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Pedepar: Metoro nmocniypkeHHst Oylla KOMIUIEKCHAa OIiHKAa iHOpeJHHMX JiHIM COHSIIHUKY 32
MOP(DOJIOTIYHIMH Ta TPOXYKTHBHAMH O3HAKaMH, a TaKOXX BU3HAYUTH PiBEHH iX cTilikocTi 1o Orobanche
cumana Wallr. B ymoBax mabopatopHoro iH(IKyBaHHS 3 MOJANBIINM BHUIIJICHHAM I[IHHUX CEJIEKIIHHUX
Jokepedn. JJocmimKkeHHs BKITFoYato 1abopaTopHUil CKPUHIHT CTIKOCTI 10 BOBUKA (YacTKa ypasKeHUX POCIIUH,
KUTBbKiCTh OyTb00YOK, piBeHb HE3apaXCHUX POCIHH), MOJBOBY OILIHKY MOP(HOMETPUYHUX 1 TPOTYKTHBHAX
MTOKA3HUKIB, KOPETSAIIHIA aHaIi3, a TAKOXK aHalli3 ToJOBHUX KOMIIOHEHT (PCA) 11s BUSBIIEHHS CTPYKTYPH
(heHOTUTIOBOT BapiabeIbHOCTI. 3a pe3ynbpTaraMy JOCHTIKCHb BCTAHOBJICHO 3HAYHY MIHJIMBICTh 1HOpEIHUX
JiHIA 32 OCHOBHMMH TOCIIOIaPCHKO IIIHHUMHU Ta aJIAITUBHIUMHU O3HaKaMH. 3a pe3yibTaraMu J1adopaTopHOL
OIIIHKU BUJIIIEHO TPW THUIH pPeakilii pocinwH Ha ypaxkeHHS O. cumana, a came TIOBHY CHPHUAHSATIUBICTS,
KUTBKICHY (YaCTKOBY) CTiHKICTh Ta HHU3bKOIHTEHCHMBHE YpPa)KEHHsI, II0 MOXE CBIIYMTH TIPO MOJITeHHI
MeXaHi3MH MIPUTHIYCHHSI PO3BUTKY mapasuta. JIiHil 13 sSKiCHUM (BepTHKaJIbHUM) THUIIOM PE3UCTEHTHOCTI,
xapakTepHuM 11 reHiB Or, He BUABJIECHO. birunor aHaii3 nmpoaeMoHCTpyBaB NpOCTOPOBY AMepeHLiamito
TEeHOTHIIIB Ta HE3AJICKHICTh MPOAYKTUBHOCTI BiJl MapaMmerpiB cTiiikocTi. HailOinmpmn mnepcrneKTHBHUMHE
JOKepesiaMu KiJIbKICHOT pe3ucTenTHocTI BussieHo JiHii CJ1-038B, C-029B Ta C/1-049B, tomui sik minii CJI-
017B, C-048B, C/1-057B Ta C/1-02B micTuim okpemi CTiliki pOCIWHH, IO CBIAYUTH MPO JOUIIHHICTH
BHYTpILIHBOMIHIHOTO 1060py. Bucokonponykrusai renotunu (C-047B, CA-014B, C1-029B) Bu3HaueHO
SK TIOTEHIIWHI JOHOPH MPOAYKTHBHOCTI. OTpuMaHi pe3yabraru 3a0e3neuyloTh LMTICHY XapaKTepUCTHKY
1HOpeTHUX JTiHIH COHSIIHUKY Ta JO3BOJISIOTh BU3HAYMTH JDKEpelia IIHHUX CEJCeKIIHHUX 03HAK, 30KpeMa
KUIBKICHOT cTilikocTi 10 Orobanche cumana. Marepiann AOCHIIKEHHS MOXYTb OyTH BUKOPUCTaHI Y
Cy4aCHHMX CeNeKIiHHUX Tporpamax 31 CTBOPEHHS BHCOKOIPOAYKTUBHUX Ta OUIBII CTIHKHX TiOpUmiB
COHSIITHUKY.

KuarouoBi cioBa: constmauk, iHOpenHi miHii, Orobanche cumana, CTIKICTh A0 BOBYKA, raycTopii,
nponyKTuBHICTH, PCA (aHaTi3 TOTOBHUX KOMIIOHEHT), CENEKITiHA IiHHICTb.

Abstract: Our purpose was to comprehensively evaluate inbred sunflower lines for morphological
and productive traits and resistance to Orobanche cumana Wallr. under laboratory infection and, on this basis,
to identify valuable sources for breeding. The study included laboratory screening for resistance to
O. cumana (proportions of affected plants and uninfected plants, number of nodules), field assessments of
morphometric and productive parameters, correlation analysis, and principal component analysis (PCA) to
describe the structure of phenotypic variability. The results of the study revealed significant variability of
inbred lines in major economically valuable and adaptive traits. Based on the laboratory assessments, we
identified three types of plant response to O. cumana: complete susceptibility, quantitative (partial)
resistance, and low-intensity damage, which may indicate polygenic mechanisms of suppression of the
parasite's development. No lines with a qualitative (vertical) type of resistance, which is intrinsic to Or genes,
were found. Biplot analysis demonstrated spatial differentiation of genotypes and independence of
productivity from resistance parameters. Lines SD-038V, SD-029V, and SD-049V were recognized as the
most promising sources of quantitative resistance, while lines SD-017V, SD-048V, SD-057V, and SD-02V
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contained individual resistant plants, indicating the feasibility of intra-line selection. High-yielding
genotypes (SD-047V, SD-014V, SD-029V) were identified as potential donors of productivity. Our findings
provide a comprehensive characterization of inbred sunflower lines and allowed us to detect sources of
valuable breeding traits, in particular quantitative resistance to O. cumana. The results can be used in current
breeding programs to create high-yielding and more resistant sunflower hybrids.

Key words: sunflower, inbred lines, Orobanche cumana, resistance to broomrape, haustoria,
productivity, PCA (principal component analysis), breeding value.

Beryn

M pony Helianthus nputamMaHHa HasBHICTH
BEJIMKOT KIIBKOCTI IIKiAJMBUX OpPraHi3MiB, IO
MOXYTb CYTTE€BO 3HIDKYBarH MPONYKTHBHICTD
POCTIMHH, Cepen SKHUX, MPEICTaBHUKHA TPHOKOBHUX,
OakTepiadbHMX, BIPYCHHX XBOpOO Ta MIKIJJIUBI
komaxu. OJHaK TOJOBHOIO 3arpo30l0 3aJIMIIAETHCS
BOBYOK COHSIITHUKOBHH. Bun BOBYKa
coHamHUKOBOTO  (Orobanche cumana Wallr) €
OOJIITaTHOK ~TOJIONIAPA3UTHYHOK POCIHHOI, IO
HUHI CTaHOBUTH TOJIOBHY MEPEUIKOAY Yy HacH4eHi
CIBO3MIHM COHSIITHUKOM [1-3].

OnanM 3 HalOinbl e(EeKTHBHUX METOIB
0OpOTHOM 3 B BOBYKOM COHSIITHUKOBHM € CEJICKITisl Ha
TeHeTHYHy CTilKicTh pocmuuu [1]. Crilikicte A0
BOBUKA COHSIIHUKOBOTO 3a0€3MeuyeThes JIBOMaA
OCHOBHMMH TCHETHYHMMH MEXaHi3MaMU: SKICHUM 1
KUJIbKICHUM THUIIOM pe3UCTeHTHOCTI. Ha BimMmiHy Bix
KX BUmiB Orobanche, ne reHeTHYHa CTIHKICTD
pocnuHH-Xa3sAiHa Ma€ KUIbKICHHH Xapakrep, Vy
Bunaaky O. cumana y COHSITHUKY BOHA 31€01IBIIOTO
€ SIKICHOO 200 BePTUKAIBHOIO [4, 5].

BimoMi pi3Hi MeXaHi3MH CTIHKOCTI pPOCIHHU
COHSAIIHUKY JO BOBYKA, 30KpeMa SKICHI, SIKi
3yMOBIIIOIOTBCSI ~ OCHOBHUMH T€HaMH Ta €
pacocnenmgiyanmu. L CTIHKICTE 3yMOBIIOETHCS
B3AEMOJIIEI0  TeHiB, 7€  I1OBHA  CTIHKICTD
KOHTPOMOEThCS ToMiHanTHUMH reHamu (Orl-Or5) B
OKpEMHX JIOKycax Ta 3abe3redye CTIHKICTh 0 I’ AT’
pac BoBuka A—E [4, 6]. [Ipu nosiBi HacTynHoi pacu
(F), Oyno BCTaHOBIEHO, IO KOHTPOJb CTIHKOCTI
BifOYBa€TbCs OJHWUM JIOMiHAHTHUM TreHoM Oro,
JIBOMa pPEIleCHBHUMH TeHamu or6 abo or7 Ta JaBoMa
YaCTKOBO JOMIHaHTHUMU reHamu Or6 a6o Or7.
OnHax, e THIT CTIHKOCTI € He JIOBIOTPHUBAJIUM Yepe3
LIBUJIKY MTOSIBY HOBUX pac BoBuKa [6, 11].

KinbKicHI MeXaHi3MHU CTIHKOCTI COHSIITHUKY JI0
BOBYKa BKIIIOUAKOTh 4HCIeHHI apyropsaai QTL
JIOKYCH, IO TOB'SI3aHI 3 TaKUMU O3HAKAMH, SIK
KUTBKICTh TIAarOHIB BOBYKA Ha pociuHi. Ha croromui
BiZIoMO OnMM3bKO 17 TaKHWX JIOKYCiB, IO MOXYTb
JI03BOJIUTH KOHTPOJIIOBAaTH CTikKicTh 10 pac F ta G
[7-9]. Takox Oynam 3HaijileHi THUMYacoBi Ta
MOJICKYJISIPHI MEXaHI13MH CTIHKOCTI POTH BOBYKA, SIKI
3yMOBJIOIOTh 3MCHILICHHS! BHJIUICHHS KOPCHSMH
COHSIIIHMKY DPEYOBUH CTHMYISATOPIB MPOPOCTAHHS

Introduction

The genus Helianthus suffers from
multiple  harmful organisms that can
significantly = reduce  plant  productivity,
including fungi, bacteria, viruses, and insects.
However, broomrape remains the main threat.
Sunflower broomrape (Orobanche cumana
Wallr.) is an obligate holoparasitic plant that
currently constitutes the main obstacle to
saturated crop rotations with sunflower [1-3].

Breeding for genetic resistance of plants is
one of the most effective methods to control
broomrape [1]. Resistance to broomrape is
determined by two major genetic mechanisms:
qualitative and quantitative types of resistance.
Unlike other Orobanche species, where the
genetic resistance of the host plant is
quantitative, resistance sunflower to O. cumana
is mostly qualitative or vertical [4, 5].

Different mechanisms of resistance of
sunflower plants to broomrape are known, in
particular  qualitative ones, which are
determined by major genes and are race-
specific. This type of resistance is determined by
gene interactions, and complete resistance is
controlled by dominant genes (Orl-Or5) at
separate loci and confers resistance to five
broomrape races (A-E) [4, 6]. When the next
race (F) evolved, it was found that resistance
was determined by one dominant gene (Oro6),
two recessive genes (or6 or or7), and two
partially dominant genes (Or6 or Or7). However,
this type of resistance is not long-lasting due to
rapid evolvement of new broomrape races [6,
11].

Quantitative mechanisms of sunflower
resistance to broomrape include numerous
secondary QTL associated with traits such as the
number of broomrape shoots per plant.
Currently, about 17 such loci are known; they
can control resistance to races F and G [7-9].
Temporal and molecular mechanisms of
resistance to broomrape were also discovered;
due to these mechanisms, sunflower roots
release smaller amounts of broomrape
germination stimulants, and physical barriers to
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BOBUKA Ta CTBOPCHHS (I3UUHUX Oap’epiB s
3aKpiIUIeHHS Mapa3uTy Ha KopeHsx [9, 10].

3a3Buuail reTepo3uCHI TiOPUIN COHSIIHUKY
MaloTh Kpally pEe3UCTEHTHICTh [I0 BOBYKA HIX
iHOpeHi TiHii, 3aBISKN HASBHOCTI B IXHHOMY T€HOMI
KOMOIHaIli1 MexaHi3MiB pe3ucTeHTHOCTI [4]. By3bka
TeHeTHYHAa OCHOBAa TIE€HIB CTIHKOCTI A0 BOBYKa
CHpHsIa PO3MINPEHHIO TONTYKY CTIMKMX T€HOTHIIB
32 PaxyHOK CKpHHIHTY cepell AWKUX BHUJIB POIY
Helianthus, 1mo CyTT€BO pO3MIMPHIO TEHETHYHY
IU1a3My COHSIIHUKY [12-16].

CtBOpeHHs1 1HOpETHMX JiHIA COHSIIHHUKY €
CKJIQJIHUM TEXHOJIOTYHUM Ta HAYKOBUM HPOLECOM.
Jns oTpuMaHHS BHXIZHOTO Marepiaimy, Imo Oyre
3aIOBOJIGHATH  TOTPEOM  CEMeKIlii, HEeOoOXiTHO
BPaxOBYBaTu KOMITJIEKC O3HaK, 30KpeMma:
MPOAYKTHUBHICTB, CTIHKICTh 10 OCHOBHHX XBOPOO,
apXiTEeKTOHIKY pOCITUHH, O10XIMIYHHN CKIIa HACIHHS
Ta iHme. Bigdip pocnyH Ha MOYATKOBUX eTamnax JIMIIe
32 KOMIUIEKCOM CTiliKOCTi 10 BOBYKa € JIOCHTb
TPYIOMICTKAM Ta 3aTpaTHUM TIporecoM. Tomy,
MPUHAHATO TPOBOMUTH TEpIIi Jo0OpH caMe 3a
elleMEHTaMH CTPYKTYpH ypOXKaro Ta
MIPOMYKTUBHOCTI, a y TOAAJBIIOMY 3HiHCHIOBATH
Bif0ip criiikux reHoTumis [17-20].

OcHOBHA  Me€Ta  HAWmIOr0  JOCHIKEHHS
MoJIsirajia y KOMIUICKCHIHM CeEKIIMHIH OIiHIII HOBUX
1HOpeTHUX JIiHI COHSITHUKY 32 MOP()OMETPUIHUMHI
Ta MPONYKTUBHUMH O3HAKAMH, a TaKOX 3a PIBHEM
crifikocti 10 Orobanche cumana 3 TOHANBIIAM
BUIUICHHSIM ~ TIEPCIEKTUBHHUX  TEHOTHIIB  JUIS
CTBOPEHHS BUCOKOTIPOIMYKTHBHUX 1 CTIHKUX T10pHIiB
COHSILITHUKY.

Metoauka

ITonmpoBi Ta OCHOBHI JTaOOpaTOPHI JOCHIN 3
BHBYEHHSI IPOSIBY OCHOBHHUX IIIHHUX I'OCTIOAPCHKUX
O3HaK y HOBUX IHOpEIHMX JIiHIA COHSITHUKY Oynn
mpoBezieHi y nepiog 2023-2025 pp. Ha 6a3i kadenpu
TEHETHKH, ceJieKuii Ta HaciHHULOTBa [lepxaBHOrO
010TEXHOJIOTIYHOTO  YHIBEPCHUTETY.  3aKjaJaHHs
MOJBOBUX JOCTIJIKEHb TIPOBOIMIIH Ha
crauioHapHoMy noxi Ne 2 (reorpadivHi KOOpAHHATH
Micsans mpoBeaeHHs — 49.903806, 36.446012).
JlaGopaTopHy OIIHKY CTIHKOCTI JOCIIIKYBaHUX
TCHOTHUIIB JIIHI HPOBOIWIM B yMOBax INTYYHOTO
KiimMary B nochuigniii maboparopii TOB «Heprtyc
Arpo».

[TosboBI IOCIIPKEHHST TPOBEACHI 3TiIHO 3
METOIIMKOIO JEP>KaBHOTO COPTOBUIIPOOyBaHHS [21].
CiB0y npoBomuy y nepriit (01.05.2025 p.) npyriit
(15.05.2023 Ta 12.05.2024 pp.) nekami TpaBHA
PYUYHHMH capKalIKaMHu, CXeMa IOCIBy CTaHAapTHa
70%25 cM, B 3-pa30BOMIl MOBTOPEHHI, MONIEPEAHUK
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the parasite's attachment to roots are formed [9,
10].

Typically, heterotic sunflower hybrids
show better resistance to broomrape than inbred
lines, due to combinations of resistance
mechanisms in their genomes [4]. The narrow
genetic basis of broomrape resistance made
researchers seek for resistant genotypes and
screen among wild Helianthus species, which
significantly expanded the sunflower genetic
plasma [12-16].

The creation of inbred sunflower lines is a
complex technological and scientific process. To
obtain starting materials that will meet the needs
of breeding, one should take into account a set
of traits, in particular productivity, resistance to
common diseases, plant architecture,
biochemical composition of seeds, etc. The
selection of plants at the initial stages only for
the broomrape resistance complex is a rather
laborious and costly process. Therefore, it is
customary to carry out the first selections for
yield and productivity constituents, and
subsequently to select resistant genotypes [17—
20].

Our primary objective was to
comprehensively evaluate new inbred sunflower
lines for breeding-valuable morphometric and
productive traits and then for resistance to O.
cumana and, based on the obtained data, to select
promising genotypes for creating highly
productive and resistant sunflower hybrids.

Methods

The field and laboratory experiments to
study the expression of major valuable economic
traits in new inbred sunflower lines were
conducted at the Department of Genetics,
Breeding and Seed Production of the State
Biotechnological University in 2023-2025. The
field experiments were carried out in stationary
field 2 (geographic coordinates - 49.903806,
36.446012). The lines were assessed for
resistance in an artificial climate in the research
laboratory of Nertus Agro LLC.

The field experiments were conducted by
methods of state variety trials [21]. The lines
were sown with manual planters within the first
(05/01/2025) and second (05/15/2023 and
05/12/2024) 10 days of May. The sowing scheme
was standard: 70x25 cm, in 3 replications. The
predecessor was black fallow. The experimental
plots were arranged systematically [22]. The
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JopHUU map. Po3MilleHHS JOCHiAHWX JiISTHOK
cuctematuune [22]. Ilnoma oOmiKOBOI IiASHKH
craHoBuia 16,8 m2. JlonarkoBe MiPKWUBICHHS Ha
rmociBax He npoBoawiIH. st 60poTedu 3 Oyp’ sHAMU
BHKOPHUCTOBYBAJIM CYMIII TPYHTOBHX TepOinuiiB
Hyan Tong (960 r/n S—meronaxiop) Ta l'e3arapn
(500 r/m mpoMeTpurH) 3a JBa THXKHI 710 CIBOU, HOpMa
BHeceHHs 2,0 11/Ta, a TAKOX PYYHI IPOTIOTIOBAHHA 32
notpedu.

SAx  wmarepian ans  gochimxeHHS — Oyno
BUKOPUCTAHO 27 JiHIN BITHOBHUKIB (hePTHIHHOCTI
MWIKY COHSIIHUKY BIIACHOT CeNEKLl, cepe IKuX 26
JIiHINA OTpUMaHi METOIOM KOMOIHAaTUBHOI CEJICKIIii, a
came: C/1-034B, C/1-047B, C/1-017B, C/1-054B,
C-048B, CA-016B, CO-010B, C/-038B, CH-
014B, CA-059B, CA-06B, C/1-057B, C/1-029B, C/I-
049B, C/1-036, C[1-044B, C1-051B, CA-018B, CJ-
055B, CH-058-B, C[-039B, C[-030B, C/-02B,
CI-024B, C/-026B, C/I-032B Tta opmnHa JiHig
(XHAY488B) cTBopeHa METOAOM MYyTalilHOI

cenekmii (puc. 1).

-

- 5 S A .
Puc. 1. Hogi iubpeani minii consrauky: 1. C/I-034B; 2. CI-017B; 3. C/1-054B; 4. C/1-044B; 5. C/1-018B;
6. CJ1-036B.

record area was 16.8 m2. No additional
fertilization was carried out. To control weeds, a
mixture of soil herbicides (Dual Gold (960 g/L
S—-metolachlor) and Gesagard (500 g/L
prometryn)) was applied at a dose of 2.0 L/ha two
weeks before sowing; weeds were also
eradicated manually as needed.

Twenty-seven lines of sunflower lines -
pollen fertility restorers, which had been bred by
us, were studied. Twenty-six lines were obtained
by combinatorial breeding, viz. SD-034V, SD-
047V, SD-017V, SD-054V, SD-048V, SD-016V,
SD-010V, SD-038V, SD-014V, SD-059V, SD-
06V, SD-057V, SD-029V, SD-049V, SD-036,
SD-044V, SD-051V, SD-018V, SD-055V, SD-
058-V, SD-039V, SD-030V, SD-02V, SD-024V,
SD-026V, and SD-032V, and one line
(KhNAU488V) was created by mutational
breeding (Fig. 1).

- J

Fig. 1. New inbred sunflower lines: 1. SD-034V; 2. SD-017V; 3. SD-054V; 4. SD-044V; 5. SD-018V; 6. SD-036V.

JlaGopatopHy OIIIHKY CTIHKOCTI iHOpeTHUX
JIHIA COHSIIHMKY 110 BoBuka (Orobanche cumana
Wallr) npoBoauiau  3riflHO 3  METOIHUKOIO,
po3pobaeHoro B [HCTHTYTI pociuuHuITBa iM. B.SI.
IOp’eBa  HAAH Vkpaian [28]. fx cyOctpar
BUKODHCTOBYBaJM CyMmimr Topdy Ta  TiCKy.
[Hdexiiline HaBaHTaXKEHHS CTAHOBUJIO 2 T' HACIHHS
BOBYKa Ha KOXHi 5 Kr cyocTpary. BukopucToByBaau
CyMIIIl HACiHHS BOBYKa 3 TPbOX  PI3HUX

The resistance of the inbred sunflower lines
to O. cumana Wallr. Was assessed in the
laboratory by the method developed at the Yuriev
Plant Production Institute of NAAS of Ukraine
[28]. A mixture of peat and sand was used as a
substrate. The infectious load was 2 g of
O. cumana seeds per 5 kg of substrate. A mixture
of O. cumana seeds from three different
geographical locations of Ukraine (Odeska,
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reorpadiuanx ~ Toyok  Ykpainm  (Opeckka,
MuxkonaiBcbka Ta XapkiBchka o0i1.). TemmeparypHa
BHpoIryBaHHSA Bix 24 no 28°C, BiAHOCHA BOJIOTICTh
nositpst npubmmzno 70 %. s ocBiTIEHHS
BUKOPHCTOBYBAJIM CBITJIONIOAHI JIaMMK IIOBHOTO
CIIEKTpA. [ToBTOpHiCTH nabopaTtopHHUX
eKkcrepuMeHTiB  3-pasoBa.  OWIHKY  CTyHEHs
ypaXeHHs ~ KOpeHiB  pocinuH  OympOodkaMu
MPOBOMMIM Ha 28 JEeHb BiJ MOYATKy CXOAIB, /Ie Ha
KOXKHIH ~ pOCIMHI  TiIpaxoByBaJu  KUIBKICTb
Oynb00YOK, 10 MPUKPIMTMIKCS 1O KOPEHiB (pHc. 2).

Mykolaivska, and Kharkivska Oblasts) was used.
The cultivation temperature was 24-28°C; the
relative humidity of air was approximately 70%.
Full-spectrum LED lamps were used for
illumination. The laboratory experiments were
carried out in 3 replications. The damage to plant
roots by nodules was assessed on day 28 after the
germination onset, when the number of nodules
attached to the roots was counted on each plant

(Fig. 2).

Puc. 2. PocniHu COHSIIHKKY ITiJ] 4ac TPOBEICHHS OL[IHKH CTYITICHS YPa)KeHHSI BOBUKOM.
Fig. 2. Sunflower plants assessed for broomrape-inflicted damage.

Y 2023 poui BererauilHui  mepiox
COHAIITHUKY TIPOXOJWB 3a YMOB IIiIBUIIEHUX
temneparyp (+2,3...+4,2 °C n1o HOpMH BIITKY) Ta
HEPIBHOMIPHOTO 3BOJIOKEHHS. TpaBeHb i YepBEHb
OyJIM BIZIHOCHO CYXHUMH, TOII SIK Y JIMITHI BHIIAJIO
3HAYHO OLUTbINE OmadiB, HixK 3a3BU4ai (+88,3 Mm).
3aranoM KUTBKICTh OMaJiB 3a Iepioj] Bereramii
KyJIBTYypH MepeBHUINMIa HOpMY Ha 18,9 MM.

Y 2024 poui cmocrepiraiucs KpPHUTHYHO
BHCOKI TeMIlepaTypu i pi3kuii Aedinut Bojoru. 3a
Bech mepiox Bereramii Bumano mume 92,1 MM
omaaiB mpu Hopmi 275,1 MM, IO CHOPUYHHUIO
TPUBANly IPYHTOBY Ta TMOBITPSHY  IOCYXY.
Hatimenmre onamie 3aikcoBaHO Yy CeEpHHI Ta
BepecHi (7,0 Ta 0 MM BiIIOBIAHO).

Y 2025 poui BecHAHI YMOBH Oyau
MIPOXOJIOHINIMMH BiJi HOPMH, a JITO — BiTHOCHO
cTtabuibHUM 1 momipHo  temuM.  Onaau
PO3NOAUISIINCS OlIbIII PIBHOMIPHO, OJIHAK TPaBEHb
1 dYepBeHb XapaKTEepPHU3YBajJUCS  HEIOCTaTHIM
3BOJIOKEHHSAM. Y  JIAINHI  KUIBKICTH  ONAJiB
cranoBuna 78,3 MM, mo Ha 12,8 MM Buie
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In 2023, the sunflower vegetation occurred
at elevated temperatures (+2.3...+4.2 °C above
the summer average) and uneven wetting. May
and June were relatively dry, while in July there
was significantly more precipitation than usual
(+88.3 mm). In total, the amount of precipitation
during the growing period of the crop exceeded
the average by 18.9 mm.

In 2024, critically high temperatures and a
sharp water deficit were recorded. During the
entire growing period, only 92.1 mm of
precipitation fell, compared to the average of
275.1 mm, which caused a prolonged soil and air
drought. The least precipitation was recorded in
August and September (7.0 and 0 mm,
respectively).

In 2025, the spring was cooler than usual,
and the summer was relatively stable and
moderately warm. Precipitation was distributed
more evenly, but May and June were
characterized by insufficient wetting. In July, the
amount of precipitation was 78.3 mm, which was
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CepeAHBOro 0araTopiuHOro MoKa3HuKa. Taki yMoBU
BUSBUWINCS  HECHPHUATIMBUMHU S  PO3BUTKY
BOBYKA.

CraructuaHy OOpOOKy AaHWX BHKOHAHO B
mporpami  PAST 4.17. Jlnsa xapaKTepUCTHKHU
JOCITIPKYBAaHUX 3pasKiB JiHIA Oyln0 3aCTOCOBAaHO
Network plot 3 BUKOpPHCTAaHHSIM E€BKJiJOBUX
Bimcraneit (Edge cutoff 90 %) ta Oimnmor-aHami3
ronopaux kommnoneHt (PC).[23].

Pe3ynbTaTu Ta 00roBopeHHs

Y tabmumi 1 HaBe#meHO — KOMIUIEKCHY
arpoOHOMIYHY OLIIHKY iHOPEAHUX JIiHi COHSIIHUKY 3a
CepelHIMHU JaHUMHU TPUPIYHUX IOCHTipKeHb (2023—
2025 pp.). lloka3sHWKH OXOILUTIOIOTH  OCHOBHI
MOpQOIOTiYHI Ta TMPOXYKTUBHI  O3HAKW, IO
BU3HAYAIOTh TOCTIONAPCHKY IIHHICTH CENEKI[IIHHOTO
Marepiay.

Bucora iHOpemHux JiHill BapiloBajia B MeXax
I111-161 cm, ™o CBITYMATH TPO JOCTATHIO
PI3HOMAaHITHICTH ~ CEJNEKIIHHOTO  Marepialry  3a
CTyIeHeM iHTeHCcUBHOCTI pocTy. CepenHe 3HaYEHHS
craHoBmwio 136+10,6 cm, a koedimieHT Bapiamii —
7,8 %, o BKa3zye HA MOMipHY MiHIMBICTb. JIiHii i3
BrcoToro y mexax 150 cm, taki sx CI-047B, CH-
014B, C[1-032B MOXyTh HaNEKATH O IHTEHCHBHOTO
MOpQOTHITY, TOMI SK JiHIl 31 3HMKEHOIO BHCOTOIO
Hanpukian, XHAY488B, C/1-026B ta C/1-024B, €
MEPCTIEKTUBHUMK  JUUIS  CTBOPEHHS HH3BKOPOCIIHX
ribpusis.

[Toka3HUK KIIBKOCTI JIMCTKIB 3MIHIOBAaBCS BiJI
21 nmo 29 mir., 3 cepenHiM 3HaYeHHAM 25422 mIT. Ta
koedirieHTOM Bapiarrii 8,8%. 3araiom
CTIOCTEPIracThcsi HEBUCOKHUI PiBEHb MIHJIMBOCTI, 11O
XapaktepHo s iHOpemHux  miHin. JliHil 3
MiIBUIIIEHOI0 KUTBKICTIO JHCTKIB Hampuknan CJI-
014B —29+3,8 ., CA-018B — 29+2,8 wit., C/1-024B
— 29439 mr., MOTEHIIHHO MOXYTh 3a0e3redyBaTu
IHTEHCHBHIIIIe ()OTOCUHTETUYHE KUBJICHHS CYIIBITh.

O3Haka TIPOAYKTHBHOCTI Majla HaWOUIbIII
BapitoBanas — Big 10,5 mo 43,8 1 1o
MiATBEPKYETHCSI BUCOKMM KoedilieHTOM Bapiamii
(38,3 %). Cepenne 3maueHHs ckinano 24,393 1
3HayHa YacTHHA JOCIIPKYBaHUX JIHIA JEMOHCTpPYE
cepesHii piBeHb npoaykTuBHOCTI (20-30 1), Tomi K
OKpeMi 3pa3Kul BUAUISIOTHECS MiJBHILIEHOIO MAacolo
HacinHeBol npoxaykiii: CI-047B — 43,0+12,2, CH-
029B - 36,6+1,6, C1-018B — 36,1+18,2, C/I-032B —
36,143,2 . Lle mo3BOIIsI€ BBAXKATH 1X MIEPCIICKTUBHUME
JUIS BUKOPUCTAHHS SIK OATBKIBChbKI KOMITOHEHTH TIPU
CTBOPEHHI BUCOKOBPOXAaHHHX T1OPHIIB.

12.8 mm more than the multi-year average. Such
conditions were unfavorable for the development
of broomrape.

The data were statistically processed in
PAST 4.17. To characterize the studied lines,
network plots were constructed using Euclidean
distances (Edge cutoff 90 %); PCA biplots were
also used for visualization [23].

Results and Discussion

Table 1 summarizes agronomic
assessments of the sunflower inbred lines,
presenting three-year (2023-2025) mean values.
The parameters cover the major morphological
and productive traits, which determine the
economic value of breeding materials.

The plant height of the inbred lines varied
from 111 to 161 cm, indicating a sufficient
diversity of the lines in terms of growth intensity.
The mean height was 136+10.6 cm, and the
coefficient of variation was 7.8%, indicating
moderate variability. Lines with a plant height of
150 cm, such as SD-047V, SD-014V, and SD-
032V, may belong to the intensive morphotype,
while lines with reduced plant height, such as
KhNAU488V, SD-026V, and SD-024V, are
promising for creating low hybrids.

The number of leaves varied from 21 to 29,
with the mean of 25+2.2 and coefficient of
variation of 8.8%. In general, a low variability is
observed, which is typical for inbred lines. Lines
with an increased number of leaves, for example,
SD-014V (2943.8), SD-018V (29+2.8), and SD-
024V (29£3.9), can potentially provide more
intensive photosynthetic nutrition of
inflorescences.

The productivity was the most variable
trait, ranging 10.5 to 43.8 g, which was
confirmed by a high coefficient of variation
(38.3 %). The mean was 24.3+9.3 g. A lot of the
studied lines demonstrated a medium
productivity (20-30 g), while some lines stood
out with increased seed weights: SD-047V
(43.0+12.2 g), SD-029V (36.6+1.6 g), SD-018V
(36.1+18.2 g), and SD-032V (36.1+£3.2 g). This
allowed us to consider them as promising
parental components to create high-yielding
hybrids.
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Tadauns 1. XapakTeprcTHKa JOCIIKYBaHUX JIiHIH 32 OCHOBHIMH IOCIIOIaPCHKIUMHU O3HaKaMH, CEpETHE 3a

2023-2025 pp.

Table 1. Major economic characteristics of the inbred sunflower lines, mean for 2023-2025.

. [IpomyxTuBHIiC . Maca 1000
Bucora KUH’KI?TB Th POCJIMHH, Hiametp HACIHUH, T.
JIUCTKIB, . KOIIIHKA, Pocnuna:
Jlinist / Line pOCIHHH, mT. / rpam Hacinis / cM. / Head / TaTy>KCHHS /
cM. / Plant Plant . Thousand- .
height, cm Number of productivity, g diameter, seed Branching
leaves cm .
of seeds weight, g
CJI-034B / SD-034V 126£14,3 23+3.6 20,7+8,7 10,5+0.,4 48,3+1,7 | Hassue / Yes
CJI-047B / SD-047V 148+15.,4 26+1,1 43,0+12,2 17,5+1,7 57,9+7,0 | Bigcyrhe / No
CII-017B / SD-017V 141£16,1 22429 23,4+4,0 15,1+£2,0 47,0+6,5 Bincythe / No
CJI-054B / SD-054V 132+9,1 25454 23,5+1,1 12,8+1,3 40,3+£2,3 HasBue / Yes
CJ1-048B / SD-048V 135+16,4 24+4,0 18,5+8,9 11,9+1,8 28,6+1,8 Hassue / Yes
CJ1-016B / SD-016V 142+16.,4 24+1,8 15,4+7,5 11,1£1,5 25,0+4,3 Hassue / Yes
CII-010B / SD-010V 137£12,1 26+0,6 37,0+£6,3 15,6+2,7 59,3+8.0 BincyrthHe / No
CJ1-038B / SD-038V 141£17,0 28+1,8 26,9+14,3 16,5+3,5 39,9+3,7 BincytHe / No
CJ1-014B / SD-014V 161£14,9 20438 41,4+7.9 18,2429 54,9+11,5 BiacytHe / No
CJ1-059B / SD-059V 138+17,2 26+3.0 21,1+11,5 12,3+0.4 33,9+10,9 Hassue / Yes
CJI-06B / SD-06V 130+17.4 24441 15,4+7.,8 10,9+1,3 29,6+7,0 HasiBHe / Yes
CJI-057B / SD-057V 139+15,7 27+1,0 17,9+6,3 11,440,7 25,2+1,7 HasiBHe / Yes
CJ1-029B / SD-029V 138+9,7 2542,8 36,6+1,6 15,0+0,9 66,8+11 .4 BincythHe / No
CJ1-049B / SD-049V 141+1,7 2742,1 29,0+6,5 13,1+0,2 43,8+5,8 HasiBHe / Yes
CJ1-036 / SD-036 123+14,2 21+4,0 16,4+9.4 9,1+0,6 38,4+3,6 HasiBHe / Yes
ﬁgﬁ:&ig\/, 19,2 26468 17,9413 10940,6 | 28,4+0,5 | Hassre/ Yes
CJ1-044B / SD-044V 136+6,8 26+3,6 20,1+3,6 12,6+3.4 37,2+5,1 HasiBHe / Yes
CJI-051B / SD-051V 13749,8 2145,5 32,9453 15,7+1,4 51,7423 BincythHe / No
CJI-018B / SD-018V 135+16,4 20428 36,1+18,2 19,3+4,6 51,9+£14,3 BincythHe / No
CJI-055B / SD-055V 137+14,2 24+3.6 15,6+2.4 10,8+0,7 26,0+2,8 BincythHe / No
CJ1-058-B / SD-058-V 143+13,6 2543,1 31,344,1 12,5+0,6 34,8+1,8 HasBre / Yes
CJ1-039-B / SD-039-V 121+15,3 26+1,0 10,5+5,8 10,8+1,4 21,3+0,9 HasBre / Yes
CJ1-030B / SD-030V 140+2,0 2340,3 13,3+7,0 10,7+0,2 29,9+3,0 HasBre / Yes
CJI-02B / SD-02V 137+8,4 27+2,7 19,0+7,9 10,6+0,9 25,6+4,2 HasBre / Yes
CJ1-024B / SD-024V 121+14,4 29+3.9 20,4+2.4 11,4+0,9 32,6+1,3 HasBre / Yes
CJ1-026B / SD-026V 119+4.4 26+3,2 16,6+0,3 12,9+0,8 31,9+1,7 HasBre / Yes
CJ1-032B / SD-032V 153+3,5 27+0,5 36,1+3,2 15,2+0,5 49,7423 HasBre / Yes
Min 111 21 10,5 9,1 21,3
Max 161 29 43,0 19,3 66,8
Std. error 2,0 0,4 1,8 0,5 2.4
Stand. dev 10,6 2,2 9,3 2,7 12,4
Coeff. var 7,8 8,8 38,3 20,5 31,6

JiameTp kommka BapiroBaB y mexax 9,1-19,3

cM, i3 cepemHiM 3HaueHHsM 13,1£2,7 cM Ta
koeimiearom Bapiamii 20,5 %. 3HaueHHs1 B Mexkax
11-13 cMm € TumoBuMH s OUTBIIOCTI iHOpETHHX
JiHIA, OIHAK JesKi TeHOTUIH XapaKTepPH3yBaJIHCS
BHCOKMMU TOKa3HuKamu AaHoi o3Haku (CI-018B —
19,344,6 cm, C[1-014B — 18,242,9 cMm, CI-047B — -
17,5+1,7 cM Ta iHII, IO € MOTEHIIHHO BasKJIMBOIO

O3HAKOIO JIJIS IMiIBUILEHHS IIPOYKTUBHOCTI.
Maca 1000 HaciHMH AEMOHCTpYyBaja CyTTEBY

MIHJIUBICTh cepe]l AOCTIPKyBaHUX JiHii — Bix 21,3
mo 66,8 1, cepenne 3HaueHHs — 39,3%124 T,
koegiuient Bapiauii — 31,6 %. JliHii 3 BHCOKMMEI

17.5£1.7 cm,

productivity.
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The

thousand-seed  weight
significant inter-line variability: from 21.3 to
66.8 g, with the mean of 39.3+x12.4 g and
coefficient of variation of 31.6%. Lines with

The head diameter varied within 9.1-19.3
cm, with the mean of 13.1£2.7 cm and
coefficient of variation of 20.5%. Values of 11—
13 cm are typical for most inbred lines; however,
some genotypes had bigger heads (SD-018V —
19.344.6 cm, SD-014V — 18.2+2.9 cm, SD-047V
and others), which is a
potentially important feature for increasing
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nmokazankamu macu 1000 wacimmu (CH-029B —
66,8+11,4 1, CA-047B — 57,9+7,0 , C/1-014B
54,9£11,5 1, C[-018B — 51,9+14,3 1), gKi MOXYTb
OyTH BUKOPHUCTaHI y CeNleKIii Ha KPYHMHOILTi JHICTb, a
BPaxoBYIOUM BHCOKI KopemsmiiHi 38°s13ku (r= 0,88) 3
MIPOMYKTUBHICTIO POCIIMHH, TaKOX 1 Ha ITiABUAIIICHHS
YpO)KaHHOCTI  BiJMOBITHO, IO MiATBEPAKYETHCS
THIAMHA JOCTiKeHHEsIME [24-27].

MepexeBuii Tpadix BimoOpaxae CTPyKTypy
B3a€EMO3B’SI3KIB MK  iHOpEZHUMH  JHISMH
COHSIIIIHUKY Ha OCHOBI iX crmopimHeHocTi (puc. 3).
Koxen By3onm BigmoBimae okpemiii miHii, a peOpa
03HAYaIOTh HASBHICTH MPSIMOTO 3B’SI3Ky MK HHMHU.
Po3mip By3miB mpOHOpIIHHMIA KUTBKOCTI  iXHIX
3B’SI3KIB, 10 JO3BOJISIE BU3HAYUTH HAWOIILIIT BAroMi
TeHETHYHI JpKepera.

Y 1eHTpi Mepexki BUAUISETHCS TPyTa JiHIN 13
HaHO1IBIIO KidbKicTio 3B s3kiB — CJI-057B, C/I-
016B, CHO-048B, CH-018B Tta CH-055B. Bonnu
(hOpMYIOTh CTPYKTYpHE SIIPO MEpeXki, IOCIIIOTh
LIEHTPAJILHE TMOJIOKEHHS Ta JIEMOHCTPYIOTh BHUCOKY
CCJICKIIIiHY aKTHBHICTb. IxHs B3aemHa 3B’sI3aHICTH
CBITYUTH PO TICHY y4acTh y (hOpMyBaHHI OCHOBHHX
CIIUIBHUX CEJIEKLIMHUX O3HAaK.

Hagkoito 1ieHTpaibHOT TPyIH MPOCTEKYHOTHCS
JIOKaJIbHI KJIACTEPH, V SKUX BY3NIM PO3TAIIOBAaHI Ha
KOPOTKHUX BijcTaHsx. Hanpuknaz, y npaBii yacTuHi
rpadika KOMIAKTHUI KacTep YTBOPIOOTH Jinii C/I-
048B, C-016B Ta CH-010 wmo Bka3zye Ha ixHIO
TeHeTUYHY Ta MOpP(OJIOTiYHy CIIOPiTHEHICTh. Y
HWKHIA YaCTMHI MEpeXi BHIUIAETHCA TpyIa,
moB’si3ada 3 jiHisMu CI-055B ta C/-018B, mo
TaKOX MarOTh MIOCUJICH] B3a€EMHI 3B’ SI3KH.

[Mepudepitini By3nu, npeacTasiieHi Ha rpadiky
MeHIIMMH 3a posmipom minismu (CH-026B, Cl-
024B, CH-034B, C/[-047B, CO-017B, CH-054B,
CJ1-049B, CI-036 Ta iH.), MalOTh JIMILE OIUH a0o
BiJICYTHI TIpsiMi 3B’s13kH (puc. 3). Ixus BigmanenicTs
BiJl LEHTPY CBUIYHTH TMpPO IXHIO BHOIPKOBY
CEJICKIIIHHY IIHHICTb.

3arainom, Mepexa XapaKTePU3YEThCS
ACUMETPUYHUAM PO3MOIIIOM 3B’S3KIB, HAasSBHICTIO
KUTbKOX  CHOPIJHEHWX TCHOTUIIB Ta  YiTKO
BUPAXECHOIO KJIACTEPHOIO CTPyKTypoto. Lle Bkasye Ha
HEOIHOPIJHICTh  CEJIEKIIMHOrO  Marepially  Ta
JIOMiHYBaHHSI KiJIbKOX TEHETHYHO 3HAYUMUX JIiHIH,
sIKi BU3HAYalOTh OCHOBHHU HampsiM (OpMyBaHHS
reHodoHay.  MepexeBuit  aHami3  JIO3BOISIE
iIeHTU(IKYBaTH 11 KJIIOYOBI TEHOTHIIM Ta OI[IHUTH
CTYHiHb IXHBOTO BIUIMBY Ha 3arallbHy CTPYKTYpPY
KOJICKIIIT IHOpEeHMX JIHIH COHSIIHUKY (pHC. 3).

high values of thousand-seed weight (SD-029V
—66.8+11.4 g, SD-047V — 57.9+7.0 g, SD-014V
54.9+11.5 g, SD-018V — 51.9+14.3 g) can be
used in breeding for large fruits, and given a
strong correlation (r= 0.88) with plant
productivity, also to increase yield, which is in
agreement with other studies [24-27].

The network plot reflects the structure of
relationships between inbred sunflower lines
based on their relatedness (Fig. 3). Each node
corresponds to an individual line, and the edges
indicate the presence of a direct connection
between them. The node size is proportional to
the number of its connections, which allows for
identification of the most important genetic
sources.

In the network center, a group of lines with
the largest number of connections stands out:
SD-057V, SD-016V, SD-048V, SD-018V, and
SD-055V. They form the structural core of the
network, occupy a central position and
demonstrate high breeding activity. Their mutual
connectivity indicates close involvement in the
formation of major common breeding traits.

Local clusters are traced around the central
group; in them, nodes are located at short
distances. For example, in the right part of the
plot, a compact cluster is formed by lines SD-
048V, SD-016V, and SD-010, suggesting their
genetic and morphological relationships. In the
lower part of the network, a group associated
with lines SD-055V and SD-018V stands out,
which also have enhanced mutual connections.

The peripheral nodes represented in the
plot by smaller lines (SD-026V, SD-024V, SD-
034V, SD-047V, SD-017V, SD-054V, SD-049V,
SD-036, etc.) have only one or no direct
connections (Fig. 3). Their remoteness from the
center indicates their selective breeding value.

In general, the network is characterized by
an asymmetric distribution of connections, the
presence of several related genotypes and a clear
cluster  structure.  This  indicates  the
heterogeneity of the breeding material and the
dominance of several genetically significant
lines, which determine the main direction of
gene pool formation. Network analysis allowed
us to identify these key genotypes and to
evaluate their influence on the overall structure
of this collection of the sunflower inbred lines

(Fig. 3).
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Puc. 3. Mepexesuii rpadik (Network plot) ciopimaenocti niniit (Edge cutoff 90 %).
Fig. 3. Network plot of inter-line relationships (Edge cutoff 90%). Line names are given in the original language.

JlaGoparopHa oOIliHKa CTIMKOCTI 1HOpeIHHX
JIHIM COHSIIHMKY JI0 BOBYKA 3aCBIIYMIIA CYTTEBY
mudepeHIiamio  JAOCIHi/DKYBaHMX TEHOTHUIB 3a
IHTEHCHBHICTIO YPa)KeHHSI Ta XapaKTepOM B3aeMOJIil
3 mapazutoM. OTpuUMaHi pe3yiabTaTd Jajld 3MOTY
BCTAHOBUTH SIK TIOBHICTIO CHPUMHSTIMBI, TaK 1
YaCTKOBO CTiHKi 3pa3KH, a TAKOK BUOKPEMUTH JIiHIi 3
MpOSIBAMH  KUTBKICHOT PE3UCTEHTHOCTI, IO MOXE
MaTh 3HAYHy CEJEKIidHY I[HHICTh y CTBOPEHHI
BUCOKOCTIMKOI0 BUXiIHOr0 Marepiaiy. Y cboro 0ymo
MpoaHai3oBaHo 27 JiHil, a MAPaxyHOK KUTBKOCTI
Oynmb00YOK Ta YacTKM HEYPaKEHHX  POCIHH
3IIACHIOBAIIN BIiJIIIOB1THO o CTaHIAPTY
11a00paTOpHOT OIIHKU CTIHKOCTI.

3a pe3yJbTaTaMu JIOCITI JIDKEHHS
BCTaHOBJICHO, MO 3HAa4YHA YacTHHA Marepiary
BUSIBUJIACS TIOBHICTIO CIIPUHHSITIMBOIO JI0 MapasuTa.
o uiei rpynu Hanexxats CJ/[-034B, CJ1-047B, CJI-
016B, CI-010B, CHO-014B, CI-059B, CJ-036,
XHAVY488B, C/-044B, CA-051B, CA-018B, Cl-
055B, C-058-B, C1-024B ta C/1-026B. [lns Bcix
nepeniueHnx JHIA XapakTepHUM OYB TOKa3HHK
ypakenHsi Ha piBHi 100 %, a cepeqHs KiNbKICTb
npuKpituieHux  OynsOouok  mepeBumtyBana 100
OJIMHMIIb Ha pociauHy. [lomiOHMH THI peakiil
CBITYUTH MPO TIOBHY BiICYTHICTh €)EKTUBHUX AJICIIB
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The laboratory assessment of the inbred
sunflower lines’ resistance to broomrape
showed significant differentiation of the studied
genotypes in terms of damage intensity and
nature of interaction with the parasite. The
results made it possible to detect both fully
susceptible and partially resistant accessions as
well as to select lines with manifestations of
quantitative resistance, which may be of
significant breeding value in creating highly
resistant starting materials. A total of 27 lines
were analyzed, and the number of nodules and
the proportion of uninfected plants were counted
by conventional methods.

Our findings demonstrated that a lot of
the lines were fully susceptible to the parasite.
This group included SD-034V, SD-047V, SD-
016V, SD-010V, SD-014V, SD-059V, SD-036,
KhNAU488V, SD-044V, SD-051V, SD-018V,
SD-055V, SD-058-V, SD-024V, and SD-026V.
In all of the listed lines, the damage rate was
100%, and the mean number of attached nodules
exceeded 100 per plant. Such a reaction suggests
the complete absence of effective alleles of
vertical resistance genes and indicates a high
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TeHIB BEPTUKAIHHOI CTIKOCTI Ta BKa3y€ Ha BHCOKY
YyTAMBICTH KOPEHEBOI CHCTEMH 10 IHAYKLIl
NPOPOCTaHHA HACiHHS BOBYKA 1 HACTYITHOTO
MpOHUKHEHH: raycTopii. Taki miHii MOXyTh OyTH
KOPHCHUMH SIK KOHTPACTHUI MaTepiall y TeHeTHIHNX
JOCITIDKCHHSIX, ajleé He CTaHOBJIATH Oe3nocepeHbol
CCNICKINIHOT IMIHHOCTI MJIT CTBOPEHHS CTIMKHX
riOpUIiB 10 BOBYKA.

OpHak, HU3Ka iHOpeaHuX JHINA
MPOJIEMOHCTPYBaJIa 3HIKEHY CHPUHHATIMBICTH Ta
HAsBHICTb OKPEMHX HEYPOKCHHX POCIHUH, IO
CBITYUTH MPO TNPOSB KiJIbKICHUX KOMIIOHEHTIB
pesucrentrocri. Jlinii CJ1-06B, C/1-057B, C/1-02B,
CO-030B, C/-017B, CJ1-054B Ta CJ/I-048B
XapaKTEePU3YBAIHCS YACTKOIO HEYPAKECHUX POCIIHH Yy
Mexkax 80-90%. YV muX TeHOTHIIB PEECTPYBAH SIK
BUTAJKK  TIOBHOI  BiJICYTHOCTI  NPOHUKHEHHS
mapasuTa, TaK i OKpeMi MPHUKPITUIEHHS OyIb00YOK,
KUIBKICTh SIKUX BapiloBaja Bijl KUTbKOX OJMHUIIB 10
nonasa 60. ITomiOHa HEOAHOPIAHICTH pPeaKIlii MoXKe
OyTH 3yMOBIICHa [i€f0 TOJIT€HHHWX JIOKYCiB, IO
KOHTPOJIIOIOTh PaHHI €Taly B3a€MOJIi 3 MTapa3uToM,
BKJIFOUAIOYM iHriOyBaHHS TIPOPOCTaHHS HACIHHSA
BOBUKa, (opMyBaHHsS (i3ioNoriuHNX Oap’epiB y
MICIIi KOHTaKTY Ta OOMEXEHHS POCTY TayCTOPiabHOT
CHUCTEMHM, IO 30KpeMa BiI3HAYAIOCS # IHIIUMHU
pocmigaukamu  [7, 9, 10]. BusBieHi T'eHOTHIIH
MOTEHIIIHHO MOXKYTh OyTH BUKOPHUCTaHi ISt J0O0pY
OinbIn cTaOUTPHUX PEKOMOIHAHTIB Yy HACTYIHUX
IMOKOJIIHHAX KOMOIHATUBHOI CeJIEKIil 3 HUMHU.

Ha okpemy yBary 3aciyroByrOTh IIiHii, IO
JEMOHCTPYBAJIM MiHIMaIbHY KUIBKICTh OyIEO0YOK
Ha KopeHeBii cucremi. 3okpema, mis CJI-038B
3a(hikcoBaHO JHIIe 2 TaycTopii y MOBTOPEHi, Xo4a
YacTKa HEYPaKeHUX pocivH Oyia HeBucokoro (11
%). Jlinii C[-029B ta C/I-049B mamm 11 ta 13
Oy/nbOOYOK BIJMOBIAHO Ta YaCTKy HEYPAKEHHX
pocimr  23-28 %, 1mo BKazye Ha OiIblI
30aJ1aHCOBAaHUH TPOSIB KiJIbKICHOI PE3UCTEHTHOCTI.
Taki TEHOTHITM MOXYTh MicTHTH piakicHi QTL,
HOB’s3aHI 31 3MEHIUEHHAM  JKUTTE3IATHOCTI
Oynbp004oK a00 TOPYIIEHHSIM iX PO3BUTKY ITiCHS
npukpiruieHss. Ha Bigminy Bi kimacuyaux rexis Or,
KUIBKICHMH ~ THII ~ CTIHKOCTI ~ XapaKTEePU3YEThCS
LIMPLIMM CIIEKTPOM Jii Ta OO0 CTa0UIBHICTIO B
YMOBax  €BOJIIOIIHHO  MIHJMBHX  TOMMYJISLiN
napasmura.

3arajgom CTPYKTYpa  PE3HUCTEHTHOCTI
KOJIEKIi{ Ma€ ABOMIKOBHUI XapakTep: OUIBbILIICTE JTiHi}
JIEMOHCTPYIOTh TIOBHY CHPUHHSTIHMBICTD, TOJI SK
OKpeMa TIpyla XapaKTEepU3YETbCS  BUPAKECHUM
3HIDKEHHSIM  1HTEHCHUBHOCTI mapasuTyBaHHs. lle
CBIIUUTH TpO ycrmimHe (OpMyBaHHS KOHTPACTHOI
BUOIpKH, TPHAATHOI IS CEJCKI[IMHO-TeHETHYHHUX

sensitivity of the root system to the induction of
germination of broomrape seeds and subsequent
penetration of haustoria. Such lines may be
useful as contrast materials in genetic studies,
but are not of direct breeding value for the
creation of broomrape-resistant hybrids.

However, some inbred lines
demonstrated reduced susceptibility, with some
of their plants remained unaffected, indicating
the presence of quantitative components of
resistance. In lines SD-06V, SD-057V, SD-02V,
SD-030V, SD-017V, SD-054V, and SD-048V,
the percentage of unaffected plants was 80—90%.
In these genotypes, both cases of complete
absence of parasite penetration and individual
nodule attachments were recorded, and the
number of attached nodules varied from several
nodules to >60. Such heterogenic reaction may
be explained by action of polygenic loci that
control the early stages of interaction with the
parasite, including inhibition of broomrape seed
germination, formation of physiological barriers
at contact sites, and suppression of haustorial
growth, which was also noted by other
researchers [7, 9, 10]. The identified genotypes
can potentially be used for the selection of more
resistant ~ recombinants in subsequent
generations of combinatorial breeding.

Lines with minimum numbers of
nodules on their roots are worth special
attention. In particular, SD-038B only had 2
haustoria (this observation was repeated),
although the proportion of unaffected plants was
low (11%). SD-029B and SD-049B had 11 and
13 nodules, respectively, and the percentage of
unaffected plants was 23-28%, suggesting a
more balanced quantitative resistance. Such
genotypes may carry rare Q7L associated with
decreased viability of nodules or disorders of
their development after attachment. Unlike the
classical Or genes, quantitative resistance is
characterized by a wider range of action and
greater stability in evolutionarily variable
populations of the parasite.

In general, the collection’s resistance
structure had two peaks: most lines demonstrate
full susceptibility, while some of the lines were
characterized by a pronounced decrease in the
parasitism intensity. This confirms that a
contrasting sample that is suitable for breeding
and genetic studies has been successfully
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nociimkersb. OcoOIMBO IIHHUMH € JIIHIT 3 HU3BKAM
piBHEM ypaxeHHs OylIb0OYKaMH, OCKIIBKH BOHHU
MOXYTh BiJirpaBaTd KJIIOYOBY pOJb y CTBOPEHHI
riopumie 31 cTabLIBPHOIO Ta pacoHeCTenu(iTHOO
pesuctenTHicTio 10 Orobanche cumana (Tadm. 2).

firmed. Lines with low nodule-inflicted damage
are especially valuable, as they can play a key
role in creating hybrids with stable and race-
specific resistance to O. cumana (Table 2).

Taonuus 2. JJabopaTopHa OIiHKa CTIHKOCTI JIiHIM COHAITHUKY 10 BOBYKA.
Table 2. Laboratory assessment of the sunflower lines’ resistance to broomrape.

Cepenas
L KinmpkicTs KimpxkicTs Bincorok KUTBKICTB
KinbkicTs
HpoaHANi30BAHNX YpaXXCHUX POCIHH HEYPaXCHUX | YpaKCHHX 6ym,60q01<. B
Tlisis / Line POCIUH, T, / OynpOouKaMu, WIT. / | POCIUH, IIT. / pociuH / MOBTOPEHI,
’ Number of affected Number of Percentage | mrt. / Mean
Number of .
assessed plants plants (with unaffected of affected | number of
nodules) plants plants nodules per
plant
C/1-034B / SD-034V 57 57 0 100% >100
C/1-047B / SD-047V 43 33 0 100% >100
CI-017B / SD-017V 54 48 6 89% 65
C/1-054B / SD-054V 57 51 6 89% >100
C/1-048B / SD-048V 51 45 6 88% >100
C/1-016B / SD-016V 42 42 0 100% >100
C/J-010B / SD-010V 60 60 0 100% >100
CA-038B / SD-038V 54 6 48 11% 2
CO-014B / SD-014V 48 48 0 100% >100
CA-059B / SD-059V 60 60 0 100% >100
CA-06B / SD-06V 60 48 12 80% >100
CA-057B / SD-057V 60 54 6 90% >100
C/1-029B / SD-029V 50 9 30 23% 11
C/1-049B / SD-049V 54 15 39 28% 13
CA-036 / SD-036 54 54 0 100% >100
XHAVY488B / KhNAU488V 54 54 0 100% >100
C/1-044B / SD-044V 39 39 0 100% >100
C/J-051B /SD-051V 48 48 0 100% >100
C/J1-018B / SD-018V 60 60 0 100% >100
CA-055B / SD-055V 45 45 0 100% >100
CA-058-B / SD-058-V 39 39 0 100% >100
CA-039-B / SD-039-V 54 33 21 61% >100
CA-030B / SD-030V 45 36 9 80% >100
C/J-02B / SD-02V 45 39 6 87% >100
C/1-024B / SD-024V 57 57 0 100% >100
C/1-026B / SD-026V 54 54 0 100% >100
C/1-032B / SD-032V 54 42 12 78% 46

birutor-anani3 ronoBanx koMnoHeHT (PCA),
MPOBEJCHUH Ha OCHOBI KOMILIEKCY MOP(OIOriuyHHX
O3HAaK Ta TMPOAYKTUBHOCTI iHOpEAHMX  JIiHIH
COHSIIHUKY, JIO3BOJIMB  BUSIBUTH  IIPOCTOPOBY
JUdepeHIIialiio TeHOTHUITIB Ta BH3HAYUTU OCHOBHI
O3HaKH, 110 POpMYIOTh iX BapiabenbHicTb. [lepii aBi
TOJIOBHI KOMIIOHEHTH CYMapHO TMOSICHHIN OUIBIIY
YacTKy 3arajbHOi Jucrepcii, mo craHoBuia 85 %
(PC1-51,3 %, PC 2 — 31,9 %), 1110 miATBEPIKYE
iHQOPMaTUBHICT BHUKOPHCTAaHUX MOKA3HHUKIB Ta
JI03BOJISIE IHTEpIpeTyBaTH MPOCTOPOBE
po3TalnlyBaHHsl JIiHIA y JBOBHMIpPHOMY IPOCTOpI

(puc. 4).
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The PCA biplot constructed for the
morphological traits and productivity of the
inbred sunflower lines allowed us to visualize
spatial differentiation of the genotypes and to
determine major traits that shape their
variability. Principal components 1 and 2
together explained the largest share (85%) of the
total variance (PC 1 — 51.3%, PC 2 — 31.9%),
confirming the informativeness of the used
parameters and allowing us to interpret the
spatial arrangement of the lines in two-
dimensional space (Fig. 4).
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Ilepmia rtomoBHa kommoHeHta (PC 1)
acoIlioBaNacsl TEepPeBXHO 3  NPOJYKTHBHUMU
O3HaKaMU — JiaMeTpoOM Kormka, macor 1000

HaCIHUH Ta MPOAYKTUBHICTIO KOIIMKa. BexTopu 1ux
3MIHHUX OpI€HTOBaHI y HAaNpsIMKy TO3UTHBHAX
3ra4ueHb oci PC1, mo cBimIuTh 1po iXHIH CIITEHIN
BHECOK Yy (OpMYyBaHHS BHCOKOIIPOIYKTHBHOTO
Mopdotumy. Jlinii CA-047B, C/1-014B ta C/1-029B
po3MiIieHi y 1iit gacTuHi rpadika, o HTiATBEpIKYyE
IXHl TINABUINEH] I[IOKA3HWKA MAacH HAacCiHHSI Ta
MPOIYKTUBHOCTI.

Hpyra romoBHa kommnoHenta (PC 2)
JIEMOHCTPY€E 3B’SI30K INEPEBAXKHO 3 O3HAKAMM, IO
XapaKTepu3yloTh CTIHKICTh 7O BOBYKA, 30KpeMa 3
KIJIBKICTIO ypaskeHHX OynpOoukamu pocirH. Bektop
miei O3HaKM CHPSAMOBAHUA Yy BEPXHIO YaCTHHY

OImIoTY, IO BKa3ye HAa TIO3UTHUBHUHA BHECOK
BUCOKOT'O DpIiBHS ypakeHHs OympOoukamu Yy
BapiabenpHicTh PC2. T'eHOTMIIM 3  BHCOKOIO

IHTEHCUBHICTIO Tapa3utyBaHHs (Hampukmam, CJI-
010B, CI-018B) 3wmimeHi y HampsMKy IIbOTO
BEKTOpa, TOMAI SK 4yacTkoBo crikiki JiHii (C/1-038B,
CI-029B, CI-049B) posraiioBaHi BiIJAJICHO Bif
HBOTO, IO Y3TO/DKYETHCS 3 iX HU3BKOKO KIBKICTIO
OyI600490K y 1a00paTOpHOMY aHAMTi3i.

40--

Principal component 1 (PC 1) was
associated mainly with productive traits: head
diameter, thousand-seed weight, and head
productivity. The vectors of these variables are
oriented towards positive values of the PC1 axis,
indicating their joint contribution to the
formation of a highly productive morphotype.
SD-047B, SD-014B, and SD-029B are located in
this part of the plot, confirming their increased
seed weight and productivity.

Principal component 2 (PC 2) are mainly
related to parameters characterizing resistance to
broomrape, in particular to the number of
affected plants with nodules. The vector of this
parameter is directed towards the upper part of
the biplot, indicating a positive contribution of
high levels of nodule-caused damage to the PC2
variability. The genotypes with high parasitism
intensity (e.g., SD-010B, SD-018B) are shifted
towards this vector, while the partially resistant
lines (SD-038B, SD-029B, SD-049B) are
located away from it, which is consistent with
low numbers of nodules on their plants in the
laboratory test.

9SD-034

S.DS.S?OGZGV Head dia

er of affected plgnts (with nodules)
\ 304

3D.050V0 -
SD-024% 30.0

SD-010V
oSD-018V

Thousand seed weight, g ®SD-014V

SD-051\e Plant productivity, g of seed

SD-032V
SD-047V

10
«SD-06V
5D-055V

PC2 (39.9 % of variance)

5D-039-V

40

#5D-048V g5 044V

@SD-01
. SD-02V]

o5D-030V

-204

5D-058-V

oSDL029V

o5D-049V

PC1 (53.1 % of variance)
Puc. 4. bimor-anasi3 ronoBHux koMnoHeHT (PCA) Mopdosoriyanx 03HaKk Ta IPOAYKTUBHOCTI IHOpEAHUX JiHIH
COHSIIITHHKY.
Fig. 4. PCA biplot of the morphological traits and productivity of the inbred sunflower lines
Line names are given in the original language.
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Po3ramryBanHs  JTiHIA Yy IIEHTpaJIbHIM
yactuHi Oimtory, Takux sk C/[-048B, C/-055B,
CH-044B ta XHAV488B, cBimunth mpo cepeai
3HAaYeHHS TPOAYKTUBHUX Ta MOP(OJIOTIYHUX O3HAK,
a TakKOX BIACYTHICTH diTKOi nudepeHmiamii 3a
napaMeTpaMu pPE3HCTEHTHOCTI. Taki TIeHOTHUIH
(dhopMyrOTH Tpymy 3 BiTHOCHO 30aJaHCOBAaHUMHU
XapaKTepUCTUKaMH, 0e3 SCKpaBO BHPAXKECHUX
repeBar 4u HEJIOJIKIB.

BaxnauBo  Big3HauMTH, IO JHHIT 3
MiJBUIICHOI0 TPOAYKTHBHICTIO Ta 301IbIIEHUM
nmiametpom kommka (CJ-014B, CJI-047B) ne
30iraloThCsl 3a PO3TAIlyBaHHSAM 13 JIHISIMH, SIKi
MOKa3ajdl  HIKYY  IHTEHCHUBHICTH  YpaKEeHHS
BoBukoM (C/I-038B, CH-029B, CJ/I-049B). lle
MiATBEPIDKYE HE3aJCKHUH XapakTep (HOpMyBaHHS
MPOAYKTUBHOCTI Ta CTIMKOCTI OO NapasuTra, IO
BIJIMIOBiTa€ BIJJOMUM JITEPaTypHUM JaHUM TIPO
cIIa0KMii KOPEJSIiHHUHI 3B’ 130K MK IMMH TpyHamMu
o3Hak (puc. 4).

BucHoBxku

Y pe3ynbraTi KOMIUIGKCHOTO BHBYCHHS
iHOpeAHMX JiHIA COHSIIHHMKY PI3HOTO EKOJOro-
TCHETUYHOTO TOXO/PKCHHSI BCTAHOBJICHO 3HAYHY
MIHJIUBICTH 32 MOP(HOMETPUYHUMH, IPOTyKTHBHUMHU
Ta afanTUBHUMHU O3HAaKaMH, a TaKOXX 3a pPiBHEM
cTiikocTi 110 BoBuUKa (Orobanche cumana).
JlaGopaTopHa oOIliHKa PE3UCTEHTHOCTI Jaja 3MOTY
BUOKPEMHUTH TpU TUIHM peakiii Ha ypaKeHHs
MapasuToM: TOBHY CHPUHHSATIMBICTb, YaCTKOBY
(kimbKiCHY)  CTiMKICTP Ta  HHU3BKOIHTEHCHBHE
YPOKEHHS, III0 MOXE CBIJYUTH TPO HASBHICThH
MOJIreHHUX MEXaHI3MIiB MPUTHIYEHHS PO3BUTKY
mapazuta. JKomHoi miHiT 3 O3HaKaMu AKiCHOL

(BepTHKaNbHOI)  PE3UCTEHTHOCTI,  MPHUTAMAHHOL
reHam Or, HE BUSBJICHO.

bimnor-anamiz i PCA  Ha  ocHOBI
NPOIYKTUBHUX  Ta  QJaNTUBHUX  TApaMeTpiB

JI03BOJIHJIA BCTAHOBUTH MPOCTOPOBY AU EPEHITIaIIi0
TCHOTHIIB 1 BH3HAYMTH KIIIOYOBI O3HAKH, SKI
hopmyroTh (heHoTHUIOBE PI3HOMAHITTS.
[IponykrusHicTs pocnuH Ta Maca 1000 nacinuH Oyin
TICHO  acolifioBaHi 3  NEPIIOID  T'OJIOBHOKO
KOMIIOHEHTOK, TOMAI SK 1HTEHCHBHICTh Yypa)KeHHS
BOBUKOM — 3 Apyroro. Knacrepusauis miareepauna
BIZICYTHICTh 3B’SI3Ky MK MPOJYKTHBHICTIO Ta
CTIHKICTIO JI0 Tapa3uTa, 10 CBUIYHTH IPO
HE3aJISKHUN XapaKTep CIaJKOBOCTI IIMX O3HAK.

Y Xomi [IOCHIMKEHHS BHUAUICHO HH3KY
1HOpeTHUX JIHIH, TIePCTIEKTUBHUX TUTS
BUKOpHCTaHHS Yy cenekuii. HaiiBummii piBens
KUTBKICHOI cTitikocTi mokazanu ninii C/[-038B, C/I-
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The location of the lines, such as SD-
048V, SD-055V, SD-044V, and KkNAU488V, in
the central part of the biplot indicates medium
values of productive and morphological traits as
well as the absence of clear differentiation in
terms of resistance parameters. Such genotypes
form the group with relatively balanced
characteristics, without pronounced advantages or
disadvantages.

It is important to note that the lines with
increased productivity and increased head
diameter (SD-014V, SD-047V) do not coincide in
location with the lines that showed a lower
intensity of broomrape-caused damage (SD-
038V, SD-029V, SD-049V). This confirms that
productivity and resistance to the parasite are
formed independently, which corresponds to
available literature data on weak correlations
between these characteristics (Fig. 4).

Conclusions

This comprehensive study of the inbred
sunflower lines of different ecological and
genetic origins demonstrated a significant
variability in the morphometric, productive and
adaptive traits as well as in resistance to O.
cumana. The laboratory assessment of
resistance made it possible to distinguish three
types of reaction to the parasite: full
susceptibility, partial (quantitative) resistance,
and mild damage, which may indicate polygenic
mechanisms of inhibition of the parasite
development. No line with signs of qualitative
(vertical) resistance inherent in the Or genes
was found.

Biplot analysis and PCA of the
productive and adaptive parameters allowed us
to describe spatial differentiation of the
genotypes and identify key traits that are
responsible for phenotypic diversity. Plant
productivity and thousand-seed weight were
closely associated with PC 1, while broomrape-
inflicted damage intensity was closely
associated with PC 2. Clustering confirmed the
absence of a relationship between productivity
and resistance to the parasite, indicating the
independent nature of inheritance of these traits.

During the study, several inbred lines
that are promising for breeding were identified.
The highest level of quantitative resistance was
recorded for SD-038V, SD-029V, and SD-
049V, as these lines were characterized by a low
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029B ta CJI-049B, s1ixi XapaKTepru3yBaIHCS HU3HKOIO
IHTEHCHUBHICTIO YTBOpEHHS Oyap004oK. Y minisx C/I-
017B, CH-048B, CHA-057B, CH-02B Ttparuisutucs
OKpeMi CTifKi POCITHHH, IO BKa3y€e Ha JOIUIbHICT
BHYTPIIIHBOMIHIHHOTO ~ moOopy. ['eHotnmm 3
Bucokoro mpoaykrueaicTio (CI-047B, C/I1-014B,
C-029B) mMoxyTh OyTH BHUKOPHCTaHI SK JDKepema
TOCITOIAPCHKO IMIHHUX O3HAK IS T10pHAm3arii.

OTpuMaHi  pe3ynabTaTH  PO3IIMPIOIOTH
iHpopMamlilo Mpo MIHIMBICTh IHOpEOHHMX JIiHIN
COHSIIIIHUKY Ta JO3BOJSIIOTH C(OPMYBATH HAyKOBE
MiATPYHTS AJ1s1 CTBOPEHHS BUCOKONPOJIYKTHBHHUX Ta
Oinbw criiikux no0 Orobanche cumana TiOpUIIB y
MaOyTHIX CeNeKIiHNX MporpaMax.

intensity of nodule formation. In SD-017V, SD-
048V, SD-057V, and SD-02V, individual
resistant plants were found, suggesting the
feasibility of intra-line selection. The highly
productive genotypes (SD-047V, SD-014V,
SD-029V) can be wused as sources of
economically valuable traits for hybridization.
These results expand the information on
the variability of sunflower inbred lines and
allow shaping a scientific basis for the creation
of highly productive and more O. cumana-
resistant hybrids in further breeding programs.
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