbaijan, Afghanistan, Georgia, Algeria,
Turkey, Kyrgyzstan, Romania, Peru, Cuba, and
Tanzania. Thirty-eight best alfalfa accessions
were selected for a more illustrative
representation of the structural analysis of seed
productivity (Table 1).

The breeding nurseries were set in 2020 by
summer open sowing in wide rows (45 cm) to
record seed productivity. The record plot area was
3 m?, with two replications. The field surveys,
records, observations, and measurements were
conducted according to the guidelines [17, 18].
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BUMIpPIOBaHHS TPOBOIMIIH 3TiTHO 3 PEKOMEHIAIIIMHU
[17,18].

Enementn CTPYKTypHU HaCIHHEBOT
MPOAYKTUBHOCTI BU3Ha4aJIM O€3M0CepeIHbO B MO 3a
15-20 16 1o moBHOTO 03piBaHHS MpH MOOYPiHHI 65-
70% 000iB Ha poOCIHMHAX, 3AIUILEHUX 3 TMEPILIOTO
ykocy. [licis mporo 3pazku (75-85% mo3pinux 606iB)
I AKOIITYBAJIA OSH30KOCOIO 1 IOCYIITYBaJIK Y CHOTIAX B
MONbOBUX yMOBaX. CTPYyKTypHHI aHai3 POBOIUIN
3a TaKUMH O3HAKAMH: KUIBKICTh TIPOXYKTUBHHIX
MaroHiB Ha M2, KUTbKICTh KATHI[b HA TTaroHi, JOBKHUHA
KATHUII (BiI MicIA MPUKPIMIIEHHS HIKHBOTO 600y 10
MICIISI IPUKPIIDIEHHS] OCTaHHBOTO), KITBKICTh 000IB y
KUTHL, KUTBKICTb 00epTiB 0600y, KITbKICTh HACIHUH Y
0001, Bucora pociuH Ta Maca 1000 HaciHUH.

Seed productivity components were
determined in the field 15-20 days prior to
complete maturity when 65-70% of the pods on
plants left after the first cut had turned brown.
Then the accessions (75-85% of ripened pods)
were mowed with a brush cutter and dried in
sheaves in the field. Structural analysis was
performed for the following traits: number of
productive shoots per m?, number of racemes per
shoot, raceme length (from the attachment point
of the lowest pod to the attachment point of the
last one), number of pods per raceme, number of
pod whorls, number of seeds per pod, plant
height, and thousand seed weight.

Taoauus 1. [ToxomkeHHS Kparux KONIEeKIiHHIX 3pa3KiB JIONEPHU TOCIBHOT, BHKOPUCTAHUX JIIS BiTOOpaKeHHS

€JIEMEHTIB HACIHHEBOI MPOXYKTHBHOCTI

Table 1. Origins of the best collection purple alfalfa accessions for displaying seed productivity components

. L . Howmep y HamionansHoMy Kpaina
Ha3ga a0o Gionoriunwuii cTaryc 3pa3ka / Accession’s Name or . . TTOXOI>KEHHS
Biological Status kataz0si / National / Country of
Catalogue Number .
Origin
St (Cunroxa) / Syniukha (check cultivar) UJ0700134 UA
Panocnasa / Radoslava uJ0700798 UA
Pocana / Rosana UJ0700653 UA
KM® wmicneBa popma / KMF (local form) UJ0700 886 UA
Cuns 2 / Synia 2 UJ0700 882 UA
Eneris / Elehiia UJ0700883 UA
AmnarorniiBHa / Anatoliivna uJ0700797 UA
JIroba / Liuba UJ0700595 UA
UYepnorososasi / Chernogolovaya UJ0700684 RU
Kenrornbpunmnas 191 / Zhyoltogibridnaya 191 UJ0700318 RU
Sxyrckas sxenras / Yakutskaya Zhyoltaya UJ0700720 RU
Cubupckas 8 / Sibirskaya 8 UJ0700300 RU
Apremuna / Artemida uJo700707 RU
Caparosckas 1 / Saratovskaya 1 UJ0700186 RU
Oranja / UJ0700535 UsS
Maguei /YAAH/Ne1463 / Maguei /UAAN/Ne1463 UJ0700539 UsS
WL-514 UJ0700608 UsS
WL-515 UJ0700609 UsS
Brend 919 UJ0700613 UsS
Deseret UJ0700614 US
Galaxie uJ0700827 FR
Boreale UJ0700406 FR
Cordoba uJ0700617 AR
KpacHoBomomaznckast Ne8 / Krasnovodopadskaya No 8 UJ0700329 KZ
Ziguen uJ0700716 DE
[IneBeH 6 / Pleven 6 UJ0700552 BG
Maris kabul UJ0700540 BG
Bynyunns / Buduchynia UJ0700645 BG
[Tanasa / Palava UJ0700622 BG
Depakc 58 / uJ0700715 CA
Micuesa / Mistseva UJ0700632 PT
Grilys 1 (kmon Ne3) / Grilys-1 (clone No 3) uJo700772 SE
Micuesa / Mistseva UJ0700430 BR
Micuesa / Mistseva UJ0700367 AZ
ISSN 1026-9959. Cenekuis i HaciHauITBO. 2025. 127 9




QaxTHIHY YpO)KaliHICTh HACIHHS BU3HAYAH
Oe3mocepelHO ~ BarOBUM  METOAOM  IICJIA
OYHIIEHHSI HACIHHEBOTO Marepiaiy, a MOTeHIIHHO
MOXIJIUBY HUISIXOM MHOXEHHS CTPYKTYPHHUX
€JIEMEHTIB MiX CO0O0I0: KIJIBKICTh MPOIYyKTUBHUX
MMaroHiB Ha M2, KUIBKICTh KHUTHIF Ha IIaroHi,
KUTBKICTh 0OOIB y KHUTHUILI, KUIBKICTh HACIHUH Y
00061 (TakuM YuHOM OyJ0 BH3HAYEHO KUNBKICThH
HACiHMH Ha pociuHax 3 1 M2), Macy omHiel TuCYi
HaCiHMH Ta po3aiieHo uei 1o6ytok Ha 1000.

INigporepmiuHi yMOBH 3a pOKH IPOBENEHHS
JOCTIIKEeHb XapaKTepU3yBaucs HEOAHOPITHUMH
PO3MOALIOM OTAAIB Ta TEMIEPATYPHUM PEKIMOM
MOPIBHSHO 3 cepeaHpo0araTopigTHuMHI
3HauYeHHsIMHU (puc. 1).
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The real seed yield was measured
gravimetrically after cleaning the seed material,
while the potential yield was calculated by
multiplying the following yield components:
number of productive shoots per m?, number of
racemes per shoot, number of pods per raceme,
number of seeds per pod (thus, the number of
seeds on plants from 1 m? was estimated), and
thousand seed weight; then this product was
divided by 1,000.

The hydrothermal conditions in the study
years were characterized by uneven distribution
of precipitation and temperature profiles
compared to the long-term average values

(Fig. 1).

—
Lh

g 25

g140 eea 2021 p. e 2021 p.

E o

3 E=A2022p. 5 oz 2022 p.

€120 520 -
#@=CepeHp00a = =@ Cepenapoia

raTopivHa

Long-term

—
o
1

average

0 -
(}7\ %
-5
AN FA NS ISE
PRSI M PR R M e
ARG RN \ P O I
S O N N o DY N NS
N ") b < ) e &
> \"\\ ’ v Q\ O .Q‘ ol
< o = 9Q

Puc. 1 KinbkicTb onaziB Ta Temneparypauii pexum 2021-2022 pp.
Fig. 1. Precipitation and temperature in 2021-2022.

binpm  ontumansHuMH A popMyBaHHS
HACIHHEBOI MPOJYKTHBHOCTI POCIIMH  JIIOIEPHU
BusiBuBest 2022 p. 3a OCHOBHMH Tiepiof Bererarii
(TpaBeHb-Bepecens) y 2021 p. 3 onNTUMaiIbHUM Ta
HAIJTMIIKOBUM BOJIOr03a0€3MeUeHHsIM Oyl TiJIbKH
TpaBeHb Ta yepBeHb (' TK — 2,41 i 1,43 BinnosixHo),
a B HACTYITHI MICSIIi criocTepirajach NMocyxa pizHOl
intencuHocTi ('TK—-0,5, 0,87, 0,51), Xoua B 11ijioMy
3a Bech nepion BimzHaueHo I'TK Ha pisui 1,08, 1mio

2022 proved to be the more optimal year
for alfalfa seed productivity. In 2021, during the
main part of the vegetation period (May-
September), only May and June had optimal or
excessive wetting (the hydrothermal coefficient
(HTC) was 2.41 and 1.43, respectively). In the
subsequent months, there were droughts of
varying intensity (HTC - 0.5, 0.87, 0.51),
although the overall HTC for the entire period
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BIJIMIOBiZ]a€  JIOCTaTHIM  yMOBaM  3BOJIOXKCHHS
(tabm. 2). Y 2022 p. BUABIEHO MPOTHIEKHI YMOBH:
HeBeJMKa 1ocyxa crocrepiranacsy y TpaBHi (I'TK —
0,87), a 3 uepBHSA 10 BepeCHS KIUIbKICTH OIAJiB
BIJTOBiZajla HAJUIMIIKOBIM YMOBaM 3BOJIOYKEHHS
(I'TK - 2,07, 1,34, 1,97, 2,52). B uinomy 3a 2022 p.
I'TK cranoBuB 1,74, mo BimnoBimae HagMipHOMY
3BOJIOXKCHHIO.

CraructuyHy 000pOOKY JaHUX MPOBOIIIIH 32
JIOTIOMOTOIO TIPOTPaMHOTO 3a0e3medeHHs “Agrostat”,
[IIIT “IBM SPSS Statistics” ta “Microsoft Excel”.

was 1.08, which corresponds to sufficient
wetting (Table 2). In 2022, the conditions were
opposite: there was a slight drought in May
(HTC = 0.87), while from June to September,
precipitation were considered as excessive
wetting (HTC =2.07, 1.34, 1.97, 2.52). Overall,
the HTC was 1.74 in 2022, indicating water-
logging.

Data were statistically processed in
Agrostat, IBM SPSS Statistics, and Microsoft
Excel.

Tadaunst 2. OCHOBHI 3HAYEHHS T1IPOTEPMIYHUX pecypciB 3a nepion pociimxeHs (2021-2022 pp.)
Table 2. Key values of the hydrothermal factors during the study period (2021-2022).

TpaBeHs / UYepseHs /

TToxa3uuk / May Tune

Jlumens / July

3a Bech
miepion /
Entire period

Ceprens /
August

Bepecens /
September

Cepenns
TeMIeparypa
HOBITPS
(tcep), °C/
Mean air

13,4/14,7* 19,3/20

temperature
(tmean), ° C

22,5/19,6

19,3/20,8 12,8/12,7 17,5/17,6

CymMa omajis,
MM /
Precipitation
amount, mm

100/38 83/124

35/81,6

52/127 19,4/96 289,4/466,6

Cyma
AKTHUBHHUX
TeMmeparyp
(takr>10), °C
/ Sum of
active
temperatures
(tact>10), OC

415,4/455,7 579/600

697,5/607,6

598,3/644,8 384/381 2674,2/2689,1

I'TK
CensauHoBa /
Selyaninov’s

HTC

2,41/0,83 1,43/2,07

0,50/1,34

0,87/1,97 0,51/2,52 1,08/1,74

IMpumitka * - 2021 p./2022 p.
Note * - 2021/2022.

PesyabraTi T2 00rOoBOpeHH

3a pe3yabTaraMu MPOBEIEHOTO CTPYKTYPHOTO
aHaJi3y KONEKLiMHMX 3paskiB mouepHu y 2021 p.
(mepmwmii  pik BUKOPUCTAaHHS) BHUSBICHO, MIO
KUTBKICTh MPOAYKTUBHUX MAroHiB Oyia B MeXax Biz
15 no 83 mwT./M2 mpu cepeaHboMy 3HaueHHi 46,3
mt./M2 (tabn. 3). HaliBumii 3HaueHHS 3a IIi€O
03HaKol Oynu y 3paskiB Maguei — 83 mT./mM2, y
cragnaptHoro copry Cuntoxa — 77, y copry
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Results and Discussion

The structural analysis of the alfalfa
collection accessions conducted in 2021 (first
year of usage) showed that the number of
productive shoots ranged from 15 to 83
shoots/m?, with the mean of 46.3 shoots/m?
(Table 3). The greatest numbers of productive
shoots were recorded for cvs. ‘Maguei’ (83
shoots/m?), ‘Syniukha’ (check cultivar; 77), and
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Eneriss — 69. KuUlbKicTh KUTHLL Ha ITArOHI TaKOXK
BapitoBasia B JOCUTH IIIMPOKOMY Jiara3oHi — Big 5 10
49 mT. Ha OAHOMY MAroHi Mpu cepenHboMy — 23.8.
Haii0inpury KimbKiCTh KUTHLB BUSIBIEHO y Pamyra
(UA) — 49, Intpura (UA) — 48 depakc 58 (CA) —
36. B misiomy mipu 3MEHIIIEHH] MIUTEHOCTI TArOHIB Ha
IUIONI 3pocTana iX OCBITJICHICTh Ta 3[aTHICTH JO
rikyBaHHS 3 (OpMyBaHHAM OiBIIOI KiNBKOCTI
CylBiTh. JloBxHHA KUTHUIL cTaHOBMIIA Bij 1 710 3 cM
(CMP - 1,7), ne dopmyBasiocs Bim 3 mo 11
3aB’s13aHUX 000iB (CMP — 6,3). OgaHumu 3 Kparux
3a KIJBKICTIO 000iB y CyIBITTI OyIiK 3pa3Ku: MicIieBa
UJ0700367 — 11 mt., PamocnaBa, KM® (MmicuieBa
tdopma), KpacHoBogomaackas Ne§ — mo 10 mi.,
MpUUOMYy KITBKICTH 000iB lemo 3pocrana Ha
noBmux cynBiTTsX. Kimbkicte  00epTiB 600y
cra”oBmia 1-3 mT, Ha sKi mpumnaxano Bixg 1,5 mo 6
HacinuH (Bix 1,5 1o 2 HaciauH Ha onuH 06epT 000Y).
HaiiBumi 3HaueHHs KUTHKOCTI HaCIHUH y 06001 Oyiu
3adikcoBani y 3paskiB: KymynnnHckas 6oposas — 6;
Panocnasa, KpacnoBononazackas Ne8 — 5 mt.; Cuns
2, AmnaroniiBaa, CapartoBckas 1, Oranja, Boreale,
3uryen, bynyuuns, Grilys 1 (xior Ne3) — o 4 mt.
QdakTryHa YpPOXKAWHICTH HACiHHSI 3a CepeiHIM
MDKIOMYJAIIHAM piBHEM cTaHOBWiIa 24,8 1/M2
IpH  TOTEHIIHHO MOXIMBIA 3a eleMeHTaMHu
cTpykTypu — 34,1 1/™M2. BigHOIIeHHS (aKkTHIHOTO
BpoXkaro 710 noteHmiiaoro 3a CMP cranosuio 73%,
110, Ha HaIlly AYMKY, IIOB’SI3aHO 3 BTPAaTOIO0 BPOXKAIO
HaciHHS 4epe3 oOcumaHHS 000IB Ta HACIHHS TpH
HECBO€YACHOMY 30MpaHHI (3aTsKHI JIOMI Tijx vac
30UpaHHsT CTUMYNIOIOTH MTiATHUBaHHS  000iB,
MPOPOCTAaHHS HACiHHS, a TpUBajla Cyxa Ioronua
CIpUYMHSIE PO3TPICKyBaHHS 4YacTWHH O000IB Ta
oOcHUMaHHs  HACiHHA); TaKOX JI0  BTpartu
IJIOI0CIEMEHTIB MPU3BOIUTh MEXaHIYHUN BIUIUB
MPU MiJKOIIYBaHHI TpaBOCTOK. SK cBiguarh naHi,
HaBelleHl B TaOn. 3, gopmyBaHHs Ta 30epeKeHHS
PiBHS HACIHHEBOI IPOAYKTHBHOCTI y Pi3HHX 3pa3KiB
JIOTICpHA HANPHUKIAI, y
CTaHIAPTHOTO copTy Cunroxa (hakTryHa
ypoKaifHicTh HaciHHs 30epiranacst Ha piBHI 82%,

BiJIPI3HSIIOCS:

Tomi SIK y copty PagocnaBa cranoBuna muie 49%.
Y 3HauHOi YACTMHM 3pa3KiB MPONYKTUBHICThH
30epiranacs Ha piBHI OIOJOrIYHO MOYKJIMBOIO
BpO’Ka0 ab0 HaBITh JENI0 BHUIIOMY, HAIPHUKIAI,
miciea UJ0700430 — 119%, depaxc 58 — 118,
Cuns 2 — 114% Tomo.

‘Elehiia’ (69). The number of racemes per shoot
also varied over a fairly wide range, from 5 to
49 racemes/shoot, with the mean of 23.8. The
greatest number of racemes was observed in cv.
‘Raduha’ (UA), ‘Intryha’ (UA), and ‘Feraks 58’
(CA): 49, 48, and 36, respectively. In generally,
as the shoot density per area decreased, their
illumination and branching ability increased,
leading to the formation of more inflorescences.
The raceme length ranged from 1 to 3 cm (Mean
Population Value (MPV) = 1.7), where 3 to 11
pods set (MPV = 6.3). The best accessions in
terms of number of pods per inflorescence
included ‘Mistseva’ UJ0700367 (11 pods),
‘Radoslava’, ‘KMEF’ (local form),
Krasnovodopadskaya No. 8 (10 pods each),
with  slightly more pods on longer
inflorescences. There were 1-3 pod whorls
containing 1.5 to 6 seeds (1.5 to 2 seeds per pod
whorl). The greatest numbers of seeds per pod
were recorded fpr the following accessions:
‘Kulundinskaya  Borovaya (6 seeds),
‘Radoslava’, ‘Krasnovodopadskaya No. 8 (5),
‘Synia 2°, ‘Anatoliivna’, ‘Saratovskaya 1°,
‘Oranja’, ‘Boreale’, ‘Zyhuen’, ‘Buduchynia’,
and ‘Grilys 1’ (clone No. 3) (4 pods each). The
MPYV of real seed yield was 24.8 g/m? compared
to the potential yield of 34.1 g/m? estimated
from yield components. The MPV of
real/potential yield ratio was 73%, which, in our
opinion, is attributed to seed loss because of pod
and seed shattering during untimely harvest
(prolonged rains during harvest stimulate pod
rot and seed germination, while prolonged dry
weather causes cracking of some pods and seed
shattering); fruits and seeds are also lost because
of mechanical impact during sward mowing. As
Table 3 shows, seed productivity and its stability
differed among alfalfa accessions: for example,
in the check cultivar, ‘Syniukha’, the real seed
yield was maintained at 82%, while in cv.
‘Radoslava’, it was only 49%. In many
accessions, the productivity was maintained at
biologically possible level or even slightly
higher. For example, it was 119% in ‘Mistseva’
UJ0700430, 118% in ‘Feraks 58°, 114% in
‘Synia 2, etc.
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Taoauns 3. EneMenTn cTpyKTypH HaCiHHEBOI IPOIYKTUBHOCTI KPAIIUX KOJEKIIHHUX 3pa3KiB JIOIEepHU mociBHOT y 2021 p.
Table 3. Seed productivity components in the best collection purple alfalfa accessions in 2021.

Kimpkicte Number of Jomxuna | Bucora
0bepTiB ] KUTHII, pOCTHH, YHO*, YHB**,
Hasga spaska / HPOHYKTHBP;WZ(/ R 60GiB y 606y, Ha‘gHgI_H eM. / cm. / Miooo/ r/m?/ r/m?/ YH® /
Accession name aroHis, IIT./M maromi, wr. / | KT, . / — y booy, Raceme Plant W00 RSY*, BSY**, VHB, %
p ZOdlic/tgf racemes/shoot | pods/raceme pod IST// d length, height, g/m’ g/m’
shoots whorls | Seeds/po cm cm
1 2 3 4 5 6 7 8 9 10 11 12
St (Cuntoxa) /
Syniukha (check 77 13 9 2.5 3 1.5 100 1.8 39.9 48.6 82
cultivar)
Panmocnasa / Radoslava 49 15 10 2.1 5 2.5 102 1.7 309 62.5 49
Pocana / Rosana 52 30 7 2.5 3 1.5 81 1.6 35.2 524 67
KM® wmicnieBa hopma /

KMF (local form) 62 15 10 2 3 1.5 87 1.8 53.6 50.2 107
Cuns 2 / Synia 2 47 34 5 2.5 4 1.5 85 1.8 65.5 57.5 114
Eneris / Elehiia 69 20 6 2 3 1.5 98 1.9 40.7 47.2 86

Anatoniiera / 48 35 3 1.5 4 2.5 112 1.9 419 383 109
Anatoliivna
JIro0a / Liuba 49 28 5 2.5 3 1.9 81 1.9 34.7 39.1 89
Heproronosas / 44 28 5 2 3 1.1 82 1.8 30.3 333 91
Chernogolovaya
Kenrornbpunnas 191 /
Zhyoltogibridnaya 191 39 31 5 1.5 3 2 95 1.6 31.9 29 110
SIkyTcKast sxenras /
Yakutskaya Zhyoltaya 50 27 6 1.5 3 2 85 1.7 41.3 41.3 100
Cnbuperas 8 / 45 26 5 2.1 3 1.2 79 1.8 34.8 31.6 110
Sibirskaya 8
Apremuna / Artemida 46 20 8 1.5 2 1.7 86 2 32 29.4 109
Caparoscras 1 / 42 29 4 2 4 1.9 78 1.7 36.5 33.1 110
Saratovskaya 1
Oranja / 58 15 9 2 4 2.5 82 1.6 424 50.1 85

Maguei /YAAH/Ne1463 /

Maguei /UAAN/Ne1463 83 18 7 2 3 1.5 71 1.7 32.5 53.3 61
WL-514 62 20 8 1.5 3 1.5 88 1.7 32.1 50.6 63
WL-515 52 17 8 2 3 2 90 1.9 34.1 40.3 85

Brend 919 60 29 3 2 3 1.5 81 2 354 31.3 113
Deseret 58 23 5 2 3 1.7 78 1.8 374 36 104
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TIPOJIOBKCHHSI TAOJIHII 3

1 2 3 4 5 6 7 8 9 10 11 12
Galaxie 60 28 7 2 2 1.6 99 2 524 47 111
Boreale 47 22 7 2 4 1.2 81 1.9 33.6 55 61
Cordoba 44 30 7 2 2 2 90 2 38.5 37 104
KpacnoBogonanckas
Ne8 /
Krasnovodopadskaya 45 12 10 2 5 2.5 82 1.8 47.4 48.6 98
No 8
Ziguen 48 15 8 2.5 4 1.6 70 1.7 44.7 39.2 114
ITnesen 6 / Pleven 6 44 25 8 2 3 1.1 83 1.8 54.1 47.5 114
Maris kabul 52 20 8 2 3 1.5 91 1.8 51.7 44.9 115
bynymns / 52 16 9 2 4 1.5 83 1.6 415 47.9 87
Buduchynia
[Manasa / Palava 33 35 6 2.5 3 1.5 87 1.8 35.9 374 96
Depake 58 / 50 36 8 2 2 1.5 78 1.9 64.4 54.7 118
Micuesa UJ0700632 /
Mistseva UJ0700632 62 20 5 1.5 3 1.5 88 1.6 32.5 29.8 109
Grilys 1 (knon Ne3) /
Grilys-1 (clone No 3) 45 23 7 2 4 1.2 65 1.8 55.6 52.2 107
Micuesa UJ0700430 /
Mistseva UJ0700430 47 25 6 2 3 2 98 2 50.3 423 119
Micuesa UJ0700367 /
Mistseva UJ0700367 47 17 11 1.5 3 1.7 93 1.8 31.5 47.5 66
HIP 0,05 / LSD 0,05 2.64 1.31 0.32 0.1 0.15 0.09 4.42 0.1 1.42 1.94 -
CMP / MPV*** 46.3 23.8 6.3 1.8 2.9 1.7 83.4 2 24.85 34.1 73

Hpumitkn: YHO* - YpoxaitHicts HaciHHS Qaktrnara, YHB** - ypoxaitHicTs HaciHHS Oiomoriuaa, CMP*** - cepenniit MbKIOMYALIHHIA PiBEHB.

Note: RSY* - Real Seed Yield, BSY** - Biological Seed Yield, MPV*** - Mean Population Value.




s Ginbi HAOUHOTO BinOOpaskeHHS BILUIUBY
€JIeMEHTIB  HACIHHEBOI  MPOAYKTHBHOCTI  Ha
Oionoriuny Ta ()aKTUYHY YpPOKAHHICTH HACiHHA
JONEpHU Ha (POHI MIABUINEHOT KHUCIOTHOCTI
IPYHTYy pO3paxoByBalli KoedillieHTH MapHOI
KOPEJISIii MiJK IMMH O3HAaKaMu (Tadi. 4)

To more clearly illustrate the contributions
of seed productivity components to the
biological and real seed yields of alfalfa grown
on increased soil acidity, pair correlation
coefficients were calculated between these traits
(Table 4).

Tadauns 4. KoedinieHTH Kopensnii MiX eleMeHTaM1 CTPYKTypH HaciHHEBOT MPOAYKTHBHOCTI y KOJEKLIHHUX
3paskiB JtoriepHu nocisuoi 2021 p.
Table 4. Correlation coefficients between seed productivity components in the purple alfalfa collection accessions,

2021.
K-t
K-1p
K-1p KUTHLb . K-1p K-1p
JorxuHa | 0600iBYy . . Bucora
MPOAYKTHBHUX Ha . | obepTiB | HaciHMH
. . KUTHIL, | KATHII, . pocuH,
3naueHns / HarOleB’ Traros, cMm. / wrT. / 000y, y 006i, cMm. / M1000 /
Value /v wr /- Raceme | Number wrr / wr/ Plant Wiooo
Number of Number Number | Number .
. length, of pods height,
productive of of pod | ofseeds
shoots/m? racemes om pet whorls | per pod om
raceme
per shoot
K-1p
MIPOIYKTUBHUX
MAaroHis, MmT./M>
/ Number of )
productive
shoots/m?
K-1b kuTHLE HA
Maroxi, mr. /
Number of -0,20 -
racemes per
shoot
JloBxxuHa
KHUTHII, CM. /
Raceme length, 0,02 0,14 i
cm
K-1b 600iB y
KHUTHII, 1T, / %
Number of pods 0,04 0,34 0,22 )
per raceme
K-1b 06epriB
000y, wr / 0,07 -0,04 0,16 0,02 -
Number of pod ’ ’ ’ ’
whorls
K-T1b HaciHWH y
6001, 1T /
Number of 0,05 -0,21 0,12 0,01 0,33* -
seeds per pod
Bucora
pociuH, cM. / 0,19 0,11 0,18 0,13 0 0,05 -
Plant height, cm
Miooo / Wiooo 0 0,13 0,03 -0,02 -0,07 -0,07 0,07 -
YH® /RSY 0,41%* 0,03 0,02 0,18 0,19 0,35* 0,12 0,13
YHB / BSY 0,40%* 0,18 0,08 0,37* 0,25 0,59* 0,25 0,16
IIpmmitka: * - Biporigno mpu p < 0.05.
Note: * - significant at p < 0.05.
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3a pesynpraramu 2021 poky icTOTHOTO
BIUTMBY Ha QOpMyBaHHS BpOXKal0 HACIHHA (K
010JIOTIYHOTO TaK i (AaKTHYHOTO) HE BHBJICHO 3a
O3HAaKaMHM: «KUIbKICTb KUTHLb Ha maroHi» (r YH®
= 0,03; r YHb =0,18); «mopxwnna xkutumi» (0,02;
0,08); «ximpkicTh 00eptTiB 600y» (0,19; 0,25);
«maca 1000 macimma» (0,13; 0,16) Ta «BHCOTa
pociu» (r YH® =0,12; r YHB =0,25). Bussieno
CepenHii piBeHb 3B’ A3KY KITBKOCTI MPOAYKTUBHHIX
MaroHiB 3 po3paxoBaHow ypoxainictio (r YHbB
=0,40) ta paxruanoro (r YH® = 0,41). Jlemo ixmi
naHi OyIIo OTpUMaHO 332 O3HAKaMH «KIJTbKICTh 000iB
y kutuni» (r YH® = 0,18; r YHb =0,37) Ta
«KITBKiCcTh HACIHUH y 6061» (r YH® = 0,35; r YHb
=0,59). MeHui 3HaueHHs BIUIMBY JaHUX O3HaK Ha
(dakTU4Hy ypOXKaiHICTh HACIHHS TOPIBHSIHO 3
010JIOTIYHOO CBITYUTH NP0 BTPATH IHUX EJIEMEHTIB
MPOAYKTUBHOCTI B TIEPiOJ BiJl MPOBEJCHHS aHANI3Y
OloJioriyHOi BpPOXKAHWHOCTI 1O JKHHMB. Takok CIIij
BII3HAYUTHA CepenHiii  HeTaTWBHUU BIUIAB
«KIJIBKOCT] KUTHLI Ha ITaroHI» Ha «KUJIBKICTH 0001B
y kutumi» (i3 301IbIICHHAM KITBKOCTI KHUTHIb
KUTBKICTh 3aB’s3aHUX 000IB y HUX 3MEHIITyBalacs
—r = - 0,34) Ta cepeaHili MO3UTUBHUU MiX
«KINBKICTIO 00epTiB 600y» Ta «KiNBKICTh HACIHUH
y 606i» - r =0,33.

Ha npyruit (2022 p.) pik BHKOPHUCTaHHS
HACIHHEBOTO TPAaBOCTOI KOJEKI[IMHHUX 3pa3KiB
JOLEPHHU BUSIBJICHO, IO YaCTHHA 3Pa3KiB CYTTEBO
3MEHIITyBaja (OPMyBaHHS KUIbKOCTI MPOJAYKTUBHUX
naroniB (Crapmaptauii copr Cunioxa, KM®
Micnesa ¢opma, Micuesa UJ0700632) nopiBHSHO 3
MEepIIMM POKOM BHKOPHUCTaHHS, 1HIII 30epiranm ix
kinbkicth (Pamocnasa, Enerist, Apremuna, Oranja)
a6o mimumryBamu 1 (Pocana, Yepnoromosasd,
Cubupckas 8, Brend 919) (Tabx. 5). Xoua B mijomy
3a CMP nana o3Haka 30epiraiacs Ha piBHi 46,9
mt./M2 (y 2021 p. — 46,3 mt./m2). [logiOHi 3MmiHU
MOJKHA OYyJI0 CIIOCTEpIraTH 1 3a 03HAKOI «KIIBKICTh
KATUIF Ha TmaroHi». Tak, 3MeHmyBamacs iXx
KUTBKiCTh y 3pa3kiB XKentoruopumuas 191 (2021p. -
31, 2022 p. — 17) Ta Depakc 58 (36, 25);
3ajMIIanacs HE3MiHHOIO Yy 3pasKiB  craHzapt
Cunroxa (13, 14), Pagocmasa (15, 18), KM®
micieBa ¢dopma (15, 12), Jlroba (28, 25);
nigsuiyBanacs y 3paskis Cuns 2 (34, 40), Eneris
(20, 32), Grilys 1 (xmom Ne3) (23, 32). CMP
3meHmuBes 3 23,8 y 2021p. go 22,2 y 2022 p. Cruig
BiJI3HAYMTH, 10 HA APYTHH PiK BAKOPUCTAHHS JEII0
30inbIIMIAchk JOBXKUHA CynBiTh 10 1,9 cm 32 CMP
(y 2021 p. — 1,7 cm).

Based on the results from 2021, the traits
that did not contribute significantly to either
biological or real seed yield included number of
racemes per shoot (rRSY = 0.03; rBSY = 0.18),
raceme length (0.02; 0.08), number of pod
whorls (0.19; 0.25), thousand seed weight (0.13;
0.16), and plant height (0.12; 0.25). The was a
medium correlation between the number of
productive shoots and estimated yield (rBSY =
0.40) and between the number of productive
shoots and real yield (rRSY = 0.41). Slightly
different values were obtained for the traits of
"number of pods per raceme" (rRSY = 0.18;
rBSY = 0.37) and "number of seeds per pod"
(rRSY = 0.35; rBSY = 0.59). The lower values
of these traits’ contributions on real seed yield
compared to biological one indicate that these
productivity components were lost during the
period from biological yield analysis to harvest.
It should also be noted that there was a medium
negative correlation between the number of
racemes per shoot and number of pods per
raceme (the more racemes were formed, the
fewer pods set in them —r =-0.34) and a medium
positive correlation between number of pod
whorls and number of seeds per pod (r = 0.33).

In the second year (2022) of utilizing the
seed sward of the alfalfa collection accessions,
we found that some accessions had significantly
fewer productive shoots (check cultivar
‘Syniukha’, ‘KMF’ (local form), ‘Mistseva’
UJ0700632) compared to the first year of use.
Others maintained their number (‘Radoslava’,
‘Elehiia’, ‘Artemida’, ‘Oranja’) or increased it
(‘Rosana’, ‘Chernogolovaya’, ‘Sibirskaya §’,
‘Brend 919°) (Table 5). Nevertheless, the MPV
of this trait was still 46.9 shoots/m?> (46.3
shoots/m* in 2021). Similar changes were
observed for the number of racemes per shoot.
For example, their number decreased in
‘Zhyoltogibridnaya 191° (2021 - 31, 2022 - 17)
and ‘Feraks 58’ (36, 25); remained unchanged in
the check cultivar, ‘Syniukha’, (13, 14),
‘Radoslava’ (15, 18), ‘KMF’ (local form) (15,
12), ‘Liuba’ (28, 25); and increased in ‘Synia 2’
(34, 40), ‘Elehiia’ (20, 32), ‘Grilys 1’ (clone No.
3) (23, 32). The MPV decreased from 23.8 in
2021 to 22.2 in 2022. It should be noted that in
the second year of use, the raceme became
slightly longer (MPV = 1.9 cm) (compared to 1.7
cm in 2021).
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Taoauuns 5. EneMenTn cTpyKTypH HaCiHHEBOI POMYKTUBHOCTI KPAITHX KONEKIIHHIX 3pa3KiB JOIEpHH MOCiBHOI y 2022 p.
Table 5. Seed productivity components in the best collection purple alfalfa accessions in 2022.

Kimpkicte Number of Jomxuna | Bucora
0bepTiB ] KUTHII, pOCTHH, YHQD;", YHE*/*,
HasBa‘3pa3Ka / HPOHYKTHBP;WZ(/ KITHIb Ha 606iB y 606y, Ha‘gHgI_H cm. / cM. / Miooo/ /m? /m? YH® /
Accession name Harom(]ls, IIT./M naromi, wr./ | xwmaui, mr /| mr/ y 00 /1, Raceme Plant Wi000 RSY*, BSY**, VHB, %
ps ioooliz/tgf racemes/shoot | pods/raceme pod seelgg/ od length, height, g/m’ g/m’
whorls P cm cm
1 2 3 4 5 6 7 8 9 10 11 12
St (Cuntoxa) /
Syniukha (check 39 14 14 2,5 3 2,5 106 2 28,1 45,9 61
cultivar)
Panmocnasa / Radoslava 50 18 10 2 3 2 98 2 32,3 54 60
Pocana / Rosana 64 24 9 1,5 2 2 102 1,9 38,7 52,5 74
KM® wmicneBa hopma /

KMF (local form) 46 12 13 1,5 4 2 94 1,8 40,6 51,7 78
Cuns 2 / Synia 2 50 40 5 2 3 1,5 72 1,8 52,6 54 97
Eneris / Elehiia 71 32 8 1,5 2 2,2 98 1,8 72,9 65,4 111

AnatoniiHa / 54 26 7 1,5 3 2 86 2 49,6 59 84
Anatoliivna
JTro6a / Liuba 51 25 6 2 3 2.1 86 1,9 31,3 43,6 72
Heproronoas / 7 29 8 1,5 2 1,5 88 1,7 32,8 56,8 58
Chernogolovaya
Kenrorubpunnas 191/
Zhyoltogibridnaya 191 45 17 10 2 4 2,1 84 1,7 44.6 52 86
SIkyTckast sxenras /
Yakutskaya Zhyoltaya 49 28 6 1,5 2 2,2 100 1,6 32,1 26,3 122
Cubupcras 8 / 77 25 4 1,5 3 1,5 81 1,9 51,1 43,9 116
Sibirskaya 8
Apremuna / Artemida 45 20 7 2 4 1,5 92 2 55,7 50,4 111
Caparoscra 1 / 52 25 10 2 2 1,5 88 1.8 55 46,8 118
Saratovskaya 1
Oranja / 57 12 15 1,5 3 2 101 1,6 31,3 49,2 64
Maguei /YAAH/Ne1463 /
Maguei /UAAN/Ne1463 49 24 6 2 4 2 85 1,7 31,8 48 66
WL-515 48 26 5 1,5 3 2 89 1,8 37,9 33,7 112
Brend 919 72 28 8 1,5 2 1,5 102 1,7 60 54,8 109
Deseret 54 18 9 2 3 1,5 88 1,9 47,4 49,9 95
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1 2 3 4 5 6 7 8 9 10 11 12
Galaxie 59 27 6 2 3 1,3 102 2 69,2 573 121
Boreale 44 28 8 1,5 3 2,2 85 2 35 59,1 59
Cordoba 49 28 8 2 2 2,2 101 1,8 42,6 39,5 108
KpacnoBogonanckas
Ne& /
Krasnovodopadskaya 48 20 8 1,5 2 2 86 2 36,9 30,7 120
No 8
Ziguen 48 21 7 2 4 1,8 92 1,7 51,7 48 108
IInesen 6 / Pleven 6 52 24 6 2 3 1,8 86 1,9 473 42,7 111
Maris kabul 66 20 9 1,5 2 2 84 1,8 353 42,8 82
bynyumns / 44 21 8 1,5 4 2 77 1.8 31 53,2 58
Buduchynia
ITanasa / Palava 41 28 6 1,5 2 2,2 89 2,1 33,1 28,9 114
Depakc 58 / 59 25 6 2 3 2,1 95 2 51,9 53,1 98
Micuesa UJ0700632 /
Mistseva UJ0700632 54 20 5 2 5 2 82 1,8 51,6 48,6 106
Grilys 1 (knon Ne3) /
Grilys-1 (clone No 3) 61 32 8 1,5 2 2 87 1,8 63,6 56,2 113
Micuesa UJ0700430 /
Mistseva UJ0700430 49 23 6 2 3 2,5 96 2 41,1 40,6 101
Micuesa UJ0700367 /
Mistseva UJ0700367 43 31 6 2 2 1,2 93 2 33,4 32 104
HIP 0,05 / LSD 0,05 2,35 1,22 0,41 0,09 0,15 0,10 4,99 0,11 1,71 2,06 -
CMP / MPV*** 46,9 222 7.8 1,7 2.9 1,9 88,9 1,9 29.4 40,9 67

Hpumitkn: YHO* - YpoxaitHicts HaciHHS Qaktrnara, YHB** - ypoxaitHicTs HaciHHS Oionmoridna, CMP*** - cepenniit MbKNOMYIAIHHIHA PiBEHB.

Note: RSY* - Real Seed Yield, BSY** - Biological Seed Yield, MPV*** - Mean Population Value.




OnHIEI0 03HAKOIO, SIKa 3a3Hajia HaMOlJIbIINX
3MiH, Oyma «KilnbKicTb 000iB y KuTHLi». BoHa
3pociaa 3a CMP 3 6,3 mit. y 2021 p. go 7,8 y 2022
p., 30Kpema 30iJbIICHHS BHSIBICHO Y COPTIB
Cuntoxa (3 9 no 14), XKenrorubpuanas 191 (5, 10)
Ta iHmi. Ha Hamy mymKy, me moB’s3aHO 3 A€o
KpamuMu yMoBaMu 3amuieHHs y 2022 p., konu B
repiox UBITIHHA (TpaBEHb-UYEPBEHH) BHITAIAIIO
MEHIIIe OmaiB, 0 3a0e3MeYyBajo0 PO3MHOKEHHS
JUKUX KOMax 3alliIOBavdiB Ta BHUKOHAHHS IXHIX
¢byHKIid Ha pocnuHax. Pemra o3HaK exeMeHTIB
CTPYKTYpPH HAaciHHEBOI MPOAYKTUBHOCTi, IO
BHBYAIIUCS, 32 POKAMH BiJpi3HSUIMCS HEICTOTHO:
«KITBKiCTh 00epTiB 000y» 2021 p. — 1,8, 2022 p. —
1,7; «xinmpkicTh HaciHMH y 000i» - 2.9; «Bucora
pocnuny» - 83,4 1 88,9 cM; «maca 1000 HaciHUHY -
21 1,9. IIpore, sIKIIO pO3MIIAAaTH OKPEMi COPTH, TO
JIeKonu 3MiHM OynM JOCTaTHRO  BEIUKHMH.
Hampuknan, 3pa3ok ApremMupa:  «KUIBKICTh
HaciHuH y 6006i» 2 (2021 p.) 14 (2022 p.) Tomio.

®dakTryHa ypoxkaiHicTh HaciHHA 3a CMP y
2022 p. (29,4 v/m2) BusBunacs Bumoro Hix y 2021
p. (24,35 r/m2), Gionmoriuna tak camo: 40,9 y 2022
p- 1 34,1 v/m2 y 2021 p. JlocTaTHRO0 BUCOKI PiBHI
HACIHHEBOI MPOTYKTUBHOCTI BUSBICHO Y 3pa3KiB:
Enerist — 72,9 r/m2, Galaxie — 69,2, Grilys 1 (xioH
Ne3) — 63,6, Brend 919 — 60,0, Apremuna — 55,7,
Caparosckas-1 — 55,0, Cuns 2 — 52,6, ®epaxc 58
- 51,9, Ziugen — 51,7, Cubupckas 8 — 51,1 tormo.
[Ipote BimHoOmeHHS (AKTHUHOI ypOXKaiHOCTI 10
OiomoriuHoi 3Menmmnocs 3 73 % (2021 p.) no 67 %
(2022 p.). SIxmio po3rianaTy 3pa3ku 3a pOKaMu, TO
TeK MOXHA CIOCTepiraTd HEOJHOPIAHI JaHi,
YacTMHA 3MEHIIYBalld CBill piBEeHb HACIHHEBOI
MPOAYKTUBHOCTI Ha APYrui (OiLIbII ONTHMAbHUN
3a ymMoBaMH) pik BukopucranHs: Cunioxa (39,9
r/m2 128,1), KM® wmicuesa dopma (53,6 1 40,6); y
NESKMX BHSBICHO BIJIHOCHO CTalli 3HAYCHHS:
Panocnasa (30,9 i 32,3), Jlwob6a (34,7 i 31,1); y
YacTHHU TmomiueHe 3poctanHs: Emeris (40,7 i
72,9), Brend 919 (35,4 1 60 r/m2).

3a xoedimieHTaMu KOpeysIii MmomioHO 10
MEPILOTO POKY BUKOPUCTAHHSI HE BUSIBJICHO BIIUBY
HA HACIHHEBY IMPOJYKTHUBHICTh O3HAK «JIOBXKHHA
kutuii» (r YH® = 0,08; r YHbB =0,19), «xinbkicth
o0epTtie 000y» (r YH® = 0,09; r YHb =0,21),
«Bucota pocaum» (r YH® = 0,0,27; r YHbB =0,26)
ta «maca 1000 maciaune» (r YH® = 0,06; r YHbB
=0,10) (tabn. 6). Takox cmocTepiraBcs
AQHAJIOTIYHWH 3B'SI30K KIIBKOCTI TMPOJYKTUBHUX
naroHiB 3  (QaxktuyHor0 Ta  GiOJOTiYHOIO
ypoxaitnictio (r YH® = 0,50; r YHb =0,44) i
KibKicTio 600iB y kutnii (r YH® = 0,01; r YHB
=0,35). BusBineHo pi3ke 3MCHIICHHS BIUTUBY
KinbpKocTi HaciHuH y 6001 (r YH® = -0,04; r YHB
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The trait that underwent the most significant
changes was the number of pods per raceme. Its
MPV increased from 6.3 pods in 2021 to 7.8 pods
in 2022; specifically it was noted for cvs.
‘Syniukha’ (from 9 to 14), ‘Zhyoltogibridnaya
191° (5, 10), and others. In our opinion, this is
related to somewhat better pollination conditions
in 2022, when less precipitation fell during the
flowering period (May-June), which facilitated the
reproduction of wild insect pollinators and their
functioning on the plants. The remaining studied
seed productivity components did not differ
significantly between years: the number of pod
whorls was 1.8 in 2021 and 1.7 in 2022; the
number of seeds per pod was 2.9; the plant height
was 83.4 and 88.9 cm, respectively; the thousand
seed weight was 2 and 1.9 g, respectively.
However, when considering individual cultivars,
the changes were sometimes quite large. For
example, in ‘Artemida’, the number of seeds per
pod was 2 in 2021 and 4 in 2022, etc.

MPV of the real seed yield was higher in
2022 (29.4 g/m?) than in 2021 (24.35 g/m?), and so
was MPV of the biological yield: 40.9 g/m? in 2022
and 34.1 g/m? in 2021. Sufficiently high of seed
productivity was seen in the following accessions:
‘Elehiia’ yielded 72.9 g/m?, ‘Galaxie’ — 69.2,
‘Grilys 1’ (clone No. 3) — 63.6, ‘Brend 919’ — 60.0,
‘Artemida’ — 55.7, ‘Saratovskaya 1’ — 55.0, ‘Synia
2> — 52.6, ‘Feraks 58 — 51.9, ‘Ziugen’ — 51.7,
‘Sibirskaya 8 — 51.1, etc. However, the
real/biological yield ratio decreased from 73%
(2021) to 67% (2022). When considering
accessions by year, we also observed
heterogeneous data: some accessions reduced their
seed productivity in the second (with more optimal
conditions) year of use: ‘Syniukha’ (39.9 and 28.1
g/m?), ‘KMF’ (local form) (53.6 and 40.6); some
showed relatively stable values: ‘Radoslava’ (30.9
and 32.3 g/m?), ‘Liuba’ (34.7 and 31.1); and some
showed an increase: ‘Elehiia’ (40.7 and 72.9 g/m?),
‘Brend 919’ (35.4 and 60).

As to correlation coefficients, like in the first
year of use, the traits that did not contribute to seed
productivity were raceme length (rRSY = 0.08;
rBSY =0.19), number of pod whorls (rRSY = 0.09;
rBSY = 0.21), plant height (rRSY = 0.27; rBSY =
0.26), and thousand seed weight (rRSY = 0.06;
rBSY = 0.10) (Table 6). There were similar
relationships between the number of productive
shoots and both real and biological yields (rRSY =
0.50; rBSY = 0.44) and between the number of
pods per raceme and real and biological yields
(rRSY = 0.01; rBSY = 0.35). A sharp decrease in
the contribution of the number of seeds per pod
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=0,34), o

OB’ I3aHO

HacaMIiepeq 3

IHTEHCUBHUMHU OMaJlaMd B TIEPiOA TMPOBEICHHS
CTpyKTypHOTO aHamizy Ta BiacHe xHUB (['TK y

cepri 2022 p. — 1,97 Ta BepecHi —

2,52), o

CTBOPIOBAJIO YMOBH ISl TIPOPOCTAHHS HACiHHA B
0600ax. HaromicTh cmocTepiragoch 3poCTaHHS
Koe(irieHTa KOpeNsIIii 3a O3HAKOK «KIIBKICTh
KuTHLG Ha maroHi» r YH® = 0,33; r YHB =0,32,
toni sik y 2021 p. Bin craHoBuB r YH® = 0,03; r

YHB =0,18.

Taonauus 6. KoedimienTn xopensmii MiXk elTeMeHTaMt CTPYKTYpH HACIHHEBOI TPOXYKTHBHOCTI Y KOJEKIITHIX

3pasKiB JrOIiepHH mociBHOiI 2022 p.
Table 6. Correlation coefficients between seed productivity components in the purple alfalfa collection accessions,

was observed (rRSY = -0.04; rBSY = 0.34). This
is primarily associated with intense precipitation
during the structural analysis and harvest periods
(HTC in August 2022 — 1.97 and September —
2.52), which created conditions for seeds to
germinate within the pods. In contrast, there was
an increase in the correlation coefficient for the
"number of racemes per shoot" trait (rRSY = 0.33;
rBSY = 0.32 vs. rRSY = 0.03; rBSY = 0.18

in 2021).

2022.
K-1p
Kem K-t JloxuHa | 600iB y K_Tb‘ K_.Tb Bucora
MPOAYKTUBHHX . ? | o0epTiB | HACIHUH
. KATHIb HA | KHTHIN, | KHATHII, . POCITHH,
[aroHis., . 600y, y 600i,
) HIaroHi, T cM. / wmT. / oM. / M1000 /
3navenns / Value mr./m* / it / it /
/. Number | Raceme | Number Plant Wiooo
Number of Number | Number .
. of racemes length, of pods height,
productive of pod | of seeds
N per shoot cm per cm
shoots/m whorls | per pod
raceme
K-1p
MPOJAYKTHBHUX
MaroHis, mT./M?> / i
Number of
productive
shoots/m?
K-16 xuTHIp Ha
Marosi, mr. /
Number of 0,12 i
racemes per shoot
JlomxuHa KUTHIII,
cM. / Raceme -0,06 -0,04 -
length, cm
K-1b 600iB y
KUTHII, T. /
Number of pods 0,10 -0.26 0,19 )
per raceme
K-T1b 06epriB
600y, T /
Number of pod -0,01 0 0,05 -0,01 -
whorls
K-Tb HaciHuH y
6001, mT /
Number of seeds -0,24 -0,26 0,15 -0,09 0,28 -
per pod
Bucora pocnus,
cm. / Plant height, 0,26 0,09 0,23 0,26 -0,02 -0,16 -
cm
Miooo / Wiooo -0,05 0,01 0,13 -0,06 0,07 0,02 0,02 -
YH® / RSY 0,50* 0,33* 0,08 0,01 0,09 -0,04 0,27 0,06
YHB / BSY 0,44* 0,32%* 0,19 0,33* 0,21 0,34* 0,26 0,10

[pumitka: * - BiporizHo npu p < 0.05.

Note: * - significant at p < 0.05.
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TakuM  YMHOM, 3aBYaCHO  MPOBEACHUI
CTPYKTYpHHMH  aHami3  JO3BOJSIE  BHU3HAYUTH
MOTEHIIHHUN piBEHb HACIHHEBOI MPOMYKTUBHOCTI Ta
BIUTHB OKpeMHX ii enemenrtis [19]. Moro 3nificrenns
B IEpioj] JKHHUB BiJOOpakaTMe HE TOTCHIIHHY
OlomoriuHy ypokailHICTh (OCKIIBKH BXKE JIesika
YacTHHA IUIONOCTEMEHTIB Oyle BTpaueHa), a BiKe
(akTHuHY, 1 7O TOTO X CYIPOBOKYBaTUMETHCS
JOJATKOBUMH BTparaMu TIpH OOCHTIaHHI, IO |
MiATBEPPKSHO HAIIIMMU JIOCTIDKeHHAMU. Ha Bigminy
Bi KOpMOBOI, Ha (OpPMyBaHHS  HACIHHEBOI
MPOAYKTUBHOCTI OUTBII ICTOTHWH BIUIMB MAalOTh
BiZICYTHICTb iHTEHCHBHHX OMaiB y Tepio]] IBITIHHSI-
MOYaTKy 3aB’si3yBaHHA 000iB Ta >kHUB (Oakano I TK
=<(,8), HasABHICTH B JOCTATHIM KUIBKOCTI KOMax
3aIMITIOBadiB, a TAaKOK MOXJINBO, ONTHMAJIBHA
peaKilis IPYHTOBOTO PO3UMHY Ta 3a0e3MeueHICTh
POCIIMH OKpPEMUMH €JIeMEHTAMH >KUBIICHHS (30KpeMa
MiKpoeneMeHTamu).  ToMy — TIOmIyK  IIDISIXIB
MaKCHMMAJILHOI peatizallii HaCIHHEBOTO IMOTCHITIATY
JONEPHH ¥ HaJaNi 3aJIMIIATUMETHCS aKTyallbHUM 1
notpeOye TPOBEACHHS JONATKOBUX JIOCHIIKCHB,
30KpeMa 13 TIOIIYKYy ONTHMAJIFHOTO BHXIiIHOTO
Marepiany (3pas3KiB JIOIEPHH 3 TOCTATHRO BUCOKHUM
pIBHEM 3aIluIeHHS KBITOK Ta 3aB’s3yBaHHS HACIHHS
Ta HABMAKM HU3BKUMH DIBHAMH OOCHIIAaHHA Ta
NPOPOCTaHHA HACiHHA Ha pOCIMHAX Ta IIpU
MeXaHiYHOMY BIUIMBI), Lle M03BONMTEL MiABHUIIMTH
peamizamiro  0iONOTiYHOI  TPOAYKTHUBHOCTI Y
¢axruuHiii 3 65-75 % 1o 85-90 %.

BucHoBkn

BusiBneHo iCTOTHMII BIUIMB TiIPOTEPMIYHUX
pecypciB  Ha piBeHb (HOPMYBaHHS HACIHHEBOT
MIPOAYKTUBHOCTI Ha (POHI TABUIIEHOI KHUCIOTHOCTI
IpyHTYy (HEBENWKiI Ta CepefHi ITOCYyXH B Tepiof
UBITIHHA Ta 30MpaHHS BPOXKAO IMiABHUIIYIOTH HOTO
piBEeHb, a ONAJM — HABIAKH 3HIKYIOTH). 3 METOIO
CKOPOYEHHS 4Yacy Ha TIIPOBEACHHS CTPYKTYPHOTO
aHaN3y JOCTaTHHO BUKOPHUCTOBYBAaTH O3HAKH 3
HaOLIBII ICTOTHO BHPQKEHUM BIUIMBOM: KLIBKICTh
MTPOAYKTUBHUX ITarOHIB, KUIbKICTh KUTHIIb HA MATOHi,
KiUIbKiCTh 000IB y KHTHII Ta KUIBKICTh HACIHHH Y
000i. [loganbmoro BuBUEHHS NOTPeOy€e MUTAHHSA
MiHiMi3alii BTpaT HaciHHS dYepe3 TIE€HETHYHi,
0i0JIOT1YHI Ta MEXaHI4YH1 YNHHUKH.
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Thus, a timely conducted structural
analysis allows for the determination of
potential seed productivity and contributions of
its individual components [19]. In-harvest
analysis will reflect not potential biological
yield (since some fruits or seeds will have been
already lost) but real yield, which will also be
lower  because of  shattering-attributed
additional losses, as we confirmed in this study.
Unlike fodder productivity, seed productivity is
more significantly influenced by the absence of
intensive precipitation during anthesis, early
pod setting, and harvest (preferably HTC <0.8),
sufficient quantities of pollinating insects, and
potentially optimal soil solution reaction and
nutrient supply to plants  (especially
micronutrients). Therefore, finding ways to
maximize alfalfa's seed potential will remain
relevant and requires further research,
particularly in identifying optimal initial
materials (alfalfa accessions with sufficiently
high levels of flower pollination and seed
setting, and conversely, low levels of seed
shattering and germination on plants and under
mechanical impact). This will allow for
increased conversion of biological productivity
into real actual yield — from 65-75% to 85-90%.

Conclusions

Significant effects of hydrothermal factors
on the seed productivity on increased soil acidity
have been noted (minor and moderate droughts
during anthesis and harvest increase it, while
precipitation, conversely, decreases). To reduce
the time required for structural analysis, it is
advisable to use traits that make the greatest
contributions to seed productivity: number of
productive shoots, number of racemes per shoot,
number of pods per raceme, and number of seeds
per pod. Further studies are needed on
minimizing seed losses caused by genetic,
biological, and mechanical factors.
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Pedepar: SkicTh 3epHa — L€ CKJIaJHA XapaKTEPUCTHKA, sIKa 3aJeKUTh BiJl HU3KH O3HAK, a
IHIVBIAyanbHUH BHECOK KOKHOI O3HAKH 3MIHIOETHCS 3aJIe)KHO BiJl KOHKPETHOI peakiii Ha yMOBH
HaBKOJIMIIHBOTO cepefoBuina. OIiHIOBaIM BIUIMB T€HOTHITY Ta CEPEAOBHINA HA SIKICHI XapaKTEePUCTHUKU
1200 reHOTHUMIB MIIEHHIII, & TAKOK aHaTi3yBaJId B3a€MO3B'SI3KM MK SIKICHUMU O3HaKaMmu. Y pe3yibrari
y3arajbHEHHs 0araropiuyHUX MaHUX 3 BUKOPHUCTAHHSIM CTaHAAPTU30BAaHMX B MEXaxX OKPEMHUX pPOKiB
3HAa4YeHb BHU/UICHI JDKepelia BUCOKOI HaTypH 3epHa, BUCOKOI Ta HU3BKOI CKIIOMIOMIOHOCTI 3epHA TS CENeKIil
TBEPIO3EPHUX Ta M SKO3CPHUX COPTIB, BUCOKOTO BMICTy OUIKAa 1 KICHKOBUHHM Ta ii SKOCTI, BHCOKUX
PEOJIOTIYHMX BIACTHUBOCTEH 1 Xiibomekapcbkux sikocted. Cepen COPTIB BUCOKMMH TPYXKHICTIO TicTa,
CHJIOI0 OOpOITHAa Ta iHAEKCOM ENacTUYHOCTI Ticta BimpizHsummcs Xapyc, Acret, Bacunmna, ®epmepka,
[MarpioTka, ManboBaHKa, a HU3BKUMH — Mainyma Ta M’SKO3ePHHH COPT KOHJUTEPCHKOTO HAIpsMY
BUKOpHUCTaHH Ma3ypok, SKWH KpiM TOTO BiJpi3HSBCS HHU3BKOI CKJIONONIOHICTIO 3epHa. Bucokoro
HaTypoIo 3epHa Bijg3Hadanuck coptu [IpuBabmuBa, [IpusitHa, [Ipunrana, [aitok, [Ipons. Bucokum BmicTom
Oinka B 3epHI Ta KIEWKOBMHH B OopomHi xapakrepusyBanucsa [lpusabmusa, IlpuBiTHa, ['apmoHnika,
Ma3sypok, npu MakCHMalbHUX 3HaYeHHs X y copTy IlpuHama. O6’em xumiba i 3arampHa XJiOomeKapchka
OLIiHKa BUIIUMHU Oyiu y copTiB Xapyc, Acret, Bacununa, Crarna, ®@epmepka, [uBo, ['apmonika, [lpunana,
Masgka IP. BcranoBneni 3B’s3kM MK O3HaKaMH SIKOCTI 3epHa, MOKa3aHO, L0 3arajbHa XJiOoneKapchka
oIliHKa Oyiia TiCHO TOB’si3aHa 3 1HAEKCOM JjedopMallii KIIeHKOBHHH, MPY>KHICTIO TICTa, CHUIJIOK OOpOIIHA Ta
iHZeKcoM emacTUuHOCTI Ticta. KnacrepHuil Ta ¢axkropHUMiI aHami3WM, MPOBENEHI IS y3aralbHEHHS
OTPUMAHHUX Pe3yNbTaTiB, PO3MOLUIMIM AOCHIKYBaHI O3HAKM Ha YOTHPH KJACTEPH 3 MacmTaboMm
eBKJIiIoBUX BijacTaHedl Menme 40% Ta dotupu QakTopH, SKi MOSICHIOWTH moHax 70% Bij 3araibHOT
MIHJIMBOCTi, OJMH 3 SIKUX TIOB’S3aHUH 3 XJIIOOMEKAPCHKHMHU SIKOCTSMH, IHIIMA — 3 PEOJIOTIYHUMH
BJIACTUBOCTSIMH, III€ JIBa 3 BMICTOM OiJIKa i KIIEWKOBHHH Ta HATYpPOIO 1 CKIIOMONiIOHICTIO 3epHa. Bu3HadeHi
JiHIT 3 MOEMHAHHAM BHCOKWX 3Ha4YeHb PI3HUX (PAKTOPIB IS Pi3HUX HAMpPsSMIiB BUKOpHCTaHHS. PesynmsraTti
JOCTIJKEHHSI MOXYTh OyTH BUKOPUCTaHI SIK KpUTepil BiOOpYy JJIsi MiJBHINEHHS SKOCTI 3€pHa M'SIKOT
MIIEHUI B PErioHi.

KirouoBi cioBa: mmieHuns M'ska 03MMa, CENEKLis, SKICTb 3epHa, KiacTepHUM Ta (HakTOpHUH
aHaizu

Abstract: Grain quality is a complex characteristic that depends on several traits, and the individual
contribution of each trait varies depending on the specific response to environmental conditions. The
effects of genotype and environment on quality characteristics of 1,200 wheat genotypes were assessed;
the relationships between quality traits were also analyzed. Having summarized long-term data using year-
standardized values, we identified sources of high test weight, high and low kernel vitreousness for the
breeding of hard and soft cultivars; sources of high protein and gluten contents and high gluten quality,
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high rheological properties and baking scores. Among the cultivars, cvs. ‘Kharus’, ‘Astet’, ‘Vasylyna’,
‘Fermerka’, ‘Patriotka’, and ‘Maliovanka’ were distinguished by high dough resilience, flour strength and
dough elasticity index, while cvs. ‘Malusha’ and a soft confectionery cultivar, ‘Mazurok’, were
distinguished by low low values of these characteristics; the latter was also characterized by low kernel
vitreousness. Cultivars ‘Pryvablyva’, ‘Pryvitna’, ‘Prynada’, ‘Haiok’, and ‘Pronia’ were distinguished by
high test weight. High grain protein content and flour gluten content were intrinsic to cvs. ‘Pryvablyva’,
‘Pryvitna’, ‘Harmonika’, and ‘Mazurok’, with the maximum values in cv. ‘Prynada’. High loaf volume and
overall baking score were recorded for cvs. ‘Kharus’, ‘Astet’, ‘Vasylyna’, ‘Statna’, ‘Fermerka’, ‘Dyvo’,
‘Harmonika’, ‘Prynada’, and ‘Mavka IR’. Relationships between grain quality traits were evaluated; it was
shown that overall baking score was closely correlated with gluten deformation index, dough resilience,
flour strength and dough elasticity index. Cluster and principal component analyses, which were conducted
to summarize the data, divided the studied traits into four clusters with a Euclidean distance of < 40% and
four principal components that acconted for > 70% of the total variability; one of them is associated with
baking qualities, another — with rheological properties, and two more — with protein and gluten contents,
test weight and kernel vitreousness. Lines combining high values of different characteristics for different
areas of use were selected. The results of this study can be used as breeding criteria to improve the quality
of bread wheat grain in the region.
Key words: winter bread wheat, breeding, grain quality, cluster and principal component analyses.

Beryn

Mmenuns (Triticum aestivum L.) € omHiero 3
HAMBaXJIMBIIINX CLIBCHKOTOCTIONAPCHKUX KYIBTYP
y CBITi, 1, SK 3JaK 3 IIHPOKUM Jialla30HOM
amanTHBHOCTI, BOHA BHUPOIIYETHCI B  PI3HUX
KIIMaTUYHUX 30HAaX, a SKICTh il 3epHa CYTTEBO
BIUIMBAE HA PUHKOBY BapTiCTh, XapUOBY LIHHICTh Ta
ynoao0aHHs crioxuBadiB [1].

[Menuns, 3aBOSKA  CBOEMY  LIHHOMY
XIMIYHOMY  CKJIaJy 3€pHAa Ta  BHHSITKOBHM
TEXHOJIOTIYHIM BIIACTUBOCTSIM, € 0a30BUM 3€pPHOM
JUISE  Xap4oBOi IPOMUCIOBOCTI, ii y Oararbox
KpaiHaX Ha3WBaIOTh XJIOHUM 3epHOM [2, 3]. 3epHO
TIICHHUIIl € JUKEPEIIOM BYIJIEBOIIIB, OlIKa, Xap4OBUX
BOJIOKOH Ta HPIB, a TAKOXK MiHEPaJiB (BKIFOYAIOUN
P, K, Ca ta Mg), BiTamiHiB rpynu B Tta iHmmx
010JI0TYHO aKTUBHUX PEUOBHH [4].

3MiHM KJIIMaTy Ta TPUPOAHI BapirOBaHHS
MOTOTHMX YMOB OKPEMHX POKIB CIHPUYUHSIIOTH
HEeMo0Ip ypOoXKar Ta 3HWKEHHS WOTO SIKOCTI, TOMY
MPIOPUTETHUM  3aBJaHHSIM y  BHPOIIYBaHHI
MIICHAIl € 3a0e3neueHHs] CTa0iIbHOTO YpOXKaro
3epHa 3 BHCOKOKWO skicTio [5]. Biotmuni Ta
abiloTHYHI cTpecopu € BifoMUMHU (aKTOpaMH, IO
NPU3BOIATH /10 MOTIPIIEHHS SIKOCTI 3€pHa MIIEHHII
Ta 3HUKECHHS BPOXKaMHOCTI [6].

[IponyKTUBHICTE 1 SKIiCTh NINEHHINI 3HAYHO
BIJPI3HSIOTHCS BHACIIIOK TEHOTHITY, CEPEJOBHUILA
Ta ix B3aemomii [7]. Y ToW uac SK BHUPOOHHKHU

MIIEHULI BBa)KAIOTh TOJIOBHOIO METOI0
BpPOXKalHICTh, B XJIIOOMEKapChKill MPOMHCIOBOCTI
Ba’KJIMBOIO BUMOTOIO € CTaOlJIbHICTD

XapaKTEePHUCTHUK SIKOCTI 3e€pHA.
SKicTh 3epHA TMIICHUI BU3HAYAETHCS HA
OCHOBI YHCIICHHUX BIIACTUBOCTEH, SKi

Introduction

Wheat (Triticum aestivum L.) is one of
the most important agricultural crops in the
world; being a cereal with a wide range of
adaptability, it is grown in different climatic
zones and wheat grain quality significantly
affects the market and nutritional values as well
as consumers’ preferences [1].

Wheat, due to valuable chemical
composition of its grain and exceptional
technological properties, is a basic grain for the
food industry; it is called bread grain in many
countries [2, 3]. Wheat grain is a source of
carbohydrates, protein, dietary fiber, fats, and
minerals (including P, K, Ca, and Mg), B
vitamins and other biologically active
substances [4].

Climate change and year-to-year natural
variations in weather conditions cause crop
failure and reduced quality, so the priority in
wheat cultivation is to ensure a stable yield of
high-quality grain [5]. Biotic and abiotic
stressors are known factors that lead to
deterioration of wheat grain quality and reduced
yield [6].

Wheat performance and quality vary
significantly between different genotypes and
environments and also because of genotype-
environment interactions [7]. While wheat
producers consider yield as the main goal, in the
baking industry, stability of grain quality
indicators is an important requirement.

Wheat grain quality is based on numerous
properties that are in complex relationships and
are determined by protein complex, milling
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mepebyBaroTh MK~ c000I0 B CKIQIHUX
B3a€MO3B'A3Kax i 3yMOBJICHI OLTKOBUM
KOMIIJIEKCOM, BJIACTHBOCTSIMH MOMeINy, (Di3MIHUMH,
XIMIYHAMH, PEOJOTIYHUMH  XapaKTEePUCTHKAMHU
TicTa Ta SKICTIO BHINYKH, OCKIIBKH OUIBIIICTH
O03HAK SKOCTI IMIICHUIN JEMOHCTPYIOTh CKJIaIHI
3aKOHOMIPHOCTI ~ YCHAAKyBaHHs, CENEKIis Ha
SKICTh, 1 OCOOIMBO XJIIOOIIEKAPCHKY, € OTHUM i3
HANCKJIaIHINIMX 3aBJaHb y CEJEKIIiT mueHuIi [§].

Xmibomekapceka SIKICTh TIISHHII 03UMOI
3Me0UTBIIIOT0 BU3HAYAETHCSI BMICTOM Ta SIKICTIO
Oinka. OcHOBHMI OiJOK EHJOCIEPMY, IJIFOTEH,
BiOMOBiAae 3a  sgKicTh  xiiba.  I'eneTrwuHo
BU3HAYEHUH CKJIAJl TIOTEHY € OCHOBHUM (haKTOPOM
TEHOTHIIOBUX BIIMIHHOCTEH y XiiOoIekapchKiit
skocTi [9]. Seling S. 3a3Hauae, 110 AKICTH OiNKa €
TCHOTHIIOBO-CIICIIM(IUHOI0, aje Ha Hel MOXYTh
BILTMBATH ACSIKiI HETEHETHYHI (DaKTOPH, HAIIPUKIIA,
Haj3BUYaiiHa Hecrada cipku [10]. Tannhaeuser
S.M. et al. poOasTh BUCHOBOK, 1[0 BCI KOMIIOHEHTH
MIIEHHYHOTO OopomrHa, a He Jjume Ok,
BINTMBAIOTh Ha XmiOomekapchky sKictb [11].
BogHouac  gyxe — BaXJIMBUH ~ BHECOK Y
XJI00TIEKaPCHKY AKICTh MA€ TITIOTEH.

Ha xamp, goOpe BigoMui  CHIBHHUI
HETAaTUBHUH 3B'S30K MK BPOXKAHHICTIO 3epHa Ta
BMiCTOM Oinka. Bararo JOCTIIKEHb
30CepemKyBaics Ha IbOMY HETaTUBHOMY 3B'SI3KY
Ta JOCIIPKYyBaJIA HOTO TeHETUYHY OCHOBY [ 12—17].
Lleti 3B'SI30K € BaXJIUBUM IS CEJIEKI[IITHOTO
mporpecy B MiABHINEHHI BPOXXAWHOCTI 3€pHa, 3
0HOTO OOKY, Ta XJT100TeKapChKOi SIKOCTI, 3 1HIIOTO.

Hageneni B niTeparypi pe3yJibTaru, 3arajiom
CBiT4aTh TpPO 3HAYHe 30UTBIIEHHS BPOKAMHOCTI
3epHa, aje CTAJATH IiJ] CYMHIB MHUTaHHS, 4 Oyio
JOCATHYTO  3Ha4HOTO  TpOrpecy B  SIKOCTI
XJIIOOMEKapChKUX BUPOOIB IMPOTATOM OCTaHHIX
TPHOX-YOTUPHOX AeCITHIITH [18, 19].

BpoxkaiiHicTh 3epHa Ta SKICTh TIIEHHMII
3aJie)Karh BiJl CKIAIHOI B3a€EMOJi1 MiXK T€HOTHIIOM
Ta  OaratbMa  (akTOpaMH  HABKOJHIITHHOTO
cepenoBuia. 3MiHa HaBKOIWIIHBOTO CEPEOBHUIIA
4acTo pO3MISAAEThCS SK OCHOBHUI YWMHHHK, IO
BIUTMBAE HA SKICTh KIHIIEBOTO BUKOPHUCTAHHS 3€PHA.
Temrieparypa BereTariifHoro mepiomy, BOJIOTICTh i
TeMIieparypa IIijJi 4yac HaJWBY 3€pHa, TPUBAIICTb
HaJMBYy 3€pHA, PpO3MOALT OMaaiB 1 BHECEHHS
A30THHUX 1 cipyaHUX 10OPHUB MalOTh 3HAYHUN BIUIMB
Ha sKicTh XJi000ynouHux BupoOiB. Pesymsrarn
YHCIICHHUX JIOCHTI/DKEHb BIUIMBY T'€HOTHIY Ta
HABKOJIMIIIHEOTO CEPEOBHINA Ha XJIiOOMEeKapChKi
AKOCTI MIIEHMII O3UMOi IIUPOKO OIyOIiKOBaHi B
niteparypi [20-24]. Williams R.M. et al. nmpoBenu
ormsan 100 myOumikamiid 1mo70 BIUIMBY T'€HOTHIY Ta
cepefoBUIAa Ha sKicTh mmeHuui. [lokazano, mo
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characteristics,  physical, = chemical and
rheological properties of dough, and baking
quality. Since most of the wheat quality traits
demonstrate complex inheritance patterns,
breeding for quality, especially baking quality,
is one of the most difficult tasks in wheat
breeding [8].

Baking quality of winter wheat is largely
determined by protein content and quality. The
main endosperm protein complex, gluten, is
responsible for bread quality. Genetically
determined composition of gluten is the main
factor for genotypic differences in baking
quality [9]. Seling S. noted that protein quality
was genotype-specific, but it could be
influenced by some non-genetic factors, for
example, an extreme deficiency of sulfur [10].
Tannhaeuser S.M. et al. concluded that all
components of wheat flour, not just proteins,
affected baking quality [11]. At the same time,
gluten makes a very important contribution to
baking quality.

Unfortunately, it is well-known that grain
yield is strongly and negatively correlated with
protein content. Many studies have focused on
this negative relationship and investigated its
genetic basis [12—17]. This relationship is
important for breeding progress in increasing
grain yield, on the one hand, and baking quality,
on the other.

Published results, in general, indicate a
significant increase in grain yield, but they
question whether significant progress has been
achieved in the quality of bakery products over
the past three to four decades [18, 19].

Wheat grain yield and quality depend on
complex interactions between genotype and
many environmental factors. Environmental
changes are often considered as the major factor
affecting the end-use quality of grain.
Temperature during the growing period,
humidity and temperature during grain filling,
duration of grain filling, rainfall distribution and
application of nitrogen and sulfur fertilizers
significantly affect the quality of bakery
products. Results of numerous studies of effects
of genotype and environment on baking
qualities of winter wheat are widely published
[20-24]. Williams R.M. et al. reviewed 100
publications on the influence of genotype and
environment on wheat quality. It was shown that
variations in the relative contributions of
genotype,  environment and  genotype-
environment interaction to a large extent
depended on genotypes and environments from
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Bapiartis BiTHOCHOTO BHECKY TCHOTHITY,
CepelioBUIIA  Ta  B3aEMOAll  TEHOTHNY 3
CEPEIOBUILEM CHIILHO 3aJI€KHUTh BiJl TEHOTHIIIB Ta
CEpENIOBHIIN, 3 SKUX MpoBomuiIacsa BuOipka [25]. ¥V
nocmimkenasx  Mikulikovd Oymo BusBIEHO, IO
TCHOTHUII MAa€ iCTOTHUH BIUIMB JIUIIC HA TBEPIICTh
3epHa; A BMICTy Oifka, KICWKOBHMHH Ta dYHCIa
cemquMeHTallii 3eeHi mepeBakaB BIUIHB TCHOTHITY,
a JUIg BMICTy KpoXMallio, mapaMeTpiB ajubBeorpada
Ta HaTypHW 3epHa oOMIBa JpKEpesia Bapiamii Maimu
omHaKoBe 3HaueHHSA [26]. Po3ymiHHS BHeECKy
TCHOTHUITY, CEPEIOBUIA Ta B3aEMOJii T€HOTHIY 3
CEepeIOBUILEM Ha SIKICTh 3epHa MILICHHMLII MOJIETIIYE
BiIOIp 3a AKICTIO B CEJICKITIHHUX Mporpamax.

Y OararpOxX [OCHIKCHHSX BCTAaHOBJIECHO
3B’SI30K MK DPI3HHMH MapaMeTpaMH SIKOCTi 3epHa
[27-30]. Mladenov et al. BHIBHIM BHCOKI
MTO3UTHBHI KOPEJIAIii Mi>k BMICTOM OiJTKa i BMICTOM
KJICHKOBUHU 3 OJHOro OOKy Ta 00'eMoM xiiba i
Horo xapakTepuCTUKaMH 3 iHIIOT0. BunpoGoByroun
BEJWKY TPYIy TEHOTUMIB IMIIEHUIl B PI3HAX
yMoBax mocyxu [29], Mohammadi et al. midmomm
BUCHOBKY, 110, KpPIM COPTY Ta CEpeOBHILA, METOJ

CKpUHIHTY  TaKOoX  CHpHS€  HAAIMHOCTI  Ta
OOTPYHTOBAaHOCTI ~ BHCHOBKIB  IOAO  3B’s3KIB
o3Hak[30].

MeTor0 naHOi poOOTH CTaJI0 BU3HAUCHHS
BHECKY T'€HOTHITY, HAaBKOJHMIIHEOTO CEPEIOBHINA Y
Bapiamii xmioonekapcbkux o3Hak 1200 reHOTHIiB
MIICHHUII, TOCTIPKEHUX TPOTATOM 16 POKIB; TaKoXK
JUIL  BUSIBICHHS KpallMX TIeHOTHUINB IIICHHI
MPOAHANI30BaHO B3aEMO3B’S3KM MK  PI3HUMH
03HAaKaMH XJIi0OTMEKapChKOT SKOCTI.

MeTtonuka

[onboBi mociimpkeHHs nposeaeHi y 2008—
2024 pp. Ha JOCHIIHUX TIONSX CEJEKIiHHOT
ciBoaminu [HcTHTYTY pocnuHHMITBA iM. B
IOp’eBa HAAH (IP HAAH), po3ramoBanoi 3a 18 km
Ha cxix Bim M. XapkoBa. TeXHONOTiS BHPOIIYBaHHSI
3aranmpHONpUiiHATa Uit 30HU Jlicoctemy. Ilnmormma
ninsEky 10 M2, HOBTOPHICTE YOTHPHPA30Ba. 3a POKH
JIOCTIDKeHb BHBYeHO moHan 1200 coprie Ta
CEJIEKIIIHMX JIIHIT MIIEHUII M’ SIKOI 03UMOI CEJIEKIIT
IP HAAH.

O11iHKa TIOKa3HKMKIB SKOCTI 3epHA Ta OOPOIIHA
JTOCITI DKy BaHUX 3pasKiB BUKOHYBaJIach B
nabopatopii skocti 3epHa IP HAAH 3rizHo 3
METOIUKOIO VIECP Ta METOIUYHUMHU
pekoMeHnauismMu, pozpodsieanmu B IHerutyTi [31,
32]. BuB4anu noka3HUKH SIKOCTi: (i3W4Hi — HaTypa
(TW) 1 cknononionicts (KV) 3epna; GioxiMiuHi —
BMmicT Oinka B 3epHi (GPC); TexHONOTiYHI: BMICT
kneiikoBuan B OopomHi  (FGC) Tta  iHpmekc

which the sample was taken [25]. Mikulikova
found that genotype had a significant effect only
on kernel hardness, while the effect of growing
year was dominant for protein ans gluten
contents and Zeleny sedimentation index, and
all sources of wvariations (genotype, year’s
conditions, country of origin) had the same
significance for starch content, alveograph
parameters and test weight [26]. Understanding
contributions of genotype, environment, and
genotype-environment interactions to wheat
grain quality facilitates selection for quality in
breeding programs.

Many  studies have  demonstrated
relationship between different grain quality
parameters [27-30]. Mladenov et al. found
strong positive correlations between protein and
gluten content on the one hand and between loaf
volume and loaf characteristics on the other.
Testing a large group of wheat genotypes under
various drought conditions [29], Mohammadi et
al. concluded that, in addition to cultivar and
environment, the screening method also
contributed to the reliability and validity of
conclusions about relationship between traits
[30].

The purpose of this study was to
determine the contributions of genotype and
environment to the variations of baking traits of
1,200 wheat genotypes studied over 16 years; to
identify the best wheat genotypes, and to
analyze the relationships between different
baking quality traits.

Methods

The field studies were conducted in the
experimental fields of the breeding crop rotation
of the Yuryev Plant Production Institute of
NAAS (YPPI NAAS), which are located 18 km
east of Kharkiv, in 2008-2024. The cultivation
technology is traditional for the forest-steppe.
The plot area was 10 m2; the experiments were
carried out in four replications. In the study
years, over 1,200 winter bread wheat cultivars
and breeding lines, which had been bred by the
YPPI NAAS, were investigated.

The grain and flour quality indicators of
the studied accessions was determined in the
Grain Guality Laboratory of the YPPI NAAS in
accordance with the guidelines developed by the
Ukrainian Institute of Plant Variety Examination
(UIPVE) and YPPI NAAS [31, 32]. The
following quality indicators were evaluated:
physical — test weight (TW) and kernel
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nedopmartii  kieiikoBuau (GDI), npyxHicts (P),
po3tsokHicTh (L), 30anancoBanicts (P/L) TicTa, cuna
oopomna (W), inmexc emactuunocti Ticta (IE),
06’em cemmmentanii  SDS  (SDS-SI). Takox
MIPOBOAMIIM XJTIOOTIEKapChKY OMIHKY (00’ €M XITiOMHU
(LV), ouinky mnoBepxui xmiomuu (LUS), dopmu
xmomau  (LS), 30BHINIHBOTO BHTIISAY XITIOHMHU
(LAS), xomeopy cxopuakn xmibuam (LCC),
nopucrocti M’sikyma xnionau (CP), emactuynocTi
M’akyma xmiouan (CE) Ta xoipopy M’sKymia
xmouau (CC). Y miacyMKy 3miHCHIOBAIH 3araibHy
xuioonekapcbka orinky(OBS).

CratuctiyHy 0OpOOKY eKCIepHMEHTaJIbHUX
JMAHAX BHUKOHYBaM, sK omucano B [33] 3
BHKOpHCcTaHHSIM TakeTa miporpam STATISTICA 6.1,
SN BXXR502C631824NET3. BpaxoByrouu 10CHTh
3HAUHI BapilOBaHHS TOKA3HWKIB SIKOCTI 3€pHa 3a
poKaMH  Ta  PI3HMH  CTYIiHb  BapifOBaHHSA
JOCIKYBaHMX O3HAK, a TaKoK TOH (QakKT, MIo
CeNeKLifiHI  JIiHIT KOHKYPCHOTO  BHUIPOOYBaHHS
BUBYAIMCS Yy PI3HI Tepiofw, Ui y3araabHEHHS
OTPHMAaHMX 0araTOpiYHUX NAaHWX BHKOPHUCTOBYBAIU
CTaHIapTH30BaHI B MEKaxX OKPEMHUX POKIB 3HAYCHHS
(pi3HUIA MK 3HAYEHHSIM KOHKPETHOTO MOKa3HHKa
KOHKpeTHOi  JiHII Ta cepemHiM  3HAYCHHSIM
BIJIMOBIIHOTO  TMOKAa3HWKA Yy BIAMOBIOHMH  PiK
MOJTiJICHa Ha CTAaHIAPTHE BIIXWICHHS BiIIOBITHOTO
MOKa3HMKA y BiAMOBIAHUH PiK). st pemykmii maHmx
Ta Yy3arajJbHEHHS OTPHMAaHUX peE3yNibTaTiB OyIo
MPOBE/ICHO KIIACTePHUI Ta (PaKTOPHUI aHAII3H.

[loromHi yMOBH B POKH JOCIIDKEHb 3pa3KiB
KOHKYPCHOTO COPTOBUIPOOYBaHHS CKJIaAajucCs IO
pI3HOMY, SIK CIPHSTIMBO JJIsI PO3BUTKY POCIHH Y
pi3Hi (a3m Bereramii, Tak 1 BKpail HETaTHBHO.
Haiibinpin cnpusATIMBIMH TIOTOIHI YMOBH IS
(hopMyBaHHS YPOXKAMHOCTI 3€pHA MIICHUII M’ SIKOT
o3umoi Oymu y 2008, 2015, 2017 Ta 2022 pp.
[locynumBi ymMoBH Tiepen Ta Tchs CiBOM O3MMHX
KynsTyp 'y 2009, 2015, 2020 pp. copuuuHsIH
3HIDKEHHS  TOJBOBOI  CXOXKOCTI,  3ami3Hi  Ta
HEpPIBHOMIpDHI CXOIM Ta 3HWXEHHA MPOXYKTHBHOTO
crebnmocToro 1 ypoxaiiHocti y HactymHux 2010,
2016, 2021 pp. 3meHmenHs ypoxaitaocti 2023 poky
MOB’si3aHe 3 Mi3HIMH CTpokamu ciBOu y 2022 pori
Yyepe3 HECBOEYACHY MiATOTOBKY IPYHTY, 3yMOBIICHY
0OMOBMMHU JIiSIMA Ta TPUBAIMMHU poOOTAaMH 3
00CTeXEHHS TOJIB Ha HasIBHICTh
BUOYXOHEOE3MeYHNX MpeIMETIB. 3HMKEHHS
ypoxaitHocti y 2024 poli BHUKJIHMKaHE BiJCYTHICTIO
NPOAYKTUBHUX OMaiB 3 Oepe3Hs JI0 KiHIS YepBHS,
yepe3 IO HE BIIOYIOCS BECHSIHOTO KYIICHHS,
3MEHIIWINCh O3€PHEHICTh KOJIOCa Ta Maca THCSYi
3epeH.
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vitreousness (KV); biochemical — grain protein
content (GPC); technological — flour gluten
content (FGC) and gluten deformation index
(GDI), dough resilience (P), extensibility (L),
and balance (P/L), flour strength (W), dough
elasticity index (IE), and SDS-sedimentation
index (SDS-SI). The baking quality was also
assessed: loaf volume (LV), loaf surface score
(LSS), loaf shape (LS), loaf appearance score
(LAS), loaf crust color (LCC), crumb porosity
(CP), crumb elasticity (CE), and crumb color
(CC). From these parameters, the overall
general baking score (OBS) was calculated.

Experimental data were statistically
processed in STATISTICA 6.1 and SN
BXXR502C631824NET3, as described in [33].
Taking into account considerable year-to-year
variations in grain quality indicators and various
degrees of variations in the studied traits, as
well as the fact that the breeding lines were
tested in competitive trials in different periods,
year-standardized  values (the difference
between the value of a specific indicator of a
specific line and the mean wvalue of the
corresponding indicator in the corresponding
year divided by the standard deviation of the
corresponding indicator in the corresponding
year) were used to summarize the multi-year
data. Cluster analysis and principal component
analysis (PCA) were conducted to reduce and
summarize data.

The weather in the years of testing of the
accessions in competitive trials varied from
favorable for the development of plants in
different phases of vegetation and to extremely
harsh. 2008, 2015, 2017, and 2022 had the most
favorable weather for the formation of winter
bread wheat grain yield. In 2009, 2015, and
2020, droughts before and after winter crop
sowing decreased the field germination; so in
the following 2010, 2016, and 2021, sprouts
were late and uneven, the productive plant stand
was poorer, and the yields were lower.
Decreased yields in 2023 were attributed to
untimely soil preparation and, consequently, late
sowing in 2022 because of hostilities and
extended surveys of the fields for explosives.
Decreased yields in 2024 were associated with
the lack of productive precipitation from March
to the end of June, which resulted in no spring
tillering; hence, there were fewer kernels per
spike and the thousand kernel weight was
reduced.
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Pe3yabTraTi Ta 00TOBOpPEHHSI

OnHUMH 3 HAlJaBHIMKMX ITOKA3HUKIB SIKOCTI
3epHa, SKI JOCI  BHUKOPHCTOBYIOTBCS  JUIS
BHM3HAYEHHS KJIACHOCTI MapTii 3epHa, € HaTypa Ta
ckiononiOHicTh.  CepenmHs 3a  JIOCHIKCHUMH
COpTaMH Ta JIHISIMU HaTypa 3epHa MepeBUIllyBaia
800 r/my 2012, 2013, 2014 ta 2017 pp., TOmi SIK y
HECTIPUATIUBUX )1 HANMMBY 3epHa ymoBax 2010,
2018, 2023, 2024 pp. AaHUA TIOKa3HUK HE
nepesunryBaB 770 /1. Cepen BUBUEHUX O3HAK IIEH
MOKAa3HUK BHUSBHMBCSA HAWOUIBII  CTAOIIBHUM,
koedilieHT Bapiaiii 3a JiHiAME ckiaaas Bix 0,9 no
3,6% y Mexax OKpeMHX pOKiB, a 3a POKAMH -
2,6 %. Cepen iHmIMX TMOKAa3HUKIB SKOCTI HATypa
3epHa y OLIBIIOCTI POKIB OyJia ¢iabo 1moB’s3aHa 31
CKJIONOJiOHICTIO 3epHa (KOedilieHT Kopemsmil
ckmamas 0,2-0,5, a y 2015 pomi mocsr pisus 0,75,
BUHITKOM CTaB HaA3BUYalHO mocyrnuiuBuii 2024
PiK, KON 3B’SI30K cTaB HeraTHBHUM 3 7=-0,26). Y
ISTH 3 POKIB BHUBYCHHA BiJ3Ha4ueHa ciadka
MO3UTUBHA KOPEIALis 3 MPYXHICTIO TicTa (I Bix
0,2 mo 0,5), a y 2010 pomi xopensiis Oyia
HeratuBHoto (=-0,5). Y 2016 Tta 2018 pp.
crioctepiranacs CyTTeBa MO3WUTHBHA KOPENAIis 3
YUCIIOM MajaHHd. 3 PEIITO TMOKa3HUKIB SIKOCTI
3B’S30K HATypH 3e¢pHa OyB HE3HAYHUM Ta
HecTaOITFHUM 32 POKaMHU.

Ha ckyiononiOHICTh 3epHa 3HAYHOK MIPOIO
BIUIMBAIOTh TIOTOJIHI YMOBH POKYy B TIepion
JTO3piBaHHS. Yy HAIIINX JIOCJIJDKEHHAX
CKIIOTIOAIOHICT, 3€pHA BUSBHIACS OJHIEKD 3
HaOIbII BapiaOeNnbHUX O3HAK SK 332 POKaMH, Jie
koedimieHT Bapiamii ckiaB 25,9%, Tak i 3a JiHIsIMH
B Mexax okpemux pokiB (Bim 11,7 mo 43,9%).
Cepennst 3a 3pa3kaMH CKJIONOAIOHICTE 67% 1
oinpme BusBsutacs y 2012, 2019 ta 2021 pp.,
menmow Hix 40% Oyma y 2010, 2015, 2018 Ta
2020 pp. CkiomnoaiOHICTh 3epHa He Oysa CyTTEBO
MOB’s3aHa 3 IHIIMMH IOKa3HMKaMH  SIKOCTI,
Koe(illi€eHT KOpeInAlii He MMepeBUIyBaB 3HAYCHHS
0,37. V OinbmocTi pokiB crocrepiranacs ciabka
KOpensllis TOKa3HWKa 3 BMICTOM Oinka Ta
KJICHKOBUHH, 3 IHIIMMM O3HAKaMH SIKOCTI 3epHa
3B 430K BiJI3HA4YaBCs JIMILIE Y OKpeMi poku i OyB
CITa0KHM.

Y pOKHM 3 CepelHbOI YPOKAWHICTIO JiHIiH
KOHKYPCHOTO COpPTOBHIPOOYBaHHS IMOHaM 8 T/ra
(2008, 2015, 2017 Ta 2022) cnocrepiraiochk
3MEHIIEHHs BMICTy Oinka B 3epHi mo 11,0-11,5%
(tabm. 1).

Results and Discussion

Test weight and kernel vitreousness are
among the oldest indicators of grain quality, but
they are still used to determine the grain class.
The mean test weight in the studied cultivars
and lines exceeded 800 g/L in 2012, 2013, 2014,
and 2017, while under unfavorable conditions
for grain filling in 2010, 2018, 2023, and 2024,
this indicator did not exceed 770 g/L. Of the
studied parameters, this indicator turned out to
be the most stable: the coefficient of inter-line
variation was 0.9 - 3.6% in individual years,
with the annual mean of 2.6%. In most of the
years, test weight was weakly correlated with
kernel vitreousness (the correlation coefficient
was 0.2-0.5; 0.75 in 2015); the exception was
2024, an extremely dry year, when the
correlation became negative (r=-0.26). In five of
the study years, there was a weak positive
correlation between test weight and dough
resilience (r = 0.2-0.5); in 2010, this correlation
was negative (r=-0.5). In 2016 and 2018, there
was a significant positive correlation between
test weight and falling number. As to the other
quality indicators, their correlations with test
weight were insignificant and unstable across
the years.

Kernel vitreousness is significantly
influenced by weather factors during the
ripening period. In our studies, kernel
vitreousness turned out to be one of the most
variable traits both by year, where the
coefficient of variation was 25.9%, and by lines
in individual years (from 11.7 to 43.9%). The
mean vitreousness of 67% or higher in 2012,
2019 and 2021 and lower than 40% in 2010,
2015, 2018, and 2020. Kernel vitreousness was
not significantly correlated with the other
quality indicators: the correlation coefficients
did not exceed 0.37. In most years, there was a
weak correlation between this parameter and
protein and gluten contents; the correlations
with the other grain quality traits were weak and
noted only in some years.

In 2008, 2015, 2017, and 2022, the lines
yielded on average over 8 t/ha in the
competitive trials and a decrease in grain
protein content to 11.0-11.5% was observed in
these years (Table 1).
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Taomuus 1. [Toka3HUKHM SKOCTI 3epHA 3pa3KiB MIIEHHUII M'SIKOT 03UMO1 y po3caJHUKaX KOHKYPCHOTO COPTOBUIIPOOYBaHHS (CepeaHe 3a pokaMu BUBUEHH:), 2008—-2024 pp.

Table 1. Grain quality indicators of the winter bread wheat accessions

grown in competitive trial nurseries (annual mean values), 2008—2024.
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2008 8,93 795 45,0 10,99 23,5 75,3 63,1 93,3 0,73 185 - 484 5,21
2009 6,49 785 51,4 13,77 30,9 87,2 68,0 1153 0,63 259 - 554 6,60
2010 4,65 764 37,6 14,89 28,8 40,5 73,6 121,5 0,66 329 76,8 743 8,91
2011 7,04 781 46,7 12,78 23,2 39,8 84,5 83,6 1,10 286 66,3 704 8,69
2012 5,88 820 67,5 13,38 26,7 51,5 92,0 86,7 1,12 322 66,5 751 8,87
2013 7,46 810 51,5 12,68 23,2 45,0 99,0 68,8 1,56 280 59,7 687 8,64
2014 6,48 802 40,8 12,54 23,9 43,6 90,5 101,3 0,95 317 57,3 684 8,46
2015 8,04 775 33,8 11,25 21,9 46,9 89,0 67,6 1,52 243 60,0 740 8,74
2016 5,76 775 46,7 12,95 27,0 88,4 66,9 69,1 1,04 174 47,3 597 6,91
2017 8,29 838 58,6 11,49 21,7 47,8 106,6 50,2 2,22 241 56,2 694 8,75
2018 6,88 770 33,1 13,05 23,5 39,9 77,1 79,6 1,09 249 64,8 785 8,89
2019 7,63 792 67,0 13,27 253 46,4 85,7 76,9 1,27 279 69,7 733 8,87
2020 7,20 795 38,4 13,84 27,2 80,1 80,2 83,1 1,05 267 62,6 713 8,73
2021 3,08 790 78,6 14,09 33,1 93,8 50,2 93,9 0,60 158 474 562 6,87
2022 8,29 771 40,3 11,33 20,4 323 87,6 66,6 1,44 253 64,2 587 7,33
2023 4,55 765 59,2 12,00 22,5 35,0 65,3 80,9 0,87 232 77,4 747 8,48
2024 1,98 770 59,6 12,27 22,7 57,6 61,1 65,1 0,98 166 50,8 602 7,34
Cepenne /
General 790 48,7 12,64 248 56,8 80,4 81,1 1,15 247 60,4 661 7,92
mean
3a pokamu /
Annual 6,39 788 50,3 12,74 25,0 55,9 78,9 82,6 1,11 249 61,8 669 8,02
mean
()% 29,77 2,60 25,92 8,60 13,83 36,61 19,02 22,35 37,06 21,35 14,89 12,97 13,66




Y 2010 Ta 2021 pp., TpU CYTTEBOMY
3MEHIICHHI TYCTOTH MPOAYKTUBHOTO CTEOIOCTOIO,
aje CHOpUSATIMBUAX yMOBax aisi (QopMyBaHHsS Ta
HaJUBY 3€pHIBKH, CEepelHii BMICT Oinka B 3epHi
nepesuitysaB 14%, y 2009 ta 2020 poxax wnei
MOKa3HUK TaKoK OyB JOBOJNI BHCOKHM 1 CKJIaB
13,8%, BMiCT KJIEMKOBHHM y OOpOIIHI y BKa3aHi
poku mepeBuiyBaB 27%. SIkmo po3misimaTé
CepeJIHI 3HAYCHHS BMICTY OiJIKa Ta KJICHKOBUHU 3a
POKaMH, TO CIIOCTEpirajach 3BOPOTHA KOPEISIis
X TIOKa3HUKIB 3 ypoxkaiHicTio (1=-0,46 ta -0,44,
BIAMOBiIHO). Y OiABIIOCTI POKIB BHUBYCHHS
croctepiranacst BHCOKa KOPEJsiisi MiXK BMiCTOM
Oinka B 3epHI Ta KJICHKOBHHH B OopomHi (r Bix 0,6
mo 0,8), oOugBa TOKa3HWKA  TO3WTHBHO
KOPEJIOBaIU y OUIBIIOCTI BUMAAKIB 3 IHICKCOM
nedopmainii KISHKOBUHU Ta PO3TSHKHICTIO TicTa (T
Bimx 0,2 mo 0,7), B okpemi pOKH CIOCTepiraBcs
3BOPOTHHH  3B’SI30K 3 OpYKHICTIO  Ta
30aTaHCOBAHICTIO TIiCTA.

OmarM 3 HaWBOXKIUBIMMX (HAKTOPIB, IO
BINTMBAIOTH HAa PEOJOTil0  TicTa, € BMICT
KIEHKOBUHU Ta 11 sKicTh. [loKa3HHK iHOEKCY
medopmarii  KIEHKOBUHM  BapiloBaB  3HAYHO
OLTBIIIOI0 MIPOIO MOPIBHSHO 3 BMICTOM Oinka Ta
KJICHKOBUHU K 332 COPTaMHU Ta JiHISIMH B MeXax
okpemux pokie (Cv Bix 20,6 no 44,6%), Tak i 3a
poxamu (Cv=36,6%). Y OinpLmoCTi POKIB CEpPEaHE
3HAYEHHS BiJINOBIAaJI0 BUMOTaM JI0 MEPIIOi TPYIH
SKOCTI KJjekkoBuHHu, ane y 2011, 2018, 2022 ta
2023 pp. xielikoBuHA Oyna HAATO MIIHOIO
(IIK<40), a y 2009, 2016, 2020 Ta 2021 —
HagaMmipHo posTskHOW (IJIK>80). ¥V Oimbrrocti
pPOKIB  crocTepiranacs  CyTT€Ba  3BOPOTHA
KOpeJsIis MK 3HadeHHsMH Toka3Huka [/IK Ta
npyxHocti Ticra (r Binm -0,3 mo -0,7), cunm
oopomna (r Bim -0,3 mo -0,8), iH;EeKcy
enactrnyHoCTi Ticta (r Big -0,2 mo -0,7), 06’ emom
xmba (r Bim -0,2 gmo -0,7), 3arainbHOIO
xjribonekapchkor0 orinkoro (r Big -0,3 1o -0,8) Ta
MO3UTHBHA 3 po3TsHKHICTIO TicTa (1 Bix 0,3 g0 0,6).

PiBeHb TIPOSIBY PEONIOTIYHMX BIACTHBOCTEH
TicTa BapilOBaB 3a POKAMH Ta Y MeXaX OKpEMHUX
POKiB cepenHboro Miporo. CepenHst 3a 3pa3kaMu
npyxHicts Ticta 'y 2012, 2013, 2014 ta 2017 pp.
nepesumyBana 90 mm, Tomi sk y 2008, 2009,
2016, 2021, 2023 Ta 2024 pp. Oyna MEHIIO BiJ
70 mm. PostskHicTe Ticta Oinmbmioro 3a 90 MM
oyna y 2008, 2009, 2010, 2014 ta 2021 pp., a
Mermoo 3a 70 mm y 2013, 2015, 2016, 2017,
2022 ta 2024 pp. Bucoke 3Ha4eHHS NPYXKHOCTI
a00 PpO3TSHKHOCTI TicTa 1Ie HE TapaHTye
OTPUMAaHHS BHCOKOi CHJIHM OOpOINHA, IS YOro
noTpiObHa 30ajJaHCOBAaHICTh 000X IOKAa3HHUKIB.
Cuna OopoirHa OurbLIE 280 OIUHUIIb

In 2010 and 2021, when there was a
significant decrease in the productive density, but
the conditions for grain setting and filling were
favorable, the mean grain protein content exceeded
14%; In 2009 and 2020, this indicator was also
quite high, amounting to 13.8%. The flour gluten
content in these years exceeded 27%. When we
considered the annual mean values of the protein
and gluten contents, we noted inverse correlations
between these indicators and yield (=-0.46 and -
0.44, respectively). In most years of research, there
was a strong correlation between grain protein
content and flour gluten content (r = 0.6-0.8); both
indicators were positively correlated with gluten
deformation index and dough extensibility in most
cases (r = 0.2-0.7); in some years, there were
inverse correlations with dough resilience and
balance.

Gluten content and quality are among the
most important factors affecting dough rheology.
The gluten deformation index varied more
significantly than the protein and gluten contents
acfross cultivars and lines in individual years (CV
= 20.6-44.6%) and across years (CV=36.6%). In
most years, the mean value met the requirements
for gluten quality Group 1, but in 2011, 2018,
2022, and 2023, gluten was too strong (GDI<40),
while in 2009, 2016, 2020, and 2021, it was too
extensible (GDI>80). In most years, there was a
significant inverse correlation between GDI and
dough resilience (r from -0.3 to -0.7), between GDI
and flour strength (r from -0.3 to -0.8), between
GDI and dough elasticity index (r from -0.2 to -
0.7), between GDI and loaf volume (r from -0.2 to
-0.7), and between GDI and overall baking score (r
from -0.3 to -0.8); there was a positive correlation
between GDI and dough extensibility (r = 0.3 -
0.6).

The  dough  rheological  properties
moderately varied from year to year and in
individual years. The inter-accession mean dough
resilience exceeded 90 mm in 2012, 2013, 2014,
and 2017, while in 2008, 2009, 2016, 2021, 2023,
and 2024, it was below 70 mm. The dough
extensibility was higher than 90 mm in 2008,
2009, 2010, 2014, and 2021 and lower than 70 mm
in 2013, 2015, 2016, 2017, 2022, and 2024. A high
value of dough resilience or extensibility does not
guarantee high flour strength, which requires a
balance of both indicators. The flour strength of
over 280 was recorded 2010, 2011, 2012, 2014,
while in 2008, 2016, 2021, and 2024, it was lowser
than 200. The dough elasticity index of 70 or
higher was recorded in 2010, 2019 and, 2023; it
was below 60 in 2014, 2017, 2021, and 2024.
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ansBeorpada (0. a.) ¢popmysanacs B 2010, 2011,
2012, 2014 pp., a y 2008, 2016, 2021 Ta 2024 pp.
oyna menmoro 3a 200 o. a. IHaekc emacTUYHOCTI
ticta 70 omuHuUIe 1 6impme OyB y 2010, 2019 Ta
2023 pp, a menmmMm Big 60 —y 2014, 2017, 2021
ta 2024 pp.

O6’em xmiba 31 100 r OopomHa 03
BUKOPHCTAHHS PO3MylryBaqiB y 740 mur i Ginbime
0yB orpumanuii y 2010, 2012, 2015, 2018 Ta 2023
pp., a Menmie Bix 600 mn — y 2008, 2009, 2016,
2021 Ta 2022 pp. 3arampHa XImiOomekapchka
ominka Bumie 3a 8,7 Oama Big3Hauena y 2010,
2012, 2018 Ta 2019 pp., a MmeHmia 3a 8,0 6aniB — y
2008, 2009, 2016, 2021, 2022 Ta 2024 pp.
BapitoBanHs 3a pokaMU CepemHiX 3a 3pa3KaMu
MOKA3HMUKIB  XJIIOOMEKapChKOi  OIliHKH  OyJo
cepenHiM, koedilieHTH Bapiaiii cTaHOBWIX Big 9
1o 15%.

Mns y3araJbHEHHS OTPUMaHUX
OaraTopiyHUX JaHUX BUKOPHCTOBYBAJIUCH
CTaHJApTHU30BaHI B MeEXaxX OKPEMHUX pOKiB
3HaueHHs. TakuM YHMHOM BHIIJEHI 3pa3Ku, SKi
BUBYANIUCS HE MEHIIE TPbOX POKiB, 3 CEpemHiM
CTaHJAPTH30BAHUM 3HAUCHHAM HATypu 3epHa
oimpme 1,2 Jlonempka 48, Ilepnmnaa Jlicocrery,
Eputp.1463-08, JIr01.487-13, JI10T.490-13, IIpous
(JIror.  53-13) Ta [BI CECTPHHCBKI JiHIT 3
HEKpyITHUM, ajie¢ J00pe BHIIOBHEHHM 3€PHOM,
Jior. 490 -15, Jhiot. 449-15, Jlot. 470-15,
L191-14.

CranpapTH30BaHe 3HAYCHHS
cknonogiorocti 6inmpmie 1,0 mamu Eputp.1463-08,
CMyrsHKa, Eputp.913-10, JI1o1.490-13,
Epurp.14-17, Eputp.1180-18 Ta minis, BiniOpaHa
y poscaguuky PB2 copry [lpunana, a MeHIe Hix
—1,0 Eputp. 461-09, Jlrot. 901-10, Eputp. 95-11,
Eputp. 778-14, L139-03KH, ™m’sxo3epHHil copT
Maszypok (L137-26-0-3) Ta iioro cecTpuHCBKa
minis L137-26-0-2, L195-21, Epurp. 1161-17,
Eputp. 55-18, Eputp. 180-18, Eputp. Q 6-15.

CraHpapTH30BaHe 3HAUYEHHS BMICTy Oijika B
3epHi Oimbme Hik 1,2 mamm minii Eputp. 913-10,
Eputp. 399-13, Epurp. 188-13, Ilpunana (JIrot.
104-11), JIrot. 470-15, JIrot. 152-16, Eputp. 14-
17, Jot. 676-17, Eputp. 923-17, JlIrot. 1000-17,
Jor. 1003-17, Jlrot. 1152-17, Epurp. 795-21,
Eputp. 1120-21, a menme Big —1,2 — Jlrot. 376-07,
Jlrot. 217-13, JIrotr. 487-13, Eputp. 277-13, A-3-
14, Eputp. 1307-15, Manyma (Eputp. 1150-17),
Eputp. 55-18, Epurp. 1283-18, L224-5, L244-1
Ta JiHifA, BimiOpana y poscamHuky PB2 copry
[Ipons. CranmapTu3oBaHe 3HA4YE€HHS BMICTY
KJIeiiKoBUHYU y OoponrHi Oinbme 1,0 mamu Eputp.
913-10, Eputp. 661-10, I'apmonika (Eputp. 661-
10), Ilpumnaga (JIror. 104-11), Jlror. 449-15,
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The volume of baking powder-free loaf from
100 g of flour was 740 cm3 or more in 2010, 2012,
2015, 2018, and 2023; it was below 600 cm3 in
2008, 2009, 2016, 2021, and 2022. The overall
baking score of higher than 8.7 points was noted in
2010, 2012, 2018, and 2019; it was below 8.0
points in 2008, 2009, 2016, 2021, 2022, and 2024.
The yer-to-year variations of the mean baking
scores of the accessions were medium, with the
coefficients of variation ranging 9% to 15%.

To summarize the multi-year data, the year-
standardized values were used. Thus, accessions
that had been studied for at least three years, with
the mean standardized value of test weight of over
1.2, were selected: cv. ‘Donetska 48’, cv. ‘Perlyna
Lisostepu’, line ‘Erythr.1463-08°, line ‘Lut.487-
13, line ‘Lut.490-13’, line ‘Lut. 490-15’, line ‘Lut.
449-15°, line ‘Lut. 470-15°, line ‘L191-14’, cv.
‘Pronia’ (line ‘Lut. 53-13”) and its two sister lines
with small but well-filled kernels.

The standardized kernel vitreousnes was
higher than 1.0 in ‘Erythr.1463-08°, cw.
‘Smuhlianka’,  ‘Erythr.913-10°,  ‘Lut.490-13’,
‘Erythr.14-17°, ‘Erythr.1180-18’, and a line
selected from cv. ‘Prynada’ in the second year
nursery; it was below 1.0 in ‘Erythr. 461-09°, ‘Lut.
901-10°, ‘Erythr. 95-11°, ‘Erythr. 778-14, ‘L139-
03KH’, soft cv. ‘Mazurok’ (line ‘L137-26-0-3)
and its sister line, ‘L137-26-0-2°, ‘L195-21°,
‘Erythr. 1161-17°, ‘Erythr. 55-18°, ‘Erythr. 180-
18’, and ‘Erythr. Q6-15’.

The standardized value of grain protein
content exceeded 1.2 in lines ‘Erythr. 913-10°,
‘Erythr. 399-13°, ‘Erythr. 188-13°, cv. ‘Prynada’
(line ‘Lut. 104-11°), ‘Lut. 470-15°, ‘Lut. 152-16’,
‘Erythr. 14-17°, ‘Lut. 676-17’, ‘Erythr. 923-17°,
‘Lut. 1000-17°, ‘Lut. 1003-17°, ‘Lut. 1152-17’,
‘Erythr. 795-21°, and ‘Erythr. 1120-21’; it was
below 1.2 in ‘Lut. 376-07°, ‘Lut. 217-13°, ‘Lut.
487-13, ‘Erythr. 277-13°, ‘A-3-14°, ‘Erythr. 1307-
15°, cv. ‘Malusha’ (line ‘Erythr. 1150-17"), ‘Erythr.
55-18’, ‘Erythr. 1283-18°, ‘L224-5", ‘L244-1°, and
a line selected from cv. ‘Pronia’ in the seond-year
nursery. The standardized value of flour gluten
content of over 1.0 was recorded for ‘Erythr. 913-
10°, ‘Erythr. 661-10°, cv. ‘Harmonika’ (line
‘Erythr. 661-10’), cv. ‘Prynada’ (line ‘Lut. 104-
11°), ‘Lut. 449-15°, ‘Erythr. 1378-15°, ‘Lut. 152-
16°, ‘Erythr. 804-16°, ‘Lut. 834-16°, ‘Lut. 676-17’,
and ‘Erythr. 65-19°.

Standardization of gluten deformation index
and dough balance allows eliminating lines with
both too high and too low values from the breeding
process. The mean standardized dough resilience
values were higher than 1.2 in ‘Erythr. 545-06’,
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Eputp. 1378-15, JIior. 152-16, Eputp. 804-16,
Jlrot. 834-16, JIroT. 676-17, Eputp. 65-19.

3a ToKa3HMKaMM iHAEKCY Jedopmaii
KJICHIKOBUHU Ta 30aaHCOBaHOCTI TicTa
CTaHAapTHU3aLIs J03BOJISIE BUJIYIUTU 3
CEJICKIIIHOTO TPOIIECY JIiHIi K 3 HAJITO BUCOKHUMH
3HAYEHHSAMH, TaK 1 3 HaaTo Hu3bkuMH. CepenHe
CTaHJApTHU30BaHWX 3HAYEHb NPYKHOCTI TicTa
nonan 1,2 mamu Eputp. 545-06, Eputp .455-10,
Epurp. 237-13, Eputp. 188-13, MansoBanka
(Eputp. 1472-14), Eputp. 1470-14, Eputp. 1178-
15, Epurp. 1235-15, Eputp. 1307-15, L103*-
25KH, Epurp. 67-18, Eputp. 180-18, Eputp.
1478-19, Eputp. 478-20, Eputp. 619-20, Epurp.
987-20. CepengHe cTaHAApPTH30BAHUX 3HAYCHB
po3TskHOCTI Ticta moHan 1,0 mamu Eputp. 692-
08, Jlior. 844-10, Eputp. 913-10, Jlrot. 104-11,
Eputp. 275-13, L 77-19KH-0KH-4KH, Menamxka
(L146-02-0-4), Eputp. 804-16, Eputp. 1367-19.

CepenHe cTaHAAPTH30BaHUX 3HAYEHb CHJIH
oopomra monanm 1,0 mamm Eputp. 545-06,
®epmepka (Eputp.702-06), Bayuna, Eputp.237-
13, Eputp. 1395-15, L191-18, Epurp. 1178-15,
L103*-25KH, Eputp. 804-16, Eputrp. 805-16,
Eputp. 166-16, Eputp. 67-18, Eputp. 478-20,
Eputp. 619-20, Jlror. 1387-21, a iHgekcy
enmactuaHocTi Ticta — Eputp. 455-10, Epurp. 95-
11, Eputp. 1217-15, Eputp. 170-15, Eputp. 190-
15, Eputp. 1046-15, Eputp. 1178-15, Eputp. 805-
16, Eputp. 806-16, Eputp. 795-21.

CepenHe  cTaHAapTH30BaHE  3HAYCHHS
o6’emy xmiba 31 100 r OopomHa 06e3
po3nymryBauiB 1,0 Ta Ginbme manu Eputp. 545-
06, Eputp. 1397-08, Eputp. 236-13, Eputp. 237-
13, Eputp. 554-16, Eputp. 166-16, Eputp. 444-
16, Jrot. 319-19, Eputp. 1693-19, Eputp. 429-20,
a 3arajbpHOi XJ1i00eKapchKoi OLiHKH OinbIe 0,5 —
Xapyc (Eputp. 333), Epurp. 1397-08, Epurp.
283-09, Eputp. 461-09, Eputp. 462-09, Epurp.
803-09, JIrot. 560-09, JIrot. 628-09, Eputp. 275-
13, Jlot. 48-13, Ilpunaga (JIrot. 104-11), Eputp.
753-14, Eputp. 1470-14, A-3-14, L 77-27KH-
0KH-4KH, Kopogsaitna, Eputp. 1217-15, L191-18,
Epurp. 777-16, Epurp. 804-16, JIror. 319-19,
Epurp. 1367-19, JIrot. 354-20, Eputp. 429-20.

Cepenne  craHIapTH30BaHE 3HAYCHHS
mokasHuka  SDS-cemmmenrartii  Oimpme 1,0
nokazanu Buranka (Eput p.300-12), Eputp. 48-
17, Eputp. 60-17, Epurp. 130-17, JIror. 229-17,
Eputp. 287-17, Epurp. 1180-18, Eputp. 478-20,
Epurp. 795-21, JItot. 860-21, Eputp. 1120-21.

Cepenni CTaH/AapTU30BaH1 3HaYEHHS
MOKAa3HUKIB SKOCTI 3€pHa JUJIS  COPTIB, SKi
npotsiroM 2008-2024 pokiB BUBYAIHUCS HE MEHIIE
7 pokiB HaBeneHi y Tabm. 2.

‘Erythr. .455-10°, ‘Erythr. 237-13°, ‘Erythr. 188-
13°, ‘Maliovanka’ (line ‘Erythr. 1472-14’), ‘Erythr.
1470-14°, ‘Erythr. 1178-15°, ‘Erythr. 1235-15’,
‘Erythr. 1307-15°, ‘L103*-25KH’, ‘Erythr. 67-18°,
‘Erythr. 180-18°, ‘Erythr. 1478-19°, ‘Erythr. 478-
20°, ‘Erythr. 619-20°, and ‘Erythr. 987-20’. The
mean standardized values of dough extensibility of
over 1.0 were noted in ‘Erythr. 692-08°, ‘Lut. 844-
10°, ‘Erythr. 913-10°, ‘Lut. 104-11°, ‘Erythr. 275-
13°, ‘L 77-19KH-0KH-4KH’, cv. ‘Melashka’ (line
‘L146-02-0-4"), ‘Erythr. 804-16’, and ‘Erythr.
1367-19°.

The mean standardized values of flour
strength were over 1.0 in ‘Erythr. 545-06°, cv.
‘Fermerka’ (line ‘Erythr.702-06’), cv. ‘Vluchna’,
‘Erythr.237-13°, ‘Erythr. 1395-15°, ‘L191-18’,
‘Erythr. 1178-15’, ‘L103*-25KH’, ‘Erythr. 804-
16°, ‘Erythr. 805-16’, ‘Erythr. 166-16’, ‘Erythr. 67-
18°, ‘Erythr. 478-20°, ‘Erythr. 619-20°, and ‘Lut.
1387-21. The mean standardized values of dough
elasticity index exceeded 1 in ‘Erythr. 455-10°,
‘Erythr. 95-11°, ‘Erythr. 1217-15°, ‘Erythr. 170-
15°, ‘Erythr. 190-15°, ‘Erythr. 1046-15°, ‘Erythr.
1178-15°, ‘Erythr. 805-16°, ‘Erythr. 806-16’, and
‘Erythr. 795-21".

The mean standardized values of volume of
baking powder-free loaf from 100 g of flour were
1.0 or higher in ‘Erythr. 545-06’, ‘Erythr. 1397-
08’, ‘Erythr. 236-13°, ‘Erythr. 237-13’, ‘Erythr.
554-16’, ‘Erythr. 166-16°, ‘Erythr. 444-16°, ‘Lut.
319-19°, ‘Erythr. 1693-19°, and ‘Erythr. 429-20°.
The mean standardized values of the overall
baking score was more than 0.5 in cv. ‘Kharus’
(line ‘Erythr. 333”), ‘Erythr. 1397-08°, ‘Erythr.
283-09°, ‘Erythr. 461-09°, ‘Erythr. 462-09°,
‘Erythr. 803-09°, ‘Lut. 560-09°, ‘Lut. 628-09°,
‘Erythr. 275-13°, ‘Lut. 48-13’, cv. ‘Prynada’ (line
‘Lut. 104-11°), ‘Erythr. 753-14°, ‘Erythr. 1470-
14, ‘A-3-14’, ‘L 77-27KH-OKH-4KH’, cv.
‘Korovaina’,  ‘Erythr. 1217-15°, °‘L191-18’,
‘Erythr. 777-16°, ‘Erythr. 804-16, ‘Lut. 319-19°,
‘Erythr. 1367-19°, ‘Lut. 354-20°, and ‘Erythr. 429-
20°.

The mean standardized values of the SDS-
sedimentation index of over 1.0 were intrinsic to
cv. ‘Vyhadka’ (line ‘Eryth p.300-12°), ‘Erythr. 48-
17°, ‘Erythr. 60-17°, ‘Erythr. 130-17°, ‘Lut. 229-
17°, ‘Erythr. 287-17’, ‘Erythr. 1180-18°, ‘Erythr.
478-20°, ‘Erythr. 795-21°, ‘Lut. 860-21°, and
‘Erythr. 1120-21".

The mean standardized values of grain
quality indicators for cultivars that had been
studied for at least 7 years (2008-2024) are given
in Table 2.
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Taomuust 2. [Toka3HUKH SKOCTI 3epHA 3pa3KiB MIICHHII M'SIKOT 03MMOI CTaHAAPTH30BaHi3a pOKaMK BUBYCHHS (3HAYCHHS CEepeIHi 3a 3pa3kamu)*
Table 2. Year-standardized values of the grain quality indicators of the winter bread wheat accessions (mean values for accessions)*

Kinpkicts

Bwmict

Iamexc

Iamexc

. : Bwmicr . . . S 3arajgpHa
POKiB Harypa . Oinka B N nedopmanii | Ilpyxnicts | Po3TsokHicTh Cuia enactugHocTi | O0’eM .
CKJ'IOHOHI6H1CTB . KIICUKOBUHU - . . . . XH16OHeKapCI)Ka
Hasga copty / BUBYCHHs | 3epHa / sepua / Kernel 3epHi / B Gopommi / | TEHKOBHHH Ticra / Ticra / 6oporiHa Ticra / xJiba / omirxa /
Cultivar / Number Test P Grain P / Glutan Dough Dough / Flour Dough Volume 5 .
X vitreousness . Flour gluten . .- L .2 Overall baking
of study | weight protein deformation | resilience | extensibility | strength elasticity of loaf
content . . score
years content index index
1 2 3 4 5 6 7 8 9 10 11 12 13
H];’ggfgfjg / 22 0,22 -0,59 -0,10 0,05 0,60 0,64 0,01 0,67 -0,58 0,25 0,14
Jlopimma / Doridna 15 0,45 0,38 0,90 0,16 0,52 -0,70 0,55 0,41 -0,50 -0,57 0,32
Ambsic / Alians 17 -0,02 0,32 0,49 -0,69 -0,07 -0,69 0,39 0,41 -0,01 0,02 0,05
I;{O;Z“lffsl}’;‘: a/ 18 0,04 -0,46 -0,09 0,41 0,31 0,37 -0,69 0,06 0,38 -0,30 20,26
Acter / Astet 9 0,04 0,91 -0,10 -0,06 0,54 0,73 0,21 0,99 0,53 0,56 0,46
B\?z?;lliiz / 1 -0,06 031 -0,48 -0,21 -0,53 0,65 -0,45 0,57 0,18 0,72 0.44
Xapyc / Kharus 9 0,35 0,24 0,76 0,42 0,72 0,57 0,02 0,86 0,60 0,76 0,57
Cratna / Statna 13 0,39 0,26 0,34 -0,07 0,47 0,33 0,30 0,69 0,15 0,34 031
rﬁgfg:f;; / 9 0,12 0,74 0,74 -0,87 0,24 0,79 0,96 0,32 0,03 -0,08 0,25
Jlueo / Dyvo 16 0,08 0,39 0,79 0,06 0,38 0,72 0,43 0,54 0,16 0,53 0,19
Pepnepa / 15 0,54 0,57 0,07 0,04 20,72 0,88 20,19 L1 0.74 0.33 021
3;‘;;;;‘;’1;/ 15 -0,01 -0,09 0,71 -0,75 0,26 0,74 0,43 0,48 0,03 -0,06 0,32
“&‘;‘iﬁﬁ;ﬁi/ 14 0,85 0,21 031 0,64 0,50 0,36 0,37 0,16 0,32 -0,12 0,19
ngnvaliT;: / 13 0,92 0.19 0,54 0,57 0,34 -0,44 0,04 -0,34 -0,22 -0,34 0,06
Merenuisa
X;f:s;‘;;z / 13 1,34 -0,03 -0,30 -0,20 0,14 0,46 0,25 0,55 0,00 -0,34 0,57
Kharkivska
%“yr;;g‘lfa/ 13 0,45 0,26 0,07 0,22 0,72 0,91 0,72 0,57 0,33 0,14 0,14
3106Ha / Zdobna 13 0,32 0,16 0,33 -0,10 0,19 0,05 -0,02 0,03 0,18 0,28 0,01
Taiiok / Haiok 13 0,91 0,09 0,04 0,04 0,44 0,27 -0,40 0,02 0,22 0,07 0,12
Tpons / Pronia 12 1,22 0,38 0,77 -0,42 0,32 0,05 20,23 0,14 -0,39 0,13 0,22
Tapvonixa / 11 -0,15 0,18 0,76 1,15 0,64 0,61 0,95 -0,02 -0,13 0,41 0,35

Harmonika




TIPOJIOBKEHHS TaOJHII 2
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1 2 3 4 5 6 7 8 9 10 11 12 13
Kpaca nanis / 12 0,29 -0,89 -0,15 0,03 -0,65 0,03 0,08 0,35 0,77 0,42 0,62
Krasa Laniv
Harpiorwa / 10 -0,66 0,17 0,11 0,27 -0,66 0,55 0,15 0,65 0,78 0,29 0,12
Patriotka
Tpunana / 10 1,10 0,65 1,27 1,15 0,42 0,14 0,27 0,62 0,85 0,61 0,55
Prynada
Masosatka / 10 0,19 -0,01 0,16 0,49 -0,79 1,27 -0,52 0,97 0,40 0,44 0,15
Maliovanka
Masxa IIPR/ Mavka 10 0,65 0,06 11,04 20,94 20,01 0,33 -0,36 0,04 -0,30 0,50 0,21
Misuna / 10 0,17 -0,05 -0,76 0,61 -1,03 0,33 0,23 0,28 0,08 0,06 0,29
Mizynka
Masypox / 10 -0,55 -1,39 1,06 0,52 1,59 -1,83 0,23 -1,94 -0,76 -0,19 -1,47
Mazyrok
Menarua / 9 -1,66 0,13 0,59 0,44 1,01 -1,39 1,02 -1,08 0,83 0,19 0,26
Melashka
Tasna / Gazda 9 0,34 0,91 0,57 0,61 1,18 0,17 0,19 0,27 0,96 0,23 0,29
Cananns / 7 0,88 -0,56 -0,04 0,29 0,70 0,15 0,45 -0,50 -0,78 -0,86 0,32
Yednannia
Mayma / 7 0,05 0,00 1,21 -1,56 0,24 -0,98 0,41 0,89 -0,50 0,14 -0,03
Malusha

143

[pumiTtka: * Pi3HUIS MiXk 3HAYEHHSIM KOHKPETHOTO MTOKa3HUKA KOHKPETHOI JIiHii Ta cepeHIM 3HaYeHHIM BiIIOBiTHOTO IMOKa3HHUKA y BiNOBITHHUN PiK IMOAiICHA HA
CTaHJapTHE BiIXHUJICHHS BIAIIOBITHOTO IOKAa3HUKA Y BIAIOBIAHUI pik

Note: * The difference between the value of a specific indicator of a specific line and the mean value of the corresponding indicator in the corresponding year was divided by
the standard deviation of the corresponding indicator in the corresponding year.




Cepen cOpTiB BHCOKMMH TPYXHICTIO TiCTa,
CWJIOIO OOpOIIIHA Ta IHJEKCOM €JIaCTHYHOCTI TicTa
BiapizHanuch Xapyc, Actet, Bacunna, ®epmepka
(mae Glu-Blal), Ilarpiorka, MansoBaHka, a
HU3BKUMHU — Maiyma (HOCii MIIeHMYHO-KUTHBOT
TpaHncnokanii 1B/IR) [34] ta m’sxo3epHUil copt
KOHAMTEPCHKOTO HANpsIMy BUKOPUCTaHHS Ma3ypok
[35], sxuii kpiM TOro 3aKOHOMIPHO Bigpi3HSBCA
HU3BKOIO  CKJIONOAIOHICTIO  3epHa. Bmucokoro
HaTypolo 3epHa Bin3Hadanuch coptu [IpuBabnuBa,
IIpusitHa, IlpwmHama, I'atiox, Ilpoms. Bucoxum
BMICTOM OiJIKa B 3€pHI Ta KJICHKOBHHHU B OOpOITHI
xapakrepu3yBanuch  [lpuBabmmBa,  IlpuBiTHa,
l'apmonika, Masypok, TpH  MaKCHMalbHUX
3HaueHHsX y copry Ilpmaaga. OO6’em xmiba i
3arajgpHa xiibomnekapchka OIliHKa BUIIMMHE Oyld y
coptiB  Xapyc, Acter, Bacununa, CrarHa,
®epmepka, [Juso, ['apmonika, [Ipurana, Maska IP.

Posrmsin 3B’ SI3KiB MIXK cepemHiMu
CTaHJapTH30BAHUMHU MOKAa3HUKIB
SAKOCTI 3epHa COPTIB 1 JiHIN, SKi BUBYAJHCS HE
MEHIIE TPhOX POKIB, MOKa3aB, L0 CYTTEBOIO IS
p>0,95 «xopemsmist Oyma MK HaTyporw Ta
ckrononiOHicTI0O 3epHa (1=0,30), MiX BMiCTOM
Oinka B 3epHi Ta KieikoBuHU B OopomHi (r=0,67),
BMiCT Oinka Ta  KJICHKOBUHM  IO3UTHUBHO
kopemroBanu 3 [JIK Ta posrsokuicTio Ticta (r 0,3-
0,5) Ta HerarmBHO 3 TpyxHicTIO Ticta (r=—0,2).
Innexkc  nmedopmanii  KJIGHKOBUHM  HEraTHBHO
KOPEJIOBaB 3 MPYKHICTIO Ta ETaCTUYHICTIO TicTa i
cwioro Oopomna (r Bim —0,6 g0 —0,7) Ta
MO3UTUBHO — 3 po3TsikHICTIO TicTta (1=0,39). Cuna

SHA4YCHHAMUA

OopomrHa Oyna TOB’S3aHOI0 3 TMPYXKHICTIO TicTa
(r=0,85) Ta enactuunictio (r=0,70).

3aranpHa xJi0onekapchbka OIliHKa — Oyja
CYTTEBO TIOB’si3aHa 3 IHAEGKCOM aedopmanii
kneiikoBuaU (1=0,39), npyxHicTio Ticta (r=—0,37),
CUJIOI0 OOpOIIIHA Ta IHICKCOM €JaCTHYHOCTI TicTa
(r=0,53). Heswucoki
TMHIHHOT  KOpeNslii  MOXYTh TOBOPHTH  TPO

3Ha4YeHHS  Koe]ilieHTIB

HEeTMPSAMOJIHIHHICT  3B’3Ky.  [lonmiHOMiHAJBHI
moOyIoBH JIPYroro CTYINEHs Ui BiJIOOpakKeHHS
BIUIMBY IHIIMX ITOKa3HHUKIB SIKOCTI 3epHa Ha
3araJibHy XJIiOOINEKapchKy OI[IHKY HaBeJleHI Ha

puc. 1.
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Cultivars ‘Kharus’, ‘Astet’, ‘Vasylyna’,
‘Fermerka’ (carries Glu-Blal), ‘Patriotka’, and
‘Maliovanka’ were distinguished by high levels
of dough resilience, flour strength, and dough
elasticity index; cv. ‘Malusha’ (carrier of the
1B/1IR wheat-rye translocation) [34] and soft
confectionery cv. ‘Mazurok’ [35] were
distinguished by low kernel vitreousness.
Cultivars ‘Pryvablyva’, ‘Pryvitna’, ‘Prynada’,
‘Haiok’, and ‘Pronia’ were distinguished by high
test weight; cvs. ‘Pryvablyva’, ‘Pryvitna’,
‘Harmonika’, and ‘Mazurok’ were characterized
by high grain protein content and flour gluten
content, with the maximum values in cv.
‘Prynada’. The loaf volume and the overall
baking score were higher in cvs. ‘Kharus’,
‘Astet’,  ‘Vasylyna’, ‘Statna’, ‘Fermerka’,
‘Dyvo’, ‘Harmonika’, ‘Prynada’, and ‘Mavka
IR’.

Consideration of the relationships between
the mean standardized values of the grain quality
indicators in the cultivars and lines that had been
studied for at least three years showed significant
correlations (p>0.95) between test weight and
kernel vitreousness (r=0.30), between grain
protein content and flour gluten content (r=0.67);
protein and gluten contents were positively
correlated with GDI and dough extensibility (r =
0.3-0.5) and negatively correlated with dough
resilience (r=—0.2). Gluten deformation index
was negatively correlated with dough resilience,
dough elasticity and flour strength (r from —0.6 to
—0.7) and positively correlated with dough
extensibility (r=0.39). Flour strength was
correlated with dough resilience (r=0.85) and
elasticity (r=0.70).

The overall baking score was significantly
correlated with gluten deformation index
(r=0.39), dough resilience (r=0.37), flour
strength and dough elasticity index (r=0.53).
Low values of the linear correlation coefficients
may indicate a nonlinear relationship. Fig. 1
shows second-order polynomials to reflect the
influence of other grain quality indicators on the
overall baking score.
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Puc. 1. 38’5130k 3aranbHO{ Xmi00mekapchKol OMIHKA MIISHUII M'SIKOi 03UMOI 3 1HITNMH IMOKa3HUKAMH SKOCTI
3epHa, Cepe/iHi 3a 3pa3KaMu CTaHaPTU30BAHUX 3HAYCHB 32 POKAMU BHBYCHHSI.

[pumitka: OBS — 3aranpHa xibomekapchka omiHKa, P — mpyxHicTh Ticta, L — po3rsukHicTs Ticta, FGC —
BMICT KieikoBuHU B OopomrHi, GDI — ingekc nedopmamii kierikoBunmn, TW — Hatypa 3epHa, KV — ckiomnonioHicTh
3epHa, GPC — BMicT Oinka B 3epHi, W - cuia 0opoiHa, IE - iHAeKC enacTHUHOCTI KICHKOBHHH.
Fig. 1. Relationships between the overall baking score and other grain quality indicators in winter bread wheat, mean

values standardized across years.
Note: OBS — overal baking score, P — dough resilience, L — dough extensibility, FGC — flour gluten content, GDI —
gluten deformation index, TW — test weight, KV — kernel vitreousness, GPC — grain protein content, W — flour
strength, IE — gluten elasticity index.

Knacrepusanist 03HaK SIKOCTI 3epHa METOIOM
Bapna no skoi 3ayyywsim copTH Ta JiHii, IO
BUBUQINCS HE MEHIIE TPbOX POKIB, JI03BOJIMIA
BWIUTMTH 4YOTUpPH KjiacTtepa 3  Macitabom
eBKkIioBux Binctaneir menme 40 %. Jlo meprioro
VBIMIIUIM O3HAaKW BMICTy Oilka B 3epHI Ta
KJIEWKOBMHM B OopomHi, iHaekc aedopmarii
KJICMKOBHHHU Ta PO3TSHKHICTH TiCTa, O APYroro —
yci iHIN peoJyioriuHi BIACTUBOCTI TicTa, [0
TPETHOT0 — IOKA3HUKH SIKOCTI XJ110a, 10 YeTBEPTOro
— CKJIOTIOIIOHICTH Ta HaTypa 3epHa (puc. 2).

Hns  peaykuii maHuX Ta y3arajJbHEHHS
OTPHMaHMX  pe3yabrariB  Oylo  MpOBeIeHO
(bakTopHUI aHaNmi3, 0 SKOTO 3aJy4WIH COPTH Ta
niHii, fKi BHBYaJIHMCS HE MEHIIE TPHOX POKIB 3a
KOMIUIEKCOM O3HAaK SKOCTI 3epHa. MeTomoM
TOJIOBHUX KOMIIOHEHT BUJIUJICHO YOTHUPH (HaKTOpH,
Kl  moscHIolTs  Oimbme  70%  3araibHOI
MiHJIUBOCTI.

Ward clusterization of grain quality traits
in the cultivars and lines that had been studied
for at least three years allowed us to identify four
clusters with a Euclidean distances of [ 40%.
Cluster 1 included the following characteristics:
grain protein content and flour gluten content,
gluten  deformation index, and dough
extensibility; cluster 2 — the other rheological
properties of dough; cluster 3 — bread quality
indicators; and cluster 4 — kernel vitreousness
and test weight (Fig. 2).

To reduce data and summarize the results,
we performed PCA, which included the cultivars
and lines that had been screened for at least three
years for a set of grain quality characteristics.
Four principal components (PCs), which account
for > 70% of the total variability, were identified
by principal component analysis.
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Puc. 2. lepapxiyHe epeBo TOKa3HUKIB SKOCTI 3epHA 32 pe3yJibTaTaM{ BUBYCHHS JIHIN MIISHUI M K0T 03UMOi
KOHKYPCHOTO COPTOBHIIPOOYBaHHS (€BKIIIIOBI BifcTaHi, MeToX Bapna).

[pumitka: (Dlink/Dmax)*100 — macmtad Bigcraneit, L — po3tsoxaicTs Ticta, GDI — iHmekc nedopmarii
kineiikoBuaN, FGC — BMicT Kiteiikosuau B 6opomrHi, GPC — BMmicT Oinka B 3epHi, IE - iHIEKC enacTHIHOCTI
KieiikoBuHU, W - crita 6opomrHa, P — mpyxHicTh Ticta, LCC — komip ckopunky xnionan, CE — enacTuyHicTh
M’ sikyma xmiowan, CP — mopucticts M’ skymia xmiowan, CC — koumip M’ sikyma xmiowan, LS — dpopma xmibuan, LUS —
OIliHKa MoBepxHi xmibuan, LV — 00’ em xmibman, KV — cknononioxicTs 3epHa, TW — Hatypa 3epHa.

Figure 2. Dendrogram of the grain quality indicators based on the results of testing the winter bread wheat

lines in competitive trials (Euclidean distances, Ward method).

Note: (Dlink/Dmax)*100 — distance scale, L — dough extensibility, GDI — gluten deformation index, FGC — flour
gluten content, GPC — grain protein content, [E — gluten elasticity index, W — flour strength, P — dough resilience,
LCC - loaf crust color, CE — crumb elasticity, CP — crumb porosity, CC — crumb color, LS — loaf shape, LUS — loaf
surface score, LV — loaf volume, KV — kernel vitreousness, TW — test weight.

Jlo nepmoro ¢axkropa yBIHIUIN NOKa3HUKH
xibornekapchkoi omiHku (00’em xmiba, ¢opma,
OLlIHKA 3a0apBIeHHS
MOPUCTICTh, €IACTHYHICTh Ta KOIIp M AKyIIa) 3

MTOBEPXHI, IIKOPHWHKH,
HaBanTaxenusmu 0,7-0,8. Jlo mpyroro dakrtopa
YBIWIIIM PEOJIOTIUHI BIACTHUBOCTI (NMPYXHICTDH
TicTa, cuiia OOPOIIHA, 1HIEKC €IaCTUYHOCTI TicTa)
3 HaBaHTaxeHHsMu 0,8—0,9 ta ingekc nedopmarii
KIIEWKOBUHM 3 BiJ’éMHHM 3HaKoM. J[o TpeThoro
¢dakropa ysBifimm BMicT Oinka, KICHKOBUHH 3
0,8-0,9 Ta,
po3TskHicTh TicTa (HaBaHTtaxkenHs 0,6). Jlo

HaBaHTaKEHHSAMHU YacTKOBO,
4eTBepTOro (hakTopa yBIMIIIM CKIOMOAIOHICT Ta
HaTypa 3epHa. TakuM 4YHHOM, OynIM OTpHMaHi

pe3ynbTaTH, JOyke Onu3bki [0 iepapxiduHoi
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Principal component 1 included baking
indicators (loaf volume, shape, surface score,
crust color, porosity, and crumb elasticity and
color) with loadings of 0.7-0.8. Principal
component 2 included rheological properties
(dough resilience, flour strength, dough elasticity
index) with loadings of 0.8-0.9 and gluten
deformation index with a negative loading.
Principal component 3 included protein and
gluten contents with loadings of 0.8-0.9 and,
partially, dough extensibility (loading 0.6).
Principal component 4 included kernel
vitreousness and test weight. Thus, we obtained
results that were very close to hierarchical
clustering.
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KJIacTepH3allii.

Otxe TSt XJII00TEKapChKOTO
BUKOPHUCTAHHS, ne noTpioHi BHCOKI
xJ1i00mneKapehbKi, peosorivni i MOKMBHI

BJIACTHBOCTI Ta BHUKOPUCTAaHHS K BHUXiZHHUN
MaTepian AN CeNeKLii 3a JaHUMH O3HaKaMH
OigidAyTs COpTH 1 JIiHII 3 MOETHAHHSAM BUCOKHX
3HaYeHb MEpIIMX TpboX (akTopiB: AcTer
(Eputp.185-98), ®epmepka (Eputp. 702-006),
Eputp. 913-10, Jlror. 943-10, Eputp. 134-13,
Eputp. 275-13, Eputp. 377-13, Eputp. 393-13,
Ilpurama (JIror. 104-11), Eputp. 669-14, L165-
02KH, Koponatina, L191-18, Epwutp. 190-15,
Jlror. 449-15, Jot. 470-15, Eputp. 1178-15,
Jror. 1346-15, L103*-25KH, Epurp. 804-16,
Eputp. 166-16, Jlrot. 1152-17, Eputp. 1180-18,
Eputp. 81-19, Eputp. 1367-19, JIrotr. 354-20.
Hns 3aroriBmi 3epHa 3rigao 3 JACTY
3768:2019 «llmenuns. Texuiuai ymoBu» [36], ne
XJTI0OMeKapCchKi Ta PEOJIOTiUHI MOKAa3HUKH HE €
000B’s3k0OBUMH 200 B3aram He IependadeHi,
BaXUIMBUMU ~ OyZIyThb  3pa3ku 3
3HAYCHHSIMH TPETHOTO 1 YeTBepTOro (hakTopiB:
Hopinaa (JIror. 415-01), JIrot. 561-09, Eputp.
913-10, JIrot. 943-10, Jlrot. 994-10, IIpuBabauBa
(JIror. 561-09), Ilpusitma (JIror. 1019-10),
Eputp. 164-13, Jlor. 447-13, Ilpunaga (Jlior.
104-11), JIrot. 449-15, Jhiot. 470-15, L191-14,
Epurp. 14-17, Jwot. 676-17, Eputp. 923-17,
Eputp. 1180-18, Eputp. 65-19, Eputp. 81-19.
Mns KOHJIUTEPCHKOTO

BHCOKHNMHU

HaMpsAMY
BUKOPUCTAHHS KpaUUMH OyayTh TMINEHUII 3
HU3BKMMH PEOJIOTIYHMMM  BIIACTHBOCTSAMH  Ta
ckyonofioHicTio [37], ToOTO (hakTopamu 2 i 4,
ane 10 (akrtopa 4 TakoX yBiiliJia HaTypa 3epHa,
a HU3bKE 3HAYCHHS I[LOTO MOKa3HWKa He Oa)kaHe.
[Tpu BuaineHHi m’sTH QaKTOpiB, SKi MOSCHIOIOTH
oimpie 75 % 3araanbHOl MIHIHMBOCTI, BIANOCS
PO3IITUTH YEeTBEPTUI (QakTop HAa YETBEPTHH, 10
AKOTO  yBiWIIIA  CKJIONMOAIOHICTH  3epHa 3
HaBaHTaXeHHsM 0,86 1 I’ ATHI — 3 HATYPOIO 3epHA
3 HaBaHTaxeHHIM 0,95. Hu3pkumu 3HAYEHHSIMU
¢daktopiB 2 1 4 Ta BHUCOKUMH 3HAYCHHIMHU
¢dakropa 3 BimsHavanuchk Jlrotuis, Jliror. 844-10,
JIrot. 994-10, JIrot. 104-11, Masypoxk (L137-26-0-
3), L137-26-0-2, Menamka (L146-02-0-4), L195-
21, Eputp. 444-16, Eputp. 263-18.

Hence, for baking purposes, where high
baking, rheological and nutritional properties are
required, and in breeding oriented to these
characteristics, as starting materials, the
following cultivars and lines with combinations
of high values of the first three PCs are suitable:
cv. ‘Astet’ (line ‘Erythr.185-98), cv. ‘Fermerka’
(line ‘Erythr. 702-06), ‘Erythr. 913-10°, ‘Lut.
943-10°, ‘Erythr. 134-13°, ‘Erythr. 275-13’,
‘Erythr. 377-13°, ‘Erythr. 393-13’, cv. ‘Prynada’
(line ‘Lut. 104-11°), ‘Erythr. 669-14’, ‘L165-
02KH’, cv. ‘Korovayna’, ‘L191-18°, ‘Erythr.
190-15°, ‘Lut. 449-15°, ‘Lut. 470-15", ‘Erythr.
1178-15°, ‘Lut. 1346-15°, ‘L103*-25KH’,
‘Erythr. 804-16°, ‘Erythr. 166-16°, ‘Lut. 1152-
17°, ‘Erythr. 1180-18°, ‘Erythr. 81-19°, ‘Erythr.
1367-19°, and ‘Lut. 354-20’.

For grain harvesting, according to DSTU
3768:2019 “Wheat. Specifications” [36], where
baking and rheological indicators are not
mandatory or not provided for at all, accessions
with high values of PCs 3 and 4 will be
important: cv. ‘Doridna’ (line ‘Lut. 415-01°),
‘Lut. 561-09°, ‘Erythr. 913-10°, ‘Lut. 943-10’,
‘Lut. 994-10°, cv. ‘Pryvablyva’ (line ‘Lut. 561-
09), cv. ‘Pryvitna’ (line ‘Lut. 1019-10”), ‘Erythr.
164-13°, ‘Lut. 447-13’, cv. ‘Prynada’ (line ‘Lut.
104-11°), ‘Lut. 449-15°, ‘Lut. 470-15°, ‘L191-
14°, ‘Erythr. 14-17°, ‘Lut. 676-17", ‘Erythr. 923-
17°, ‘Erythr. 1180-18’, ‘Erythr. 65-19°, and
‘Erythr. 81-19°.

In confectionery industry, wheats with low
rheological properties and kernel vitreousness
[37], i.e. PCs 2 and 4 seem the best ones;
however, PC 4 also includes test weight and a
low value of this indicator is not desirable. With
five PCs accounting for over 75% of the total
variability, it was possible to divide PC 4 into a
smaller PC 4, which included kernel
vitreousness with a loading of 0.86 and PC 5
consisting of test weight with a loading of 0.95.
Low values of PCs 2 and 4 and high values of
PC 3 were noted in cv. ‘Liutytsia’, ‘Lut. 844-10°,
‘Lut. 994-10°, ‘Lut. 104-11°, cv. ‘Mazurok’ (line
‘L137-26-0-3%), ‘L137-26-0-2°, cv. ‘Melashka’
(line ‘L146-02-0-4’), ‘L195-21", ‘Erytr. 444-16°,
and ‘Erytr. 263-18’.
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BucHoBku

B pesynbrari netanbHOro BUBYEHHS IMOHAN
1200 copTiB Ta CeNeKUiHHUX JiHI KOHKYPCHOT'O
COpPTOBHIIPOOYBAHHS TMIIEHUIII M SKOi O03MMOI 3a
O3HaKaMU SKOCTi 3epHa B [HCTHTYTI pOCIMHHUIITBA
iMm. B.A. IOp’eBa HAAH npotsarom 2008-2024 pp.
BCTAHOBJICHA MIHJIMBICTh iX 3a pOKaMH 3aJICKHO
BiJl IOTOJHUX YMOB.

st y3araqbHEHHS! OTpUMaHuX OaraTopiyHUX
JaHuX OyJM BHUKOPUCTaHI CTaHAAapTU30BaHI B
MEXaxX OKpPEMHX POKIB 3HA4eHHS, 3a SKUMHU
BUJIUJICHI JKepena BUCOKOI HATypH 3€pHa, BUCOKOT
Ta HU3bKOI CKJIOMOAIOHOCTI 3epHa OIS CeNeKii
TBEPIO3CPHUX Ta M’ SIKO3CPHUX COPTIB, BHCOKOTO
BMiCTy Oifka i KJIEWKOBHHH Ta ii SIKOCTi, BUCOKUX
PEOJIOTIYHUX BIACTUBOCTEH 1 XJIIOOMEKapChKUX
SIKOCTEH.

Cepen cOpTiB BHCOKMMH TPYXKHICTIO TICTa,
CWJIOI0 OOpOIIIHA Ta 1HIEKCOM EIaCTUYHOCTI TicTa
BiJIPI3HSIIHCH Xapyec, Acrer, Bacununa,
®depmepka, [laTtpioTka, ManboBaHKa, a HUI3BKAMHU —
Manyma Ta M’SKO3€pHHA COPT KOHAUTEPCHKOIO
HanpsiMy BUKOpUCTaHHS Ma3ypok, SKHi KpiM TOTO
BiJIPi3HSABCS HU3BKOIO CKJIOMOIOHICTIO 3epHA.

Bucokoro HaTyporo 3epHa Big3HayaluCh
coptu [lpusabnusa, [lpuritHa, Ilpunana, I'aiiok,
[Mpons. Bucokum BmicToM Oinka B 3epHi Ta
KIEHKOBUHH B  OOpOIIHI  XapaKTepu3yBalIHCA
[MpuBabnuBa, [1pusiTHa, ['apMonika, Mazypok, npu
MaKCHUMaJIbHUX 3HAaUeHHsX Yy copty [IpuHana.

O6’em xmiba 1 3arampHa XjiOomekapcbka
OIliHKa BHWINMMHU Oyiu y copTiB Xapyc, AcCTeT,
Bacununa, Crarna, ®epmepka, Jluso, ["apMoHika,
[Ipunana, Magka IP.

BcraHoBiieHi 3B S3KM MiXK O3HaKaMHu SKOCTi
3epHa, 30KpeMa 3arajibHa XJIi0OIeKapchka OIliHKA
Oyna cyTTEBO MOB’s3aHa 3 iHIEKCOM Jedopmariii
kneiikoBuam (7=0,39), nmpyxHicto Ticta (r=0,37),
CUJIOI0 OOpOIIIHA Ta 1HIEKCOM EIaCTUYHOCTI TicTa
(=0,53).

Hns  pemykuii maHuUX Ta y3arajlbHEHHS
OTPUMaHUX  pe3yjibTaTiB  OyJo  IpOBEIEHO
KJIacTepHUil Ta (aKTOPHHUH aHami3, 3a JOMOMOTOI0
SKHX BUJUICHO YOTHPU KJacTepu 3 MacimTaboM
eBKIioBUX BincraHed wmenHme 40% Ta doTupH
¢dakropu, sKi MOsACHIOOTH MmoHan 70% 3arajabHOI
MIHIMBOCTI, OJMH 3 SKHX I[IOB’SI3aHMH 3
XJIIOONEKapChKUMH ~ SKOCTAMH, IHIOMA — 3
PEOJIOTIYHUMH BJIACTHBOCTSIMHU, 1€ /1B 3 BMiCTOM
OisKa 1 KIIEMKOBUHH Ta HATYPOIO 1 CKIIOTOTI0HICTIO
3epHa. BusHaueHi IiHIi 3 MOETHAHHSM BHCOKUX
3Ha4eHb Pi3HUX (AKTOPIB A PI3HUX HAMPAMIB
BUKOPUCTaHHS.
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Conclusions

The Yuriev Plant Production Institute of
NAAS was elaborately studying grain quality
indicators of over 1,200 winter bread wheat
cultivars and breeding lines tested in the
competitive trials in 2008-2024 and established
their year-to-year variability depending on
weather conditions.

To summarize the obtained multi-year
data, we used the year-standardized values and,
based on these values, identified sources of high
test weight as well as of high and low kernel
vitreousness for the breeding of hard and soft
cultivars, respectively, sources of high protein
and gluten contents, high gluten quality, high
rheological properties, and excellent baking
qualities.

Among the cultivars, cv. ‘Kharus’, ‘Astet’,
‘Vasylyna’,  ‘Fermerka’, ‘Patriotka’, and
‘Maliovanka’ were distinguished by high dough
resilience, flour strength and dough elasticity
index, while c¢v. ‘Malusha’ and soft
confectionery cv. ‘Mazurok’ — by low levels of
these characteristics; in addition, cv. ‘Mazurok’
was characterized by low kernel vitreousness.

Cultivars ‘Pryvablyva’, ‘Pryvitna’,
‘Prynada’, ‘Haiok’, and ‘Pronia’ had high test
weights. Cultivars ‘Pryvablyva’, ‘Pryvitna’,
‘Harmonika’, and ‘Mazurok’ were characterized
by high grain protein content and flour gluten
content, with the maximum values in cv.
‘Prynada’.

The loaf volume and the overall baking
score were high in cvs. ‘Kharus’, ‘Astet’,
‘Vasylyna’, ‘Statna’, ‘Fermerka’, ‘Dyvo’,
‘Harmonika’, ‘Prynada’, and ‘Mavka IR”.

Relationships between the grain quality
traits were evaluated; in particular, overall
baking score was significantly correlated with
gluten deformation index (r=0.39), dough
resilience (r=—0.37), flour strength, and dough
elasticity index (r=0.53).

To reduce data and summarize the results,
cluster analysis and PCA were conducted. These
analyses identified four clusters with a Euclidean
distance of < 40% and four PCs that account
for > 70% of the total of variability: cluster 1
includes baking qualities, cluster 2 — rheological
properties, and two other clusters include protein
and gluten contents, test weight and kernel
vitreousness. Lines combining high values of
different PCs have been selected for different
areas of use.
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Pedepar: [pencrapneni pe3ynsratu 3actocyBanns cucreM AMMI ta GGE biplot ananizis npu ajis
y3arajbHEHHsI JJAHUX EKOJOTIYHOTO BUNIPOOYBaHHS COPTIB ropoxy. HaBeneHi pesyibTard po3paxyHKiB
BUSIBUJINCh HE TOTO)KHUMH 1 CBIZ[9aTh PO BOXKJIIMBICTh KOXKHOTO 13 IIUX anropuTMiB. Tak, po3moais 3pa3kis
ropoxy 3a panramu (ASV) y cucremi AMMI mozeni po3mictus copt [ailigyk Ha mepmomy Micti, ane 3a
pesynsraramu GGE biplot ananizy Halikpamum («izeanbHUM reHoTunom») € copt Omor. I'padiune
NPE/CTABICHHS PE3YJbTaTiB i3 3a3HAUCHHSM METacepelOBHII Ta COPTaMH, IO € HAWKpalmuMH y IHX
CepeIoBHIIaX — JIOJATKOBA 1H(OpPMAITis JIJIsi KOPETyBaHHS CEJICKIIMHUX MPOrpaM i3 CTBOPEHHSI aJaliTUBHUX
COPTIB TOpOXy AJIs pi3HUX 30H BUpouryBaHHs. Oxpema nepeBara GGE biplot nmosnsirae y MOXIMBOCTI OLIIHKH
iH(OPMAaTHBHOCTI CepelloBUIlla BUNIPOOYBaHHS. B HamoMy JOCHiPKeHHI BiJPi3HSUIMCh HE TiIBKH TOYKH
BUTIpoOyBaHHsS — Ojnechka nepkaBHa jgociinHa craHiis(Oxecbka 00.), YCTHUMIBChKA JOCIiAHA CTaHIIiS
(ITontaBcbka 001.) Ta IHcTUTyT pocnuuHuMuTrBa iM. B. S. IOp’eBa (XapkiBchka 0011.), a 1 KOXEH pik
BUTIPOOYBaHHS y KOXKHil Touli nociimkenns. Takum unHoM, 3actocyBanHs cucteM AMMI ta GGE biplot
aHaJi3iB 1yl OOpOOKM pe3yNbTaTiB €KOJOTTYHOrO BHIIPOOYBaHHS TOpOXy HE BUKIIOYA€ OAMH OAHOTO, a
HaBIIAKH, HaJ[a€ OB PO3TOPHYTY 1 MOBHY iH(OPMAIIIIO PO PE3YIBTATH JTOCIIIKSHHSI.

KurouoBi ciioBa: exonoriune BunpoOysanHs, ropox, AMMI, GGE biplot, copth, ypoxaiiHicTh

Abstract: Results of AMMI and GGE biplot analysis summarizing data of environmental trials of pea
cultivars are presented. The results of these methods were not identical and indicate the importance of each
of these algorithms. Thus, the distribution of pea accessions by ranks (ASV) in the AMMI model placed cv.
‘Haiduk’ in the first position, but according to the results of the GGE biplot analysis, cv. ‘Oplot’ was the best
("ideal") genotype. Graphical visualization of results marking megaenvironments and cultivars that are the
best in these environments is additional information to adjust breeding programs and to create adaptable pea
cultivars for different growing zones. A separate advantage of GGE biplot is that it is able to assess the
informativeness of test environments. In our study, not only the trial locations (Odesa State Experimental
Station [Odeska Oblast], Ustymivka Experimental Station [Poltavska Oblast] and Yuriev Plant Production

© A.O. Vasylenko, V.I. Sichkar, L.M. Shevchenko, N.O. Vus, P.M. Solonechnyi, S.I. Silenko, R.V. Solomonov, V.I. Serdyuk,
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Institute [Kharkivska Oblast]) but also each year of trials at each location differed. Thus, AMMI and GGE
biplot analysis, which process data of environmental trials of pea, do not exclude each other, but on the

contrary, provide more detailed and complete information.

Key words: environmental trials, pea, AMMI, GGE biplot, cultivars, yield

Beryn

IIpoBeneHHS OIIHOK y PI3HUX EKOIOTIYHHIX
yMOBax 3a MareMaTnaHoro monxemuto S.A. Eberhart
ta W.A. Russell [1] He n1o3Bossie MOPYY 3 OL[IHKOO
Marepiaxy OIIHHTH caMi YMOBHU JIOCIIKEHHS.
3py4YHHM iHCTPYMEHTOM AJISl TAKHX PO3PaXyHKIB €
GGE biplot method Ta AMMI anamni3. IlepeBara
GGE biplot monsrae He TUTPKM Yy HaJaHHI
iHpopMalii mpo IOCHiAKyBaHI T€HOTHNH, aine MU
BCeOi1vHii OIiHIII cepenoBHI] BUMpoOyBaHHs [2, 3].

GGE biplot Ta AMMI anaui3 € eheKTHBHUMEU
QIrOPpUTMaMH, SKi 3aCTOCOBYIOTh JIJISl  OLIIHKH
pe3yrbraTiB BUIpoOyBaHb Ha 0ararbox KyJNbTypax —
COHSIIHUKY [4], Topoxy [5, 6], coi [7], ssumento [8]
ta iH. Tak, mpoBenene Bezugla Ta in. BunpoOyBaHHS
KOJICKIIMHUX 3pa3KiB KBacONi Y YOTUPBOX Pi3HUX
TOYKax BUPOIIyBaHHs B YKpaiHi: y CxifHil yacTuHi
Jlicocremy (XapkiBchka 00:m.), [liBneHHii 9acTuHi
Jlicocremny (ITontaBchka o0.); [Moumicci
(YepHiriBcpka 0067.); miBmeHHOMY ctery (Omechka
00I1.), MO3BONMIIO 3a JOMOMOTOK) PO3PaxXyHKIB y
cucreMi GGE biplot BuzginutH  yMOBHHH
«i1eapbHUID» TEHOTHUI 1 OMIHUTH 1HPOPMATHUBHICTH
TOYOK BUTIPOOyBaHHs [9].

Y pobori Das ta in. GGE biplot Oyno
3aCTOCOBAHO TSI BU3HAUCHHS HE JIMIIE AWHAMIKA
CTIMKOCTI 1 BU3HAYCHHs CcTiiikuXx 70 ipxki (Uromyces
viciae-fabae) reHOTHIIIB TOPOXY, a i JJIsl BU3HAUEHHS
i7IeaJIbHOTO MiCllsl JUIs TecTyBaHHs. [lonepenHso y
TOYKaX PO3IMOBCIOKEHHST XBOpoOU Oyio BimiOpaHo
3 250 3pa3kiB nunie 23 nepcreKTUBHUX TeHOTHIIH,
moriMm ix  BuUnpoOOByBamM 3a  00OB’SI3KOBOL
IHOKYIIALIT BIPOJOBXK JBOX POKIB IOCHIIL y 6
toukax Iumii. OTpuMaHi pe3yabTaTd MiATBEPIHIH
HEOOXiTHICTh 0araTopiyHOrO TECTyBaHHS 3pa3KiB
came y pi3HHX Toukax. [lopsa 3 Tum Oynu BHIiIEeHI
JIOKAIIii I MPOBEACHHS CHPSIMOBAHOI CeJIEKINi 1
MIPOBEICHO A00Ip KpallyX TeHOTHIIIB, IO T03BOJISE
e(EKTHBHO BHKOPHCTOBYBAaTH TI'€HETHYHI pecypcu
[10]. Osei Ta iH. 3acrocyBanu GGE biplot aus
BU3HAYECHHs1 €(EeKTHUBHOCTI MiCLEBHX pU300ild Ha
BurHi (Vigna unguiculata L. Walp) Ta apaxici
(Arachis hypogaea L.) y pi3Hux reorpagiunux
Toukax ["anu. Byio mokasaHo, 110 BiIOBIIb 3pa3KiB
Ha IHOKYJIALIIO 3HAYHO Bapilo€ 3aJIC)KHO BiJ MICIIS
JNOCHKEHHS,  TOOTO ~ 3HAYHOIO  BHSIBHMJIACH
B3aeMolist (haKTOpiB CEpeOBUIA Ta IHOKYIIALIT, 1
o came cepepoBuiine BHocuth 71 Ta 88% Bapiarii
JUIsL KYJIBTYp BUTHH Ta apaxicy BiamosigHo [11].
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Introduction

S.A. Eberhart and W.A. Russell’s
mathematical model [1] used to assess data of
trials in different environmental conditions allows
for assessment of plant cultivars but not conditions
themselves. GGE biplot analysis and AMMI are
convenient tools for such assessments. The
advantage of GGE biplot is not only in providing
information about tested genotypes but also in
comprehensive evaluation of test environments [2,
3]

GGE biplot analysis and AMMI are
effective algorithms that are used to evaluate data
of trials of many crops: sunflower [4], pea [5, 6],
soybean [7], barley [8], etc. Thus, a trial conducted
by Bezugla et al. on bean collection accessions
grown in four different locations in Ukraine
(eastern forest-steppe [Kharkivska Oblast],
southern  forest-steppe  [Poltavska  Oblast],
woodlands [Chernihivska Oblast], and southern
steppe [Odeska Oblast]) identified an "ideal"
genotype and assessed the informativeness of the
test locations due to application of GGE biplot
analysis [9].

In a study by Das et al., GGE biplot analysis
was used not only to determine resistance of pea
genotypes to rust (Uromyces viciae-fabae) over
time and to identify rust-resistant genotypes but
also to select the ideal location for trials.
Previously, only 23 promising genotypes were
selected from 250 accessions at sites of disease
spread; then they were tested upon mandatory
inoculation for two consecutive years at 6
locations in India. The results confirmed the need
for multi-year testing of accessions at different
locations. At the same time, locations for targeted
breeding and the best genotypes were selected,
allowing for the efficient use of genetic resources
[10]. Osei et al. used GGE biplot analysis to
determine the effectiveness of local rhizobia on
cowpea (Vigna unguiculata L. Walp) and peanut
(Arachis hypogaea L.) at different geographical
locations in Ghana. It was shown that the
responses of accessions to inoculation varied
significantly from location to location, that is, the
environment-inoculation interaction was
significant, and that the environments contributed
71% and 88% to the variations in cowpea and
peanut, respectively [11].
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TakuM 4YMHOM, TIPOBENCHHS PO3PaxXyHKIB Y
cucteMi GGE biplot ta AMMI anasi3 Hagae BaxkIuBY
iH(pOpMaLliI0 PO B3a€EMOMII0 TEHOTUII-CEPEIOBUILIE,
X BIUIMB Ta JO3BOJISIE TPOBOIUTH 00’ €EKTHBHY OIIHKY
Pe3yABTaTIB €KOJIOTTYHOTO BUIIPOOYBaHHS 3 Pi3HUM
TU3aifHOM. 3BaXKalOUM Ha Te, IO HaMU Oylo
MIPOBENIEHO BHUIIPOOYBAaHHS COPTIB TOPOXY y TPHOX
JOKAMisIX 13 PI3HUM  peXKAMaMd  OmamiB - i
TEMIIEpaTypH, TO IJIKOM JOTiYHMM OyJo BOepiie B
VYkpaiHi 3acTocyBaTé el CydaCHH auTOpPUTM st
aHaJi3y OTPUMAHUX JaHUX.

Metoauka

Exomoriune BumpoOyBaHHS MPOBENEHO ISt
cemu coptiB Topoxy cenekuii [P im. B.S1. FOp’eBa —
apesuu, Omnot, Otaman, Meuenar, Kopger, ['aiinyk,
Mamnaxit. Bci coptm — 0€3THCTOYKOBOTO  THITY,
HaIiBKapJIMIKOBl, CEPENHBOCTHUII, OKpIM COpPTY
HapeBuy, Skuii HANEKHUTH 0 CEPETHHOPAHHIX.

Copta  Topoxy BupomryBann Ha OmechKiit
nepkaBHiM  mocmigHii  crammii  (OQJC, c.
Xnibomapcebke Onecbkoro paiioHy Onecbkoi 001acTi;
46°29'05"mn. 1mr., 30°35'31"cx. n4.), YcTUMIBChKHE
nocmigHii cranmii pocnuaanTBa (YICP IHCTHTYTY
pocauuanunTea iM. B. f. IOp’eBa, YcrumiBka
Kpemenuyipkoro pationy, I[lontaBchkoi o00macTi,
49°18"21"nH. 11., 33°13'56" cx. 1.) Ta Ha JOCITITHOMY
moni [acturyTy pocmurnumTea (IP HAAH) im. B. 4.
IOp’ena, 110 posrarioBane y ¢. EnitHe XapkiBCbKOro
paiiony XapkiBcekoi obOmacti (49°59'31"mH. 1.,
36°26'55"cx. 1.). 3a 3oHamu posramrysaHus — OJIC
posramioBana y [liBIeHHOCTENOBIN IMMiA30HI 30HU
Cremnty, V/ICP — y llentpanbHiii uactusi, a [P HAAH
—y Cxigniit yactuHi 308U JlicocTeny.

IonpoBi mocmiM MPOBENEHI BIAMOBIAHO 0
METOIMKH TONkoBOro  jociigy [12, 13] i3
3aCTOCYBaHHSM  3araJbHONPHUHAHATOI  TEXHOJOTI]
BUpoIyBaHHS Topoxy. Hopma BuciBy — 1,2 MIH.
CXOKMX HACIHMH/TA, TIJI0MIA JIIsSHOK — 10 M2.

[MapanensHO Oynu TPOBENCHI PO3pPaxXyHKH Y
cuctemi AMMI ta GGE biplot anamizis [14].

Amnai3 3Ha4eHHs crabuibHOCcTi AMMI (ASV)
npoBesieHo 3rifHo 3 Purchase Ta in. [15], ne 3HaueHHsS
crabimbHocTi AMMI  (ASV) He € KinbKicHUM
MMOKA3HUKOM CTaOlIbHOCTI, aj€ BOHO KUIBKICHO
BU3HAYAE Ta PO3MOAUISE TEHOTUIM 32 PAHTOM Ha
OCHOBI IXHBOI CTAOLIBHOCTI BpokaiHOCTI. [eHOTHIN
3 HIDKYUMH 3HaYeHHSAMH ASV BBOKAOTHCS OUIBII
CTaOUTLHUMM, TOMI SIK Ti, IO MAalOTh BMII 3HAYECHHS
ASYV, BBaxaroThCs MeHI cTabimbHuMH [16]. ASV
BUKOPHCTOBYETbCS JJIsI TOPIBHSHHS CTaOUIBHOCTI
TEHOTHUIIIB, NMPUYOMY HIDKYI 3HAUCHHS BKa3ylOTh Ha
OUTBIITY CTAaOUIBHICTh y PI3HUX CepeloBUIAX. BiH
po3paxoByeThcsi Ha oOcHOBI Mmomeni AMMI, sxa

Thus, GGE biplot analysis and AMMI
provide important information about genotype-
environment interactions and their influence
and allow for an objective assessment of data of
environmental trials with different designs.
Given that we conducted trials of pea cultivars
at three locations with various precipitation and
temperatures, it was quite logical for the first
time in Ukraine to apply these modern
algorithms to analyze our data.

Methods

Environmental trials were conducted on
seven pea cultivars bred at the Yuriev Plant
Production Institute: ‘Tsarevych’, ‘Oplot’,
‘Ataman’, ‘Metsenat’, ‘Korvet’, ‘Haiduk’, and
‘Malakhit’. All cultivars are leafless, semi-
dwarf, and medium-ripening, except for cv.
‘Tsarevych’, which is medium-early.

The pea cultivars were grown at Odessa
State Experimental Station (OSES, Khlibodarske
Village, Odeskyi District, Odeska Oblast;
46°29'05"N, 30°35'31"E), Ustymivka
Experimental Station of Plant Production
(UESPP of the Yuriev Plant Production Institute,
Ustymivka, Kremenchukskyi District, Poltavska
Oblast, 49°1821"N, 33°13'56"E) and in the
experimental fields of the Yuriev Plant
Production Institute (YPPI NAAS) (Elitne
village, Kharkivskyi District, Kharkivska Oblast,
49°59'31"N, 36°26'55"E). As to location zones,
OSES is located in the south-steppe subzone of
the steppe zone; UESPP — in the central part; and
YPPI NAAS — in the eastern forest-steppe.

The field experiments were carried out in
accordance with the field experimentation
methodology [12, 13]. Pea was grown by
traditional technology of pea cultivation. The
seeding rate was 1.2 million germinable
seeds/ha. The plot area was 10 m2.

In parallel, calculations were performed by
AMMI and GGE biplot analysis [14].

The AMMI stability value (ASV) was
analyzed, as Purchase et al. described [15],
where the ASV is not a quantitative indicator of
stability, but it quantitatively determines and
distributes genotypes by rank based on their
yield stability. Genotypes with lower ASVs are
considered more stable, while those with higher
ASVs are considered less stable [16]. ASV is
used to compare genotypes’ stability, with lower
values indicating greater stability across
environments. It is calculated in an AMMI
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noeqaye ANOVA st KOpWUTYBaHHS OCHOBHHX
edekTiB Ta aHani3 ronoBHUX KomrnoHeHTiB (PCA) amst
OILIHKA MYJIBTUIUTIKATUBHUX  ©(EKTiB  B3a€EMOIil
reHoturry 3 cepefoBumeM. ASV  gomomarae
3pO3yMITH Ta Bi3yali3yBaTH CKJIagHy B3a€EMOIIIO
TeHOTUILY 3 CepeIOBHIIEM, JI03BOJISTIOUH
inenTH(dikyBaTl CTaOUIBHI TEHOTHNHM B PI3HUX
CepEeIOBHUIIAX Ta OMIHUTH CTA0UTLHICTh BPOKAMHOCTI
CUTCBKOTOCHIONAPCEKUX ~ KyIbTYp. ASV  MoxHa
oLiHUTH 3a hopmyroro [15].

SSIPCAL 2 )
ASV = [7 (IPCA1 Seore)| + (IPCA2 Score)
SSIPCA2

ne ASV — BificTanb BijJ HYJIS Ha JBOBUMIpHIH
niarpami  poscitoBanns Oamie  [PCAl  (anami3
TOJIOBHUX KOMITOHEHT B3a€MOZii Bich 1) BITHOCHO
6axiB [PCA2. Ockinbku 6ann IPCA1 poOuTh OibImii
BHECOK y cymy kBajapatiB G X E, #oro motpiOHO
3BaXUTH Ha TIPOIOPINHHY PI3HHI0 MK OamaMu
IPCA1 ta IPCA2, mo6 KOMIEHCYBaTH BiIXHOCHHI
BHecok IPCA1 ta IPCA2 y 3aranbHy CyMy KBa/IpaTiB
G x E. Ilorim mis oO4ucieHHs BiACTaHI Bif HYJS
BUKOPHCTOBY€eThCs Teopema [licaropa [17].

Amnamiz iHnmekcy cenekuii renortuny (GSI)
po3paxoByBaBcs 3a Takor (popmyoro [18]:

GSI=RASV +RY,

ne RASV — e panr crabimbrocTi AMMI, a RY
— paHr CepelHbOi BPOXKAWHOCTI TEHOTHIIB. Y
IporpaMax CeNleKIlii pOCIIMH BUKOPHCTOBYIOTHCS JIBa
TUNH iHAEKCIB cTabinpHOCTI. [lepmmii iHnexc — GSI,
ne Hu3bKe 3HaueHHs1 GSI Bka3ye Ha Oa)kaHi TeHOTHITH
3 BHCOKHM CEpEIHIM 3Ha4YeHHSM TEeHOTUIYy Ta
crabinpHicTIO. Jpyruii iHgexkc — ASV, ne MeHmmit
6a1 ASV Bkazye Ha cTaOUIBHIIINI TEHOTHT y Pi3HUX
cepenopumax [12]. ban IPCA — me me oawH
mapamerp, sIKHi BUKOPUCTOBYETHCSI JIJIsl BU3HAYCHHS
QIANITUBHOCTI TEHOTHUITy JO MEBHUX CEPEIOBHII.
Binpmmii 6an IPCA (HeratBHUI a0 MO3UTUBHUI)
BKazye Ha Oimelnl  crerudivyHy  aJanTHBHICTh
TeHOTUNy 10 meBHuX cepenopumy [20]; Tomi sK
menmmii 6an [PCA (6nu3pkuii 10 HyJs) BKazye Ha
HU3bKY CHenM(iuHICTh Ta cTaOUIBHIIINA TeHOTUT Y
PI3HMX cepeIOBUILAX.

Jnist 3py4HOCTI MM HAJlaJId KOXXHOMY POKY 1
Touli BuUnpoOyBaHHA BigmoBiaui 1mmdpu. Tak,
BunpoOysanusa y IP HAAH y 2018 poui — X18, y
2020 porri — X20. TakuM ke YAHOM JJIS IHIIHX TOYOK
BunpoOyBanust: s YAC y 2018 poui — Ustl8 iy
2020 pomi — Ust 20., mna OAJC — O18 i 020
BiJITIOBITHO JIO POKiB BUIPOOYBaHHSI.
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model, which combines ANOVA to adjust for
major effects and principal component analysis
(PCA) to estimate multiplicative effects of
genotype-by-environment interactions. ASV
helps to understand and visualize complex
genotype-environment interactions, enabling the
identification of stable genotypes across
environments and evaluation of crop yield
stability. ASV is calculated by the following
formula [15].

SSIPCA1 2 )
ASV = [7 (IPCA1 Score)| + (IPCA2 Score)
SSIPCA2

where ASV — distance from zero on a two-
dimensional scatter plot of IPCA1l scores
(principal component analysis of interactions,
axis 1) relative to IPCA2 scores. Since the
IPCA1 score contributes more to the sum of
squares G X E, it needs to be weighted by the
proportional difference between the IPCA1 and
IPCA2 scores to compensate for the relative
contributions of IPCA1 and IPCA?2 to the total
sum of squares G % E. The Pythagorean Theorem
is then used to calculate the distance from zero
[17].

The Genotype Selection Index (GSI) was
calculated using the following formula [18]:

GSI=RASV +RY,

where RASV — AMMI stability rank and
RY — mean yield rank. Two types of stability
indices are used in plant breeding. The first index
is the GSI, where low GSI values indicate
desirable genotypes with high mean performance
and stability. The second index is the ASV, where
lower ASVs mean more stable genotypes across
environments [12]. The IPCA score is another
parameter used to determine the adaptability of a
genotype to specific environments. A higher
IPCA score (negative or positive) indicates a
more specific adaptability of a genotype to
specific environments [20]; whereas a lower
IPCA score (close to zero) indicates a low
specificity and a higher stability of a genotype
across environments.

For convenience, we assigned each year
and trial site a corresponding code. For example,
the trial at YPPI NAAS in 2018 was coded as
Kh18, in 2020 — as Kh20. Similarly, for other test
sites: UESPP in 2018 and 2020 — Ust18 and Ust
20, respectively; OSES — O18 and 020.
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Pe3ynbTaTn T2 00roBOpeHHs

Ha Teputopii posramyBanns  Opjecbkoi
JIep’KaBHOI JOCHIMHOT CTaHWil BIPOIOBXK IEPiOAy
Beretamii ropoxy 2018 Ta 2020 pp. omamm Oymu
KOPOTKOYaCHUM 1 BKpail Hee(DEeKTHBHUMH, TOMY
POCIIMHM TOPOXY 13 MOYaTKy BETETaliiHOIo Mepiomy
BiT9yBaJIM 3HAYHUH JEPIIAT BOJIOTH.

Ha rtepuropii posramryBanns YJIC BIpomoBx
POKIB JOCHi)KEHb YMOBH JAJisl POCTY 1 PO3BUTKY
pPOCIMH TOpOXy Oynu CHPUSITIIMBUMH — JOCTaTHS
KUTBKICTH BOJIOTH 1 TIOMIpHI TeMItepaTypH MOBITPSA 13
HETpUBAIUMK  TlepiomaMyd 3 IiJBHUILICHUMH
TeMIepaTypaMH JIO3BOJIWIIM POCIMHAM peaizyBaTh
CBill TeHeTWYHHMH TOTeHIian 1 chopmyBaru
YPOKaifHICTh Ha 33/I0BUTFHOMY PiBHI, IIIO IAJI0 3MOTY
00’ €EKTHBHO OILIIHUTHU JIOCIIIHI 3pa3Ku.

ligporepMiunuii  peXKUM  BereTaliifHOTO
nepiogy topoxy 2018 Tta 2020 pp. B ymoBax
XapkiBcbkoi obnmacti He OyB Hi ONTHMaJIBHUM, Hi
cnpuATIuBUM. PociuHM 3a3HaBaiNy 3HAYHOTO CTPECY
4yepe3 BUCOKY JCHHY TemIeparypy HoBiTps. Taxox
HETaTWBHUMA BIUIMB Majia i BiCYTHICTb JOCTaTHBOI
KUIBKOCTI OIIaiB.

B Hamomy pocmimpkeHHI, 3a pe3yibTaTaMH
po3paxyHkiB y cucteMi AMMI mogeni 3a paarom RY
Halikpamumu Oy coptu [adiayk (GS5) ta Ormior
(G2) (Tabm. 1).

3a iHmekcoM cTabimpHOCTI AMMI (ASV)
Haiikpammu Oynmu coptu Llapesud (G1) Ta [aiigyk
(G5) i3 mokazuukoM ASV 1Ta 2 BiAMOBITHO.

3a cymoro panriB GSI Hadikpamumm, K 1y
MoTIepeIHIX po3paxyHkax, OyB copt l'aiimyk. Coptu
Hapesua i OmjioT NOCUTH HUKYI PAHTH, TIPH [[LOMY
CIif| 3ayBakuTH, 110 copT LlapeBud, Ha BiMiHY Bif
copriB Omor ta ["aiinyk, € cepeHbOpaHHIM COPTOM.

VY HamoMmy JIO0CHIDKEHHI, 3aJISKHO BiJI TOYOK
BUTIpOOyBaHHs, 0a3oBi kommoHeHTH IPCA 1 (Bich
MepIoro roxoBHoro komrmoneHTa) ta IPCA 2 (Bich
JPYToro TOJIOBHOTO KOMIIOHEHTa) Pa3oM JAl0Th Bif
88,93 1o 89,54% 3aranbHOT MiHIMBOCTI pe3yJIBTATIB.

I'padiuna Bizyaunizauis pesynbraris GGE biplot
Ha puc. 1 mpencrasneHa y BUIVISIOI OararokKyTHHKA,
0 TOAUICHWA BEKTOpaMM Ha  CEKTOpH, 1
KOHIIGHTPHYHUX  ab00  OBWIBHHX  Qiryp  sKi
PO3MONUISIOTE 1 TEHOTWNH, 1 CeperoBHINA TIO
NPUHIMITY «XTO jae mepemir» (which-won-where).
TakuM 4YHHOM, TIpOrpama MPOBOAWTH Bi3yasi3allifo
YMOB BHUNPOOYBaHHS 1 OTPUMaHHX y LMX YMOBax
JaHUX PO yPOXKaWHICTh. | SIKIO TEHOTHIT MOKa3aB
BUCOKHI  pIBEHb ypOXKaWHOCTI Yy  OUIBIIOCTI
cepemoBWil, TO 1, BiANOBiAHO, Big  Oyme
«mepemoxkuem». Tak, Ha puc. 1 qys cepenoBuina X18
Ta X20 (Meracepenouire) Hakpamwm O0yB G 5 —
copt laiinyk.

Results and Discussion

On the OSES territory, rains were short
and extremely ineffective during the pea growing
periods in 2018 and 2020; so pea plants
experienced a significant water deficit from the
beginning of their vegetation.

In the years of research on the UESPP
territory, the conditions for the growth and
development of pea plants were favourable:
sufficient wetting and moderate air temperatures
with short periods of elevated temperatures
allowed the plants to fulfil their genetic
potentials and give satisfactory yields; hence, we
could objectively evaluate the tested accessions.

In the Kharkivska  Oblast, the
hydrothermal regimen during the pea growing
periods in 2018 and 2020 was neither optimal nor
favorable. Plants were considerably stressed by
high daytime air temperatures. Insufficient
precipitation also had a negative impact.

In our study, according to the calculations
in the AMMI model, the best cultivars by RY
were ‘Haiduk’ (G5) and ‘Oplot’ (G2) (Table 1).

According to the ASV, the best cultivars
were ‘Tsarevych’ (G1) and ‘Haiduk’ (GS5) with
RASV of 1 and 2, respectively.

According to the sum of GSI ranks, cv.
‘Haiduk’ turned out to be the best one, as in
previous calculations. Cultivars ‘Tsarevych’ and
‘Oplot’ took lower ranks; here, it should be noted
that cv. ‘Tsarevych’, unlike cvs. ‘Oplot’ and
‘Haiduk’, is medium-early.

In our study, depending on the test
locations, the First Interaction Principal
Component (IPCA 1; the axis of principal
component 1) and the Second Interaction
Principal Component (IPCA 2; the axis of
principal component 2) together account for
88.93% to 89.54% of the total variability of the
results.

The graphical visualization of the GGE
biplot results in Fig. 1 is presented as a polygon,
which is divided by vectors into sectors, and
concentric or oval shapes, which distribute both
genotypes and environments according to the
“which-won-where”  principle. Thus, the
program visualizes the test conditions and yields
harvested in these conditions. If a genotype
yielded a lot in most environments, it will be the
“winner”. So, in Fig. 1, cv. ‘Haiduk’ (G5) was the
best genotype for the environments Kh18 and
Kh20 (megaenvironment).
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Tadauus 1. Po3nozain 3paskiB ropoxy 1o panrax y cucremi AMMI moneni, (touku BunpoOysanns [P HAAH-
OAAC-YIC), 2018, 2020 pp.
Table 1. Distribution of the pea accessions by ranks in the AMMI model, (test sites: YPPI NAAS—OSES-UESPP),

2018, 2020.
Cepemnas T'onoBHi kommioHenTn | [Hmekc crabumproCcTi AMMI | THIDekc
3pazok / Accession YpoXkaifHiCTh IO B3aemorii / Principal (ASV)/ AMMI Stability | cenekuii
nocnigy / Mean yield components Value (ASV) TEHOTHUITY
Panr Bics 1 Bics 2 Panr G(ecrilil) /e
Kon / Hazga / ira / t/ha (RY)/ | (IPCA1)/ | (IPCA2)/| Toka3uuk/ | (RASV)/ Selecggn
Code Name i Rank Axis 1 Axis 2 Value Rank Index
(RY) (IPCA1) (IPCA2) (RASV) (GSI)
G |Omor/ 2,21 2 -0,36400 | 0,45045 0,807 5 7
Oplot
Gy |Hapesma / 2,08 4 0,08646 | -0,19922 0,252 | 5
Tsarevych
Gy |Oravan/ 1,93 5 -0,13614 | -0,45202 0,515 3 8
Otaman
Ga | Meuenar/ 2,11 3 -0,59772 | -0,11116 1,109 7 10
Mesenat
gs |Lanwx/ 2,23 | 0,07936 | 024918 0,287 2 3
Haiduk
Majaxit /
G6 Malakhit 1,88 7 0,54601 0,05753 1,008 6 13
G7 |Kopser/ 1,92 6 0,38602 | 0,00524 0,712 4 10
Korvet
Scatter plot (Total - 88.93%)
2
N
@
m
o~
1
N
Q
o
PC1 -65.61%
x Genotype scores
+ Envirpnment scores
—— Convax hull
——— Sectors of convex hull
—— Mega-Environments
Puc. 1. GGEbiplot: «xto ne nepemir» (which-won-where), IP HAAH-OJIC-YIC
Fig. 1. The “which-won-where” view of the GGE biplot, YPPI NAAS-OSES-UESPP
ISSN 1026-9959. Cenexrtist 1 HaciHauTBO. 2025. 127 47




Cepemosumia O18 Ta Ust 20 chopmysamm
OKpeMe MeracepenoBuile 0e3 siBHOTO Jiaepa. TooTo
TaKUi MIAXiA BUAUISE HAWKpPANIWMA TEHOTHIM IS
KOJKHOTO MeracepeaoBuina. IloironaasHui BUTIIA
neomiarpamu GGE, mo posminse cepemoBuia st
peKOMeH/Iallii BiIMOBIAHUX TEHOTHINB JIJIS Pi3HUX
MEra-CepeOBHI, Yy3TOKYETbCA 3  KiUJTbKOMaA
TOCTiKEeHHIME 1315 Topoxy (Pisum sativum L.) [21,
22, 23, 24] Ta iHIWIUX NPEICTaBHUKIB POIUHH
0o0oBux Cajanus cajan (L.) Millspaugh [25],
Lathyrus sativus [26] Ta Vicia faba L. [27].
leHoTuny, BHABICHI B TAaKUX AOCHIHKEHHSX, €
MEPCHeKTUBHUMH JJIsl BKIIOUEHHS Yy CKIJIAAHI
CTparerii CeNeKIlii, CIpsMOBaHI Ha OITHMI3AIlI0
CTabUTFHOCTI B3a€MOJIl TEHOTHITY 3 CEPEJOBHIIEM
Ta TIOKpPalICHHS CTaOUTBHOCTI BpPOXKAaWHOCTI B
PI3HUX YMOBaX HaBKOJIMIIHBOTO ceperoBuina [28].

OxpiM ypaxyBaHHS B3a€MOJii TEHOTHII-
cepenosuie e onHiero nepesaroro GGE biplot €
Ha/IaHHS XapaKTEePUCTUKU CEPENOBHII JOCIiIKEHb
a6o BunpoOyBaHb. Tak, Mapkepu cepenoBuma X20
ta 020 (puc. 2) € MOBrOBEKTOPHUMH, ajie KyT
HaxXWIy JI0 Bici aOCIIUC TOCUTh BEJTUKHUH, 10 BKAa3ye€
Ha Te, MO y TakhX yMOBax Kpalle MPOBOIUTH
nobopu Ha crabinbHicTh. Mullualem Ta iH. [17]
TaKoXX 3a3HAyaroTh, IO CEPElOBHINA 3 IOBLINMHU
BEKTOpaMHU MaloTh CHJIBHIITY 37aTHICTh
TuEepeHIlioBaTH  TeHOTHIIH  TMOPIBHAHO 3
CEepeIOBHILAMH 3 KOPOTIIMMH BEKTOpPaMH, Takoi 3K
nyMmku 1 Yan i cmiBaBt. [29, 30]. Cepenoruiie 3
MaJIiM KyTOM JI0 CepeaHboi oci cepenonuiia (AEA)
BBKAETHCS OLTBIT perpe3eHTaTHBHUM MOPIBHSHO 3
IHIIIMMH TECTOBUMHU cepenoBuiiamu [31].

Tak, 2018 pik B ymoBax I[P HAAH 6yB mosomi
CIPUATIMBAM, IO BiOOpa3Wioch Ha 3araibHii
nponykruBHocTi, a 2018 pik B ymoBax OIJIC
BUSIBUBCS BKpall TOCYIUTUBUM 1 CIEKOTHHM.
Cepenosuine X 18 Mae HEBEUKY JOBXKHUHY BEKTODY,
TOOTO HOro Kpail HaOMIKeHWH 1O IMoYarky Bici
KOOPJMHAT, IO XapaKTEepPHU3y€e HOTO SIK cepe/IOBUIIIE
i3 HU3BKOIO 1H(POPMATUBHICTIO IS ArQepeHIarii
3paskiB, TOOTO BiJryK 3pa3KiB TOPOXy Ha YMOBH
[BOTO POKY, CKOpIIlIe 33 BCE, € OMHOCIPSIMOBAHUM.
HaiikpamuM po3MOMIIFHAM  CEPEIOBHINEM TSI
Haworo gocmimkeHHs OyB Usl8, #ioro Bektop mae
HEBEIMKUH KYT, IOCTATHIO JIOBKUHY Ta JOCTATHHO
HaOmwkeHicte 10 AEC — cepennboi koopauHAT
cepenouma (puc. 3). ToOTO, pOKU HOCIIIKEHb 32
TiAPOTEPMIYHUM PEXHUMOM Y TOUKaX BUMPOOYBaHHS
Oymu  JiCHO pI3HOMAHITHAMH [UJISI OTPUMAaHHS
00’ €EKTUBHOT OLIIHKH, SIK MOTEHITIaTy
MPOLYKTUBHOCTI, TaK 1 aJanTUBHUX BIACTHBOCTEH
3pa3KiB TOPOXY.

The environments O18 and Ust20 formed
a separate megaenvironment without a clear
leader. That is, this approach highlights the best
genotypes for each megaenvironment. The
polygonal view of the GGE biplot, which
separates environments to recommend
appropriate genotypes for different
megaenvironments, is consistent with several
studies on pea (Pisum sativum L.) [21, 22, 23,
24] and other legumes (Cajanus cajan (L.)
Millspaugh [25], Lathyrus sativus [26] and Vicia
faba L. [27]). Genotypes identified in such
studies are promising for inclusion in complex
breeding strategies aimed at optimizing the
stability of genotype-environment interactions
and improving yield stability under different
environmental conditions [28].

In addition to taking into account
genotype-environment  interactions, another
advantage of GGE biplot analysis is the
characterization of research locations or test
environments. Thus, the markers of the
environments Kh20 and 020 (Fig. 2) are long-
vector, but their angles of inclination to the
abscissa axis are quite large, indicating that it is
better to select for stability in such conditions.
Mullualem et al. [17] also noted that
environments with longer vectors showed a
stronger ability to differentiate genotypes
compared to environments with shorter vectors,
and Yan et al. [29, 30] shared the same opinion.
Environments with smaller angles to the average
environment axis (AEA) are considered more
representative  compared to other test
environments [31].

Thus, 2018 at YPPI NAAS was quite
favorable, which was reflected in the overall
productivity, and 2018 at OSES turned out to be
extremely dry and hot. The environment Kh18
has a short vector and its edge is close to the
origin of coordinates, which characterizes it as an
environment with low informativeness for the
differentiation of accessions, that is, the
responses of pea accessions to the conditions of
this year are most likely unidirectional. The best
differentiating environment in our study was
Ustl8, as its vector has a small angle, is
sufficiently long and close to the average
environment coordinate (AEC) (Fig. 3). Indeed,
the study years were characterized by diverse
hydrothermal regimes at the test sites, enabling
us to objectively assess both the performance
potentials and adaptability of the pea accessions.
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Scatter plot (Total - 88.93%)

PC2 - 23.32%

PC1 -65.61%

Genotype scores

—— Vectors

—+ Environment scores

Puc. 2. GGE biplot: indopmarusHicts cepenopuni Bunpodysanus, [P HAAH-OAJC-VAC
Fig. 2. GGE biplot: informativeness of the test environments, YPPI NAAS-OSES-UESPP

Takum 9YMHOM, YMOBH TOYOK BUIIPOOYBaHHS Y
HAIIIOMY JIOCJTiJKeHHI 1 yMOBH POKIB BHITPOOYBaHHS
BIIPOZIOBXK BereTallii ropoxy 3HauyHO BiJPi3HSIIUCE.
lle no3Boisie HE TIABKM OLIHUTH BXKE CTBOPEHI
COpTH, a W MO0AYUTH NEPCIEKTHBY iCHYIOUHX
CEJIEKI[IHHUX MPOTpaM 1 MPOBECTH iX KOPUTyBaHHS.

PamxyBanus F€HOTUIIIB BIJTHOCHO
«ineanpHOrO», MO Yy cucremi GGEbiplot spnse
cO0OI0 TIEHTP CHUCTEMH IEHTPUYHUX Kill (puc. 3),
MoKa3ye, IO Ha BiJIMiHY Bij po3paxyHkiB AMMI, ne
Halikpamum  OyB  copr laiijayk, HalOimbII
HAOIMKEHUM JI0 «ij1eaIbHOro» Ha puc. 3 € Tinbku G
1 — copr Omior. B Toil ke 9ac, TeHOTHIH, IO
MOTPAITIIM 32 BEPTUKAIBHY BiCh, HE TOKa3aid Hi
3HAYHOTO MOTEHI[ialy MPOIYKTUBHOCTI, Hi BHCOKOL
CTaOUILHOCTI Y HAIIOMY JOCIIDKSHHI.
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Thus, the conditions at the test locations in
our study and the conditions of the test years
during thepea growing periods differed
significantly. This allowed us not only to
evaluate the existing cultivars but also to see the
prospects of current breeding programs and
make their adjustments.

Ranking of genotypes relative to the
“ideal” one, which is in the center of the centric
circles in the GGEbiplot (Fig. 3), shows that
unlike AMMI calculations, where cv. ‘Haiduk’
was the best genotype, only G1 (cv. ‘Oplot’) was
positioned closest to the “ideal” genotype in Fig.
3. At the same time, the genotypes that fell
behind the vertical axis showed neither
significant performance potential nor high
stability in our study.
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Fig. 3. GGE biplot: yield amount and stability of the accessions relative to the “ideal” genotype, YPPI NAAS-OSES-

UESPP

Ha puc. 4 mpencraBneHi mpoeKIiii reHOTUIIB
3alIe)KHO BiJ CEPEIHBOTO 3HAYEHHS YPOXKAMHOCTI 1
BUSIBJICHOI CTa01IbHOCTI.

Hampsim ctpinku mokasye ii monatHuil KiHelb
i, BIAMOBIAHO, pO3MOALISAE  TEHOTHUNH 34
MPOAYKTUBHICTIO — ONWKYE 1O CTPUIKH OLIbII
MPOAYKTUBHUM, a HaWBiIIAJICHIMUN — HalMeHI
MPONYKTUBHUIA FeHOTUII. BepTukanbHa Bick okasye
CTaOUIBHICTH 1 3pa3KH, SKi MalTh BHCOKY
Bapia0eNbHICTh MOKA3HUKA YPOXKAHHOCTi, MaroThb
JIOBI'l BEKTOPH.

l'enorun G1 (Omutor) Halikpamui 1 3a piBHEM
ypoXaiHocTi, 1 3a piBHEM cTaOUIBHOCTI Y
BunpoOyBanni [P HAAH-OAJC-YAC (puc. 4), a
reroturn G4 (Meuenar) ta G5 (laiinyk), xoua i
Mand BHUCOKMH piBeHb  ypoKallHOCTI,  aje
BiJPI3HSAIMCH HECTAOUILHUM 11 IPOSIBOM.

Fig. 4 presents projections of genotypes
depending on the mean yield and stability.

The direction of the arrow shows its
positive end and, accordingly, distributes
genotypes by performance: more productive
genotypes are closer to the arrow, while is the
least productive genotype is the furthest from
the arrow. The vertical axis shows stability and
acessions with highly variable yields have long
vectors.

Genotype G1 (cv. ‘Oplot’) was the best in
terms of both yield and stability in the trials at
YPPI NAAS, OSES and UESPP (Fig. 4);
genotypes G4 (cv. ‘Metsenat’) and G5 (cv.
‘Haiduk’), although they produced high but
unstable yields.
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Fig. 4. GGEbiplot: mean yield and stability, YPPI NAAS-OSES-UESPP

Ha puc. 5 npencrasnennii rpagix GGEbiplot:
«imeanmpHe cepemoBuiIe». Taka K  cHucTeMa
KOHIEHTPUYHHX KU 13 HEHTPOM Y BUIVISIII CTPLIKH
pO3MOMiNsge  cepeoBUIIa  BUMPOOYBaHHS  3a
BIJIHOILICHHSIM JI0 «i/1€ajbHOro», SIK 1 Ha puc. 5, ne
MPEJICTABICHO PO3IOILIT COPTIB 1 JIiHI# TOPOXy 11010
«1J1€aJIbHOT0 TEHOTHUITY».

Toukm Ustl8 Ta Ust20 Ha pumc. 5 mus
po3paxyHKy misi yMoB BumnpoOyeanus [P HAAH-
o4JaC-vIC BUSIBHITHCH «imeanbHIM
cepenoBuieM» nopiBHsHO 3 Toukamu O18, 020,
X18 Ta X20, siki po3TallIoBaHi JaJIeKO BiJl IICHTPY.
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The GGEbiplot in Fig. 5 shows the
“ideal environment”. The concentric circles
with an arrow in the center distribute the test
environments in relation to the “ideal” one, like
in Fig. 3, where the pea cultivars and lines are
distributed in relation to the “ideal genotype”.

The environments Ust18 and Ust20 in
Fig. 5 turned out to be an “ideal environment”
compared to the environments O18, 020,
Kh18, and Kh20, which are located far from the
center.
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Fig. 5. GGE biplot: “ideal environment”, YPPI NAAS-OSES-UESPP

SIKI0 TOJMBUTHCH HA PIBEHb YPOXKaWHOCTI
3pa3KiB TOpOXY, 110 MpeACTaBlIeHnH Ha rpadikax (puc.
1, 2) Ta y Tabxn. 1, To MOXKHA 3pOOUTH BUCHOBOK, II0
«ileabHE CEepelOBUIE», TO HE CEpeloBHIIe i3
HaANOLIBIIIIM PiBHEM YPOXKaHOCTI, a, CKOPIIII 32 BCe,
TEe  CcepeloBHMING, J€  3pa3kd  IIOKa3yloTh
OJTHOCTIPSIMOBaHY PEakilif0 Ha YMOBH BHPOIYBAaHHS
i3 pi3HMIEI0 Yy piBHI NposiBy — IOKAa3HHUKA
«ypOKAMHICTB» MK €000, IO 3yMOBJIEHA
TEHETUYHUM HAIoOBHEHHsM copty. Lle HaouHo
nemoHctpye puc. 6 — GGEDbiplot: iHpopmaTHBHICTH
CepeloBHIIIA.

Ha UX PO3MIO I 3a
1H(QOPMATHBHICTIO TIPEICTABICHUN TAKUM K€ YHHOM,

PHUCYHKaX

K 1 Ha puc.4 (piBeHb cepeiHbOl YypoXKaWHOCTI i
CTabLIBHOCTI JUIS 3pa3KiB).

Considering the pea yields in the graphs
(Fig. 1,2) and Table 1, we can conclude that the
“ideal environment” is not the environment
with the highest yield, but rather the
environment respond
unidirectionally to growing conditions, with

where  cultivars
inter-cultivar differences in yield determined
by genetic features of cultivars. This is clearly
illustrated by Fig. 6.

In these figures, the distribution of the
environments by informativeness is vusualized
in the same way as in Fig. 4 (mean yield and
stability for the accessions).
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Fig. 6. GGEbiplot: informativeness of the environments, YPPI NAAS-OSES-UESPP

Tak, cepemoBume X188 Oyno  Oijbmn
iHpopmaruBHUM, HX X20 Ta O20 — 10BrUii BEKTOP
1o Bici AEC mnokasye pi3HOCHPSMOBAHICTb y IIHX
Toukax (pokax) peaxuii 3paskiB, IO MPOXOIUIH
BunpoOyBanas. Ha puc. 6 Touka Ustl§
po3ranioBana 6e3nocepentHbo Ha oci AEC, a Touka
Ust20 po3sraimroBaHa Ha BiJCTaHI 1 Ma€ HEIOBrUH
BekTOp. HalitoBIIMK BEKTOpP HA LIbOMY PUCYHKY Y
touli X20, Ha BigMiHy Bij Touku X18, y skoi
BEKTOP 30BCIM KOpOTKHid. ToOTO y po3paxyHKy JIst
IP HAAH-OAJAC-YAC Haiitbinbin iHGOpMaTUBHI
touku Ust18 Tta X18.
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The environment Kh18 was found to be
more informative than Kh20 and O20: a long
vector to the AEC shows the multidirectionality of
the accessions‘ responses at these sites (years). In
Fig. 6, the environment Ust18 is located right on
the AEC, and the environment Ust20 is located at
a distance and has a short vector. The environment
Kh20 has the longest vector in this figure, unlike
the environment Kh18 with a very short vector.
That is, Ust18 and Kh18 are the most informative
environments in the YPPI NAAS-OSES-UESPP
trials.
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BucHoBkn

3 ooy Ha OTpHMaHi pe3ysbTaTH, MOXHA
IIMTH BHCHOBKY, IO CTBOpeHI B [HcTHTYTI
POCIIMHHHUIITBA COPTH TOPOXY J00pe peai3ytoTh CBiit
MOTEeHIial B  MIMPOKOMY  Jiala3oHi  30H
BUPOILIYBaHHS, IO CBIAYMTH NpPO e(EeKTHBHICTH
CEIIEKIIHOTO MPOIIeCy.

TakuM 4YMHOM, €KOJOTiYHE BHIIPOOYBaHHA i
Joci € 1ieBuM 1 iHQOPMAaTHBHUM JOCITiIKESHHIM. A
NPOBEACHUH aHalli3 OTPUMAaHHX pe3yJbTaTiB B
cuctemi amroputMmiB AMMI ta GGE biplot ananizis
Ha/la€ BUYEpIHY iH(POPMALII0 MPO BCi E€IEeMEHTH
€KOJIOTIYHOTO BUIPOOYBaHHS, SK cepemoBwmia (ix
iHOPMATUBHICTH 1 BIAMIHHICTB), TaK i TEHOTHITH
(piBeHB YpOKaWHOCTI 1 HOTO CTaOLIBHICTB), @ TAKOXK

Conclusions

Having analyzed the results, we can
conclude that the pea cultivars bred at the YPPI
NAAS fulfil their potentials well in a wide range
of growing zones, indicating the effectiveness of
breeding algorithms.

Thus, environmental trials are still an
effective and informative approach and analysis
of data by AMMI and GGE biplot methods
provides comprehensive information about all
elements of an environmental trial, both
environments  (their informativeness, 1i.e.
differentiating capacity, and differences) and
genotypes (yield amount and stability), and
genotype-environment interactions.

1X B3a€EMOJIIIO.
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Pedepar: Hapenmeno pesynbrard arpoOioJIOTiYHOI OMIHKK 28 TiOpUIIB COHSIIHMKA B YMOBax
JlicoctenoBoi 30Hu CximHoi YkpaiHu, NIpUAaTHUX A0 MOIMMPEHHS B YKpaiHu 1 BHeceHHX 10 JlepxaBHOTO
peecTpy copTiB pociivH. Bu3HadueHo piBeHb MPOYKTUBHOCTI, 010METPUYHUX O3HAK Ta €JIEMEHTIB CTPYKTypH
BpOXaro TiOpHIiB Pi3HOTO TeHEeTUYHOTO ToXOMkeHHs. [lompoBi mocmimkernas mpoBonmiu y 2023-2024 pp.
Ha 6a3i HHBL «/locnigne none okyuyaeBchke» JlepikaBHOTO 010TEXHONOTIYHOTO YHiBEpCcUTeTYy. BuBueHO
Taki O3HaKW, AK KiJBKICTh JIMCTKIB, BUCOTa POCIWH, IiaMeTp Kommmka, Maca 1000 HaciHWH, Harypa Ta
MPONYKTUBHICTh KommmKa. YMoBH Bereramii 2023 ta 2024 pp. BiApi3HSUTHUCS 3HAYHUMHU KIIIMAaTHYHUMHU
BapialisiMi, 10 JaJI0 MOXKJIMBICTh OI[IHUTH MOMIEPEIHIO aJalTUBHICTh T1IOPHUIIIB 10 CTPECOBUX (haKTOPiB.
YcTaHOBJICHO BIPOTiIHY KOpENSIiI0 MK OCHOBHHUMHU €JIEMEHTaMH CTPYKTYpHU Bpoxaro. HaiBuiry
Oiornoriuny ypoxkaiHicts (1o 3,7 1/ra) copmyBamu ribpuan ykpaiHceKoi cenekmii bimck, I'ycnsp, Pasenis,
Kaner ta Anpnazop. Kiactepauii aHaii3 3a rocioapCbKUME O3HAKaMH JIO3BOJIMB BUOKPEMHUTH TPH TPYIH
riOpuiB, MO BiAPI3HIMCSA 32 PIBHEM YPOXKAaHHOCTI Ta aJaNTHBHUMH BiIacTUBOCTAMH. OTpuMaHi JaHi
CBiJT4aTh MPO MOIIbHICTh BUKOPUCTAHHS KJacTepu3allii SK iHCTPyMEHTY KOMIUIEKCHOI OIiHKH TiOpHiB
coHsimHMKa Ui yMoB CxigHoi Ykpainu. Pesynbraru MoXyTh OyTH BUKOPUCTaHI Yy BHUPOOHMLTBI IS
ONITUMAIILHOTO Mi100pY BUCOKONPOAYKTHUBHUX TOpHIIB cOHsITHMUKA s JlicocTernoBoi 30HM YKpaiHH.

KurouoBi cinoBa: coHsAIHUK, T1OpHI, TPOAYKTHBHICTD, CEJIEKIIis, KIACTEPHUI aHai3, TOCIIOAapChKi
O3HaKH.

Abstract: Twenty-eight sunflower hybrids, which are suitable for dissemination in Ukraine and
included in the State Register of Plant Varieties, were evaluated for agrobiological traits in the forest-steppe
zone of Eastern Ukraine and the results are presented. The performance, biometric characteristics and yield
components were determined in hybrids of different genetic origins. The field studies were conducted at the
Educational, Scientific and Production center "Dokuchaievske Experimental Field" of the State
Biotechnological University in 2023—-2024. Such characteristics as the number of leaves, plant height, head
diameter, thousand seed weight, test weight, and head productivity were determined. The climatic conditions
of vegetation in 2023 and 2024 significantly varied, enabling us to assess the preliminary adaptability of the
hybrids to stressors. There were significant correlations between major components of yield. The highest
biological yield (up to 3.7 t/ha) was formed by Ukrainian hybrids ‘Blysk’, ‘Husliar’, ‘Ravelin’, ‘Kadet’, and
‘Aldazor’. Cluster analysis by economic characteristics allowed us to identify three groups of hybrids that
differed in yield and adaptability. The data obtained indicate the feasibility of clusterization as a tool for
comprehensive evaluation of sunflower hybrids for the conditions of Eastern Ukraine. The results can be
used in production to optimally select high-yielding sunflower hybrids for the forest-steppe zone of Ukraine.

Key words: sunflower, hybrid, performance, breeding, cluster analysis, economic characteristics.
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Beryn

Consmrauk (Helianthus annuus L.) — oxgna 3
TOJOBHUX MPOAOBONBYNX KYIBTYp VYKpaiHu, a
COHALIHMKOBA OJisi dYeTBepra 3a o00csaroMm
BHPOOHMIITBA y CBITI (IiCJISI TATBMOBOI, COEBOI Ta
pimakoBoi) [1-4]. CBiTOBI MOCIBHI IUTOMII Tif
coHsAmHUKOM 3rigHo 3 ganuMud FAOSTAT 3a
octanHi 60 pokiB 3pocnu Oinmbiie HiX y 4,5 pasa,
Bix 6,7 miH. Ta 'y 1961 poui mo 6inbmre wHixk 30,0
MIH. Ta 'y 2024 pori, a BaJoBi 300pu 3a BKa3aHUH
repion 30uUTbIIIITHCS 3 6,8 MITH. T. 10 58,6 MITH.T.,
[0 € HACNiJKOM aKTHBHOTO PO3BUTKY CEIEKIlii
COHSILITHHMKA Ta BIPOBA/KCHHS HOBHX TEXHOJOTIH
BHpOIyBaHHA [5—7].

3a manuMmu JlepkaBHOI CITyKOHM CTaTUCTUKH
VYkpaiau, y 2024 poui NOCiBHI IO COHSIIHUKY
B Ykpaini cramoBmiu 4,9 wmmHra  [8].
3abe3mevyeHds] Takoi BEJIWKOI ITOCIBHOI IIIOMII
noTpedye  HAsABHOCTI  SKICHOIO  IMOCIBHOIO
Marepiaxmy, a TakoX TiOpHIiB Ta COpTIB
COHAIIHKKY, NPUIATHUX IJS BHUPOILYBaHHS Vy
PI3HUX TPUPOAHO-KIIMAaTHYHUX 30HAX YKpaiHw,
TaKUX, 110 MAalTh IIJABHUIIEHI ITOKa3HUKH
aJanTHBHOCTI Ta ypokaiiHocti. Ctanom Ha 2025
pik y JlepkaBHOMY peecTpi COPTIB POCIHH,
MPUAATHAX s TOIMHPEHHS B YKpaiHi,
3apeectpoBano 1089 ribpuaie ta 10 copris-
MOMYJSAI A COHAITHUKY OJTHOpiYHOTO [9].

BigkpurTs y XX CTOJIITTI
MUTOIUIA3MATUYHOT YOJIOBIYOT CTEPUIIBHOCTI Y
COHSIITHHKA Ta PSIy IHIINX MEPEeXPEeCHO3aMMIBHUX
KyIIETYp  JO3BOJIMJIO  TIEPEBECTH  CiJIbChKE
TOCIOJaPCTBO 3 BUPOLIYBAaHHS COPTIB-TIOMYJISALIN
Ha TeTepo3uroTHi riopuau. Llei mporec mpusBis
0  CyTTEBOTO  TWIJABWIIEHHA  ypPOXKAWHOCTI,
CTIHKOCTI /10 XBOpPOO 1 IIKIJHHKIB, MOKPAIICHHS
SIKOCTI MPOJYKIIIT Ta JaB HOBHM PO3BUTOK CEJICKIIIT
cousmanky [6, 10, 11, 14]. bimpmicts #oro
riOpuaiB y CBiTI — MpoCTi MIKIIiHINWHI, MEHIIY
YaCTKH CKJIaJIal0Th TpyIIiHikHI [12, 13].

Meroro poOOTH Oyl0 BHBUEHHS KOJEKIIil
riOpuiB COHSIIHUKY, IO BHECEHI 10 JlepkaBHOTO
peeECTpYy  COpPTIB  POCIHMH, MNPHIATHHX  JJIS
MOIIMPEHHsI B YKpaiHi, 3a KOMIUIEKCOM LIHHHUX
rocrojapcbkux o3Hak B ymoBax JlicocTemoBoi
3o0HM  CxigHoi VYkpainu. 3a pesynasraramu
MPOBEACHHA TOJBOBOr0, J1a0OpaTOpHOTO  Ta
CTATUCTHUYHOI'O aHaJIi3y po3p00JIeHO peKoMeHaarlil
3 mia0opy Kpamux TiOpHIiB COHSIIHUKY IS
BUpOLIyBaHHA B yMoBax JlicoctenoBoi 30HU
XapkiBchKoi 00JI1acTi.
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Introduction

Sunflower (Helianthus annuus L.) is one of
the main food crops of Ukraine, and sunflower
oil ranks fourth in terms of global production
(after palm, soybean and rapeseed oils) [1-4].
According to FAOSTAT, the world's sunflower
acreage has experienced more than 4.5-fold
increase over the past 60 years, from 6.7 million
hectares in 1961 to 30.0 million hectares in 2024,
and gross harvests have increased from 6.8
million tons to 58.6 million tons over the
specified period, which is a consequence of the
intensive development of sunflower breeding
and the introduction of new growing
technologies [5-7].

According to the State Statistics Service of
Ukraine, in 2024, the sunflower-sown area in
Ukraine amounted to 4.9 million hectares [8].
Such a large acreage requires that top-quality
seeds be available. Sunflower hybrids and
cultivars suitable for cultivation in different
natural and climatic zones of Ukraine, with
increased adaptability and yield, are also in
demand. As of 2025, 1,089 hybrids and 10
cultivars-populations of common sunflower are
registered in the State Register of Plant Varieties
Suitable for Dissemination in Ukraine [9].

The discovery of cytoplasmic male
sterility in sunflower and several other cross-
pollinated crops in the 20th century allowed
agriculture to switch from growing cultivars-
populations to heterozygous hybrids. This
considerably raised yield and resistance to
diseases and pests, improved product quality, and
prompted further development of sunflower
breeding [6, 10, 11, 14]. Most of sunflower
hybrids in the world are simple interline hybrids,
while three-line ones make up a smaller
proportion [12, 13].

Our purpose was to screen the assortment
of sunflower hybrids included in the State
Register of Plant Varieties Suitable for
Dissemination in Ukraine for a set of valuable
economic characteristics in the conditions of the
forest-steppe zone of Eastern Ukraine. Based on
the results of field surveys, laboratory tests and
statistical analysis, recommendations were
developed for the selection of the best sunflower
hybrids for cultivation in the forest-steppe of the
Kharkivska Oblast.
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MeToauka

[MonwoBi mocaimkenns nposeneHi y 2023 ta
2024 pp. va pocrigromy mom HHBIL «/locmigne

moJjie JloKy4a€eBChKe» HepxaBHOTO
OioTexHoNoriuHOro  yHiBepcurery (reorpadiuni
KoopauHath Micsams mpoBeaeHHS — 49.903806,
36.446012).

PoGoty BuKOHYBanu 3rigHO 31 cTaHAapTaMu
HepxaBHoro coproBumnpoOyBanns [15]. CisOy
MPOBOIWIIM Y JpPYTiA JeKaal TpaBHA PyYHUMH
camkankamu, cxema mociBy 70%x25 cm, B Tpbox
pa3oBiii MOBTOPHOCTI, MOMEPEAHUK UYOPHHUU Map.
Po3mimieHHss JOCHIIHUX MOUISHOK CHCTEMaTH4HE
[16]. OO6mikoBa mimsHKa cTaHoBWiIa 16,8 M2.
JlonaTkoBe miKUBIICHHS HA TIOCIBAaX HE TPOBOIMIIH.
Hnst Gopotbbu 3 Oyp’stHAMH BUKOPHCTOBYBAJIN
cyMimm TpyHTOBUX repOinuaiB Jyan Tomg (960 r/n
S—meronaxiop) ta 'ezarapa (500 r/m mpoMeTpuH)
3a JIBa TWXKHI 10 CiBOM, HOpMa BHeceHHs 2,0 ji/ra.

Marepianom  ciayryBamm 28 TiOpumiB
COHAIITHUKY Pi3HOTO TEHETHYHOTO Ta reorpadigHoro
MOXO/DKEHHS. bBinbll JeTanbHa XapaKTepUCTHKA
JOCIIKyBaHUX T10pHIiB HaBeneHa y Taou. 1.

IToromni ymoBH BereTariiiiHoro nepioxy 2023
POKy Uil  COHSIIHHUKY  XapaKTepU3yBallUCS
MiABUIICHUMHU TeMIlepaTypaMH Ta JOCTaTHIMH
MMOKa3HUKaMHU OmajaiB. Y TpaBHI cepemHs mo0oBa
TeMreparypa craHoBuia 18,6°C (+2,4°C no Hopmu
cepenHboi Oararopiunoi), y gepBHi — 23,0°C (+3,1
°C), y mumHi — 25,4°C (+4,2 °C), y cepmri — 17,5 °C
(+2,3°C), y mepecni — 17,5 °C (+2,3°C). Onamun
PO3MOAUISIIICS HEPIBHOMIPHO: TpaBeHb — 32,0 MM (-
11,7 MM g0 HOpMH cepenHbOi OararopivHoi),
yepBeHb — 32,0 MM (-33,7 MMm), nurieHs — 153,8 mm
(+88,3 mm), Bepecenr — 26,9 MM (-18,5 mwm).
3arajgbHa piyHA KIUIBKICTh OMAJIB TMEPEBUIINIA
HOpMY Ha 18,9 MM.

Y 2024 poui morogHi yMOBH Oynu
HecTaOUIBHUMH W KpUTHYHMMHU. Temrieparypa y
tpaBHi Oyna 16,5°C (+0,4 °C), y gepBHi — 22,3°C
(+2,1 °C), y mumni — 22,3°C (+4,6 °C), y ceprHi —
23,3°C (+2,8 °C), y BepecHi — 20,5 °C (+5,3°C).
Onanip Oys10 3HaYHO MEHIIE Bix HOpMH — 92,1 MM
3aMicTb 275,1 MM 3a OaraTopiuHUMH MOKa3HUKAMH.
VY tpaBui Bunano mume 17,3 mm (-26,4 mMm), y
yepBHi — 49,3 MM (-14 Mm), y urHi — 18,5 MM (-53,2
MM), y ceprHi — 7,0 MM (-44 MMm), y BepecHi — 0 MM
(-45,4 mm). TakuM YHUHOM, POCIMHH COHSIIHHUKY
MIPOTATOM YChOT'O TIEPIOY BereTallii CTpaXKaain Bij
CHJIBHOTO  JediumuTy  BOJIOTM Ta  BHCOKHX
TeMIeparyp MoBiTpsl.

CraructTnaHAi 0OpPOOITOK JTAHUX MTPOBOIMIH
y nporpamaomy cepeaosuiii PAST 4.17 [17].

Methods

The field studies were conducted at the
Educational, Scientific and Production center
"Dokuchaievske Experimental Field" of the State
Biotechnological University (geographic
coordinates of the study location - 49.903806,
36.446012) in 2023-2024..

The work was carried out in accordance
with the standards of the state variety trials [15].
The hybrids were sown within the second 10 days
of May with manual planters. The sowing pattern
was 70x25 cm, in three replications. The
predecessor was black fallow. The experimental
plots were arranged systematically [16]. The
record plot area was 16.8 m2. No additional
fertilizers were applied on the crops. To control
weeds, a mixture of soil herbicides, Dual Gold
(960 g/L S-metolachlor) and Gezaguard (500 g/L
promethrin), was used at a dose of 2.0 L/ha two
weeks before sowing.

Twenty-eight sunflower hybrids of
different genetic and geographical origins were
studied. A more detailed description of the studied
hybrids is given in Table 1.

In 2023, the weather during the sunflower
growing period was characterized by elevated
temperatures and sufficient precipitation. In May,
the average daily temperature was 18.6°C (+2.4°C
to the multi-year average), in June — 23.0°C (+3.1
°C), in July —25.4°C (+4.2 °C), in August — 17.5°C
(+2.3°C), in September — 17.5°C (+2.3°C). The
precipitation was unevenly distributed: May —
32.0 mm (-11.7 mm to the multi-year average),
June — 32.0 mm (-33.7 mm), July — 153.8 mm
(+88.3 mm), September — 26.9 mm (-18.5 mm).
The total annual precipitation exceeded the multi-
year average by 18.9 mm.

In 2024, the weather was unstable and
harsh. The temperature in May was 16.5°C (+0.4
°C), in June — 22.3°C (+2.1 °C), in July — 22.3°C
(+4.6 °C), in August — 23.3°C (+2.8 °C), in
September — 20.5°C (+5.3 °C). The precipitation
amount was significantly less than the multi-year
average: 92.1 mm instead of 275.1 mm. In May,
only 17.3 mm (-26.4 mm) fell, in June —49.3 mm
(-14 mm), in July — 18.5 mm (-53.2 mm), in
August — 7.0 mm (-44 mm), in September — 0 mm
(-45.4 mm). Thus, sunflower plants suffered from
a severe water deficit and high air temperatures
throughout the growing period.

Data were statistically processed in PAST
4.17 software package [17].

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



Taomuns 1. XapakrepucTHKA Ta MOXOMKEHHSI OCITKYBAHUX T1OPU/IiB COHSIITHUKY
gins of the studied sunflower hybrids

Table 1. Characteristics and ori

Ha3zsa Ha3zBa
r1§p HAa r1§? nia . .. Kpaina / I'pyma crurnocti* / Ripeness
yKpaiHChKOIO | aHTIiHichKoto |  Opwurinarop / Originator Count oun®
/ Ukrainian / English y group
name name
I'ycisap Husliar UA Cepennpopansiii / Medium-early
CrnaBcoH Slavson UA Cxopocrurmii / Fast-ripening
PaBenin Ravelin UA Cepennpopansiii / Medium-early
[HCTHTYT pOCIMHHHIITBA — -
deHoMeH Fenomen . , UA Cepemapopantiii / Medium-early
im. B.S. FOp’eBa HAAH / " .
Kaner Kadet . . UA Pannapoctunmii / Early-ripening
Yuriev Plant Production " S —
Biuck Blysk . UA Pannapoctunmii / Early-ripening
— - Institute of NAAS " :
JpaiiB Draiv UA Cepennpopansiii / Medium-early
3naTcoH Zlatson UA Cepennpopansiii / Medium-early
Spuno Yarylo UA Pannapocturmii / Early-ripening
EC CakcoH ES Sakson | TOB "HaykoBo-BupoOHI4a UA CepennpopanHiii / Medium-early
tdipma "Emita-Cemnext" /
LLC "Scientific and - .
EC Bbepeker ES Bereket Production Firm "Elita- UA Cepemupopanniit / Medium-early
Select"
HC X 6749 NS H 6749 | IHCTUTYT NONBOBHHULITBA Ta RS Cepennbopantiii / Medium-early
oBouiBHUITBA, M. HoBsi Can C i / Medium-
HC Taypyc NS Taurus / Institute of Field and RS epeﬂHboiTiHZﬁ?f ediu
Vegetable Crops, Novi Sad pening
Cut Jliamanic . SY . CH CepequocTHrngH / Medium-
Diamantis ripening
Cyowmi Suomi CH PanapocTunmii / Early-ripening
Cu Baxkapmi SY Barbati CH Cep CAHBOCTHITIHH / Medium-
ripening
HK Heoma NK Neoma Syngenta FR Cep eHHLOCT.Hrm./IH / Medium-
ripening
Cu Excnepro SY Experto CH CepeHHLOCT.Hrm.Vm / Medium-
ripening
HK Ko NK Kondi FR CepG,I[HLOCl."I/IFJ'II./II/I / Medium-
ripening
Cymiko Sumiko CH CepemapopanHiii / Medium-early
TOB «HayxoBo-BupoOHI4Ie
MATIPUEMCTBO «ATpO-
Anpaazop Aldazor Putmy / LLC "Scientific UA Cepennbopantiii / Medium-early
and Production Enterprise
"Agro-Rhythm"
CkaxyH Bagum
ll;pe::iﬂ an Akcliii?rcelll Muxaitnouu / Skakun UA Cepennbopantiii / Medium-early
AMIp Vadym Mykhailovych
EC benna ES Bella Lidea FR Pannpocturimii / Early-ripening
LG 5478 LG 5478 Limagrain FR Cepemnpopanniii / Medium-early
P64LP130 P64LP130 UA CepennpocTurimii / Medium-
ripening
P64LE25 P64LE25 . UsS Cepennbopantiii / Medium-early
Corteva Agriscience C MbOC I / Medium-
P64LE99 P64LE99 Us CPEAIROCTHIY Y
ripening
PR64F66 PR64F66 AT Cepennbopantiii / Medium-early

* — naHi YKpaiHCHKOTO IHCTUTYTY €KCIIEPTH3H COPTIB POCIIHUH.

* — data from the Ukrainian Institute of Plant Variety Examination.
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PesyabraTn T2 00rOBOpeHHS

KinbkicTh JTHCTKIB Ha POCIHHI € Ba)KITMBOIO
O3HaKOW, 10 3a0e3medye MOBHOLIHHUN PO3BHUTOK
pociuHu Ta (OpMyBaHHS SKICHOTO HAaciHHA, a y
COHSIIHMKY IIle y Teplly uepry BIUIMBaE Ha
HaKOMUYeHHS! BMicTy omii. KijbKicTh NHCTKIB Y
COHSILIIHUKY BHU3HAYA€THCS B3AEMOIIEI0  KiIBKOX
TeHeTUYHHUX (aKTopiB. Y BHAY BUSBWIM KUIbKa
KUTbKiCHHX JIOKYCiB 03HaK (QTL), moB's3anux i3 wmieto
XapaKTepUCTHKOI0, IO JIOKAJi30BaHI Ha pI3HUX
xpoMocomax. Xpomocomi 1, 6, 7, 9, 15, 17: noxycu
QTL sxumx BINIMBalOTh Ha KUIBKICTh JINCTKIB HAa
romoBHoMy cteOmi. Bommowac mokyc QTL Ha
xpomocomi 15 xontpomoe no 57 % ¢eHoTunoBoi
Bapiarii consmHuKy [18, 19].

3a  pesynpraraMd ~— IpPOBENCHUX  HaMH
JOCHIHKeHb cepenHe 3HadeHHs (3a 2023-2024 pp.)
KUTBKOCTI ~ JIUCTKIB ~Ha  TOJNOBHOMY  CTeOmi
JOCHIKyBaHUX TiIOPHIIB BapitoBaIo y Mexkax 26,3—
31,2 wt. HalimeHITy KiTbKiCTh JINCTKIB Ha TOJIOBHOMY
ctebmi Mamu Tiopunn P64LE99 (26,3% 0,1 mt.), EC
Bepexer (26,8+ 0,4 mit.) Ta P64LE25 (27,24 1,1 mt.),
a iXx HaliBHUINEe 3Ha4YeHHsS 3a(iKCOBaHO y TiOpWiB
Hpaite (32,2+0,4 ), 3nmarcon (30,6+0,4 mrt.) Ta
Cymiko (30,6 mT+0,8 mT). Takwmii po3nomia
nepedyBae y BIiINmoBigHMX Mexkax (26-32 mT.)
KUTBKOCTI JIHCTKIB y T€TEPO3UTOTHUX TiOpWAIB, IO
6ymu  BCTaHoBNeHi Marinkovié &  Skori¢ y
JOCHI/DKEHHSIX TeHETHYHOTO KOHTPOIIO KLTBKOCTI
qucts y riopuais F1 [20]. Takox moiaboBi pe3y/abTari
30iraroThCss 3 JOCHIPKCHHSAMM IHIIAX aBTOPIB Ta
MoTepe/IHIMA ~ HAIIMMKA ~ Ha  pi3HUX  ribpuaax
COHSAIITHUKY [4, 6, 21-24].

Inma  ¢enotunoBa o3HaKa, IO HAMH
JOCHI/DKyBajacs y TIOpHUIiB — BUCOTa POCIIHMHU.
dopMyBaHHs JIaHOT O3HAKW BiAOYBa€ThCS I
BIUIMBOM KOMIUIEKCY TeHiB (Hampukian Rhtl), 1o
MalOTh aJUTHBHY [0, Ta YMOB HaBKOJHIIHBOTO
cepemopuiia  (y ~ TOMy  YHCII
BUpoNIyBaHHs1) [25-27]. YV pocmipkyBaHii Hamu

TEXHOJIOT11

KOJIEKITii BU/ILJIEHO JIBi OCHOBHI (DeHOTHITOBI TPYIIH —
BUCOKI Ta Jy>ke€ BHCOKI TiOpWAN COHSIIHUKY. Taki
riopumu, sik: biuck, Cymiko, HC X 6749, LG 5478,
P64LP130, Ci Ekcriepro, HC Taypyc ¢opmyBanu
HaMBHMII[ MMOKa3HUKU BUCOTH y MexKax Bix 181 mo 194
cM. Crig Big3HAYUTH, 110 OKpIiM riopuaiB biuck Ta
P64LP130, iHmI MarTh 3aKOPIOHHE IMOXOIPKCHHS,
10 MOKe OyTH OIHI€I0 13 NPUYMH iX (HEHOTHUIIOBOT

Results and Discussion

The number of leaves per plant is an
important characteristic that ensures the full
development of the plant and formation of top-
quality seeds, and in sunflower it primarily
affects oil accumulation. The number of leaves
in sunflower is determined by interactions
between several genetic factors. Several
quantitative trait loci (QTL) associated with this
characteristic, localized on different
chromosomes, were detected in the species.
Chromosomes 1, 6, 7,9, 15, 17: QTL that affect
the number of leaves on the primary stem. At the
same time, a QTL on chromosome 15 controls
up to 57% of the phenotypic variations in
sunflower [18, 19].

In our studies, the mean (2023-2024)
number of leaves on the primary stem of the
studied hybrids varied within 26.3-31.2. The
fewest number of leaves on the primary stem
was observed in hybrids (hybs.) ‘P64LE99’
(26.3= 0.1), ‘ES Bereket’ (26.8+ 0.4) and
‘P64LE25’ (27.2+ 1.1); and the greatest number
of leaves was recorded for hybs. ‘Draiv’
(32.2+0.4), ‘Zlatson’ (30.6+0.4) and ‘Sumiko’
(30.6 £0.8). This distribution corresponds the
limits (26-32 leaves) of this characteristic for
heterozygous hybrids, which were established
by Marinkovié¢ & Skorié¢ in studies of genetic
control of the number of leaves in F1 hybrids
[20]. The field findings also agree with other
authors’ data and our previous data on different
sunflower hybrids [4, 6, 21-24].

Another phenotypic trait that we studied
in hybrids is plant height. This trait is influenced
by several genes (for example, Rhtl), which
have an additive effect, and environmental
conditions (including growing technology) [25—
27]. In the assortment we studied, two major
phenotypic groups were distinguished: tall and
very tall sunflower hybrids. Hybrids, such as
‘Blyks’, ‘Sumiko’, ‘NS X 6749', ‘LG 5478,
‘P64LP130’, ‘Si Experto’, and ‘NS Taurus’ had
the tallest plants of 181-194 cm. It should be
noted that, except for hybs. ‘Blyks’ and
‘P64LP130°, the others are foreign, and
different germplasm that was used for their
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BiJ]MIHHOCTI Ta iHIIIOI TEHETUYHOI TUIa3MH, 110 Oyna
BUKOpHCTaHa MpHU 1X CTBOPEH.

Haii6inbma rpyna COHSIIHKUKY IpenCTaBlIcHa
BUCOKHMMH Ti0pHIaMU 3 BUCOTOIO Y Mexkax Bijg 160 cm
(Apuno) mo 179 com (Amppasop). Haiimenmi
MOKAa3HUKH BHCOTH TIEPEBAXKHO (HOpMyBaIuca Y
riOpUIiB PaHHBOCTUINION Ta CEPEIHBOPAHHBOI TPYII
(tabm. 1), Takux six Apuno, EC benna, PR64F66, EC
Bepexker Ta iHm, y mexax 160-164 cMm y cepemHbOMY
3a POKH JOCHiKeHHA. Taka 0coOMMBiCTh 3yMOBIEHA
caMe BIUTMBOM CKOPOYEHHS TIIepiogy BereTarlii
POCIIMHH, IO CIIOCTEPIraeThesl HE JHIIe Y
COHSIIIHUKY, a ¥ 1HmmX pociwH [28-30]. Brutns ymoB
BUPOIIYBaHHS € OIHUM 3 TOJIOBHUX (haKTOPIB 3MiHU
BHCOTH POCIHMHH, M0 Yy HAMMX JOCHIHKSHHIX
Bi/I3HAYAETHCS HOKa3HUKaMHU CTaHJAPTHOTO
BIIXWJICHHSI BiJl CEPEOHBOTO 3Ha4eHHS Bim £9,7 mo
+26,7 3a pOKH TOCTIHKEHHSI Ta 3aJIeKHO BiJl TiOpuma

(puc. 1).

creation may explain their phenotypic
distinction.
The largest group comprised tall

sunflower hybrids of 160 ¢cm (‘Yarylo’) to 179
cm (‘Aldazor’). The shortest plants were mainly
intrinsic to early-ripening and medium-early
hybrids (Table 1), such as ‘Yarylo’, ‘ES Bella’,
‘PR64F66°, ‘ES Bereket’, and others, with the
mean height of 160—-164 cm in the study years.
This feature is attributed to reduced vegetation
period, a pattern that is observed not only in
sunflower but also in other plants [28—30]. The
influence of growing conditions is one of major
factors changing plant height and in our studies
it was reflected as standard deviation of from
+9.7 to £26.7 in different hybrids in the study
years (Fig. 1).
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Puc. 1. XapakreprucTuka riOpuIiB COHAMIHUKY 32 O3HAKaMH BHCOTHU Ta 3araJIbHOI KIJTBKOCTI JIMCTKIB, CEPEAHE 3a
2023-2024 pp.
Fig. 1. Plant height and total number of leaves in the sunflower hybrids, mean for 2023-2024.
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®DopMyBaHHSI CIEMEHTIB CTPYKTYpU YpPOXKaro
JOCIKYBaHUX TiOpUAiB COHAIIHUKY Y HaIIMX
JOCHiiax BiOyBajdOCsA TiJ BIUTMBOM OIOTHYHUX
(hakTOpiB, hOPMyBaHHS SKUX 3aJI€XKAJIO BiJ] TOTOTHUX
yMOB (HanmipHe 3BojokeHHS y 2023 pomi Ta
eKCTpeMalibHa HecTada Bojorn y 2024  porri).
AHaJi3ylouM JaHi 32 O3HAKOK JiaMeTp KOIIIMKA,
MOXXKHa BiJI3HAYUTH TIEBHY BiJIMIHHICTh 3aJICKHO Bif
MOXOJPKeHHS Ti0pwiB. Tak, HaWBUINI MOKA3HUKH 32
JTAHOID O03HAKOKW (hopMyBasid Maibke Bci TriOpumu
cenekii [HcTrTyTY pocnmanunTBa iM. B.S. FOp’eBa
HAAH VYxkpaiam, a takox 1iopumun EC Cakcon ta
Cymiko, y mexax Big 16,0=1,1 cm (EC Caxkcon) mo
17,6£0,6 cm (CnaBcoH). HaiimeHnmmm miameTpom
KOIIIMKA 32 POKU JIOCHI/PKEHHSI XapaKTepH3yBaTUCS
riopumu Ci bakapmi (13,8+£0,2 cm), Ci [liamanTic
(14,1£1,4 cm) ta Spwuno (14,3+0,7 cm).

[TpOAyKTUBHICTh KOIUKA y CEPEIHBOMY 32
POKH nociipKeHHsT CUITbHO BapitoBana (Coeff. Var. =
12,6 %) 3anexHO Biz ridpuia COHSIIHKUKY Ta Bijl POKY
BHUPOLIYBaHHSL. Haisumi OOKa3HUKU
MPOMYKTUBHOCTI KOIHMKAa Oyl BCTaHOBIEHI Yy
ribpunis: I'ycmsp (63,2+10,9 1), Cnascon (58,7+11,6
r), Paemn (62,5+1,1 1), Kaget (61,0+4,5 1), bick
(67,5+6,8 1), Ampmazop (61,3£2,0 1), LG 5478
(60,2+10,9 1) Ta HC Taypyc (57,2+7,9 ). Haiimenm
MIPOYKTUBHAMH CepeNl JOCTI/PKyBaHUX TiOpUIiB B
yMoBax XapkiBChkoi oOmacti BusiBHHCS [panp
Anmipan (41,149,6 1), EC bemna (40,1+4,1 1) Ta
Apumo (41,3499 1). Maca 1000 HaciHmH Mana
MO3UTUBHI KOPEJSALINHI 3B’A3KH 3 TPOIYKTHBHICTIO
kommuka r=0,67 Ta 03HaKOO JiameTp Koruka 1=0,51,
110 30Ira€Thes 3 HU3KOKO 1HIIMX JOCIiKEHb [31-34].
Cepen aocnmipKyBaHMX TiOpUIiB HaiOlUIbIIA Maca
1000 nacinmn Oyna BcranoeieHa y ribpuais EC
Cakcon (65,9+18,9 r), biuck (65,8+4,4 1), P64LE25
(61,0£12,5 1), Anpaazop (60,2+£5,3 r) Ta P64LE99
(60,5+4,5 ).

Harypa HaciHHEBOI MacH € KOMILIEKCHOO
O3HAKOI0, MO XapakTepusye (i3uuHi, OiOXiMivHI Ta
COPTOBI OCOONMBOCTI HACIHHSI TiOpHIiB. Y HaIIMX
JOCIT/DKEHHSX BCTAHOBJIEHO CEPENHIO 3BOPOTHY
KOPEJSIIMHY 3aJI€KHICTh MDK O3HAaKaMHM HaTypu
HACIHHS Ta MPOJYKTUBHICTIO KOIIMKA HA PiBHI 1= -
0,43. Taka 0coONMMBICTH HMOBIPHO € HACIKOM TOTO,
o y OUThII MPOJYKTUBHUX TiOPHUIIB HACIHHSA, IO
(dopMyeThCs, Mae KpymHimry (pakxiiito, 1o Crpuse
30UIBIIIEHHIO MIXKHACIHHEBHUX ITYCTOT, 10 BiI3HAYAIN
1 11 gocmiaauky [35].

The yield components in the studied
sunflower hybrids were affected by biotic
factors, which depended on weather conditions
(excessive moisture in 2023 and extreme lack
of moisture in 2024). Analyzing head diameter,
we could note a certain difference depending on
the hybrids’ origins. Thus, the largest heads
were formed by almost all hybrids bred by the
Yuriev Plant Production Institute of NAAS of
Ukraine as well as by hybs. ‘ES Sakson’ and
‘Sumiko’: from 16.0+£1.1 cm (‘ES Sakson’) to
17.6+£0.6 cm (‘Slavson’). The smallest heads
were formed by hybs. ‘Si Bacardi. (13.84+0.2
cm), .Si Diamantis. (14.1£1.4 cm) and ‘Yarylo’
(14.3+0.7 cm).

The mean head productivity varied
greatly (CV = 12.6 %) depending on hybrids
and cultivation years. The most productive
heads were recorded for hybs. ‘Husliar’
(63.2£10.9 g), ‘Slavson’ (58.7£11.6 g),
‘Ravelin’ (62.5+1.1 g), ‘Kadet’ (61.0+4.5 g),
‘Blyks’ (67.5£6.8 g), ‘Aldazor’ (61.3£2.0 g),
‘LG 5478’ (60.2+10.9 g), and ‘NS Taurus’
(57.2£7.9 g). The least productive heads were
intrinsic to hybs. ‘Hrand Admiral’ (41.1£9.6 g),
‘ES Bella’ (40.1+4.1 g) and ‘Yarylo’ (41.349.9
g). Thousand seed weight was positively
correlated with head productivity (r=0.67) and
head diameter (r=0.51), which is in agreement
with several other studies [31-34]. Among the
studied hybrids, the greatest thousand seed
weight was observed in hybs. ‘ES Sakson’
(65.9£18.9 g), ‘Blyks’ (65.8+4.4 g), ‘P64LE25’
(61.0£12.5 g), ‘Aldazor’ (60.2+5.3 g), and
‘P64LE99’ (60.5+4.5 g).

Test weight is a complex trait that
characterizes the physical, biochemical and
varietal features of hybrid seeds. In our studies,
there was a moderate inverse correlation
between test weight and head productivity (r= -
0.43). This feature is probably a consequence of
the fact that more productive hybrids form
larger seeds, contributing larger interseed
spaces, which was also noted by other
researchers [35].

The lowest test weight was determined in
high-yielding hybs. ‘Kadet” (372+42.0 g/L),
‘Blyks’ (378+12.0 g/L), ‘P64LE25” (393+9.0
g/L), and ‘Aldazor’ (389+15.0 g/L), and the
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HaiiMeHmn moka3HUKH HaTypH HaciHHS Oynu
BCTaHOBJICHI JJII BHCOKONPOAYKTUBHUX TiOpuiB
Kamer (372442,0 1/m), bmuck (378+12,0 r1/m),
P64LE25 (39349,0 r/m) ta Anbaazop (389+15,0 1/7),
a HaiOuemi anst ridpunis Ci Hiamanric, LG 5478,
Cyomi Ta CnaBcoH y mexax Bix 440 r/n o 450 r/n 'y
CepeHBOMY 3a POKH JIOCHI/DKEHHS (Tabm. 2).

highest test weight — in hybs. ‘Si Diamantis’,
‘LG 5478, ‘Suomi’, and ‘Slavson’ (440-450
g/L on average over the study years) (Table 2).

Taonauus 2. [Toka3HUKN eEMEHTIB CTPYKTYPH YpOXKaro TiOpHIiB COHAIIHMKA, cepenHe 3a 2023-2024 pp.
Table 2. Yield components in the sunflower hybrids, mean for 2023-2024.

Hazga ribpuna HlaMeTCp NfomﬂKa’ Hpiﬂﬁ;ﬁ:’?c“ I:I/[;iiég’o? Harypa, r/n
I'ycnsip / Husliar 16,9+1,0 63,2+10,9 57,6+4,8 403+37,0
Cunascon / Slavson 17,6+0,6 58,7+11,6 53,5+4,5 440+20,0
Pasenin Ravelin 16,8+0,2 62,5+1,1 56,5+2,2 3924340
®denomen / Fenomen 16,24+0,0 48,4+10,4 50,4+1,8 421+41,0
Kaper / Kadet 17,3+0,9 61,0+4,5 56,0+1,4 3724+42.0
bruck / Blysk 16,1+1,1 67,5+6,8 65,8+4,4 378+12,0
HpaiiB / Draiv 16,2+0,2 52,2+10,8 48,6+5,3 402+42,0
3marcon / Zlatson 15,5+0,0 54,3+10,9 45,0+2,7 375+29,0
Spwuno / Yarylo 14,3+0,7 41,3+£9,9 39,1435 409+33,0
EC Caxkcon / ES Sakson 16,0+1,1 58,5+20,7 65,9+18,9 392+16,0
Cymixko / Sumiko 16,1£1,1 55,6+2,5 58,9+7,9 431+47,0
HC X 6749 / NS H 6749 15,540,5 47,2+5.9 43,2+6,0 435+31,0
Cu Mliawarric /SY 14,141,4 51,6213 51,6£13,6 450+0,0
Cyomi / Suomi 15,54¢1,2 51,546,8 50,34£3,9 444+28,5
Cu Bakapmi / SY Barbati 13,84+0,2 52,0+8,0 41,7+0,0 415+19,0
HK Heoma / NK Neoma 15,3+0,4 54,7£12,6 48,9+10,9 412+16,0
P64LE25 14,5+1,0 57,6+16,1 61,0+£12,5 393+9,0
Anpnazop / Aldazor 15,5+0,7 61,3+2,0 60,2+5.3 389+15,0
Qﬁi a"l‘”Mlpaﬂ / Hrand 14,8413 41,1£9.6 45,1£10,0 4204280
EC Bemna / ES Bella 14,6+1,3 40,1+4,1 42.9+6,8 429+51,0
LG 5478 14,4+0,4 60,2+10,9 44.944,1 450+36,0
P64LP130 14,3£1,4 55,0+£7,2 43,6+0,6 406+22,0
P64LE99 14,9+1,3 53,3+£3,7 60,5+4,5 423431,0
gfp]iffonepm /SY 15,5+0,3 54,5413 51,4+1,8 397+39,0
EC Bepeker / ES Bereket 14,7+0,4 48,6+13,3 44,1+5,8 404+44,0
PR64F66 14,4+0,5 49,6+3,4 51,6+2,5 427+11,5
HC Taypyc / NS Taurus 14,8+0,6 57,2+7,9 42,6+4,3 3914+29.0
HK Kongi / NK Kondi 14,7+0,2 49,8+4,0 44,7+1,6 414420,0
Min 13,8 40,1 39,1 372
Max 17,6 67,5 65,9 450
SE 0,2 1,3 1,4 4,2
SD 1,0 6,8 7,6 22,1
cv 6,6 12,5 15,0 54
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Bionoriuna YpOXKaHHICTE TIPSIMO
MPOTOPITiiHA TPOXYKTUBHOCTI KOIIUKA, BOHA OLIBIIT
HAO0YHO OIKCY€ TIOTEHINAN YPOXKAMHOCTI TriOpuaa
COHSIIIHUKY B YMOBaX BHPOOHMIITBA JaHOTO
periony. BiamoBimHO 10 OTpUMAaHMX HAMU
pe3yibTaTiB JigepamMu 3a 010JIOT1YHOIO
YpOXKalHICTIO € TiOpuanm yKpaiHChKOi CeJeKIil
I'ycmsap (3,5+£0,6 t/ra), Pasemin (3,4+0,1 T1/ra),
Bauck (3,7+0,4 1/ra), Anpnazop (3,4+0,1 T/ra) Ta
Kager (3,4+0,3 Tt/ra). VY Tpiliky HaiiMeHII
ypokaliHuX ri0puaiB 3a miacymkamu 2023-2024 pp.
yeiiinum EC Benna (2,2+0,2 1/ra), ['pann Aamipan
(2,3+0,5 1/ra) Ta Spuno (2,3+£0,5 1/ra) (puc. 2).

Biological yield is directly proportional to
head productivity; it more clearly describes the
yield potential of a sunflower hybrid under the
production conditions of a given region.
According to our results, the leaders in biological
yield are Ukrainian hybs. ‘Husliar’ (3.5+0.6 t/ha),
‘Ravelin’ (3.4+0.1 t/ha), ‘Blyks’ (3.7+0.4 t/ha),
‘Aldazor’ (3.4+0.1 t/ha), and ‘Kadet’ (3.4+0.3
t/ha). The three least productive hybrids
according to the results in 2023-2024 included
hybs. ‘ES Bella’ (2.24+0.2 t/ha), ‘Hrand Admiral’
(2.3+0.5 t/ha) and ‘Yarylo’ (2.3+0.5 t/ha) (Fig. 2).

EC benna
T'pang Anmipan

Spuno

HC X 6749

denomeH

EC Bepeker

PR64F66

HK Konzi

Cyomi

Cu JliamaHric

Cu Bakapni

HpaiiB

P64LE99

3marcon

Cu Excniepto

Haszga riopuny Hybrid

HK Heoma

P64LP130

Cymiko

HC Taypyc
P64LE25

EC Caxkcon

CrnaBcoH
LG 5478

Kaner
Anbpazop
Pagenin
I'ycnsp
Biuck

0,00 0,50 1,00 1,50 2,00

2,50 3,00 3,50 4,00 4,50 5,00

Vpoxaiticts, T/ra  Yield, t/ha

Puc. 2. Po3paxyHok 0ionoriuHoi ypoxaifHOCTI TOCHIKYBaHUX TiOPHUIIB COHSIIHUKY, cepenHe 3a 2023-2024 pp.
Fig. 2. Calculation of biological yield of the studied sunflower hybrids, average for 2023-2024.

Knacrepruii  anami3, mnpoBemeHud  3a
CYKYITHICTIO TOCIIOAAPChKUX O3HAK (BUCOTA POCIIHH,
KIJBKICTB JIACTKIB, JliaMeTp KOIIIMKA,
MPOAYKTUBHICTh Kominka, maca 1000 HaciHMH Ta
HaTypa HACiHHs), JO03BOJUB BHIUIMTH TPH UiTKO
OKpeclieH1 KiacTepu cepea 28 IOCHiaKyBaHUX
riopuniB consmHuky (puc. 3). Mertoy iepapxiuHoi
knactepusanii  (UPGMA, eBkiijioBa BiJICTaHBb)
3aCTOCOBaHO y mporpaMHoMy cepefoBumli PAST
4.17.

Ho mepmoro kmactepy YBIWLUIH TiOpuau
I'ycnsap, Cnaecon, Pasemin, Kager, biuck,
Anppazop, LG 5478, HC Taypyc Ta P64LP130.

Cluster analysis conducted by the set of
economic characteristics (plant height, number of
leaves, head diameter, head productivity,
thousand seed weight, and test weight) allowed us
to identify three clearly defined clusters among
the 28 studied sunflower hybrids (Fig. 3).
Hierarchical clusterization (UPGMA, Euclidean
distance) was conducted in the PAST 4.17
software package.

Cluster 1 included hybs. ‘Husliar’,
‘Slavson’, ‘Ravelin’, ‘Kadet’, ‘Blysk’, ‘Aldazor’,
‘LG 5478, ‘NS Taurus’, and ‘P64LP130’. They
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Bonu BigzHayamucsi BHCOKMMH  3HAuUEHHSIMHU
MPOAYKTUBHOCTI Komuka (58,7-67,5 1), macu 1000
HacinuH (10 65,9 ) Ta ypoxaiiHocti (o 3,7 1/ra),
IO CBiAYUTH MNPO iX TEHETHYHO 3yMOBIICHHH
MOTEeHIian 10 (hopMyBaHHS BUCOKOTO BPOXKArO.
Jpyruii knactep BkitouaB riopuau @eHomeH,
Hpaii, 3narcon, Cyowmi, Ci liamanTic, Ci bakapni,
HK Heoma, Ci Excniepro, HK Konai Ta Cymixo. Lli
¢dbopMH TIPOAEMOHCTPYBAJIM CepelHi 3HAYCHHS
OCHOBHHUX ITOKa3HUKIB Ta BITHOCHY CTa01IbHICTD 32
ymoB Bereramii 2024 poky, IO BKa3ye Ha iX
aJanTUBHICTH A0 YMOB CTpPECYy, 3YMOBIIEHOTO
BHCOKHMHU TeMIIepaTypamH i Ae(iliToM BOJOTH.
Ho Tperboro kiactepy YBIWIUTH TiOpumu
Spuno, EC bemna, I'panng Aamipan, EC bepeker,
PR64F66, P64LE99, P64LE25 ta HC X 6749, siki
Majgi HIDKYI TOKa3HHKH YypoxkaWHocTi (2,2-2,5
1/ra), Macu 1000 HaciuuH Ta Hatypu. MMoBipHO, 1i
ribpuan MeHm agantoBasi 1o JlicoctenoBoi 30HK
Cxigaoi  Vkpaimm abo moTpeOyroTh iHIIUX
TEXHOJIOTTYHHUX 3aXO0JliB BUPOIIyBaHH: (puc. 3).
OrpumMaHi  pe3ynbTard  CBig4aTh  TIPO
HasBHICTh 3HAa4HOI ()EHOTUNOBOI BapiabENbHOCTI
cepen TiOpuUIiB Ta MiATBEP/UKYIOTh JOIIIBHICTH

showed high head productivity (58.7—67.5 g),
thousand seed weight (up to 65.9 g) and yield (up

to 3.7 t/ha), indicating their genetically
determined potentials for high yields.
Cluster 2 included hybs. ‘Fenomen’,

‘Draiv’, ‘Zlatson’, ‘Suomi’, ‘SY Diamantis’, ‘SY
Bacardi’, ‘NK Neoma’, ‘SY Experto’, NK Kondi,
and ‘Sumiko’. These forms demonstrated
medium values of the main parameters and
relative stability in 2024, indicating their
adaptability to stressful conditions inflicted by
high temperatures and water deficit.

Cluster 3 included hybs. ‘Yarylo’, ‘ES
Bella’, ‘Hrand Admiral’, ‘ES Bereket’,
‘PR64F66°, ‘P64LE99’, ‘P6ALE25°, and ‘NS X
6749°, which yielded less (2.2-2.5 t/ha) and had
lower thousand seed weight and test weight.
These hybrids are probably less adapted to the
forest-steppe zone of Eastern Ukraine or require
other farming techniques (Fig. 3). These results
suggest considerable inter-hybrid phenotypic
variability and confirm the feasibility of using
cluster analysis as a tool for evaluation of

BUKODHCTaHHSl ~ KJACTEPHOIO  aHamizy  sK :
{HCTPYMEHTY JUIsl OLIIHKH TiOPHIIB COHANIHMKA. sunflower hybrids.
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Puc. 3. Knactrepunii anami3 1ociimpKyBaHuX TiOpHUIiB COHSAIIHUKY.
Fig. 3. Cluster analysis of the studied sunflower hybrids.
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BucHoBku

Y  pesyabrari AOCHIHKEHHS BCTAaHOBICHO
CyTTeBy (eHOTHTOBY BapiabeibHiCTh cepen 28
ribpuais COHSIIITHUKY 3a MTOKa3HUKaMHU
MPOAYKTUBHOCTI, MOP(POMETPUIHHIX
XapaKTePUCTHK Ta €IEMEHTIB CTPYKTYPH BpPOXKAlo.
Haiigumny OiomoriuHy ypoKaiHICTH B YMOBax
Cxigaoi VYKpaiHW TNPOAEMOHCTPYBAIN TiOpUAH
ykpaincbkoi cenekuii bamck, [ycmsp, Pasenin,
Kager Ta Anpaasop, o CBIAYUTH NPO iX BUCOKHI
aJlaNTUBHUI Ta T€HeTHYHMH NOTeHLian. BussieHo
BIPOTiIHI TMO3WTHBHI KOPEJLiHHI 3B S3KH MIX
niameTpoMm Komuka, macoro 1000 HaciHMH Ta
MIPOLYKTUBHICTIO KOILKKA, 1110 J03BOJISIE PO3IIISAATH
Il O3HAKW SK BAKIWBI CENICKIIHHI KpuUTepil mpH
BiOOpi mepcrekTHBHUX GopM. Y TOH ke dYac
3BOPOTHA KOpEIJIAIisS MiX HaTypor HaciHHS Ta
MIPOAYKTUBHICTIO BKa3y€ Ha MOTPe0y KOMILIEKCHOTO
MiXOY TpH OIiHIIN copTiB. KnactepHuii aHai3 1aB
3MOTY BHOKPEMHUTH TPU OCHOBHI Tpyn TiOpuiB 3a
TOCTIIONAPCBKUMH  O3HAKaMH, 0  MiAKPECIIOE
e(eKTUBHICTh BHKOPHCTAaHHA LbOIO METOLY IUIS
nigbopy TriOpUAIB COHSIIHUKY Y BHUPOOHHUITBI.
Otpumani pe3yabTard MOXYTb OyTH KOPUCHUMH Y
MIPAKTHII BUPOOHUIITBA Ta TOAAIBIIIINA CENEKITiHHIT
PpOOOTI IS yIOCKOHANICHHSI aCOPTUMEHTY Ti0pHiB
COHSIIIHUKY, aJanTOBaHUX 0 KIIMaTHYHHX YMOB
nicocTenoBoi 30HM CXimHOI YKpaiHu.

Conclusions

The study revealed significant phenotypic
variability among 28 sunflower hybrids in terms
of performance, morphometric characteristics and
yield components. The highest biological yields in
Eastern Ukraine were produced by Ukrainian
hybs. ‘Blyks’, ‘Husliar’, ‘Ravelin’, ‘Kadet’, and
‘Aldazor’, indicating their high adaptive and
genetic potentials. There were significant positive
correlations between head diameter and
productivity as well as between thousand 1000
seed weight and head productivity, which allows
us to consider these characteristics as important
breeding criteria when selecting promising forms.
At the same time, there was an inverse correlation
between test weight and productivity, suggesting
the need for a comprehensive approach to
evaluation of hybrids and cultivars. Cluster
analysis made it possible to distinguish three
major groups of hybrids by economic
characteristics, emphasizing the effectiveness of
this method for selecting sunflower hybrids in
production. These results may be useful in
production practice and further breeding to
improve the assortment of sunflower hybrids
adapted to the climatic conditions of the forest-
steppe zone of Eastern Ukraine.
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Pedepar: BuznaueHo 03HAKM BiIMIHHOCTI HOBHX JIiHIH-BiTHOBHHUKIB (DEpPTUIILHOCTI COHSIIHUKY 32
MOP(OJIOTIYHIMH O3HAKAaMH POCIWHH, CTeONa, JUCTKA 1 KOIIMKA Ta iX PI3HOMAHITTS 3a O3HAKAMH
NPOAYKTUBHOCTI 1 BMICTy oiii B HaciHHi. 3a piBHEM NPOAYKTHBHOCTI BWAUICHO PAaHHBbOCTHIVI JIiHii-
BiTHOBHHUKH (epTmwibHOCTI: omHokommkoBi mirii X 0013 B i X 1807 B (40,98 i 42,32 1, BignoBimHO) i
OararokommukoBy JiHito X 1809 B (25,04 1). 3a BMicToM o:1ii B HaciHHI BuAUTeHO JiHi0 JII'B i 3HaYeHHAM
o3Hak# 53,91%. 3a macoro 1000 macinuH HaiiBuIne 3HadeHHs Majna jgiHis X 0013 B — 75,8 1, sika Moxke
CTAaHOBHTH IHTEpEC IS CENEKIii Ha KPyMHOILIAHICTh. BuaineHo IiHHI NiHIii-BiTHOBHUKH (EPTHUIHHOCTI
consimauky X 1807 B 1 X 1818 B 3 TpuBanictio Bereramiiinoro mnepiogy 90 i 96 ni6 Ta rnepiofoM HBITIHHS
191 15 116, 1m0 MOETHYIOTH BUCOKHIA PiBEHb NPOAYKTUBHOCTI (42,32 11 25,99 1) 31 cTiliKicTIO 10 30yqHHKA
HECIPaBXKHBOI OopomHUCTOT pocu. Bunineno parapocturii miHil X 1803 B i X 1809 B, mo Hamexarts 10
rUUIACTHX (QOpM, 3 TPHUBATICTIO MEPIOAY «CXOMU-UBITIHHs» 54 Ta 56 ni0, sSKi Mamu MPOMYKTHUBHICTBH
pocnuHM Ha piBHI diHii-TecTepiB (19,39 r Ta 25,04 r BignoBimHO), a 32 BMICTOM 0Jii B HACIHHI JOCTOBIPHO
ix mepeBunin (49,22 % Tta 49,16 %). 3a pesynbraramu ekcnieptusn B HarionamsHoMy LleHTpi
TeHETHYHHX PECYPCiB POCIHH YKpaiHH JiHii-BiJHOBHUKH (QepTmwibHOCTI corsmauky X 1807 B, X 1818 B
(omaoKOmMKOBI) Ta X 1803 B 1 X 1809 B (GaratokommkoBi) mepeBummian JiHito-tectep X 720 B 3a
MPOAYKTUBHICTIO Ta IHIIMMHU CeNeKIIHHUMU o3HaKamH. JIiHil BKiIOYeHO 10 BaHKy reHeTHYHHX pecypciB
pociuH YKpaiHu.

KawuoBi cioBa: COHAIIHMK, JTiHIA-BIIHOBHUK  (EPTHIBHOCTI, MOPQOJOTIYHI  O3HAKH,
NPOAYKTUBHICTh, BMICT OJlii B HaciHHi, Maca 1000 HaciHWH, CTIHKICTB 10 XBOPOO

Abstract: Distinctness traits in new sunflower lines- fertility restorers were described:
morphological characteristics of the plant, stem, leaf, and head. The lines’ diversity was determined for
performance traits and oil content in seeds. The following early-ripening lines - fertility restorers were
distinguished by performance: mono-headed lines ‘Kh 0013 V’ and ‘Kh 1807 V’ (40.98 and 42.32 g,
respectively) and multi-headed line ‘Kh 1809 V’ (25.04 g). Line ‘LHV’ was distinguished by seed oil
content (53.91%). The greatest thousand seed weight of 75.8 g was recorded for line ‘Kh 0013 V’, which
may be of interest for breeding for large fruits. We identified valuable sunflower lines - fertility restorers,
‘Kh 1807 V’ and ‘Kh 1818 V’, with vegetation periods of 90 and 96 days, respectively, and flowering
periods of 19 and 15 days; the lines combine great performance (42.32 g and 25.99 g) with resistance to
the pathogen of downy mildew. We also selected two early-ripening, branched lines, ‘Kh 1803 V’ and ‘Kh
1809 V’, with lengths of the "emergence-anthesis" period of 54 and 56 days, respectively; the lines showed
plant performance similar to that of the tester lines (19.39 g and 25.04 g, respectively) and significantly
were superior to the latter in terms of seed oil content (49.22% and 49.16%). According to the results of
the examination by the National Center for Plant Genetic Resources of Ukraine, sunflower lines - fertility
restorers ‘Kh 1807 V, ‘Kh 1818 V’ (mono-headed), ‘Kh 1803 V’ and ‘Kh 1809 V’ (multi-headed) were
superior to tester line ‘Kh 720 V’ in terms of performance and other breeding traits. The lines were
included in the Bank of Plant Genetic Resources of Ukraine.

Key words: sunflower, line - fertility restorer, morphological traits, performance, seed oil content,
thousand seed weight, disease resistance.
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Beryn

COHSIIHUK € IIHHOK ONIMHOK KYJIBETYpOIO 3
BUCOKAM BMICTOM JKMpPy Ta Oinka, TPOLYKTH
HepepoOKH SIKOTO MaloTh IIHPOKE BHKOPHCTAHHSL
VYkpaiHa BXOAWTH IO TIEpeNiKy KpaiH — CBITOBHX
JnepiB 3 BUPOOHUIITBA Mi€l KYJIBTYpH Ta €KCIOPTY
COHSIITHUKOBOI O, IO MATBEPIKYE 11 BOKIMBICTH
JUIi  eKOHOMIYHOTO  pO3BUTKY  kpaimm  [1].
BuponryBaHHsl COHAIIHUKY € €KOHOMIYHO BHTiTHOO
CIPaBOIO, MPH IIbOMY TPHUOYTKOBICTH OE3MOCEPETHBO
3aJIOKUTh BiJ PIBHA WOro ypoxawHocTi [2].
3Bakaroud Ha 1€, MOJajblile 30LIbIIEHHS BaIOBUX
300piB HACiHHA TOBAPHOIO COHSIIHHUKY MOXE OyTH
JIOCATHYTE HAacaMIIepest 32 PaxyHOK BIIPOBA/UKEHHS Yy
BUPOOHHUIITBO BHCOKOBPOYKAMHMX T10pHdiB [3].

Takox cyuacHi TiOpuaM TOBHHHI MaTh HE
TUTBKH BUCOKHH MOTEHIia BPOXaHHOCTI, ajie i OyTH
aJIaNTOBAaHUMH JI0 YMOB BUPOIIYBAHHS, CTIHKHMH JI0
HeOesneuHnx xBopoO. [lopymieHHs ciBO3MIH TIpH
BUPOIIYBaHH| COHSIIIHHUKY MPU3BOIUTE J0 PO3BUTKY
XBOpOO Ta BHHHWKHEHHS OUIBII  arpeCHBHUX
IIKI[UTMBUX OpraHi3MiB. Lle 3ymoBmoe HeoOXimHICTh
CeNeKIiifHOT pOOOTH Ha CTIHKICTH A0 30yIHHKIB
OCHOBHHX IIaTOT€HiB, BAKIIMBUM €TAIlOM SKOI €
OIliHKA Ta CTBOPEHHS CTIMKOr0 BHXIJHOTO Marepiary
[4, 5]. Ilpu cTBOpeHHI TakuX TiOpUAIB BUpIIIATHHE
3HAYCHHS Ma€ TCHETUYHE PI3HOMAHITTS BUXIITHHUX
0aTPKIBCBKMX  KOMITOHEHTIB, 5IKi  3a0e3MedyroTh
BUCOKY YPOXXaHHICTb B Pi3HUX YMOBaX.

[IpoBenenns aHaizy T€HETUYHOTO
PI3HOMAHITTA JIHIHHOTO Marepiaiy, B TOMY YHCII i
BITYM3HSHOTO TOXO/DKEHHS, € BAKJIMBUM KPOKOM 10
PO3YMIHHSI TEHETHMYHOI OCHOBH Cy4acHOI CeJIeKIIii
COHSILITHHKY. Cdopmoani KaraJorn  JIHii
COHSIIIHUKY ~ aKTUBHO  BUKOPUCTOBYIOTBCS — JUIS
migdopy BHXIJHOTO Marepially JUisl CeNeKIiHHHUX
nporpam  [6]. OrmjiHka Ta  XapaKTePUCTHKA
TEHETUYHOTO PI3HOMAHITTS! COHSIIHHKY € B)KIMBOIO
yepe3  3pocTaHHA  mOTped Yy  COpPTOBOMY
BIOCKOHaeHHi [7, 8].

Takok 1 3HaHHA € BOKIMBHMH JUIA
TIOTTOBHEHHSI HOBHMH 3pa3sKaMH T€HETHYHHX OaHKIB
POCIIMH, SIKI BIIrpalOTh KIFOYOBE 3HAYCHHS ISt
3a0e3MeUeHHs] CEeNIEKIIHHNX MpOrpaM  BHUXIiJTHAM
Marepiajom.

Y poboti Benmenesoi ta Hocans mokasaHo,
IO pPeTeNbHUN MiI0ip BUXITHUX POPM 3 TEHETUIHOTO
PI3HOMAHITTS KOJIEKIi COHAIIHUKY TIO3UTUBHO
BIUIMBA€ HA  CTBOPEHHS  BHCOKOI'€TEPO3HCHHX
riopunie  [9]. Hocmimkennsimu  Filippi Ta iH.
MiATBEpIHKEHO, 10 YCHIMIHUK MiAGip BUXiAHUX (popm
IO CeNleKIli  3alleKUTh  Bil  T'€HETHYHOIO
PI3HOMAHITTS TEHOTHUIIIB COHSIITHUKY [10].

OCHOBHMMH BHMOTaMH IO JIiHi-BiJHOBHUKIB
(hepTUIIFHOCTI COHSIIHUKY € BHCOKAa KOMOiHAIliHA
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Introduction

Sunflower is a valuable oilseed crop
with high oil and protein contents and its
products are widely used. Ukraine is among
the world leaders in this crop cultivation and
sunflower oil export, confirming its
importance for the country's economic
development [1]. Sunflower growing is an
economically profitable business and its
profitability directly depends on yield [2]. In
view of this, a further increase in the gross
harvest of commercial sunflower seeds can be
achieved primarily by introducing high-
yielding hybrids into production [3].

In addition, modern hybrids are
supposed not only to have high vyield
potentials but also to be adapted to growing
conditions and resistant to dangerous diseases.
Non-observance of crop rotations in sunflower
cultivation leads to the development of
diseases and emergence of more aggressive
harmful organisms. This necessitates breeding
for resistance to pathogens of major
pathogens, where assessments and creation of
resistant starting materials are important
stages [4, 5]. Upon creating such hybrids, the
genetic  diversity of initial  parental
components is of decisive importance, as they
ensure high yields under various conditions.

Analysis of the genetic diversity of
lines, including domestic ones, is an important
step towards understanding the genetic basis
of modern sunflower breeding. Catalogs of
sunflower lines are extensively used to select
starting materials for breeding programs [6].
Evaluation and characterization of the
sunflower genetic diversity is important
because of the growing need for varietal
improvement [7, 8].

This knowledge is also vital for
enriching plant genetic banks with new
accessions, as the banks play a key role in
providing breeding programs with starting
materials.

Vedmedieva and Nosal showed that
careful selection of initial forms from the
genetic diversity of sunflower collections
beneficially affected the creation of highly
heterotic hybrids [9]. Filippi et al. confirmed
that the successful selection of initial forms
for breeding depended on the genetic diversity
of sunflower genotypes [10].

The main requirements for sunflower
lines - fertility restorers are as follows: high
combining ability, long anthesis, resistance to
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3MATHICT, OUIBII TPHWBAIMMA TIEPiON  IBITIHHA,
CTiliKicTh 110 30yAHHMKIB XBOpOO, OCOONHMBO [0
HECIIPaBKHBOI OOPOIIHUCTOT POCH Ta ONTHMATHLHUMN
Mopdotun, 1o 3abe3redye TEeXHOIOTIUHICTh iX
BUPOIIYBaHHS Ha MUITHKax riOpuamsarii. JlominsHo
3ajlydaTd JI0 CXPEIIyBaHHS JIMINE Kpaii JiHii 3
MIPOTHO30BAHOIO ix BHCOKOIO IIHHICTIO,
MIPUCTOCOBAHICTIO JI0 PI3HOMAHITHUX CEPEIOBHII
ICHYBaHHs, KOTpi MAalOTh 3HA4YHy MiHJIUBICTh
OioTHYHMX 1 a0loTHYHUX O3HaK [11-13].

Jobip BUXigHOTO Marepiaiy Ui 3aJydeHHS B

CCNICKI[IHI ~ MPOrpaMud  TPOBOIAMTHCS 332  HMOTrO
BIIMOBIJIHICTIO ~ KOMIUICKCY IIEBHMX  O3HaK 1
BIIACTHBOCTECH, Cepem SKUX BHCOKHH  pIBCHb

MIPOAYKTUBHOCTI 1 SIKOCTi, aJaNTUBHICTh 10 0io- Ta
abioTnuHMX (HaKTOpiB, TEXHONOTIUHICTh. Paszom 3
UM, CEJCKIiI HOBHX TIOpPUIB  COHSIIHHUKY
CTPUMY€ETHCS TPYAHOIIIAMHA B oprasizarii
BUPOIILYBaHHS TEHETUYHO YUCTHX OATHKIBCHKHX JiHIH
Ta riOpuaiB. Mg KOHTPONIO 3a MEXaHIYHUM Ta
OlONMOTIYHMM  3aCMIYEHHSM  TIPOTIOHYETHCS  iX
reHetnaHe MapkyBaHHA [14]. Mopdomnoriuai o3HaKu
POCIIMIH COHSIIIHAKY MOXXHA BUKOPHCTOBYBATH SIK
MapKepHi O3HakdW. BisyanmbHO iX MOXKHa [100pe
PO3PI3HUTH, 1, HA BiIMiHY Bix OiOXIMIYHMX METOMIB,
BOHM He TmOTpeOyroTh BEJMKUX 3arpar mid  iX
BU3HAYCHHS. [meHTHiKalis JHIA COHSIIHUKY 3a
MOpP(ONOTiYHIME O3HAKaMH € e(hEeKTUBHIM METOIIOM
JUIA  BWAUICHHS IIHHUX 3pa3KiB 3 TCHETHYHOIO
pizHoMaHiTTs [15].

BcraHoBneHo, 110 iCHYBaHHS — IIHPOKOTO
Jliara3oHy Bapialliii A OUTBIIOCTI O3HAK Cepen
1HOpeHUX JIHIN COHSIIITHUKY, 30KpeMa
pI3HOMaHITHICTh MOP(OJOTIYHUX  O3HAK, MOXE
BIUTMBATH Ha TOCTIONAPCHKi 03HaKH ri0pumiB [16].

VY 3B’s3Ky 3 BUKIQJIEHUM Yy pOOOTI BUBYAIH
TCHCTUYHE  PI3HOMAHITTS  JIHIMHOTO  Marepiairy
COHSITHWKY Ta OCOONMBOCTI HOBHX JIHIM 3a
KOMIUIEKCOM O3HaK 1 BJACTUBOCTEH 3 METOIO
TOTIOBHEHHS  CEJISKI[IMHUX TPOrpaM MaTepiajioM,
I[IHHUM JJ151 CTBOPEHHS Ti0pH/IiB.

MeTtoauka

JocnipkeHHst poBowiId  mipotsiroM 2023 —
2024 pp. Ha TOJSAX CENEKIIIHOI CiBO3MiHU [HCTUTYTY
pocivuauiTBa iM. B.S. FOp’eBa HAAH Vkpainu
(cen. EnitHe, XapKkiBchbKuii paiioH, XapKiBchka 0011 ).

[Noronni ymoBH pokiB nociimkens (2023-2024
Pp.) BIPOIOBK BETETAIIMHOTO TEPIOAY COHSITHHUKY
MaJu nieBHi ocobmBocti. B minomy, 2023 pik MoxxHa
OXapaKTepH3yBaTH SIK KapKui 1 Bonoruil. Bigznaueno
NEPEBUILLCHHS  CEpPEeAHBONOO0BOI  TeMmeparypu
MOBITPS B JIMITHI, CEpPIHI 1 BEpEeCHI CepeHbOl
Oararopiunoi Ha 0,3, 0,6 1 2,7°C, BiamoOBIIHO.

diseases, especially downy mildew, and an
optimal morphotype, which ensures the
technological effectiveness of their cultivation
in hybridization plots. It is advisable to
involve in crossing only the best lines with
predicted high value, adaptability to various
environments, and significant variability of
biotic and abiotic characteristics [11-13].

Starting materials for inclusion in
breeding programs are selected by sets of
desirable = characteristics and  features,
including  high  performance,  quality,
adaptability to biotic and abiotic factors, and
technological effectiveness. At the same time,
the breeding of new sunflower hybrids is
hampered by difficulties in organizing the
cultivation of genetically pure parental lines
and hybrids. To control mechanical and
biological contamination, their  genetic
marking is proposed [14]. Morphological traits
of sunflower plants can be used as marker
characteristics. =~ They can be clearly
distinguished visually, and, unlike biochemical
parameters, their determination is cheap.
Identification of sunflower lines by
morphological traits is an effective method to
distinguish valuable accessions from genetic
diversity [15].

It was found that wide variations of
most characteristics among inbred sunflower
lines, in particular the diversity of
morphological traits, could affect economic
characteristics of hybrids [16].

In connection with the above, the
genetic diversity of sunflower lines and the
features of new lines were screened for a set
of traits and characteristics in order to
supplement breeding programs with valuable
material for creating hybrids.

Methods

The study was conducted in the crop
rotation fields of the Yuriev Plant Production
Institute of NAAS of Ukraine (Elitne Village,
Kharkivskyi District, Kharkivska Oblast) in
2023 —2024.

The weather during the sunflower
growing periods in the research years (2023-
2024) had certain peculiarities. In general,
2023 was hot and wet. The average daily air
temperature in July, August and September was
higher than the multi-year average by 0.3, 0.6
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KimpkicTh omasiB y mwimHI Oyiia BHITIOIO 332 CEPEITHIO
Oararopiuny Ha 91,0 MM. 3a MOTOMHWMH yYMOBaMH
2024 pik MOKHA OXapaKTepHU3yBaTH SK >KapKUH 1
nocynumBAid. B JiTHI Micsri (depBeHb, JMIIECHB,
CepIICHb) BiZ[3HAYCHO TICPEBHUIIICHHS
CepeaHBOI000BOT TeMIlepaTypH TOBITPSL CEpeHBOI
Oararopiunoi Ha 2,1, 5,6 1 2,7°C BigmoBimHo. 3a
OTaIaMH HaMOUTBITYy KUTBKICTh Bi3HAUYEHO B YEpPBHI
(49,0 mm). KputnuHy Hectady OmajiiB CHOCTEPIraiu
B Tiepiof HaMMBY HACiHHA (cepreHb) — 7,0 MM, a y
BEpECHI BOHM OyJTH B3araii BiICyTHI.

Marepianiom pocmimkeHb Oyau HOBi JiHii-
BiIHOBHUKH (EPTHIBHOCTI COHSIIHUKY IHCTUTYTY
pocmuabuITBa iM. B. SI. FOp’eBa HAAH: JII'B, X
0013 B, X 1803 B, X 1807 B, X 1809 B, X 1818 B,
X 06134 B, X 2301 B.

[InanyBaHHs, OpraHizaifif0 Ta TPOBEIACHHS
MOJIOBUX  JOCHIIPKCHb MPOBOOWIM  3TiTHO 3
Meroaukamu [17, 18] 3 ypaxyBaHHAM 30HAJIBHUX
0cO0NMMBOCTEH BUPOLITYBaHHS COHSIIHUKY [19].

3pa3Kul COHAIIHMKY BUCIBAIHM Ha JBOPSIKOBii
JnsHIl iomero 9,8 M2, cTaHTapTHUM METOIIOM.
CiB0y BHUKOHYBaIM PYYHHMH  CEJICKIIHHUMH
ca/DKaJIKaMU 3 IUPUHOI0 MDKpsnas 70 cM Ta B psAAKy
Mix pocimHaMu 25 cM. ['ycrory pocimH (opmyBamm
B (asi npyroi mapu COpapKHIX JHMCTKIB IUISXOM
PY4YHOI TIPOPUBKH, B KOXKHOMY THI3/Ii 3aJIMIIANA TIO
OIIHI¥ POCITHHI.

BanbHy  omiHKy JiHIM  COHSIIHUKY 32
MOp(QONOTIYHUMH ~ O3HaKaMH  OyJlo  TPOBEJCHO
Bi3yalbHO 3a piBHeM TposiBy o3Haku [20, 21].
JlinifiHAi MaTepiall BUBYEHO 33 TPUBAIICTIO MEPIOmy
BIJ CXOJIIB bio) LBITIHHS, BPOXKAMHICTIO,
MPOAYKTHUBHICTIO 3 oOnHi€i pocimHu, Macor 1000
HACiHWH, BUCOTOIO pociimau [18]. AHaii3 BMicTy omii
y HaciHHI BH3HA4Yald 3a METOIOM  SJIEpHO-
MarHUTHOrO pe3oHancy [22]. OIiHKy CTIHKOCTI
COHAIIHUKY J0 HECHPaBKHBOI OOPOLIHHCTOI POcH
MPOBEJICHO Y TIONbOBHX YMOBAX 3a CTaHAApTHUMU
¢biTonaToNoOriYHMMK  METOAMKAMH  BH3HAYEHHS
TIOIMIAPEHOCTI XBOpoO [23].

Pe3yabraT Ta 00roBopeHHst

JIiHi1-Bi/THOBHUKN (EPTUIILHOCTI COHSIIHUKY
B 2023-2024 pp. Oyn0 BUBYEHO 3a CENEKLIHUMU Ta
IHHUMHA ~ TOCHOIAPCHKUMH O3HaKaMH. 3a
pe3ynbTaraMu (heHOOTTYHUX CIIOCTEPEIKCHD
BCTaHOBIICHO, 110 32 TPUBAIICTIO MEPIOy Bijl CXOIB
0 (i3ionoriyHoi cTUmIOCTI JiHii nepeOyBanu B
Mekax Big 99 mo 103 ni0, a TpUBAIIICTIO MEPIOLY Bif
CXOJIiB JI0 LBITIHHA — Bif 54 10 64 ni0 (tadm. 1). 3a
NPOSIBOM CEJICKLIIHUX O3HAK JIiHi1 OyJ10 MOPIBHSHO 3
0aTbKIBCbKMMH ~ KOMIIOHEHTAMH  3apEECTPOBAHUX
riOpuiB  COHSIIHUKY —  YJIBTPapaHHLOCTHIVIONO
niniero X 720 B ta cepeAHbOpaHHBOCTHITION) JTiHIE0
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and 2.7°C, respectively. The precipitation
amount in July was higher than the multi-year
average by 91.0 mm. The weather in 2024 was
hot and dry. In the summer months (June, July,
August), the average daily air temperature was
2.1, 5.6 and 2.7°C higher than the multi-year
average, respectively. The largest amount of
precipitation was recorded in June (49.0 mm).
A critical lack of precipitation was observed
during the seed filling period (August, 7.0 mm)
and in September (no precipitation at all).

New sunflower lines - fertility restorers
bred at the Yuriev Plant Production Institute of
NAAS were studied: ‘LHV', ‘Kh 0013 V’, ‘Kh
1803 V’, ‘Kh 1807 V’, ‘Kh 1809 V’, ‘Kh 1818
V’, ‘Kh 06134 V’, and ‘Kh 2301 V°.

The field surveys were planned,
organized and conducted, as described in [17,
18], with due account for the zonal
peculiarities of sunflower cultivation [19].

The sunflower lines were sown in two-
row plots of 9.8 m2 by the standard method
with manual breeding planters. The inter-row
spacing was 70 cm and the inter-plant distance
in the rows was 25 cm. Plant density was
adjusted in the phase of the second pair of true
leaves by manual thinning out, leaving one
plant in each nest.

The morphological traits in the sunflower
lines were visually scored by expression levels
of these traits [20, 21]. In the lines, the
“emergence — anthesis” period, yield, plant
performance, thousand seed weight, and plant
height were measured [18]. The oil content in
seeds was determined by nuclear magnetic
resonance [22]. The sunflower resistance to
downy mildew was assessed in the field using
standard  phytopathological methods for
determining disease prevalence [23].

Results and Discussion

The sunflower lines - fertility restorers
were screened in 2023-2024 for breeding and
valuable economic traits. = Phenological
observations showed that the “emergence —
physiological ripeness” periods in the lines
lasted from 99 to 103 days, and the “emergence
— anthesis” periods — from 54 to 64 days (Table
1). As to the breeding traits expression, the
lines were compared with the parents of
registered sunflower hybrids - ultra-early line
‘Kh 720 V’ and the medium-early line ‘Kh
4413 V°.
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X 4413 B.

Haii6inbm panabocTumioro Oyna minis X 1807
B 3 TpuBanicrtio Bereramitinoro nepiogy 90 mi6. Ll
JHIS B TONEPEHI POKH BHBYCHHS 32 TPHUBAJICTIO
BEeTeTalifHOTO Tepioay Takok Oynna BigHECeHa 0
yAbTpapanHpocTuriol rpynu. Y mimid JII'B, X
1809B, X 1818B i X 2301B TpuBaicTs mepiofy Bif
cxomiB 70 (Di3i0NOTivHOI CTHUIIIOCTI CTaHOBMIA 99
Ii0, a Bix CXOMIB 10 LBITIHHA Bifg 56 10 62 mi6. Sk i
OUIBIIICTE BHBUECHUX JiHIM, BOHHM BIJHOCITBECS IO
PaHHBOCTHUIIIOL TPYIIN.

The most early-ripening line was ‘Kh
1807 V’, with a growing period of 90 days. In
previous years, this line was also classed as
ultra-early by its growing period length. In
lines ‘LHV’, ‘Kh 1809V’, ‘Kh 1818V’, and
‘Kh 2301V’, the “emergence - physiological
ripeness” and “emergence — anthesis” periods
lasted 99 and 56-62 days, respectively. Like
most of the studied lines, they belong to the
early-ripening group.

Taoauunsa 1. XapakTepucTrka JiHiH-BiTHOBHHKIB (PepTHIIBHOCTI COHALTHHUKY 32 TPUBAJICTIO BETETAIIITHOTO MIEpiomy

Ta #oro eramamu, 2023-2024 pp.

Table 1. Characterization of the sunflower lines - fertility restorers by growing period and its stages, 2023-2024.

Tpusanicts nepiofly «cxofu- TpuBamicTs IEPIOTY «CXOIH- TpuBaicTs nepio,
.. . (hizionoriyHa CTUIITICTBY, A10 / pupai ep “Hy A  PHBAIICT 1oLy,
Jlinis / Lines “Emereence - physiolosical LBITIHHS», 110 / “Emergence uBiTings, i6 / Anthesis
ripe%less” pfric})l q da}g/s — anthesis” period, days length, days
JII'B* /LHV* 99 60 25
X0013B /Kh0013V 103 62 8
X1803B* /
Kh1803V* 101 54 26
X1807B /Kh1807V 90 55 19
X1809B* /
Kh1809V* 99 56 29
X1818B /Kh1818V 96 59 15
X06134B* /
Kh06134V* 103 64 19
X2301B /Kh2301V 99 62 16
X720B* / Kh720V* 89 58 23
X4413B* /
Kh4413V* 104 61 19
cepezane / Mean 98,3 59,7 19,2
HIPg 05 / LSDg.05 3,5 2.4 1,8

[Mpumirtka: * - riiscti popmu
Note: * - branched forms

Biporigao OlbITy TPHUBAIICTh
BETETAIIMHOTO TepioAy BIJHOCHO CEPEeIHBOTO
snauends Manu JaiHii X 0013 B, X 06134 B 1 X
4413 B, sKi BiANOBIAIOTh CEPETHbOPAHHBOCTHIIII T
rpymi (103, 103, 104 no6wn).

BaxiaMBoI0  CENEKLIHHOI O3HAKOK IS
THIH-BIAHOBHUKIB (EPTHIBHOCTI, SIKi BiIIrparoTh
POJIb 3alMJIIOBaYa, € TPUBAIICT NEPiOAY LBITIHHS.
Haii6inpm TpUBaJe IBITIHHS 301IBIIYE
HAMOBIPHICTh AKICHOTO 3allWJIEHHS MaTepUHCBKHX
miHIM Ha piIsMHKAX TiOpuamsaudii.  TpusamicTh

nepioay [BITIHHS y JHIH-BITHOBHHKIB
deprunpHOCTI BapitoBasa Big 8 g0 29 #i0.
Haiibinpmr  TpuBamumm ueli mepioxr OyB y

6araroxommkoux Jinid JII'B, X 1809 B, sxwuii
ctaHoBHB 25 1 29 110 BiANOBIAHO, IO MMEPEBUIIYE
tectepry nginiro X 720 B (23 no6wm). [lopiBasiHO

Lines ‘Kh 0013 V’, ‘Kh 06134 V’ and
‘Kh 4413 V’ had significantly longer growing
periods in comparison with the mean value;
hence, they correspond to the medium-early
group (103, 103, 104 days, respectively).

Anthesis length is an important breeding
characteristic for lines - fertility restorers that
act as pollinators. The longest flowering
increases the probability of high-quality
pollination of female lines in hybridization
plots. The anthesis length in the lines - fertility
restorers varied from 8 to 29 days. The longest
anthesis was recorded for multi-headed lines
‘LHV’ and ‘Kh 1809 V’ (25 and 29 days,
respectively); it was longer than that in the
tester line, ‘Kh 720 V’ (23 days). Early-ripening
mono-headed lines ‘Kh 1807 V’ and ‘Kh 2301
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TPUBAJIUM IIBITIHHSIM BiIPi3HSINCh PAHHBOCTHIII
onuoxommkoBl aiHii X 1807 B 1 X 2301 B 13
3Ha4YeHHsAM o3Haku 19 i 16 ni6. HaiimeHmioro
TPUBAJIICTIO BIAPI3HAIACH OTHOKOIIHMKOBA JiHIT X
0013 B — 8 ni6.

Sk BiJI3HAYCHO BHWIIE, TPU 3 BUBUCHUX JIHIN
BiIHECEHO OO0 OaraTOKOmMWKOBUX (opMm. Y mmx
JMHIA KUBKICTh OIYHMX TaJy)XeHb BIiJIOBIga€E
KUTbKOCTI OluHMX KkomukiB (Tabn. 2). IloxasiiiHe
TaJly’KCHHS XapaKTepHe AJsl paHHbOCTHIION JiHiT X
1809 B, sxa Mama HalOUTBIIY KIBKICTH OI9HUX
xommwmkie (11 mwr) 1 HalTpuBamimmMii mepion
UBITIHHA — 29 7i0.

Bucora pOCIUHU € BaKJIMBOIO
MOP(OJOTIYHOI0 O3HAKOI s imeHTHdikarii
TCHOTUIIB COHSINHUKY, a 1i MIHJIUBICTh B

CTPECOBUX YMOBax, sk cBimuarb nmani Ghaffari ta
Toorchi — omHUM i3 KpuTepiiB amanTuBHOCTI [24].
Hogi ntinii Manu BucoTy pociuuu Big 96,1 no 157,3
cm. Jlinisg X 1809 B Oyna Ha piBHi JiHii-TecTepa X
720 B.

V’ also had relatively long flowering of 19 and
16 days long. Mono-headed line ‘Kh 0013 V’
had the shortest anthesis of 8 days long.

As noted above, three of the studied lines
were classed as multi-headed forms. In these
lines, the number of lateral branches
corresponds to the number of lateral heads
(Table 2). Double branching is intrinsic to
early-ripening line ‘Kh 1809 V’, which had the
greatest number of lateral heads (11) and the
longest anthesis (29 days).

Plant  height is an  important
morphological trait in identification of
sunflower genotypes, and its variability under
stressful conditions, as evidenced by Ghaffari
and Toorchi’ data, is a criterion for adaptability
[24]. The new lines were 96.1 to 157.3 cm tall.
Line ‘Kh 1809 V’ was as tall as the tester line
(‘Kh 720 V°).

Tabauuns 2 XapaKTepHUCTHKA JTiHIH-BiITHOBHHUKIB (PEPTHIHHOCTI COHSIITHUKY 32 MOP(OIOTIYHUMHU O3HAKAMH,

2023-2024 pp.

Table 2 Characterization of the sunflower lines - fertility restorers by morphological traits, 2023-2024.

Kinpxicts 06i4HHAX KinpxicTs 0619HHX .
. JiameTp KolIuKa,
Tlinis / Lines raJTy>KeHb, IIT. / KOIIKKIB, IIT. / Bucora pocuimy, v / Head
Number of lateral Number of lateral cm / Plant height, cm .
diameter, cm
branches heads
JI'B* / LHV* 9 9 138,7 9,5
X0013B/
Kh0013V - - 155,6 14,9
X1803B*/
Kh1R03V* 5 5 119,4 9,0
X1807B/
Kh1807V - - 119,7 13,3
X1809B* /
Kh1R00V* 6 11 96,1 8,3
X1818B/
Kh1818V - - 136,6 19,0
X06134B* /
Kh06134V* 8 8 157.3 9,2
X2301B/
Kh2301V i i 1302 156
X720B* /
Kh720V* 5 8 96,5 9,6
X4413B* /
Kha413V* 4 4 149,6 8,3
cepenne / Mean - - 131,1 11,9
JITB* / LHV* ; ; 12,4 0,7
[pumitka: * - riysicti popmu
Note: * - branched forms
YV ruuscTtax  JOiHIA  BIA3HAYEHO  BHCOKI In the branched lines, the central head

BEJIMUMHHU JliaMeTpa IEHTPAJIbHOIO KOIIWKA, SKi
3HAXOAMWJINCh B Mexax Bix 8,3 cm 10 9,5 cm. A
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diameter was long, ranging 8.3 ¢m to 9.5 cm.
In the mono-headed lines (‘Kh 2301 V’, ‘Kh
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3HAYEHHS JiaMeTpa KOIIMKa Y OJHOKOIITUKOBUX
main X 2301 B, X 0013 B1 X 1807 B csrano 15,6
cM, 14,9 cm 1 13,3 cMm BigmosigHo. 3a JaHUMU
Balali¢ Ta im. miameTp KommuMKa BIDIMBAaE Ha
KUTBKICTh KBITOK Ta KiIBKICTh HACIHHS y KOIIHWKY,
IO € BYKJIUBUMH NIEPEyMOBaMH JJIsl BPOKAWHOCTI
[25].

B 1ab6n. 3 HaBeneHO XapaKTepUCTHKY JiHIH 3a
IHHUMH ~ TOCMOAApChbKUMHU  o3Hakamu.  Crin
BIJ3HAYUTH, IO 32 MPOLYKTUBHICTIO POCIHHH
BHSIBIICHO HAWOIIbINIE BapilOBaHHS O3HAKH — Bill
12,31 nmo 42,32 r/pocauny. lle 3ymoBieHO
TeHETHYHUM MMOTEHIIAJIOM JIHINA Ta  IX
aJaNTUBHICTIO 10 YMOB POKY, IO TIOTPeOye aHamizy
OaraTopigHUX JOCITKEHb. HaiiBumny
MPOAYKTUBHICT c(HOPMYBAIM OTHOKOIIMKOBI JIiHiT
X 0013 Bi1X 1807 B—-40,98 142,32 r, BiAMOBIAHO.
HaiiBume 3HadeHHs mnpomyKTuBHOCTI — 25,04
I/pOCIMHU  cepel  OaraTOKOIIMKOBUX  JIHIH
BigzHadeno y miHii X 1809 B. Ilpo ictoTHe
PI3HOMaHITTS BUXITHOTO MaTepially COHSIITHUKY 3a
MPOIXYKTUBHICTIO Ta Horo O3HaKaMH
MOBIOMIISIETHCS B JOCHIKEHHAX [26-27].

0013 V’ and Kh 1807 V’), the head diameter
amounted to 15.6 cm, 14.9 cm and 13.3 cm,
respectively. According to Balali¢ et al., the
head diameter affects the number of flowers
and the number of seeds per head, which are
important prerequisites for yield [25].

Table 3 shows valuable economic traits
of the lines. It should be noted that plant
performance was the most variable trait,
ranging 12.31 to 42.32 g/plant. This is
attributed to the lines’ genetic potentials and
their adaptability to the year’s conditions and
requires long-term research. The highest
performance was recorded for mono-headed
lines ‘Kh 0013 V’ and ‘Kh 1807 V’: 40.98 and
42.32 g, respectively. Among the multi-headed
lines, the best performance of 25.04 g/plant
was seen in line ‘Kh 1809 V’. Considerable
variability of performance and other traits was
also reported for sunflower starting materials
in other studies [26-27].

Tadmuns 3 Xapakrepuctuka JiHil BiTHOBHUKIB ()epTHIIBHOCTI COHSIIHKKY 33 LIHHUMH TOCHOJAPChKHUMHU O3HAKaMH,

2023-2024 pp.

Table 3 Characterization of the sunflower lines - fertility restorers by valuable economic traits, 2023-2024.

Tinis / Lines o ol(:ffp?lfyﬁ’ii?olgénce Maca 1000 naciaus, r / Bwicr omii B HaciuHi,% /
p Y ’ 1000 seed weight, g Seed oil content,%
g/plant
JI'B* / LHV* 20,39 423 53,91
X0013B /Kh0013V 40,98 75,8 44,53
X1803B*/
Kh1803V* 19,39 49,6 49,22
X1807B / Kh1807V 42,32 54,0 43,55
X1809B* /
Kh1809V* 25,04 36,0 49,16
X1818B /Kh1818V 25,99 38,5 39,54
X06134B* /
KhO6134V* 12,31 28,0 45,73
X720B* / Kh720V* 18,87 39,5 45,18
X4413B* /
Kh4413V* 10,16 28,0 47,18
cepezane / Mean 22,0 40,8 45,1
JII'B* / LHV* 3,3 4.8 2,4

IIpmmitka: * - rimscti popmu
Note: * - branched forms

Takox minist JI'B 3HauHO BiApi3HSIAach Bij
IHIIKMX 3a BMicTOM ol B Haciuai — 53,91%, mo €
JIOCUTh BUCOKHM 3HAueHHSAM. Y CEpeIHbOMY Y
BHBYEHHMX JiHI BMicT omii craHoBuB 45,10%.
BiporiHo BHCOKI 3Ha4eHHs 3a €0 O3HAKOIO
BusiiieHo y miHid X 1803 B (49,22%) i X 1809 B
(49,16 %). HuzbkuMm BMicTOM OIIii BiIpi3HsIAcCh

In addition, line ‘LHV’ line significantly
differed from the others in terms of seed oil
content — 53.91%, which is a rather high value.
The mean oil content in the studied lines was
45.10%. Significantly high values of this trait
were detected in lines ‘Kh 1803 V’ (49.22%)
and ‘Kh 1809 V’ (49.16%). Early-ripening line
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panapocturiia X 1818 B (39,54 %).

3a wMacoto 1000 HaciHMH Big3HA4YEHO
pizHOMaHITTS B Mexkax 28,0— 75,8 1, mpu 1ipoMy
HaiiBuIle 3HadyeHHs Mana mHig X 0013 B — 758 1,
sIKa MOKE TIPEICTABIATH 1HTEpEC IS CENIeKINl Ha
KpynHoIutigHicte. Pesynsratm Hocamp Ta imH.
MTOKa3aly, o BixOip JiHik 3a Macoro 1000 HaciHuH
CTBOPIOE MOXKJIMBOCTI [UIi OTPHMAaHHS HOBHX
KPYIMHOIUTIAHUX T10pHIiB COHAIHUKY [29].

TakuM 4uHOM, 32 pe3yNbTaTaMU AOCIHIIKEHb
(2023-2024 pp.) BUIIICHO IiHHI OIHOKOIITHKOBI
TiHI{-BiTHOBHUKHK (EepPTUIBHOCTI COHSAMIHUKY X
1807 B i X 1818 B, 3 TpuBaJIiCTIO BEereTaiiiHOTO
nepiomy 90 i 96 ni6 Ta mepiogom uBitiaag 19 1 15
M0 BiAMOBIAHO, IO TOENAHYIOTh BUCOKHH DPiBEHBb
nponyktuBHocTi (42,32 1 25,99 r/pocnumny,
BiJIIIOB1/THO) 3 CTIMKICTIO 10 30yIHUKA
HECIpaBXHBKOi OopomHUCcTOI pocu. Oxe minii X
1807 B i X 1818 B MoxHa peKOMEHAyBaTH, SIK
BUXIJIHUI Marepiai sl CeNeKIiiHol poOoTH.

Vnerpapanspocturna miHis X 1807 B i
pannpocTumia JiHiE X 1818 B, ki €
OJTHOKOIIMKOBUMH (hOpMaMu, 3 BUCOTOIO POCIHHH
124,0 i 136,6 cM BiAmMOBiAHO, TTEPEBUININ JiHii-
tectepu X 720 B 1 X 4413 B 3a mpoayKTHUBHICTIO.
Panurocturm mimii X 1803 B 1 X 1809 B, mo
HaJIeKaTh JI0 TULTICTUX (OpPM, 3 BUCOTOIO POCIHHU
1194 cm 1 96,1 cM BiADOBIAHO, Maiu
MPOAYKTUBHICTh POCIMHH Ha PiBHI JiHIKA-TECTEPiB,
a 3a BMICTOM OJii B HaciHHI JIOCTOBIpHO iX
HEPEBUIIINIIN.

B mompoBux yMmMOBax JIiHIii-Bi[THOBHHKH
(epTUIBHOCTI OIIHEHO Ha CTIHKICTh 110 30yIHUKA
HecrnpapxHboi OopomrHucTOi pocu. Jliwis JII'B
MaJa CTIMKICTh 0 XBOpoOW Ha piBHI 7 OauiB, iHIII
BUBUeEHI JiHiT Oynu crilikumu (9 6anis). CTilKicTh
Ha piBHi 5 OaniB Bifi3Ha4eHO y JjiHii-rectepa X 720
B.

3a pe3ynbTaraMy MOJIbOBOTO BUBUCHHS JIiHII-
BITHOBHUKH  (DEPTUILHOCTI  COHSAIIHHUKY  OYyJI0
OIIIHEHO 32 MOP(OJOTIYHUMHU O03HaKaMu. BusiBieHO
YOTUPH JiHiI, SKi Malli TadyXeHHA, 3 HUX JiHisg X
1803 B nmme Oins BepxiBku Ta jiHii X 1809 B,
JI'B, X 06134 B 3a BCi€l0 BHUCOTOIO POCIIHHH.
JIiHii-BiTHOBHUKH (PEPTUIBHOCTI 3 PO3TATYKEHHAM
POCIIMHH MaloTh TIepeBard HaJ| OJHOKOIINKOBUMH,
3a0e3neuyoud  OuIbII  TpUBalie I[BITIHHA Ta
NPOAYKYBaHHS OibIIoi KibKOCTI munky. Jlinii X
0013 B, X 1807 B, X 1818 B, X 2301 B mamnu
OJTHOKOIIIMKOBI POCIHHH.

[lin wac Bereramii B yMOBax IiJBUIIECHOL
COHSYHOI  IHCONMI{i, JHIT 3  KOIIUKAMHU,
O0OCpPHEHUMH JIOHWU3Yy MalOTh OlUIbII BUIIOBHEHE
nponyktuBHe HaciHHA. Cepen  TOCHIIHKEHOTO
Marepiajiy BiA3HaY€HO MOJIOKEHHS KOIUKIB y JiHIN
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‘Kh 1818 V’ (39.54%) was noticeable for low
oil content.

The thousand seed weight varied within
28.0— 75.8 g, with the greatest weight of 75.8 g
in line ‘Kh 0013 V’, which may be of interest
for breeding for large fruits. Nosal et al.
demonstrated that the selection of lines by
thousand seed weight created opportunities for
developing new large-fruited sunflower hybrids
[29].

Thus, based on the results obtained in
2023-2024, valuable mono-headed sunflower
lines - fertility restorers ‘Kh 1807 V’ and ‘Kh
1818 V’ were identified; their vegetation lasted
90 and 96 days, respectively; their anthesis
duration was 19 and 15 days, respectively; they
combined high performance (42.32 and 25.99
g/plant, respectively) with resistance to the
pathogen of downy mildew. Therefore, lines
‘Kh 1807 V’ and ‘Kh 1818 V’ can be
recommended as starting materials for
breeding.

In ultra-early line ‘Kh 1807 V’ and early-
ripening line ‘Kh 1818 V’, which are mono-
headed forms, plants were 124.0 and 136.6 cm
tall, respectively, and these lines outperformed
the tester lines, ‘Kh 720 V’ and ‘Kh 4413 V in
terms of productivity. Early-ripening lines ‘Kh
1803 V’ and ‘Kh 1809 V’, which are branched
forms, with a plant height of 119.4 cm and 96.1
cm, respectively, showed plant performance
similar to that of the tester lines and were
significantly superior to the latter in terms of
seed oil content.

In the field, the lines - fertility restorers
were evaluated for resistance to the pathogen of
downy mildew. Line ‘LHV’ showed a 7-point
resistance to this disease; the other studied lines
were even more resistant (9 points). A 5-point
resistance was noted in the tester line (‘Kh 720
V).

The sunflower lines - fertility restorers
were also screened for morphological traits.
Four branched lines were identified; of them,
line ‘Kh 1803 V’ was branched only near the
top, while lines ‘Kh 1809 V’, ‘LHV’ and ‘Kh
06134 V’ were branched along the entire stem.
Branched lines - fertility restorers have
advantages over mono-headed lines, ensuring
longer anthesis and production of more pollen.
Lines ‘Kh 0013 V’, ‘Kh 1807 V’, ‘Kh 1818 V°,
and ‘Kh 2301 V’ had mono-headed plants.

During vegetation under increased solar
insolation, lines with heads turned downwards
have more filled productive seeds. As to head
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X 1803 B, X 1807 B, X 1818 B obepuene 10 HU3Y
Pas3oM i3 CHJIBHUM BUKPHUBIICHHAM cTeOMNa, y JiHii X
1809B monoxeHHs KolIMKa OOCpPHEHE N0 HU3y 3
JIETKUM BHKpPHBICHHAIM ctebima; minii X 0013 B ta
JII'B manu xomwK HamiBOOEPHEHHI TOHHU3Y Pa3oM
i3 cTEOIOM.

Pa3om 3 1M, HeO6a)KaHOIO 03HAKOIO B YMOBAxX
Jlicocterry VYkpaiHnm € TO€gHaHHS Yy JIHIN
o0epuenux Ha 180" KOmMKIB 3 ONMyKIOK iX
¢dopMoI0, 110 3yMOBIIOE HAKOIMMYECHHS HAAMIPHOT
BOJIOTH TIPH JIOIIOBi¥M MOTOAI B MEpion M03piBaHHS
Ta CHOpHsi€ ypaKEHHIO KOLIMKIB cCipolo i Oinoro
rHusMd.  J{o miHIH, D0 ManM 37erTKa  OMyKITy
¢dopmy xommka, Bigaeceno minii X 0013 B, X 1803
B, X 1809 B. Jlinia X 1807 B mana cuiibHO OIyKITy
¢dopmy xommky, a miHis X 1818 B 3a dopmoro
KOIIIUKY 3 OOKY CiM’sIHOK OyJia fehopMOBaHa.

Omineno  minHii 32  MopdomoTiyHIMH
03HAaKaMH JIHCTKIB, a came KOJIbOpoM, (hopMoro Ta
PO3TalIyBaHHSAM JKWJIOK JIMCTKA, SIKi € O3HaKaMu
BUPI3HSUIBHOCTI JHIA Ta cOpuse iX imeHTH]IKaIil.
Jlinia X 1809 B mana pocnuHH 3 TUCTKAMU TEMHO-
3€JICHOTr0 3a0apBieHHs. 3a MyXUPUYACTICTIO JIUCTKIB
JMOCII/DKYBaHI  JHIT Maibke He BiOpPi3HSIUCH,
MAalo4X CIaOKuH piBeHb O3HAKH a00 ii BIICYTHICTb.

Bugineno miniro X 1809 B 3 cunbHO
YBITHYTOO (POPMOIO JIMCTA Y TIOTIEPEYHOMY PO3Pi3i,
0 € BAXKIMBOI O3HAKOIO JUIA  CEJIEKINi
TOJIEPAHTHHUX 0 3arylIeHHS TiOpHUIiB COHSIIHUKY.
Jlinisg X 1807 B mana 3aroctpeny GopMy BepXiBKH
JUCTa, 1HIII JIiHIT Mamu GopMy BEpXiBKHU JIHCTA Bif
BY3bKOTPHKYTHOI 10 IIMPOKOTPUKYTHOI.

[lpu epexToimHOMY THINI NPHUKPITUICHHS
JUCTKIB POCIIMHU MalOTh MEHIIHNH KyT Bij cTebia
HDK 3BUYaiiHWi, mo 3a0e3medyye Kpame ix
OCBITJICHHS B MOCiBi. B cenexniiiniii po6OTi JMiHii 3
epeKTOITHUM  THIIOM NPUKPIIUICHHS  JIUCTKIB
BUKOPUCTOBYIOTH  JJII  CTBOPEHHA  TiOpUiB,
MPUCTOCOBAaHUX ISl BHPOLIYBAaHHA B 3arylICHUX
mociBax. Bugineno minii X 1803 B, X 06134 B, X
1809 B 3 BHIIOK BHCOTOK BEPXIBKH IUCTA

BITHOCHO MIiCIli ~ TPHUKPIIUICHHA  JIUCTKOBOL
IUIACTHHU  (EpEKTOINHUM  THUN  TPUKPITUICHHS
JIMCTKIB).

OrnineHo MOp(OJIOTIYHI O3HAKY SA3UYKOBUX i
TpyO4acTHX KBITOK VY JiHIA COHSINHHUKY. Bci
JOCHI/DKYBaHI  JIHIT  Majad  OpPaH)KEBO-XKOBTI
SA3UYKOBI KBITKM 3a KOJbOPOM, HEHIUIbHI Ta
HIMPOKO-siiieBuAHI 3a (opmoro. TpyOuacTi KBITKH
MaJd ~ HasBHE  MPOAYKYBaHHS  IHJIKY  Ta
3a0apBJIeHHS JKOBTOIO KOJNbOpy. BinsHaueno miHii
X 1803 B ta X 1818 B i3 30BHIIIHIMHI JTHCTKAMH-
obroprkamu 3a (opmoro 4itko okpyrm. Jlinii X
0013 B, X 1807 B, X 1809 B, JII'B, X 2301 B

position in the studied lines, lines ‘Kh 1803 V’,
‘Kh 1807 V’ and ‘Kh 1818 V’ had heads turned
downwards and strongly curved stems; line ‘Kh
1809 V’ had heads turned downwards and
slightly curved stems; and lines ‘Kh 0013 V’
and ‘LHV’ had heads and stems half-turned
downwards.

At the same time, dome-shaped and
flipped over heads are an undesirable feature
for lines in the Forest-Steppe of Ukraine, as
they accumulate excessive moisture in rainy
weather during the ripening period, which
promotes spread of gray and white rots on
heads. Lines ‘Kh 0013 V, ‘Kh 1803 V’ and ‘Kh
1809 V’ had slightly convex heads. Line ‘Kh
1807 V’ had pronouncedly dome-shaped heads
and line ‘Kh 1818 V’ had heads deformed on
the achene side.

The lines were  evaluated for
morphological traits of their leaves, viz. color,
shape and location of the leaf veins, which are
distinctness traits helping to identify lines. Line
‘Kh 1809 V’ had dark-green leaves. The studied
lines had almost identically little knobbed
leaves: this trait was weakly expressed or
absent at all.

Line ‘Kh 1809 V’ was distinguished
because of strongly concave leaves in cross
section, which is an important trait for the
breeding of thickening-tolerant sunflower
hybrids. Line ‘Kh 1807 V’ had leaves with
pointed tips; in the other lines, leaf tip shapes
were from narrowly triangular to broadly
triangular.

With the erectoid attachment of leaves,
plants have a smaller angle from the stem than
usual, providing better illumination of them in
the crop. In breeding, lines with the erectoid
attachment of leaves are used to create hybrids
adapted for growing in thickened crops. Lines
‘Kh 1803 V’, ‘Kh 06134 V’ and ‘Kh 1809 V’
were distinguished due to a higher position of
leaf tips relative to the location of leaf plate
attachment (erectoid attachment of leaves).

Morphological traits of ray and disk
flowers were evaluated in the sunflower lines.
All studied lines had orange-yellow broadly
ovoid ray flowers, loose arranged. Disk flowers
were yellow and visibly produced pollen. Lines
‘Kh 1803 V’ and ‘Kh 1818 V’ with clearly
rounded outer involucral bracts were singled
out. Lines ‘Kh 0013 V’, ‘Kh 1807 V’, ‘Kh 1809
V’, and ‘LHV’, ‘Kh 2301 V’ had elongated
outer involucral bracts, and line ‘Kh 1807 V’
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Majgu BHUIOBXCHI 30BHIIIHI JINCTKH OOTOPTKH, a
minis X 1807 B 3 mOBroro BepXiBKOK Ta CBITIO-
3€JICHUM KOJILOPOM 30BHIIIIHIX JIUCTKIB OOTOPTOK.

3a po3MipoM CiM’SHKH TIPEACTaBICHI JiHIT
oymu npi6Hi (JII'B, X 1803 B) Ta cepemni (X 1807
B, X 1809 B, X 1818 B, X 0013 B). Cim’siHku mninii
X 1809 B wmamm Bumorxeny ¢dopmy. JliHil 3
BUJIOBXEHOI0 (POpMOIO, Ha BiAMIHY Bil OKPYTIUX
¢opM, MarOTh TepeBary 3a KUIbKICTIO HACiHHUH B
KOLIMKY, 3a0e3nedytoud Oinblly NpOAYKTUBHICTH
pociuHHA. 3a OCHOBHUM KOJBOPOM CiM SHOK BCi
NpEACTABICHH] JiHII Maiu 4opHEe 3a0apBiCHHS.
Jlinii X 2301 B, X 1803 B, X 1807 B ta X 1818 B
MaqH CIM'SHKY YOpHOTO KOJBOPY 3 Ciabo
BUPKEHUMH CIPAMH CMYTaMH TI0 Kpasx Ta MiX
kpasmu. X 1809 B, X 0013 B, JII'B mana cim’sHKu
YOPHOTO KOJILOPY 0€3 CMYKOK.

TakpuM YMHOM, BH3HAYEHO BIJAMIHHICTD
HOBHX TiHIH-BITHOBHUKIB (depTrIBHOCTI
COHSIIIHUKY 32  MOpPQOJOTIYHMMH  O3HAKaMHu

pocnuHHU, cTebia, JHCTKA 1 KOMIMKA, IO A€
MOXJIMBICTB iX ifeHTH(]iKamii Mpy BUKOPUCTaHHI B
CEJIEKLIHHHUX Mporpamax.

3a pe3ynbTaraMH eKCIIEPTHOI OLIHKH B
HarmionanmsHOMY TIEHTpI TEHETHYHUX PECYpCiB
pociauH Ykpainu JdiHid consmHMKy X 1803 B, X
1807 B, X 1809 B, X 1818 B miaTBepkeHO BUCOKI
MOKAa3HUKM LIHHUX TOCHOAAPCHKUX O3HAaK Ta
CTIMKICTh 110 OIOTMYHMX YWHHHKIB Yy IiHIA B
nopiBHsiHHI 31 Tecrepamu. Jlimii X 1807 B
(UE0101437), X 1818 B, (UE0101435), X 1803 B
(UE0101438), X 1809 B (UE0101436) BriiroueHO
no bBanky pecypciB pociauH Ykpainu (noBifka
HOI'PPY Ne 387 Bim 15.11.2023 p.) BoHH
3apeecTpOBaHi K DKEpea, M0 MOEIHYIOTh O3HAKU
NPOAYKTUBHOCTI Ta SKOCTI 3 CTIHKICTIO [0
HECIPaBXKHBOI OOPOITHUCTOI POCH.

BucHoBkn.

BusHayeHo O3HAaKM BIAMIHHOCTI HOBHX
THIH-BITHOBHHUKIB (EPTUIIBHOCTI COHSIIHUKY 3a
MOp(DOJIOTIYHIMH  O3HAaKaMW POCIUHH, cTelna,
JUCTKA 1 KOIIMKA Ta iX Pi3HOMAHITTS 3a O3HAKaMH
MPOAYKTUBHOCTI Ta BMICTY OJIii B HACIHHI.

3a piBHEM TNPOAYKTHBHOCTI  BHAIJICHO
PaHHBOCTUINI  JIiHii-BiIHOBHUKU  (EPTHIBHOCTI:
omHoxomukosi Jminii X 0013 B 1 X 1807 B (40,98 i
42,32 T BIAMNOBIZHO) 1 0araTOKOIIMKOBY JIiHIIO X
1809 B (25,04 1). 3a BMmicTOM oOmii B HaciHHI
Buainero ainiro JII'B i1 3sHauennsm o3uaku 53,91 %.
3a macoro 1000 HaciHMH HaWBUIIE 3HAYCHHS Maja
miHig X 0013 B — 75,8 1, sika MOXKe TIPEICTABIISATH
iHTepec [UIsl CeNeKLil Ha KPYMHOIUT THICTb.

Bunineno LiHHI JIHIT-BIIHOBHUKHA
¢deprunbHOCTI consimauKy X 1807 B 1 X 1818 B 3
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had light-green outer involucral bracts with
elongated tips.

As to achene size, the lines under
investigation had small (‘LHV’, ‘Kh 1803 V’)
or medium (‘Kh 1807 V, ‘Kh 1809 V’, ‘Kh
1818 V’, ‘Kh 0013 V’) achenes. In line ‘Kh
1809 V’, achenes were elongated. Lines with
elongated achenes, unlike those with rounded
ones, have more seeds per head, ensuring better
plant performance. As to achene color, all
presented lines had black achenes. Lines ‘Kh
2301 V’°, ‘Kh 1803 V’, ‘Kh 1807 V’, and ‘Kh
1818 V’ had black achenes with weakly
pronounced gray stripes along and between the
edges. Lines ‘Kh 1809 V’, ‘Kh 0013 V’ and
‘LHV’ had black achenes without stripes.

Thus, the distinctness of the new
sunflower lines- fertility restorers was
determined by morphological traits of the plant,
stem, leaf, and head, enabling identification of
the lines when used in breeding programs.

According to the results of expert
evaluation by the National Center for Plant
Genetic Resources of Ukraine, sunflower lines
‘Kh 1803 V’, ‘Kh 1807 V’, ‘Kh 1809 V’, and
‘Kh 1818 V’ were confirmed as having high
values of valuable economic traits and
resistance to biotic factors compared to the
testers. Lines ‘Kh 1807 V’ (UE0101437), ‘Kh
1818 V’, (UE0101435), ‘Kh 1803 V’
(UE0101438), and ‘Kh 1809 V’ (UE0101436)
have been added to the Bank of Plant Genetic
Resources of Ukraine (NCPGRU certificate No.
387 dated 11/15/2023); they are registered as
sources that combine performance and quality
traits with resistance to downy mildew.

Conclusions.

The distinctness traits, i.e. morphological
traits of the plant, stem, leaf and, and head were
investigated in the new sunflower lines - fertility
restorers; their diversity in terms of performance
characteristics and seed oil content was
evaluated.

By performance, the following early-
ripening lines - fertility restorers were
distinguished: mono-headed lines ‘Kh 0013 V’
and ‘Kh 1807 V’ (4098 and 4232 g,
respectively) and multi-headed line ‘Kh 1809 V’
(25.04 g). As to seed oil content, line ‘LHV’ was
distinguished (53.91%). Line ‘Kh 0013 V’ had
the greatest thousand seed weight of 75.8 g;
hence, it may be of interest for breeding for large
fruits.
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TPHUBAJIICTIO BereTarliitnoro mepiomy 90 i 96 mi6 ta
nepiogoM mBiTiHHA 19 1 15 ni0 BiAmoBigHO, IO
MOEAHYIOTh BUCOKHH PpiBEHb MPOXYKTHBHOCTI
(42,32 1 25,99 r BiAmoBimHO) 31 CTIHKICTIO 0
30y/THHKa HECTIPAaBKHBOI OOPOITHHUCTOI POCH.

Bugineno pannbocturii niHii X 1803 B i X
1809 B, mo Hamexars mo TLLIICTHX (opMm, 3
TPUBAIICTIO TEPIONy «CXOmU-IBITIHHI» 54 Ta 56
0 BIATIOBIAHO, BOHU Majd MPOAYKTUBHICTh
POCMHU Ha piBHI JiHiii-TectepiB (19,39 ta 25,04 T
BIJIITOBIZTHO), a 32 BMICTOM OJIii B HACIHHI BIpOTiIHO
ix mepeBummim (49,22 ta 49,16% BianoBinHo).

3a pe3ynpraTamMmu eKCTepPTU3U B
HamionanmsaoMmy LleHTpi TreHeTHYHMX pecypciB
pociuH YKpaiHW JIiHIi-BiTHOBHUKH (DEpTHIHHOCTI
consimrauky: X 1807 B, X 1818 B (omHOKOIIHMKOBI)
ta X 1803 B, X 1809 B (OararokomukoBi)
nepepunid - JiHifo-rectep X 720 B 3a
MPOAYKTUBHICTIO Ta IHIIUMH  CEIEKIIHHUMHU
o3Hakamu. JIiHil BkroueHo a0 baHKy reHeTHUHUX
pecypciB pocnuH YKpaiHu.

The valuable sunflower lines - fertility
restorers, ‘Kh 1807 V’ and ‘Kh 1818 V’ with
vegetation periods of 90 and 96 days and anthesis
periods of 19 and 15 days, respectively, were
selected; they combined high performance (42.32
and 25.99 g, respectively) with resistance to the
pathogen of downy mildew.

Early-ripening lines ‘Kh 1803 V’ and ‘Kh
1809 V’, which are branched forms, with the
"emergence-anthesis" periods of 54 and 56 days,
respectively, were identified; they yielded as
much as the tester lines (19.39 and 25.04 g,
respectively) were significantly superior to the
latter in terms of seed oil content (49.22 and
49.16%, respectively).

According to the results of the examination
by the National Center for Plant Genetic
Resources of Ukraine, sunflower lines - fertility
restorers ‘Kh 1807 V’, ‘Kh 1818 V’ (mono-
headed), ‘Kh 1803 V’, and ‘Kh 1809 V’ (multi-
headed) were superior to the tester line (‘Kh 720
V’) in terms of performance and other breeding
traits. The lines have been added to the Bank of
Plant Genetic Resources of Ukraine.

References

1. Vear F. Changes in sunflower breeding over the last fifty years. OCL — Oilseeds and fats, Crops and Lipids. 2016.
Vol. 23, No 2. D202. https://doi.org/10.1051/0cl/2016006

2. Kyrychenko V.V., Kobyzeva L.N., Kolomatska V.P., Makliak K.M., Leonova N.M., Ohurtsov Yy.Ye., Buriak Yu.IL.,
Riabchun V.K., Domaratskyi Ye.O., Dobrovolskyi A.V., Kozlova O.P., Syvenko O.A., Syvenko V.I., Andriienko
V.V,, Minets T.V., Klymenko LI., Klymenko 1.V., Kuzmyshyna N.V.; Sadovoi O.0. Lebedenko Ye.O., Suchkova
V.M. Methodological foundations of sunflower production process management. Kharkiv, 2022. 528 p.
https://yuriev.com.ua/assets/files/knigi/metodologichni-osnovi-2022.pdf [in Ukrainian]

3. Zhybak M.M., Khrystenko G.M. Grain market in Ukraine: price situation and development problems in war
conditions. Ahrosvit. 2024. No 6. https://doi.org/10.32702/2306-6792.2024.6.23 [in Ukrainian]

4. Haddan A.Z., Ghaffari M., Hervan, E.M., Alizadeh B. Impact of parent inbred lines on heterosis expression for
agronomic characteristics in sunflower. Czech Journal of Genetics and Plant Breeding. 2020. Vol. 56(3). P.123-
132. https://doi.org/10.17221/100/2019-CJGPB

5. Kirichenko V.V., Sivenko V.I., Maklyak Ye.N. et al. Results of theoretical studies and their application in sunflower
breeding. Visnyk Ukrainskoho Tovarystva Henetykiv i Selektsioneriv. 2014. Vol. 12. No 1. P. 113 —121. [in
Russian]

6. Kyrychenko V.V., Syvenko V.I., Syvenko O.A. et al. Catalog of sunflower lines - pollen fertility restorers. Kharkiv,
2015. 36 p. [in Ukrainian]

7. Seiler G.J., Qi L.L.; Marek L.F. Utilization of Sunflower Crop Wild Relatives for Cultivated Sunflower
Improvement. Crop Science. 2017. Vol. 57. P. 1083-1101. https://doi.org/10.2135/cropsci2016.10.0856

8. Hilli H.J., Immadi S. Principle Component Analysis and Diversity Studies in Sunflower Lines (Helianthus annuus).
Indian Journal of Agricultural Research. 2025. Vol. 59(4). P. 560-565. https://doi.org/10.18805/IJARe.A-5996.

9. Vedmedieva K.V., Nosal O.0. Evaluation of large-friuted sunflower lines for quantitative morphological traits.
Naukovo-Tekhnichnyi  Biuleten Instytutu Oliinykh  Kultur NAAN. 2020. No 29. P 46-55.
https://doi.org/10.36710/i0c-2020-29-05 [in Ukrainian]

10. Filippi C.V., Merino G.A., Montecchia J.F. et al. Genetic diversity, population structure and linkage disequilibrium
assessment among international sunflower breeding collections. Genes. 2020. Vol. 11, 283.
https://doi.org/10.3390/genes 11030283

11. Contescu E.L., Anton F.G. Study of the genetic diversity of some wild sunflower species using ISSR markers.
Romania Agricultural Reserch. 2023. No. 40. P. 31-37. https://doi.org/10.59665/rar4004

78 ISSN 1026-9959. Plant Breeding and Seed Production. 2025. 126


https://doi.org/10.1051/ocl/2016006
https://yuriev.com.ua/assets/files/knigi/metodologichni-osnovi-2022.pdf
https://doi.org/10.32702/2306-6792.2024.6.23
https://doi.org/10.2135/cropsci2016.10.0856
https://doi.org/10.18805/IJARe.A-5996
https://doi.org/10.36710/ioc-2020-29-05
https://doi.org/10.3390/genes11030283
https://doi.org/10.59665/rar4004

12. Ilchenko A.S., Varenyk B.F., Karapira S.I. Breeding evaluation of new self-pollinated sunflower (Helianthus
annuus L.) lines that are resistant to sulfonylurea herbicides and downy mildew [Plasmopara halstedii (Farl.) Berl.
et. de Toni]. Plant Varieties Studying and Protection. 2024. Vol. 20, No 1. P. 19-25. doi: 10.21498/2518-
1017.20.1.2024.300134 [in Ukrainian]

13.Reddy Y.P.K., Reddy B.R.P., Shanthi P., Venkataramanamma K. Study on Genetic Diversity in 45 Elite Sunflower
Inbred Lines (Helianthus annuus L.). Journal of Scientific Research and Reports. 2024. Vol. 30. P. 551-559.
https://doi.org/10.9734/jsrr/2024/v30192382

14.Medvedeva N.Borisenko O. Morphological markers in the selection of sunflower lines. International Congress of
Geneticists and Breeders from the Republic of Moldova, Republica Moldova, 2021, Editia 11, P. 101.
https://doi.org/10.53040/cgal1.2021.079

15. Makhova T.V., Vedmediev S.R., Poliakov O.1. Creation of databases of phenotypic traits and selection of special-
purpose sunflower lines. Naukovo-Tekhnichnyi Biuleten Instytutu Oliinykh Kultur NAAN. 2023. No 35. P. 51-62.
https://doi.org/10.36710/I0C-2023-35-05 [in Ukrainian]

16. Vedmedieva K.V., Makhova T.V. Influence of genes for marker morphological traits of sunflower lines on
economic qualities of hybrids. Naukovo-Tekhnichnyi Biuleten Instytutu Oliinykh Kultur NAAN. 2019. No 27. P.
27-34. https://doi.org/10.36710/i0c-2019-27-03 [in Ukrainian]

17. Litun P.P., Proskurnin N.V., Goptsiy T.I. Methods of field breeding experiments. Kharkiv, 1996. 271 p. [in Russian]

18. Methodology of state trials of agricultural crop varieties. Issue 1. General part. Kyiv, 2000. 100 p. [in Ukrainian]

19. Optimization of oilseed raw material production in Ukraine by 2025 (methodological guidelines). 4® supplemented
edition/Edited by V.V. Kyrychenko. Instytut Roslynnytstva im. V.Ya. Yurieva NAAN. Instytut Oliinykh Kultur
NAAN. Selektsiino-Henetychnyi Instytut-NTsNS, 2020. 108 p. [in Ukrainian]

20. Kyrychenko V.V., Petrenkova V.P., Kryvosheieva O.V. et al. Identification of morphological traits of sunflower
(Helianthus L.). Kharkiv: Instytut Roslynnytstva im. V.Ya. Yurieva UAAN. 2007. P. 22 — 25. [in Ukrainian]

21. Methods of expert examination of oilseed varieties for distinctness, uniformity and stability. Kyiv: Ministerstvo
Ahrarnoi Polityky ta Prodovolstva Ukrainy, Ukrainskyi Instytut Ekspertyzy Sortiv Roslyn. 2023. P. 123-143.
https://sops.gov.ua/uploads/page/Meth DUS/2023/Method_oil 2023.pdf [in Ukrainian]

22. Methodology of the state scientific and technical examination of plant varieties. Methods for determining the
quality indicators of plant production / Ed. By Tkachyk S. O. Vinnytsia, 2015. 160 p. [in Ukrainian]

23. Borovska I.Yu., Petrenkova V.P., Markova T.Yu., Cherniaieva .M. Methodological guidelines for recording the
number of pests and the prevalence of diseases in sunflower fields. Kharkiv: Instytut Roslynnytstva im. V.Ya.
Yurieva NAAN. 2013. 68 p. [in Ukrainian]

24. Ghaffari M., Toorchi M., Valizadeh M. Morpho-physiological screening of sunflower inbred lines under drought
stress  condition.  Turkish  Journal of Field Crops. 2012. Vol. 17(2). P. 185-190.
https://tarlabitkileridernegi.org/menuscript/index.php/tjfc/article/view/405/387

25. Balali¢ 1., Crnobarac J., Joci¢ S. Miklic V., Radic V., Dusanic N. Variability of head diameter in sunflower hybrids
depending on planting date. Genetika. 2016.Vol. 48, No 3. P. 983-990. https://doi.org/10.2298/GENSR1603983B

26.Krsti¢ M., Mladenov V., Cuk N., Ovuka J., Gvozdenac S., Krsti¢ J., Mikli¢ V. Agro-morphological traits of inbred
sunflower lines and their genetic assessment. Contemporary Agriculture. 2022. Vol. 71(1-2). P. 87-95.
https://doi.org/10.2478/contagri-2022-0013

27. Umarani E., Saritha A., Ramanjaneyulu A. Estimation of genetic parameters in sunflower (Helianthus annuus 1.)
germplasm lines for yield and its contributing traits. International Journal of Environment and Climate Change.
2022. Vol. 12. P. 936-942. https://doi.org/10.9734/ijecc/2022/v12i121533

28. Nosal 0.0., Vedmedieva K.V., Makliak K.M., Leonova N.M. Economic evaluation of large-fruited sunflower
hybrids. Naukovo-Tekhnichnyi Biuleten Instytutu Oliinykh Kultur NAAN. 2018. No 25. P. 83-95.
https://bulletin.imk.zp.ua/pdf/2018/25/Nosal_25.pdf [in Ukrainian]

Hanpiftnona mo penakmii 19.05.2025 p.
Received 19.05.2025

ISSN 1026-9959. Cenexuig 1 HacinaumnTBo. 2025. 127 79


https://doi.org/10.9734/jsrr/2024/v30i92382
https://doi.org/10.53040/cga11.2021.079#_blank
https://doi.org/10.36710/IOC-2023-35-05
https://doi.org/10.36710/ioc-2019-27-03
https://sops.gov.ua/uploads/page/Meth_DUS/2023/Method_oil_2023.pdf
https://www.semanticscholar.org/author/M.-Ghaffari/48584713
https://www.semanticscholar.org/author/M.-Toorchi/4920467
https://www.semanticscholar.org/author/M.-Valizadeh/145742150
https://tarlabitkileridernegi.org/menuscript/index.php/tjfc/article/view/405/387
https://doi.org/10.2298/GENSR1603983B
https://doi.org/10.2478/contagri-2022-0013#_blank
https://www.semanticscholar.org/author/E.-Umarani/90634297
https://doi.org/10.9734/ijecc/2022/v12i121533#_blank
https://bulletin.imk.zp.ua/pdf/2018/25/Nosal_25.pdf

Plant Breeding & Seed Production 2025: 127: 80-94
doi: 10.30835/2413-7510.2025.333770

VIIK: 633.854:661.162:631.8
1O.€. Orypuos*, 10.1. Bypsikx, O.B. Uepno6a6, JI.M. Maxuosa, C.M. Bonomna

IHigBunIeHHs YPOKAMHOCTI 0ATHKIBCHKMX KOMIIOHEHTIB COHSINIHUKY 32

JTOMOMOI0I0 PEryJsSiTOPiB POCTY Ta MiKPOI0OpHUB
Inemumym pocnunnuymea im. B. A. IOp’eea HAAH Yxpainu, Xapxkis, Yrpaina
*E-mail: ogurcsow@gmail.com

UDC: 633.854:661.162:631.8
Yu.Ye. Ohurtsov*, Yu.l. Buriak, O.V. Chernobab, L.M. Makhnova, S.M. Voloshyna
Increasing the Yield of Sunflower Parent Components with the Help of Growth
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Pedepar: Husbka HaciHHEBAa MPONYKTUBHICTH 0AaThKIBCHKUX JIiHIN (3aKpiIUTIOBadiB CTEPHIBHOCTI 1
BiTHOBHHKIB (DEPTHIBHOCTI) CTPUMYE IIBUAKE BIPOBAKEHHS Y BUPOOHHUIITBO KOHKYPEHTOCIPOMOXKHHAX
NPOCTUX TiOpUAIB COHAIHMKY. MeTra poOOTH — BHBYCHHS BIUIMBY KOMOIHOBAHOTO 3aCTOCYBaHHS
PETYISATOPIB POCTY 1 MiKPOIOOPHUB Pi3HOTO IMOXOMKEHHSI HA PIiCT, PO3BUTOK, YPOXKAHHICTH Ta TIOCIBHI SIKOCTI
HOBHUX JIHIM COHAIIHUKY, PO3poOKa epeKTHBHUX cHOCO0iB iX miABUICHHS. JoCTiKeHHS! IPOBOIUIIN Ha
nonsix [HcTuTyTy pocmmaaunTBa iM. B. 5. FOp’eBa HAAH VYipaian y 2021-2024 pp. Buuanu 6aTpkiBCcbKi
KOMITOHEHTH TIPOCTUX riopumiB corsmHUKy Cx 66A, Cx 588A, X 1814B, X 2283B; perymaropu pocty
AKM, Enpodit L1 i Antuctpec; MmikpomoOpuBa Paiikar Crapt, Mikpokar Omiitnuii, Aminokar 30,
Atnanre, Enno6op. IlepenmnociBay 00pobky npenaparamu AKM i Paiikar CtapT mpoBoIuim OTHOYACHO 3
NpOTpYIOBaHHAM HaciHHA. OOMpHCKyBaHHS POCIMH KOMOIHANisSIMU TIpenapaTiB MpoBoAWin y ¢azax 4-x
a00 4-x 1 6-Tu map JUCTKIB COHANMIHUKY. BcTaHOBIIEHO, IO 3a11€KHO Bij KOMOiHAI] MpemapariB i criocody
ix 3acTocyBaHHA IUIoma JHUCTKIB JiHIT Cx 66A 30inbumiacs B cepeaHboMy Ha 1,5-3,6 tuc. m2/ra, a
rycToTa pociuH nepen 30upanusm — Ha 0,7-1,8 tuc. m./ra; minii Cx 588A — BimnosigHo Ha 1,5-4,3 Tuc.
m2/raina 1,5-2,6 tuc. mt./ra; muii X 1814B — BignosigHo Ha 2,0-4,1 tuc. m2/ra 1 Ha 0,7-1,8 Tuc. 1IT./Ta; @
minii X 2283A — signosigHo Ha 0,4-1,7 Tuc. M2/ra i Ha 1,5-3,3 Tuc. mr./ra. IlepeanociBua oOpoOka
HacinHs npemnapatamu AKM i Paiikar CtapT 3yMoBHIa MiZBHINCHHS YPOXKAHHOCTI JIiHIA COHSIITHUKY B
cepennboMy Ha 9-13%, nepenmnociBHa 00poOKa 3 HACTYITHUM OOIIPHUCKYBaHHIM KOMOiHALisIMU IpenapariB
y (azi 4-x map nucTkiB — Ha 8-16%, a nepeanociBHa 00poOKa 3 HACTYTHUMHU OONPUCKYBaHHIMH Y (azax
4-x 1 6-t1 map muctkiB — Ha 11-18%. VYpoxaiinicts minii Cx 66A 1 X 1814B Oyna HaiiBUILIOIO NpH
3actocyBanHi npenapariB AKM (0,2 i/t); Autuctpec (1,7 kr/ra); Exgodir L1 (0,2 n/ra); Exno6op (0,48
Kr/ra) y nBa abo tpu etamu (Bignosigao 0,84 1 0,72 1/ra). Ypoxkaiinicts miiHii Cx 588A Oyna HallBHIIOO
nipu 3actocyBaHHi mpemapariB AKM (0,2 1/1); Antucrpec (1,7 xr/ra); Exmodit L1 (0,2 n/ra); Ernodop
(0,48 kr/ra) y Tpu etamnu (1,26 T/ra), a minii X 2283B — npu 3acTocyBaHHI y TpH eTanu npenaparis Paiikar
Crapr (2,5 n/1); Mikpokar Omiitanii (0,5 n/ra); Atnanre (0,5 n/ra); Aminokar, 30 % (0,5 n/ra a6o 1,19
T/Ta).

KarwuoBsi cnoBa: consimuuk (Helianthus annuus L.), perynsatopu pocTy, MiKpogIoOpHBa, CXOXKICTb,
TYCTOTa POCIIMH, IUIOIIA JIUCTS, YPOKAHHICTD

Abstract: Low seed productivity of parentalal lines (sterility fixers and fertility restorers) hinders
the rapid introduction into production of competitive simple sunflower hybrids. The purpose of this study
was investigate the effects of combinations of growth regulators and microfertilizers of different origins on
the growth, development, yield and sowing quality of new sunflower lines and to develop effective
methods for their improvement. The study was conducted in the fields of the Yuriev Plant Production
Institute of NAAS in 2021-2024 were applied. The parental components of simple sunflower hybrids
‘Skh66A’, ‘Skh588A’, Kh1814V’, and ‘Kh2283V’ were studied; growth regulators AKM, Endophyte L1
and Antistress as well as microfertilizers Raycat Start, Microcat Oil Crops, Aminocat 30, Atlante, and
Endobor. Pre-sowing treatment with AKM and Raycat Start was carried out simultaneously with seed
dressing. Plants were sprayed with combinations of agents in the phases of 4 or 4 and 6 sunflower leaf
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pairs. It was found that, depending on combinations of agents and methods of their application, the leaf
area in line ‘Skh66A’ increased on average by 1,500-3,600 m2/ha and the pre-harvest plant density — by
700-1,800 plants/ha; in line ‘Skh588A’, these parameters increased by 1,500-4,300 m2/ha and 1,5-2,6
plants/ha, respectively; in line ‘Kh1814V’ — by 2,000-4,100 m2/ha and 700-1,800 plants/ha, respectively;
and in line ‘Kh2283A’ — by 400-1,700 m2/ha and 1,500-3,300 plants/ha, respectively. Pre-sowing
treatment of seeds with AKM and Raycat Start increased the yield of the sunflower lines on average by 9-
13%; pre-sowing treatment and subsequent spraying with combinations of agents in the phase of 4 leaf
pairs — by 8-16%; and pre-sowing treatment with subsequent spraying in the phases of 4 and 6 leaf pairs —
by 11-18%. Lines ‘Skh66A’ and ‘Kh1814V’ yielded the most when treated with AKM 0.2 L/t, Antistress
1.7 kg/ha, Endophyte L1 0.2 L/ha, and Endobor 0.48 kg/ha in two or three stages (0.84 and 0.72 t/ha,
respectively). The yield of line ‘Skh588A’ reached the maximum after the application of AKM 0.2 L/,
Antistress 1.7 kg/ha, Endophyte L1 0.2 L/ha, and Endobor 0.48 kg/ha in three stages (1.26 t/ha); the yield
of line ‘Kh2283V’ was maximal (1.19 t/ha) when Raycat Start 2.5 L/t, Microcat Oil Crops 0.5 L/ha,
Atlante 0.5 L/ha, and Aminocat 30% 0.5 L/ha were used in three stages.
Key words: sunflower (Helianthus annuus L.), growth regulators, microfertilizers, germination,

plant density, leaf area, yield

Beryn

Bimomo, 1110 OCHOBHOIO OJTIHOO KYIBTYPOIO B
VYkpaiHi € coHAmHUK. HUHI TOCIBH COHSIIHUKY Y
BUPOOHHUITBI TpEJCTaBIICHI 31€01TBIIOT0 TPOCTUMH
ribpuaaMu, o XapakTepHO AK JUIS BITUYM3HIHUX, TaK
1 i1 iHOo3eMHHMX KomraHiii [1]. PazoMm 3 Tum, sk
3a3Hauae b. BapeHuk, HaiiMeHII peHTa0eIbHUM €
BUPOOHUIITBO HACIHHS Y MIPOCTHUX T10pUIB, Yepes Te,
110 Ha BCiX eTarax HaCIHHHIITBA HACIHHS OTPUMYIOTh
3 HU3BKOBPOXKAWHUX CaMO3aNMIbHUX JIiHIH [2].

Huspka HaCiHHEBA MPOAYKTUBHICT
0aThKIBCHKHX JiHIN (3aKpITUIIOBAYIB CTEPHIIBHOCTI 1
BITHOBHHKIB  (DEPTHIILHOCTI) CTPUMYE IIBHIKE
BIPOBAKEHHS y BUPOOHHUIITBO HOBHUX
KOHKYPEHTOCIIPOMOXXHHUX MIPOCTHX ribpuis
COHSIIHUKY, IO TOTipirye ¢iHAHCOBUHM CcTaH ix
OpHT'IHATOPIB B YMOBAxX J>KOPCTKOI KOHKYPEHINi Ha
pUHKY HaciHHA. ToMy akTyaJbHOI € po3podKa
TEXHOJIOTIYHUX CHOCO0IB BUPIMIECHHS i€l TIpoOIIeMH,

30KpeMa  IUIIXOM ~ CTUMYJBIIi  POCTOBHX i
PETIPOJYKTUBHUX ~ TPOLIECIB  COHSAIIHUKY 32
JIOTIOMOI'OF0 KOMIIIEKCHOTO 3aCTOCYBAaHHS

PETYISATOPIB POCTY Ta MIKPOIOOPHB.

Huni  3actocyBaHHS  pPeryjsTopiB  pocCTy
POCIMH CTaJ0 BaXIMBUAM €JIEMEHTOM EKOJOTIYHO
Oe3medHnx pecypco30epiraroumnx TEXHOJIOTiH
BUPOIIYBaHHS  PI3HMX  CUILCHKOTOCIONAPCHKHX
KYJBTYp, 10 3a0€e31e4yloTh HOPMAIIbHUH PO3BUTOK
POCIIMHHOTO ~ OpraHisamy. BoHM  momimmryroth
BUKOPHCTaHHS TOKMBHUX PEYOBHH 3 IPYHTY Ta
JIOOpUB, IO CHPHSE MIiJBUIICHHIO BPOXAWHOCTI Ta
sxocTi mpomykii [3-7]. JlocmimkeHHsT 3 BUBUCHHS
e(eKTUBHOCTI 3aCTOCYBaHHsI PETYISTOPIB POCTY HPH
BUPOIIYBaHHI TiOpHJIB COHSIIHHUKY TOBapHOTO
NPU3HAYCHHS! TPOBOIATECS y 0OararboX HayKOBO-
JOCHIAHUX yCTaHOBaX YKpaiHH Ta 3apyOixoks, a ix
pe3ylbTaT CBiYaTh TPO TEPCIEKTUBHICTH IHOTO
HaIpsMy JTOCIiKeHb [5-14].
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Introduction

It is known that sunflower is the main
oilseed crop in Ukraine. Currently, sunflower
is mostly represented by simple hybrids in
production, which is typical for both domestic
and foreign companies [1]. At the same time,
as B. Varenyk noted, simple hybrids’ seed
production is the least profitable because of
the fact that seeds are obtained from low-
yielding self-pollinated lines at all stages of
seed production [2].

Low seed productivity of parental lines
(sterility fixers and fertility restorers) hinders
the rapid introduction into production of new
competitive  simple sunflower  hybrids,
worsening the financial situation of their
originators experiencing fierce competition in
the seed market. Therefore, the development
of technological methods for solving this
problem is relevant, in particular by
stimulating sunflower growth and
reproduction through complex application of
growth regulators and microfertilizers.

Nowadays, the use of plant growth
regulators has become an important
component of environmentally friendly,
resource-saving technologies for growing
different crops, ensuring the normal
development of the plant organism. They
improve the absorption of nutrients and
fertilizers from soil, increasing the yield and
quality of products [3-7]. Studies on the
effectiveness of growth regulators in
commercial sunflower hybrid cultivation are
conducted in many research institutions in
Ukraine and abroad and their results indicate
the prospects of this research field [5-14].

Along  with  growth  regulators,
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Iopsin 3 perynsTopaMu pocTy BUKOPUCTAHHS
MIKpOZOOpUB TaKOK Aa€ 3MOTY ONTHUMI3yBaTH PiCT
pociuH 1 M1 IBUILIUTH MO3UTHUBHY b e}
MakpoeJeMeHTIB Y 0ararb0oX BHITagKax IediItuT
MIKpOEIIEMEHTIB TIPOSIBISIEThCSA Y TPUXOBaHii (popmi
1 L0 HecTauyy HEMOXIIMBO KOMIICHCYBATH I1HIIIMMHU
enementamu [15]. 3acTocyBaHHS MIiKpOEIEMEHTIB Y
HEBENMKUX  KUIBKOCTSIX  JIO3BOJISIE HE  TUTBKHU
MiIBUIIMTH ypoxkail y cepenabomy Ha 10—12%, ane
W MiABUIIMTH BMICT OJNii Y HACiHHI COHSIIHUKY [15-
19].

Hocmimxenns, mnposeneni B [HCTHUTYTI
pociuanunTBa iM. B.A. FOp’eea HAAH y 2011-
2020 pp., cBiT9aTh PO arpOHOMIYHY 1 €KOHOMIYHY
JIOLLTBHICT 3aCTOCYBaHHS HOBHUX PETYIISTOPIB POCTY
POCIIMH Ta MIKpOIOOpPHB 3 METOIO ITiIBUILCHHS
HaCiHHEBOT MPOAYKTUBHOCTI 0aTbKIBCHKHX
KoMTOHeHTIB coHAmHUKY [20]. Ilpun monepemapomMy
BUBYEHHI Aii 10 perynsTopiB pocry, Gionpenapary i 4
MiKpo#IoOpUB Ha 7 MaTepUHCBKHX 1 7 OaTbKIBCHKHX
JMHISX  COHAIIHWKY  BCTAaHOBIEHO, IO  Ha
e(heKTHBHICTh KO)KHOTO TIPETapary iCTOTHO BILTHBAE
COpTOBa peakilis OaTbKIBCbKUX KOMIIOHEHTIB, a
TaKO)K HECTaOUIBHICTh pE3yNBTaTiB 3a POKAMHU
JOCITiIKEHb.

Meroto nanoi podoTH, Ky npoBommu y 2021-
2024 pp., craso BUBYEHHS BIUIMBY KOMIUIEKCHOTO
ab0 KOMOIHOBAaHOTO 3aCTOCYBaHHS DETYJSITOPIB
pOCTy i MIKPOIOOPUB Pi3HOTO TOXOKSHHS Ha PICT,
PO3BUTOK, YpPOXKaWHICTh Ta TOCIBHI SKOCTI HOBHX
0aThKIBCHKMX 1 MATEPUHCHKUX IIHIA COHSIITHUKY
cenekuii Incturyty pocimuannTea iM. B.S. FOp'eBa
HAAH.

Metonuka

JocnipkeHHss mpoBoauMiad Ha mojsx [P
im. B. SI. FOp’eBa HAAH. IpyHTH — 4opHO3€EM
TUTIOBUW CEPEAHBOTYMYCHHI CIa0OBYITYKSHHIA.
[TomepenHUK COHSIIHUKY — suMiHb sipuii (2021,
2024 p.) ta xxuto o3ume (2023 p.).

BuBuanu 0aThKiBChKi KOMIIOHEHTH Ti0OpHUIiB
COHSIIHUKY: MaTepUHCHKI JiHIT — 3aKpirurroBadi
crepwiibHOCTI CX66A 1 Cx588A Ta 0arbKiBChbKI
niHii — BigHOBHMKH ¢epruibHOcTi X 1814B 1 X
2283B (opuriHarop [HCTUTYT pocIMHHULTBA iM.
B.A. HOp'esa HAAH). Y mnonsoBux mociigax
BHUKOpHCTOBYBanmu peryisitopu pocty AKM (PK,
MICTHTB: 10HON, 25 T/1, IUMETUICYIb(OKCHI,
37,5 r/n, mnomiermienrmikons-400, 230 1/m;,
nomieTmieHnmkonb-1500, 540 r/n); Enmodir L1
(PK, MicTUTB: KOMIUIEKC ayKCUHIB, TiOepeiHiB,
[UTOKIHIHIB Ta I1HIKAX Ol0JOTrIYHO-aKTUBHUX
peuoBuH, 5,0 v/m) (mami Enmodit) i AHTHCTpeEC
(ITA, mictute: Enpoditr L1 — 11,77 r/kr, rymar
Hatpito — 1,1 T/kr, rymar kamiro — 2,2 T/KT,

microfertilizers also allow for optimization of
plant growth and enhancement of positive
effects of macronutrients. In many cases,
micronutrient deficiencies are latent and such
deficiencies cannot be compensated for by
other nutrients [15]. Micronutrients in small
quantities can increase not only the yield by
an average of 10—-12% but also the oil content
in sunflower seeds [15-19].

Studies conducted at the Plant
Production Institute named after V.Ya. Yuriev
of NAAS in 2011-2020 indicate the
agronomic and economic feasibility of using
new  plant  growth  regulators and
microfertilizers to increase the seed
productivity of sunflower parental components
[20]. In a previous study of 10 growth
regulators, a biological and 4 microfertilizers
on 7 female and 7 male sunflower lines, it was
found that the effectiveness of each agent
significantly depended on the parental
components responses and varied from year to
year.

The purpose of this study, which was
carried out in 2021-2024, was to investigate
the impact of complex or combined
aoolication of growth regulators and
microfertilizers of different origins on the
growth, development, yield and sowing
quality of new male and female sunflower
lines bred by the Yuriev Plant Production
Institute of NAAS.

Methods

The study was carried out in the fields of
the Yuriev Plant Production Institute of NAAS.
The soil is typical medium-humus, slightly
leached black soil. The forecrop of sunflower was
spring barley (2021, 2024) or winter rye (2023).

The following parents of sunflower hybrids
were studied: female lines - sterility fixers
‘Skh66A” and ‘Skh588A’ and male lines - fertility
restorers ‘Kh1814V’ and ‘Kh2283V’ (originator -
Yuriev Plant Production Institute of NAAS). In
the field experiments, the following growth
regulators were used: AKM (SC; the formulation
contains ionol 25 g/L, dimethyl sulfoxide 37.5
g/L, polyethylene glycol-400 230 g/L,
polyethylene glycol-1500 540 g/L), Endophyte
L1 (SC; the formulation contains auxins,
gibberellins, cytokinins and other biologically
active  substances, 5.0 g/L) (hereinafter
Endophyte) and Antistress (the formulation
contains Endophyte L1 11.77 g/kg, sodium
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iinepud — 34,68 r/kr, momietunenokcun 400 —
81,18 r/xr, momeTtunenokcua 1500 — 190,59 r/kr,
kamii  gurigpodochar  — 588,24 /KT
mumerwicynbpokcun — 20,03 1/kr) (BUpPOOHUK
TIIBK® «ImmTopreepgicy, VYkpaina);
MikpogoOpusa Paiikar Crapt (MicTUTB: 0-
aMiHOKHCTOTH — 4,0%; IIUTOKIHIHA Ta ayKCHHH —
0,05%; momicaxapugu — 15,0%; N — 4,0%; P205
- 8,0%; K20 - 3,0% Fe — 0,1%; B — 0,03%; Zn —
0,02%); Mikpokar Omiiiauii (MiCTUTB: BiJNBHI O~
aminokuciota — 4,0%; N — 3,0%; P205 — 1,0%;
K20 - 12,0%; Fe — 0,3%; B — 0,03%; Zn —
0,02%; Mn — 0,1%; CaO — 0,4%; Mo — 0,01%;
Cu - 0,01%; B — 1,0%); Arnante (mictuth: P205
- 30%; K20 - 20%) (BupoOHHK KOMITaHis
«AtnanTtuka Arpikona», Icnanis), a Takoxx EHJO
CuZnB wmapku Enmobop (mictute B — 10,42%;
Mg - 2,13%; S — 1,63%) (mami EnmoGop)
(Bupoo6nuk [IBK® «Imnroprcepsicy, Ykpaina).

[lepennociBay 00poOKy HaCiHHS
perymsitopaMu  pocty 1 MikpomoOpuBamu
NOEJHYBAIM 3  NPOTPYEHHSM  IperapaTramMu

Bapion, 3 n/T + Ex3op, 6 /T y BCiX BapiaHTax
mocmigy. CiBOy TpOBOAMIA y B ONTHMaIbHI
cTpoku ciBankoro «KieH-2,8» 3 HOpMOIO BHCIBY
60-65 tuc. mt. Ha 1 ra. [lnoma 00aiK0BOT AUISHKHA
CTaHOBWJa 25 M2, MOBTOPHICTh YOTHPHPA30Ba,
PO3MIIIEHHS AUISTHOK CHCTEMaTHJHE.

OOnpucKyBaHHS POCIHH  pEryJasTOpaMu
pocTy Ta MIKpOAoOpWBaMHU MPOBOAMIHN y (hazax
YOTHPHOX 200 YOTHUPHOX 1 MIECTH TMap JUCTKIB 3a
JIOTIOMOTOI0 3aIUTiYHOr0 OONpHUCKyBada 3a HOPMHU
BUTpaTu pobodoro po3unny 250 i/ra.

[TociBHi sKOCTI HACiHHS Tichs OOPOOKH
mpemnaparaMd 10 TOCIBYy 1 micis 30upaHHS
ypoxaro BuszHadanu 3rigHo 3 JICTY 4138-2002
[21]. Tlnomry JMCTKIB COHSIIHUKY Yy dasi
¢bopMyBaHHS KOIIMKIB BHM3HAYEHO EKCIIpec-
merogoM 3a Mmeromaukoro JI.C. OcimoBoi Ta iH.
[22].

[H1Ii MONBOBI MOCTIHPKEHHS] BUKOHYBAJIH 32
3arajJbHONPUHHATUMYU METOANKAMHU. YPOXKalHICTh
HACiHHS  COHSIIHMKY  BH3HAYEHO  METOJOM
CYIUTFHOTO MOJUISTHKOBOTO OOMOJIOTY KOMOAitHOM
«Sampo-130”. 3 momanpIIUM NepepaxyBaHHAM Ha
10% Bomoricth Ta 100% uncrory . CTaTuCTHUHY
00pOOKYy pe3yibTaTiB MPOBEACHO 3a JOIOMOIOI0
Excel [23].

PesyabTaTn T2 00roBOpeHHA

3a panuMu  XapKiBCBKOTO PETiIOHAIBHOTO
LUEHTPY 3 rigpoMeTeopoorii, cepenHs
TeMmreparypa TOBITps 3a TpaBeHb - BepeceHb
(nepion Bererauii consmanky) y 2021, 2023-2024
pp. BimmomigHo Ha 1,5; 1,3 i1 2,5°C mepeBummia
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humate 1.1 g/kg, potassium humate 2.2 g/kg,
glycerol 34.68 g/kg, polyethylene oxide 400
81.18 g/kg, polyethylene oxide 1500 190.59 g/kg,
potassium dihydrogen phosphate 588.24 g/kg,
and dimethyl sulfoxide 20.03 g/kg) (manufacturer
Private  Enterprise =~ Production-Commercial
Company  “Imptorhservis”,  Ukraine). The
following microfertilizers were tested: Raycat
Start (o-amino acids — 4.0%, cytokinins and
auxins — 0.05%, polysaccharides — 15.0%, N —
4.0%, P>0s — 8.0%, K20 — 3.0%, Fe — 0.1%, B —
0.03%, and Zn — 0.02%), Microcat Oil Crops
(free o-amino acids — 4.0%, N — 3.0%, P,Os —
1.0%, KO — 12.0%, Fe — 0.3%, B — 0.03%, Zn —
0.02%, Mn — 0.1%, CaO — 0.4%, Mo — 0.01%,
Cu-0.01%, and B — 1.0%), Atlante (P,Os — 30%,
K20 — 20%) (manufacturer Atlantica Agricola,
Spain), and ENDO CuZnB [Endobor brand] (B —
10.42%, Mg — 2.13%, S — 1.63%) (hereinafter
Endobor) (manufacturer Private Enterprise
Production-Commercial Company
“Imptorhservis”, Ukraine).

Pre-sowing treatment of seeds with growth
regulators and micronutrients was combined with
dressing by Barion 3 L/t + Ekzor 6 L/t in all
experiments. Sowing was carried out with a
seeder Klen-2.8 within optimal timeframes. The
seeding rate was 60,000-65,000 seeds per 1 ha.
The record plot area was 25 m? in four
replications.  The plots were arranged
systematically.

Plants were sprayed with growth regulators
and micronutrients in the phases of four or four
and six leaf pairs using a knapsack sprayer. The
working solution application rate was 250 L/ha.

The pre-sowing and post-harvest sowing
qualities of seeds were determined in accordance
with DSTU 4138-2002 [21]. The sunflower leaf
area in the head formation phase was determined
by L.S. Osipova et al.’s method [22].

The other field measurements were
conducted by conventional methods. The
sunflower seed yield was determined by complete
by-plot threshing with a Sampo-130 harvester
followed by calculating for 10% moisture and
100% purity. The data were statistically processed
in Excel [23].

Results and Discussion

According to Kharkiv Regional Center
for Hydrometeorology, the mean air
temperature in May - September (sunflower
vegetation period) in 2021, 2023-2024 was
higher than the mean multi-year value (18.6°C)
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cepenHto Oaratopiuny HopMmy (18,6°C). Cyma
omaniB 3a mei mepiog y 2021 i 2024 pp. Oyna
BignoBimHo Ha 83,9 1 157,5 MM MeHmow, a y
2023 p. — Ha 20,9 MM OinbpmO0 Big HOPMH
(269,1 mm).

BcranoBneno, mo maboparopHa CXOXiCTh
HaciHHS O0AaThbKiBCHKUX KOMIIOHEHTIB COHSIITHUKY
Cx 588A 1 X 1814B B pesynbrari nepeamnociBHOi
00pobku mpenaparamu AKM 1 Paiikatr Crapt y
MOPIBHSAHHI 3 KOHTPOJEM, B cepenHbomy 3a 2021-
2024 pp., ICTOTHO HE 3MIHIOBAJIACSA 1 CTaHOBUJIA
Biamosimao 90,0-90,8% 1 97,8-98,0% mpotu 90,8 i
98,2% (tabm. 1). Iloka3Hwku maboparopHOi
CXOXKOCTI HACiHHsI MaTepuHCHKOI JiHil Cx 66A npu
3actocyBanHi mpemapariB AKM i Paiikar Crapr
MEePEBUILIIN KOHTPOJIbHHAN MIOKa3HUK B
cepennpoMy Ha 1,6 1 1,0% BimnmosigHO mpH
HIPy05=1,9, a 6aTbkiBchbKoi JiHIT X2283B —Ha 2,3 1
0,7% Bigmosigno mpu HIP ¢0s=1,7.

by 1.5, 1.3 and 2.5°C, respectively. The
precipitation amount during this period in 2021
and 2024 was 83.9 and 157.5 mm less than the
mean multi-year value, respectively, and in
2023, it was 20.9 mm more than the the mean
multi-year value (269.1 mm).

It was found that the mean laboratory
germination of sunflower seeds of parents ‘Skh
588A” and ‘Kh1814V’ in 2021-2024 did not
change significantly after pre-sowing treatment
with AKM or Raycat Start compared to the
control and was 90.0-90.8% and 97.8-98.0%,
respectively, vs. 90.8 and 98.2% (Table 1). The
laboratory germination of seeds of female line
‘Skh66A’ treated with AKM and Raycat Start
exceeded the control value on average by 1.6
and 1.0%, respectively (LSDy.05=1.9); in male
line ‘Kh2283V’, the difference was by 2.3 and
0.7%, respectively (LSDgs=1.7).

Tadmuus 1. JJabopaTopHa CX0XKICTh HACIHHS COHSIIIHUKY 3aJIe)KHO BiJl CIIOCO0yY HOTO0 MepearnociBHOi 00poOKH,

2021-2024 pp.

Table 1. Laboratory germination of sunflower seeds depending on the pre-sowing treatment methods, 2021-2024

MarepuHcbki ninii / Female | barbkiBebki ninii / Male
Crocib nepenmociBHOl 00poOKky HaciHHS / Pre-sowing lines lines
treatment method Cx588A / X1814B/ | X2283B/
(X66A/ Skh66A Skh588A | Kh1814V | Kh2283V
Bapion - 3 /T + Ex30p - 6 1/ (koHTpONB) / Barion 3 L/t
+ Ekzor 6 L/t (control) 872 208 %82 88,5
Bapion - 3 /T + Ex3o0p - 6 /T +
AKM - 0,2 n/t / Barion 3 L/t + Ekzor 6 L/t + AKM 0.2 88,8 90,0 98,0 91,8
L/t
Bapion - 3 a/T + Ex3op - 6 1/ +
Paiikat Ctapt - 2,5 n/T / Barion 3 L/t + Ekzor 6 L/t + 88,2 90,8 97,8 89,2
Raycat Start 2,5 L/t
HIPo,0s / LSDg.05 1,9 1,8 1,7 1,7

I'ycrota pocnuH y ¢as3i MOBHUX CXOMIB Ta
nepen 30MpaHHSAM MATEPUHCHKHUX 1 0aThbKIBCHKUX
NiHIA COHSIIHUKY Yy BapiaHTax i3 3aCTOCYBaHHIM
PETYIATOPIB POCTY POCIHH i MIKpOIOOPUB Pi3HOIO
MIpOI0 TIEpEBUIYBaJIa KOHTPOJbHI TMOKA3HUKH.
Tak, B cepemqHbOMY 3a TpPH POKH Y TpPbOX
BapiaHTax JOCIHiTy, A€ HACiHHA Tiepen ciBOOIO
00pobmsum MikponoOpuBoMm Paiikar Crapt (2,5
n/T), ryctota cxomiB iiHii Cx 66A craHOBWIA
53,8-55,5 tuc. mr/M?, a y BapiaHtax 3
peryasitopom pocty AKM (0,2 n/t) — 54,7-56,0
THC. IIT./M%, TIpH TTIOKA3HKUKY HA KOHTpoIi 53,5 THC.
wr./M>  (HIPos=1,29) (tabn.2). VYV BapianTax
JIOCITIy 3 TMEepEeArnoCiBHO OOpPOOKOH HACiHHS
MikpojoOpuBom Paiikar Crapt TycToTa CXOMiB
miHii Cx 588A  mepeBumyBasia  MMOKa3HUK
koHTpoio (58,7 twc. mr./ra) Ha 2,1-3,7 THC.
1IT./Ta, 8 y BapiaHTax 3 perynastopoM pocty AKM
—mHa 1,3 — 2,1 tuc. mr./ra (HIPo0s=2,81).

The plant density of the plant growth
regulator- and microfertilizer-treated female and
male sunflower lines in the phase of complete
emergence and before harvesting was higher (to
varying degrees) than the control values. On
average across three years in three experiments,
where seeds were treated with the microfertilizer
Raycat Start (2.5 I/t) before sowing, the seedling
density in line ‘Skh66A’ was 53,800-55,500
plants/m?; in the experiments with the growth
regulator AKM (0.2 L/t); it was 54,700-56,000
plants/m? vs. the control value of 53,500
plants/m?> (LSDg0s=1.29) (Table 2). In the
experiments with pre-sowing seed treatment with
the microfertilizer Raycat Start, the seedling
density in line ‘Skh588A’ exceeded the control
value (58,700 plants/ha) by 2,100-3,700
plants/ha; in the variants with the growth
regulator AKM, it was higher by 1,300 — 2,100
plants/ha (LSDgs=2.81).
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Tadauus 2. ['ycroTa pociivH MaTepUHCHKUX JIiHIH COHSIITHUKY 3aJIEHO BiJ] crioco0y 3acTOCYBaHHS PETyJIATOPIB
pocrty i mikpono6pus, 2021, 2023, 2024 pp. (Tuc. mr./m?)
Table 2. Plant density in the parental sunflower lines depending on the application methods of growth regulators and
microfertilizers, 2021, 2023, 2024 (plants/m?)

Crnocib 3acTocyBaHHs PEryJsiTOPiB POCTY
POCTHH Ta MiKpOJOOpHUB, TIpemapar, HopMa

MarepuHcbki ninii / Female lines

BarrpkiBebki ninii / Male lines

Butpartu / Application method of growth Cx588A/ Cx588A/
regulators and microfertilizers, application Cx66A / Skh66A Skh588A (x66A/ Skh66A Skh588A
rate
nepeanociBa| OONPUCKYBaHHS POCIUH /
. nepen nepen nepen nepen
a 00poOka Plant spraying
. - cxonau / |30upan- | cxomu / | 30upaH- | cxoau / [30upaH-| cxonu / |30upaH-
HaciHHA/ |y (asi 4 map .
. . y ¢asi 6 map [Emergen| nsaim/ |Emergen| HAM/ |Emerge| HaAM/ |Emergen| Hsam/
Pre-sowing | muctkiB / 4- .
seed leaf pai JIUCTKIB / 6- ce Pre- ce Pre- nce Pre- ce Pre-
caTpAL eaf pair phase harvest harvest harvest harvest
treatment phase
Korrpons - - 53,5 | 52,0 | 587 | 576 | 572 | 520 | 684 | 56,1
Control
- - 55,6 53,5 60,6 60,2 58,4 | 53,5 69,5 57,8
- 54,7 52,8 60,8 59,7 60,1 52,8 71,6 59,4
AHTHCTpEC —
1,7 kr/ra + | /AHTHCTpEC -
Ennmodir L1 1,7 KF./Fa +
—0,2 n/ra + Enpodir L1 -
AKM - 0.2 | Enpo6op — 0,2 n/ra +
W/t AKM 0.2| (48 kr/ra/ | Enmooop -
Lt Antistress 1.7) 048 kr/mal |50y 1530 1 600 | 50,1 | 589 | 538 | 695 | 58,0
kg/ha + Antistress 1.7
Endophyte kg/ha +
L10.2 L/ha +|Endophyte L1
Endobor 0.48| 02 L/ha+
ke/ha Endobor 0.48
kg/ha
- - 53,8 52,7 60,8 59,0 57,7 | 52,7 69,7 58,6
) - 55,5 53,2 62,4 60,2 59,9 | 53,2 71,2 58,6
Mikpoxkat
OmijiHmi — Mikpokar
Paiikat 0,5 n/ra + OumiiiHuii -
Crapr - 2,5 ATtnaHTte — 0.5 n/ra +
1/t / Raycat Q’S wra/ | Aminokar,
Start 2.5 1/t | Microcat Oil 30% - 0.5 n/ra
Crops 0.5 |\ ricrocat Oil 54,3 53,1 60,8 59,6 59,0 | 53,1 70,4 57,6
L/ha + Crops 0.5
Atlante 0.5 L/ha +
L/ha Aminocat
30% 0.5 L/ha
HIPo,05 / LSDo.05 1,29 1,77 2,81 1,92 1,52 1,94 1,43 1,80
KoeoimienT kopemnswii (r) 3 ypokaiHicTIO
Hacinus / Coefficient of correlation with | 0,60 0,76* 0,46 0,67 0,77 0,54 0,71 0,85*
seed yield ()
[pumitka: * Biporignao mpu p < 0.05.
Note: * significant at p < 0.05.
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B cepemnromy 3a 2021, 2022, 2023 pp. y
BapiaHTax Jociiay, Ae HaciHHA Tmepea CiBOOIO
00pobnsiim MikpogoopuBom Paiikat Crapt (2,5
7/T) TycTOoTa cXOniB OaThKiBCchKOi JiHIT X 1814B
cranoBuia 57,7 — 59,9 tuc. mt./M2, a y BapiaHTax
3 peryasitopom pocty AKM (0,2 /1) — 58,4 — 60,1
THC. WIT./M2, TIpH TYCTOTi Ha KOHTpomi 57,2 Tuc.
mT./M2 (HIP0.05=1,29) (tabm. 3). Y BapianTax
JIOCHTIy 3 TMEPEeANnOCiBHOI OOpPOOKOK HACIHHS
MikpogoOpuBom Paiikar Crapt TycToTa CcXOIiB
ninii X2283B nepeBulryBaia NOKa3HUK KOHTPOIIO
(68,4 tuc. mr./ra) Ha 1,3 — 2,8 THC. mWT./T, 2 Y
BapiaHTax 3 peryastopoMm pocty AKM — nHa 1,1 —
3,2 tuc. mr./ra (HIP0.05=1,43).

BcranoBneHo, 1mo miAgBHWIIEHA TycTOTa
pOCIMH MaTepUHCHKUX 1 OAaThKIBCHKHX JIiHIN
COHAIIHKMKY B YCiX BapiaHTaxX i3 3aCTOCYBaHHSIM
JTOCITI DKy BaHUX perymaTopie  pocty i
MiKpoJ0OpuB 30epiranacs 10 30UpaHHS YpOXKalo.
VY ninii Cx 66A BOHa NepeBHIyBaja KOHTPOJb HA
0,7-1,8 tmc. mrt./ra (HIP05=1,77); y mimii Cx
588A — ma 1,4-2,6 tuc. mt./ra (HIP05=1,92); y
muaii X 1814B - wma 0,7-1,8 TuHc. mT./ra
(HIP0.05=1,94); y ninii X2283B — na 1,5-3,3 Tuc.
mt./ra (HIP0.05=1,80).

[psimuii  KopemsimiHUA 3B'SI30K  (T) MiX
TYCTOTOIO POCIMH TMiJ 4Yac CXOAIB 1 mepen
30MpaHHsAM Ta ypokalHiCTIO HaciHHS y miHil Cx
66A cranoBuB BiamosimHo 0,60 i 0,76; y minii
Cx588A — 0,46 1 0,67; y minii X 1814B — 0,77 i
0,54, a 'y minii X 2283B - 0,711 0,85.

Baxxnusum edexTom CTUMYISIIT
BEreTaTUBHOTO  PO3BUTKY  COHSAIIHHUKY  TiJ
BIUIMBOM EJIEMEHTIB TEXHOJIOTii BHPOIIyBaHHS,
30KpeMa 3aCTOCYBaHHS pETYIATOpiB pocTy 1
MiKpOJOOpUB, € 30UNBIICHHS IUIONII JIMCTKOBOT
noBepxHi [8, 15-17]. ¥V Hammx IOCIIIKEHHAX
BCTAHOBJICHO CTaTUCTHUYHO BipOTiJHE 301IbIICHHS
IO JIMCTKIB yCIX JOCHIKYBaHUX OaThbKiBCHKUX
KOMITOHEHTIB COHSIIIIHUKY B pe3ynbTari
3aCTOCYBaHHS PETYIATOPIB POCTY i MIKpOJOOPUB.
Tak, nHampuknag, y ¢aszi yTBOPEHHS KOIIHMKIB
TUIONIA JIUCTKIB MaTepUHCHKOI JiHII COHSLIHHKY
Cx 66A y BapiaHTi 3 MepeanociBHOI 00pPOOKOI0
HaciHHs peryasitopom pocty AKM (0,2 /1)
MepeBuIInia KOHTPoJb Ha 1,5 Tuc. m2/ra npu
HIP0.05=1,11 (tabn. 3). Ilpm mnoeqHaHHI
nepeanociBHoi o0poOku mnpenapatoMm AKM 3
oOmpuckyBaHHsiM y a3l 4 map JHUCTKIB
npenaparamMu Autuctpec (1,7 xr/ra) + Engodir
L1 (0,2 n/ra) + Ermo6op (0,48 kr/ra mioma aucTs
nepeBuIIiia KOHTpons Ha 3,0 Tuc. M2/ra, a npu
MOEIHAHHI OOpPOOKM HACiHHS 3  MOABIHHHUM
obmpuckyBaHHsIM y (a3u 4 i 6 map JMCTKIB — Ha
3,6 Tuc. M2/ra.

On average for 2021, 2022, 2023, in the
experiments where seeds were treated with the
microfertilizer Raycat Start (2.5 L/t) before
sowing, the seedling density in male line
‘Kh1814V’ was 57,700 — 59,900 plants/m?; and in
the variants with the growth regulator AKM (0.2
L/t), it was 58,400 — 60,100 plants/m? vs. the
control  density of 57,200  plants/m?
(LSDy.05=1.29) (Table 3). In the experiments with
pre-sowing treatment of seeds with the
microfertilizer Raycat Start, the seedling density
in line ‘Kh2283V’ exceeded the control value
(68,400 plants/ha) by 1,300 — 2,800 plants/ha; in
the variants with the growth regulator AKM, it
was  higher by  1,100-3,200  plants/ha
(LSD0,05:1 43)

It was found that the increased plant density
of the female and male sunflower lines in all
variants using the studied growth regulators and
microfertilizers remained increased until harvest.
In line ‘Skh66A’, it exceeded the control value by
700-1,800 plants/ha (LSDgs=1.77); in line
\Skh588A’, it was higher by 1,400-2,600 plants/ha
(LSDgs=1.92); in line ‘Kh1814V”, the difference
was 700-1,800 plants/ha (LSDg0s=1.94); in line
‘Kh2283V’, it was 1,500-3,300 plants/ha
(LSDo,oszl 80)

There was a direct correlation between in-
emergence and pre-harvest plant density and seed
yield in line ‘Skh66A’ (r = 0.60 and 0.76,
respectively), in line ‘Skh588A’ (r = 0.46 and
0.67); in line ‘Kh1814V’ (r = 0.77 and 0.54), and
in line ‘Kh2283V’ (r=0.71 and 0.85).

An increase in the leaf surface is an
important effect of stimulating the vegetative
development of sunflower under the influence of
cultivation technology components, in particular
growth regulators and microfertilizers [8, 15-17].
In our study, there was a statistically significant
increase in the leaf area in all studied sunflower
parents resulted from the application of the
growth regulators and microfertilizers. For
example, in the head formation phase, the leaf
area in female sunflower line ‘Skh66A’ whose
seeds were treated with the growth regulator
AKM (0.2 L/t) before sowing was larger that the
control area by 1,500 m*ha (LSDgs=1.11) (Table
3). When pre-sowing treatment of seeds with
AKM was combined with spraying with
Antistress (1.7 kg/ha) + Endophyte L1 (0.2 L/ha)
+ Endobor (0.48 kg/ha) in the 4 leaf pair phase,
the leaf area was larger than the control value by
3,000 m*ha; when pre-sowing treatment of seeds
with AKM was combined with double spraying in
the 4 and 6 leaf pairs phases, it was enlarged by
3,600 m*/ha.
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Tadauuns 3. [1011a JTUCTKIB COHSAIIHUKY 3aJIE)KHO BiJl CIOCO0Y 3aCTOCYBaHHS PEryJIATOPIB POCTY 1 MiKpoaoOpuB
micis 36MpanHs ypoxkaro (tuc. M%/ra), 2021, 2023, 2024 pp.
Table 3. Post-harvest sunflower leaf area depending on the application methods of growth regulators and
microfertilizers (m%ha), 2021, 2023, 2024.

Crnioci0 3acTocyBaHHS PEryJsSTOPIB POCTY POCIIHH Ta
MiKpo00puB, penapat, Hopma Butpatu / Application method

MarepuHCHKi JiHil /

BarekiBerki minii / Male

of growth regulators and microfertilizers, application rate Female lines fines
nepenocisya obnpuckyBanHs pocnu / Plant spraying
00poOKa HaCIHHS - - - - Cx60A / Cx588A/ Cx60A / Cx588A/
/ Pre-sowing | Y $a3i 4 nap imcrkis /|y §asi 6 nap MCTKIB /| gkhe6A | SkhS88A | Skh66A | SkhS88A
seed treatment 4-leaf pair phase 6-leaf pair phase
Contl - - el s I M
- - 22,1 28,0 234 16,6
Anructpec — 1,7 xr/ra _ 23,6 28,4 24,6 16,6
+ Exmodir L1 - 0,2
AKM =021/t | /ra + EngioGop — 0,48 Amnrucrpec - 1,7 xr/ra
AKM 0.2 L/t kr/ra/ Antistress 1.7 | 1 Eynodir L1 - 0,2 24 29 )5 s 7
kg/ha + Endophyte L1 | ;/rq + EnznoGop - 0,48 ’ ’ ’ ’
0.2 L/ha + Endobor Kr/ra
0.48 kg/ha
- - 22,5 26,4 23,6 16,0
Paiikat CTapr - Mikpoxkat OmiitHuii — - 22,5 28,4 24,8 17,3
2,5 w/r / Raycat 0,5 n/ra + Atnanre —
Start 2.5 L/t 0,5 n/ra / Microcat Oil| Mikpokar Oniiinuii -
Crops 0.5 L/ha + 0,5 n/ra +
Atlante 0.5 L/ha | Aminoxkar, 30% - 0,5 42 20 >0 174
n/ra
HIPog,05 / LSDo.05 1,11 1,77 1,53 0,59
Koedoiuient xopensuii (1) 3 YPOKaHHICTIO HACTHHA / Coefficient 0.85% 0.76* 0.89% 0.94%
of correlation with seed yield (r)

[Tpumitka: * BiporigHo mpu p < 0.05.
Note: * significant at p < 0.05.

IImomta
COHSAIIHHUKY

MiKpOJ0OpHBOM
NEPEBUIIMIA KOHTPONL Ha 2,2 THC. M>/ra mpu

HIPo¢s=1,53. Ilpu mnoeaHaHHI TepPeaNOCIiBHOT
00poOku  mpemapatom  Paiikar  Crapt 3
oOmpuckyBaHHsIM y a3 4 map JIMCTKIB

MikponobpuBamu Mikpokar Onittauii (0,5 n/ra) +
Atnante (0,5 ja/ra) miomia JMCTKIB MEPEBUIIUIA
KOHTPOJIb Ha 3,4 Tuc. M?/ra, a TpH TNOEAHAHHI
00pOOKM HACIHHS 3 TMOABIHUM OOTPUCKYBAHHIM
y ¢azax 4 i 6 map nucrtkis — Ha 3,6 Thc. M?/ra.

3B'SI30K  IUIOLII

[Ipsamuit

X
nepeanoCciBHOO

JIUCTKIB
1814B vy
00poOKOI0
Paiikar  Crapt

KOPeJSALIHHIHA

0aTbKiBCHKOI
BapiaHTi 3

JHiT

HAClHHI

2,5 n/1)

JUCTKIB 3 YpPOXXalHICTIO BCTaHOBJIEHHMH Ha BCiX

0aTBbKIBCHKMX KOMIIOHEHTAaX COHALIHUKY: JId

Cx

JIHIT

66A Koe(imieHT

KopeJsmii
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The leaf area in male sunflower line

with

spraying

‘Kh1814V’ whose seeds were treated with the
microfertilizer Raycat Start (2.5 L/t) before
sowing was larger than the control one by
2,200 m*ha (LSDg5=1.53). When pre-sowing
treatment of seeds with Raycat Start was
combined
microfertilizers Microcat Oil Crops (0.5 L/ha)
+ Atlante (0.5 L/ha) in the 4-pair leaf phase,
the leaf area exceeded the control value by
3,400 m*ha; and when pre-sowing treatment
of seeds with Raycat Start was combined with
double spraying in the 4- and 6-pair leaf
phases, it was enlarged by 3,600 m*/ha.

with  the

The was a direct correlation between leaf

area and yield in all parental components of
sunflower hybrids: for line ‘Skh66A’, the

87




cranoBuTh 0,85; mus minii Cx 588A — 0,76; mimii
X 1814B - 0,89, a ninii X 2283B — 0,94.

AHani3z ypoxaWHOCTI 3acBiYMB 3HAYHI
BIJIMIHHOCTI 3a UM MOKa3HUKOM MIK
0aTbKiBCbKUMH KOMIIOHEHTaMH COHSIIHHUKY, a
TaKOX PI3HY peaklilo Ha MpenapaTd Ta CIOCoOu
ix 3actocyBaHHd. Tak, B cepenHbomy 3a 2021,
2022 i 2023 pp. ypoxailHICT HaciHHS
MarepuHcbkoi JiHii CXx 66A y KOHTPOJIBHOMY
BapiaHTi ckiana 0,74 1/ra, a niHii Cx 588A — 1,08
T/Ta. (Tabdm. 4).

BcraHoBneHo, mo mepennociBHa 00poOKa
HaciHHA perymaropom pocty AKM 3ymoBwmia
MiIBUIIEHHS ypoxaiiHocTi miHiH Cx 66A 1 Cx
588A Bignosigno Ha 0,08 1 0,12 T/ra abo B
cepenHboMy Ha 11%. B pesynbrari momaTKoBHX
obmpuckyBaHbp pociuH y (asax 4 map abo 4 i 6
nap JMCTKIB CYMIIIIIIO MpemnapariB AHTHCTpec
(1,7 xr/ra) + Eamodit L1 (0,2 n/ra) + Ergobop
(0,48 kr/ra) mpubaBka ypoxaitHocTi miHii CX66A
ckiana 0,10 1/ra (14%) B 000x BapiaHTax, a miHil
Cx 588A — 0,17 i 0,18 T/ra abo 16 1 17%,
BIAIIOBIIHO.

[lepeamnocisua 00pobxka
MikpomobpuBoMm Paiikar Ctaprt (2,5 1/T) 3ymoBHIa
MigBUIIEHHS ypoxaiHocTi mmiHii Cx 66A B
cepenapoMy Ha 0,08 T/ra a6o 11%. Jlomarkosi
obnpuckyBaHHA y ¢asi 4 map JTUCTKIB CyMIIIIIO
npenapariB  Mikpokat Omiitnuii (0,5 n/ra) +
Artnante (0,5 n/ra) abo oOnpuckyBanHs y ¢azi 4
nap JIHCTKIB CyMIIIKOIO TMpemapariB Mikpokar
Opmitinuit (0,5 n/ra) + Atnanre (0,5 n/ra) i ¢azi 6
nap JHUCTKIB CyMIIIIIO mpenapartiB MikpokaT
Omitinuit (0,5 n/ra) + Aminokar, 30% (0,5 a/ra)
HEe 3a0e3neymin  J0JaTKOBOTO
yposxkaiHocTi JiiHi1 Cx 66A.

3a  mepenanociBHOI

HaClHHSI

30UIBIICHHS
00poOKK  HACIHHS
MikpogoOpusom Paiikar  Crapr (2,5 n/ra)
ypoxaiunicte JiHii Cx 558A  3pocna B
cepenaboMy Ha 0,10 T1/ra abo 9%; 3a
JolaTkoBoro oOmpuckyBanHs y a3l 4-x map
nuctkiB — Ha 0,11 1/ra a6o 10%, a 3a moaBitHOrO
OOIPHUCKYBaHHS KOMIUIEKCOM MIiKpo1oOpHB — Ha
0,16 1/ra a6o 15%.

correlation coefficient was 0.85; for line
‘Skh588A’, it was 0.76; for line ‘Kh1814V’, it
was 0.89; and for line ‘Kh2283V”’, it was 0.94.

The yield analysis showed significant
differences in this parameter between the
parental sunflower lines; in addition, the lines
had different responses the applied agents and
methods of their application. On average for
2021, 2022, and 2023, the seed yield of female
line ‘Skh66A’ was 0.74 t/ha in the control; line
‘Skh588A’ yielded 1.08 t/ha (Table 4).

It was found that pre-sowing seed
treatment with the growth regulator AKM
increased the yield of lines ‘Skh66A’ and
‘Skh588A’ by 0.08 and 0.12 t/ha, respectively,
or by an average of 11%. As a result of
additional spraying of plants in the 4-pair leaf
phase or in the 4- and 6-pair leaf phases with
Antistress (1.7 kg/ha) + Endophyte L1 (0.2
L/ha) + Endobor (0.48 kg/ha), the yield of line
‘Skh66A’ was increased by 0.10 t/ha (14%) in
both variants; line ‘Skh588A’ yielded 0.17 and
0.18 t/ha more, or plus 16 and 17%,
respectively.

Pre-sowing seed treatment with the
microfertilizer Raycat Start (2.5 L/t) increased
the yield of line ‘Skh66A’ by an average of
0.08 t/ha, or 11%. Additional spraying with
Microcat Oil Crops (0.5 L/ha) + Atlante (0.5
L/ha) in the 4-leaf pair phase or spraying with
Microcat Oil Crops (0.5 L/ha) + Atlante (0.5
L/ha) in the 4-leaf pair phase and with
Microcat Oil Crops (0.5 L/ha) + Aminocat
30% (0.5 L/ha) in the 6-leaf pair phase did not
result in an additional increase in the yield of
line ‘Skh66A’.

Due to pre-sowing treatment of seeds
with the microfertilizer Raycat Start (2.5 L/ha),
the yield of line ‘Skh558A’ increased by an
average of 0.10 t/ha or 9%; additional spraying
in the phase of 4 leaf pairs increased the yield
by 0.11 t/ha or 10% and with double spraying
with the microfertilizer mixture increased it by
0.16 t/ha or 15%.
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Tabauns 4. YpoxkaiiHicTh 0aTbKIBCBKMX KOMIIOHEHTIB COHSIIIHUKY 3JISKHO BiJ CI0cO0y 3aCTOCYBaHHS PEryJIsTOPIB
pocty 1 Mikponoopus, 2021, 2023, 2024 pp. (1/ra)
Table 4. Yield of the parental sunflower components depending on the application methods of growth regulators and
microfertilizers, 2021, 2023, 2024 (t/ha)

. C10ci6 3aCTOCYBaHHA PEryJIATOpIB POCTy pociuH 1a Marepunchki miHii /| batpkiBebki niHil / Male
MIKpoIoOpuB, mpemnapat, HopMa Butpatu / Application method . .
. o .. Female lines lines
of growth regulators and microfertilizers, application rate
MepennociBHa obnpuckyBanus pociut / Plant spraying
00po0OKa HaCiHHA - - - - Cx60A / Cx588A 7/ Cx60A / Cx588A 7/
/ Pre-sowing | Y $asi 4 map suctkis /|y dasi 6 map micTkis /| Skh66A | Skh588A | Skh66A | Skh58SA
seed treatment 4-leaf pair phase 6-leaf pair phase
KouTpons
Control - - 0,74 1,08 0,63 1,01
- - 0,82 1,20 0,65 1,14
Awnructpec — 1,7 xr/ra _ 0,84 1,25 0,72 L13
+ Engodir L1 — 0,2 Awntrcrpec — 1,7 kr/ra
AKM = 0,2 0/T | /14 + EnpoGop — 0,48| + Ennodir L1-0,2
AKM 0.2 L/t kr/ra / Antistress 1.7 [2/ra + Enno6op — 0,48
kg/ha + Endophyte L1| Kr/ra/ Antistress 1.7 0,84 1,26 0,72 1,16
0.2 L/ha + Endobor |kg/ha + Endophyte L1
0.48 kg/ha 0.2 L/ha + Endobor
0.48 kg/ha
- - 0,82 1,18 0,66 1,10
- 0,81 1,19 0,68 1,17
Pajikar Crapr - | Mikpokar Ouiiinuii —
2,5 n/t/ Raycat | 0,5 wra + Atnaire - Mikpokar Omnilianii —
Start 2.5 L/t 0,5 n/ra / Microcat Oil
Crops 0.5 L/ha + 0,5 n/ra + Atnante —
Atlante 0.5 L/ha 0,5 n/ra / Microcat Oil 0,82 1,24 0,70 1,19
' Crops 0.5 L/ha +
Atlante 0.5 L/ha n/ra
HIPo,s / LSDo.05 0,02 0,10 0,05 0,06

YpokaliHiCTh HACIHHS OaThbKIBCHKOI JIiHIT X
1814B y KOHTPOJIBFHOMY BapiaHTi B CEPEIHBLOMY 32
Tpu poku cknana 0,63 1/ra, Toxi sk niHii X 2283B
— 1,01 1/ra.

Bcranosneno,

111(0) B pe3yabrari

Nepe/nociBHOT  OOpOOKM HACIHHS — PETryasSTOpOM
pocty AKM (0,2 n/ra) migBHIICHHS YPOXXaHHOCTI
minii X 1814B Ha 0,02 T/ra Oyjno CTaTHCTUYHO
HEICTOTHUM. Jl0aTKOBI % OONPUCKYBaHHS POCIUH
y ¢aszax 4 map abo 4 1 6 map JMCTKIB CYMIIIIIIO
npenaparie Autuctpec (1,7 xr/ra) + Engogit L1
(0,2 n/ra) + EnmoGop (0,48 xr/ra) 3ymMOBHIH
OJTHAKOBY BIpOTiJIHY NMPUOaBKY YpOXKaHHOCTI JiHii
X 1814B Ha 0,09 1/ra (14%) B 000X BapiaHTaXx.
[NepenmnociBaa 06poOKa HaciHHS TpenaparoMm
AKM (0,2 n/ra) 3ymMOBHIIa CTaTHCTUYHO 3HAUYNME
HiIBHIICHHS yporkaitHocTi minii X 2283B (Ha 0,13
T/ra abo 13%). JlomatkoBi omHO- abo JBOpa3oBi
0oONpPUCKYBaHHsI CYMIIIIIIO MpenapariB AHTUCTpeC
(1,7 xr/ra) + Engodit L1 - 0,2 n/ra + Exgo6op
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The seed yield of male lines ‘Kh1814V
and ‘Kh2283V’ averaged 0.63 and 1.01 t/ha
over three years in the control, respectively.

It was found that pre-sowing seed
treatment with the growth regulator AKM (0.2
L/ha) increased the yield of line ‘Kh1814V’ by
0.02 t/ha, but this difference was statistically
insignificant. Additional spraying of plants with
Antistress (1.7 kg/ha) + Endophyte L1 (0.2
L/ha) + Endobor (0.48 kg/ha) in the 4-leaf pair
phase or in the 4- and 6-leaf pair phases resulted
in the same significant increase in the yield of
line “Kh1814V’ by 0.09 t/ha (14%) in both
variants.

Pre-sowing seed treatment with AKM
(0.2 L/ha) resulted in a statistically significant
increase in the yield of line ‘Kh2283V’ (by 0.13
t/ha or 13%). Additional single or double
spraying with Antistress (1.7 kgha) +
Endophyte L1 (0.2 L/ha) + Endobor (0.48
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(0,48 kr/ra) 3a0e3neuniau HE3HAYHE IiABHUINECHHS
ypoxaitrocti Ha 0,01 1 0,02 1/ra, BiAmOBiIHO.
3a  mepeamociBHOI  0OpoOKM  HaciHHS
MikpomoOpuBom Paiikat Crapr (2,5 yi/ra) npudaBka
BpoxaitHocti minii X 1814B Ha 0,03 1/ra Oyna
CTaTUCTUYHO HEICTOTHOIO, MPOTE 3a J0JATKOBOI'O
obOnpuckyBaHHs y (azi 4 map JUCTKIB CYyMIIIIIIO
npenaparieB  Mikpokar Omiitanit - 0,5 n/ra +
Artnanre - 0,5 n/ra npubaBka cxiana 0,05 t/ra abo
8%, a 3a MoABIMHOTO OONPHUCKYBaHHS KOMIUIEKCOM
MikponoOpuB Mikpokar Omitiauit (0,5 n/ra) +
Awminokat, 30 % (0,5 n/ra) — 0,07 1/ra a6o 11%.
[Tepeamnocieaa 00poOKa HaCiHHSA
MikpogoopuBom Paiikat Ctapt (2,5 n/ra) 3ymoBuia
MiIBUIIEHHS YpPOXKaWHOCTI JiHIT COHSITHUKY X
2283B ma 0,09 T1/ra abo 9%. Jomarkosi
oOmprckyBaHHS y ¢a3i 4 map JKCTKIB CYyMIIIIIITIO
npemapariB  Mikpokar Omivtamii (0,5 n/ra) +
ATtnanre (0,5 n/ra) abo obmpuckyBaHHs y (azi 4
map JHCTKIB CYMIImmo mpenapariB  MikpokaT
Opmivtanit (0,5 n/ra) + Armante (0,5 n/ra) i dasi 6
map JIMCTKIB CYMIIIIII0 mpenapaTtiB  Mikpokar
Omnitiauit (0,5 m/ra) + Aminokar, 30% (0,5 n/ra)
3a0e3meymnii  iCTOTHE 30UTBIIEHHS YPOXKAHHOCTI
maii X 2283B — Bianosiguo Ha 0,161 0,18 1/ra.
BaxinBo BIO3HAYMTH, 100 MaKCHMAaJbHI
MOKa3HUKA BPOXAIHOCTI HaCiHHSA ycix
JIOCTIDKYBaHUX JIHIA COHAIIHUKY OJlepXKaHl y
BapiaHTax, Jie PeryJsITOpH POCTy i MiKpomoOpuBa
3aCTOCOBYBJIM y TpU €Talu: IepeArociBHA
00poOKka HaCiHHSI, OOTIPUCKYBaHHS POCIUH y ¢a3si 4
nap JIMCTs 1 OOIPUCKYBaHHA y (azi 6 map JIMCTA.
BaxxmuBuM kputepieM OLiHKH e()eKTUBHOCTI
3aX0/iB y
CLITBCHKOTOCTIONIAPCHKUX KYJBTYD,
COHSIIHWKY, € BU3HAYEHHS iX BIUIMBY Ha MOCIBHI

TEXHOJIOTTYHHAX HACIHHHUIITBI

30KpemMa

SKOCTI BUpOOJieHOro HaciHHg [24]. Y Hammx
pi3HYy  peaxilito
COHSIIIHUKY  Ha

JIOCJIDKEHHAX  BCTAHOBJIEHO

0aTbKIBCBKUX  KOMITOHEHTIB
3aCTOCYBaHHS PETYJISITOPIB POCTY 1 MIKpOJOOPHB 32
LM [OKa3HUKOM. Tak, B CEpeIHbOMY 3a TPU POKH,
J1a00paTOpHa CXOXKICTh HACIHHS MAaTEPUHCHKOT JIiHIT
Cx 66A, BHpOONEHOTO 3a pIi3HUX CcHOco0iB
3aCTOCYBaHHs peryisaropa pocTy AKM,
TIepEeBUIITyBaJIa 3,4-4,7%, a
MikponobpuBa Paiikar Crapr — Ha 0,4-3,7% npu
nmokasHuky Ha koHtpom 88,3% (HIPoos=3,7)
(Tabm. 5).

KOHTPOJIb  Ha

kg/ha) provided a slight increase in the yield by
0.01 and 0.02 t/ha, respectively.

Pre-sowing seed treatment with the
microfertilizer Raycat Start (2.5 L/ha) increased
the yield of line ‘Kh1814V’ by 0.03 t/ha, but
this difference was statistically insignificant;
however, due to additional spraying with
Microcat Oil Crops (0.5 L/ha) + Atlante (0.5
L/ha) in the phase of 4 pairs of leaves, the
increase amounted to 0.05 t/ha or 8%; double
spraying with Microcat Oil Crops (0.5 L/ha) +
Aminocat 30% (0.5 L/ha) increased the yield by
0.07 t/ha or 11%.

Pre-sowing seed treatment with the
microfertilizer Raycat Start (2.5 L/ha) increased
the yield of sunflower line ‘Kh2283V’ by 0.09
t’/ha or 9%. Additional spraying with Microcat
Oil Crops (0.5 L/ha) + Atlante (0.5 L/ha) in the
4-leaf pair phase or spraying with Microcat Oil
Crops (0.5 L/ha) + Atlante (0.5 L/ha) in the 4-
leaf pair phase and with Microcat Oil Crops
(0.5 L/ha) + Aminocat 30% (0.5 L/ha) in the 6-
leaf pair phase provided a significant increase in
the yield of line ‘Kh2283V’ (plus 0.16 and 0.18
t/ha, respectively).

It is important to note that the maximum
seed yield of all studied sunflower lines was
harvested in the experiments where the growth
regulators and microfertilizers were applied in
three stages: pre-sowing seed treatment,
spraying of plants in the 4-leaf pair phase and
spraying in the 6-leaf pair phase.

Effects of technological approaches on
the sowing quality of harvested seeds are
important criteria in assessing the effectiveness
of these technological measures in seed
production of agricultural crops, in particular
sunflower [24]. In our study, the parental
components of sunflower hybrids differently
responded to the growth regulators and
microfertilizers in terms of this parameter. On
average across three years, the laboratory
germination of seeds of female line ‘Skh66A’
exceeded the control value by 3.4-4.7% in the
AKM experiments and by 0.4-3.7% in the
Raycat Start experiments vs. 88.3% in the
control (LSDy05=3.7) (Table 5).
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Tadauns 5. JJaGoparopHa cX0XiCTh BUPOOJICHOTO HACIHHS COHSLIHUKY 3aJIE)KHO BiJl CIIOCOOY 3aCTOCYBaHHS
perynsTopiB pocty i Mikponoopus, 2021, 2023, 2024 pp. (%)
Table 5. Laboratory germination of harvested sunflower seeds depending on the application methods of growth
regulators and microfertilizers, 2021, 2023, 2024 (%)

. Crioci6 3acTocyBaus peryJaTopis pocty pociuH Ta Marepunchki nmiHii /| barekiBepki miHii / Male
MIKpoIoOpuB, mpemnapat, HopMa Butpartu / Application method . .
. . - Female lines lines
of growth regulators and microfertilizers, application rate
TepennociBHa obnpucKyBanHs pociuH / Plant spraying
00poOKa HaCiHHSA - - - - Cx60A / Cx588A/ Cx60A / Cx588A 7/
/ Pre-sowing seed| Y Pasi 4 nap mucTkiB / |y ¢asi 6 map micTkiB /| Skh66A | Skh588A | Skh66A | Skh588A
treatment 4-leaf pair phase 6-leaf pair phase
KouTpons
Control - - 88,3 87,3 96,3 80,3
- - 91,7 92,7 97,3 82,0
AmnTHctpec — 1,7 xr/ra _ 93,0 91,3 96,7 81,0
AKM - 02 1 + Exmodir L1 - 0,2
KM 6 2’L/J: T |n/ra+ EHI[O.60p -0,48 Anrucrpec - 1,7 kr/ra
: kr/ra/ Antistress 1.7 | Ennodit L1 - 0,2
kg/ha + Endophyte L1| /03 + Exnio6op - 0,48 91,7 90,7 97,3 82,3
0.2 L/ha + Endobor Kr/ra
0.48 kg/ha
- - 88,7 90,3 98,0 80,7
Paiixar Crapr - | Mikpokar Omiitnuii — - 92,0 89,3 97,3 80,7
2,5 1w/t / Raycat | 0,5 n/ra + AtiaHTe —
Start 2.5 L/t 0,5 n/ra / Microcat Oil| MixpoxaT OmiitHuii -
Crops 0.5 L/ha + 0,5 n/ra +
Atlante 0.5 L/ha | Awinoxar, 30%-0,5 | 207 92,3 96,3 81,7
n/ra
HIPg s / LSDy.05 3,7 2,8 2,5 2,2

3a Bcix cnoco0iB 3acTOCYBaHHS PeEryJsiTopa
poctry AKM naboparopHa CXOXICTh HaCiHHS
BUpoONeHoro HacinHs JiHii Cx 588A cratuctuaHo
BIPOTiJIHO TiepeBHIyBaJia KOHTPOJb (87,7%) Ha
3,4-5,4% mnpu HIP¢s=2,8. Takox cTaTUCTUYHO
3HAYMMUM  OyJo TiABHINEHHS JabopaTopHOI
CXO0KOCTi y OLIBIIIOCTI BapiaHTIB i3 3aCTOCYBaHHSAM
Mikponobpusa Patikat Crapt — Ha 3,4; 2,01 5,0%.

Pazom 3 TuMm, mabopaTopHa CXOXKICTB
BUPOOJICHOTO HaCiHHS OaTbKIBCHKMX JiHIH X
1814B i X 2283B B ycix BapiaHTaxX 3acTOCYBaHHS
PETYISATOPIB POCTY 1 MIKPOIOOPUB IEepEBUIIyBaja
KOHTPOJIbHI TOKa3HUKH B MEXKaX CTaTUCTUYHOT
MOXUOKH.

Po3paxyHkH MoKa3ylOThb BUCOKY €KOHOMIUHY
e(heKTUBHICTh pO3pobIEHIX Croco0iB
KOMIUIEKCHOTO 3aCTOCYBAaHHS PETYISTOPIB POCTY
Ta MIKpOAOOPHB NpU BUPOILYBaHHI OaTbKiBCHKHX
KOMIIOHEHTIB COHSIIHUKY, CTYIiHb SIKOi 3aiexana
MEePEeBAXHO BiJl PO3MIPY ollepKaHoi nprbaBKu
YpOXKaHOCTI 1 BapTOCTi HAciHH. Tak, HaNpUKIIaI,
BUPOOHWYI BUTPAaTH Ha IEPENIOCiBHY OOpOOKY
npenapatom AKM 1 oOmnpuckyBaHHS pPOCIUH Y
¢da3i 4 map nmcrs mnpenaparamu  AHTHUCTpEC,
Ennodir i Ennobop ckianana B cepennbomy 6414
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In all experiments with the growth
regulator AKM, the laboratory germination of
seeds harvested from line  ‘Skh588A’
statistically significantly exceeded the control
valur (87.7%) by 3.4-5.4% (LSD¢s=2.8). The
increase (by 3.4; 2.0 and 5.0%) in the laboratory
germination in most experiments with the

microfertilizer ~ Raycat  Start was  also
statistically significant.
At the same time, the laboratory

germination of seeds harvested from male lines
‘Kh1814V’ and ‘Kh2283V’ in all experiments
with the growth regulators and microfertilizers
increased insignificantly in comparison with the
control values (within the statistical error).
Calculations demonstrated a  high
economic efficiency of the developed methods
of complex application of the growth regulators
and microfertilizers in growing parental
components of sunflower hybrids, the degree of
which depended mainly on the size of a gain in
yield and cost of seeds. For example, the
production costs for pre-sowing treatment with
AKM and spraying plants with Antistress,
Endophyte and Endobor in the 4-leaf phase
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IrpH./Ta, Yy T.4. BapTiCTh IpenapariB CTaHOBUJIA
1629 rpu./ra. Ilpu mpubaBmi y 1IbpOMY BapiaHTi
ypoxkaliHOCTI MarepuHCcbkoi JiHii Cx 588A 0,17
T/ra 1 BaprocTi HaciaHsA 1800 rpH./KT, TOOATKOBHMA
npuOyTOoK cTaHoBHTHME 299,6 THC. TpH./TA; a TIpH
npubaBLi  ypoxkaiiHOCTI OaTbKiBChKoi miHii X
1814B 0,09 1/ra i Baprocti Hacigasa 1300 rpH./KT -
110,6 Ttnc. tpH./ra. JlomatkoBe OOIPUCKYBaHHS
pociuH y (a3l 6 map mwmctkiB il Cx S588A
3yMOBHWJIO TIOIBOEHHS BHUPOOHMYHMX BHUTpAT, aie
30UTBIICHHS TTPUOABKH BPOXKAWHOCTI 3a0€3MEUnII0
3pocTaHHs JIodaTkoBoro mpuoytky mo 311,2 Twc.
rpu./ra. [lpu He3miHHIA mpubaBlIi BpoKaWHOCTI
muii X 1814B (0,09 1/ra) y mpomy BapiaHTI

JOAATKOBUH npudyTOK 3MEHIINBCS bi (4]
104,2 rpH./ra.

BucHoBku

3acTocyBaHHS ~ peryasTopiB  pocTy i
MiKpomoOpHB pi3HOIO Miporo 3YMOBJIIOE

MiIBUIICHHS JTa0OPaTOPHOI 1 MOJBOBOI CXOXKOCTI
HAcCiHHS O0AaThbKiBCHKUX KOMIIOHEHTIB COHSIITHUKY
Cx 66A, Cx 588A, X 1814B i X 2283B,
3a0e3medye  30UMBIIEHHA  IUIOMI  JIMCTKOBOI
MOBEpPXHi, 30€pPeKEHICTh POCIVH 10 30WpaHHS Ta
MiIBUIICHHS YPOXKAHOCTI HACIHHSI.

BcranoBneno, 1mo 3a  mepeAnociBHOT
00poOkn HaciHHs mpemaparamu AKM 1 Paiikar
Crapt ypokalHICTh 0aThKiBCBKMX KOMIIOHCHTIB
COHSIIIHWKY MiJBUIIUIIACS B CepelHbOMY Ha 9-
13%, Tomi sk 3a KOMOIHOBAaHOTO 3aCTOCYBaHHS Y
nBa etarnu (00poOKa HaciHHS + OOMpPHCKYBaHHS) —
Ha 8-16%, a y Tpu eranu (00poOka HaciHHS + JBa
oOnpuckyBanus) — Ha 11-18%. Ocobmuso
CyTTEBUMH  Oyiau  TlepeBarn  KOMOIHOBaHOTO
3aCTOCYBaHHS PETYJSTOPIB pPOCTYy TOPIBHAHO 3
CaMoI0 JIMIIE TMEPEANOoCiBHOI 00pOOKOI0 HACIHHS
Ha JiHii Cx 588A (nmpubaBku ypoxaitHocti 16-17
npotu 11%), a mikpomoopus — y minii X 2283B
(npubaBku ypoxkaitHocTi 16-18 potu 9%)

JlaboparopHa cxoXicTh 3i0paHOTO HACIHHS
MiJ] BIUIMBOM PETYJISITOPIB POCTY 1 MIKPOIOOPHUB y
MarepuHChKHX JiHiiH Cx 66A 1 Cx 588A BiporimHo
TTiIBUTITY BAJTACS Ha  3,4-5,4%. ITigBumieni
MOKAa3HUKU CXOKOCTI Ha OaTbKiBCBKMX JiHISIX X
1814B i X 2283B Oynu B Mexkax CTaTUCTHYHOT
MTOXUOKH.

3actocyBaHHS ~ peryjisTopiB  pocty i
MiKpo#OOpHB TpH BHPOLIYBaHHI OaThKiBCHKUX
KOMIIOHEHTIB COHSIIIHUKY MAa€ BHCOKY €KOHOMIUHY
e(eKTHBHICTb, SIKa 3aJICKUTH BiJl BApTOCTI HACIHHA
Ta BEJIMUMHH MPUOABKH BPOXKAHHOCTI.

amounted to an average of 6,414 UAH/ha; with
the cost of the agents, the sum was 1629
UAH/ha. With a 0.17 t/ha-increase in the yield
of female line ‘Skh588A’ and the seed cost of
1,800 UAH/kg in this variant, the additional
profit will be 299,600 UAH/ha; with a 0.09
t/ha-increase in the yield of male line
‘Kh1814V’ and the seed cost of 1,300 UAH/kg,
it will be 110,600 UAH/ha. Additional spraying
of line ‘Skh588A’ plants in the phase of 6 leaf
pairs doubled the production costs, but the gain
in yield ensured an increase in additional profit
amounting to 311,200 UAH/ha. With an
unchanged increase in yield of line ‘Kh1814V”’
(0.09 t/ha) in this variant, the additional profit
decreased to 104.2 UAH/ha.

Conclusions

The growth regulators and microfertilizers
to varying degrees enhanced the laboratory and
field germination of seeds of the parental
components of sunflower hybrids, ‘Skh66A’,
‘Skh588A’, ‘Kh1814V’, and ‘Kh2283V’,
enlarged the leaf surface, preserved plants until
harvesting, and increased seed yield.

It was found that pre-sowing seed
treatment with AKM and Raycat Start increased
the yield of the sunflower parents on average by
9-13%, while combined 2-stage application (seed
treatment + spraying) increased it by 8-16% and
3-stage application (seed treatment + two
sprayings) - by 11-18%. The advantages of the
combined application of growth regulators and
microfertilizers compared to pre-sowing seed
treatment alone were especially pronounced in
lines ‘Skh588A’ (yield increase of 16-17 vs.
11%) and ‘Kh2283V’ (yield increase of 16-18 vs.
9%)

The laboratory germination of harvested
seeds under the influence of growth regulators
and microfertilizers in female lines ‘Skh66A’ and
‘Skh588A’ was significantly (by 3.4-5.4%)
increased. The changes in the germination rates
in male lines ‘Kh1814V’ and ‘Kh2283V’ were
within the statistical errors.

The application of growth regulators and
micronutrients in growing parental sunflower
components was highly efficient from the
economic point of view and the efficiency degree
depended on the cost of seeds and the amount of
yield increase.
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