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Pedepar: BukinaneHo pe3ynbrary OMiHKHM CTIHKOCTI 10 BoBUKa (Orobanche cumana Wallr.) ribpuais
COHSIIITHUKY, CTBOPCHHUX 3a HEIOBHOKO JIiaJICIbHOK CXEMOIO cXpellyBaHb 8x8. HailOumbln BipylIeHTHOO
pacoro B CKJIaJIi JOCIIKEHOT oMyl BoBuka Oyina paca F. YcraHOBIIEHO BiporiiHE 3HAUCHHS aTATUBHUX
1 TOMiHAaHTHUX KOMITOHEHTIB B CHICTEMI PETYIIAIIT 03HAKH. YCTaHOBIIEHO, IO IOMIHAHTHI aJieJIi 3yMOBITIOIOTh
3MEHIIEHHSI KITTbKOCTI OyTO090K BOBYKA HA pOCIHHI. BuineHo kpaii JiHii 32 3arabHOO Ta CIEIH(IIHOI0
KOMOIHAIIIIHOIO 31aTHICTIO, Ta JIiHI1 — TOHOPH CTIHKOCTI 10 BOBYKA.

KuarouoBi ciioBa: consmavk, midis, F1 riopua, Orobanche cumana Wallr., ctymiap ypaxeHHS,
CTIHKICTh, TEHETUYHHH aHaJIi3.

Abstract: The results on resistance to broomrape (Orobanche cumana Wallr.) of sunflower hybrids
created according to the incomplete 8x8 diallel crossing design are presented. Race F was the most virulent
race in the studied broomrape population. There were significant additive and dominant components in the
trait regulation. It was found that dominant alleles we responsible for fewer nodules per plant. The best lines
in terms of general and specific combining abilities and lines - donors of resistance to broomrape were
identified.

Key words: sunflower, line, F1 hybrid, Orobanche cumana Wallr., damage degree, resistance, genetic

analysis.

V 3axomax 00poTHOHM 3 POCIMHOIO-TIAPAZUTOM
coHsiHuKa BOBYKOM (Orobanche cumana Wallr.)
KIIFOYOBHM KOMIIOHEHTOM € TeHETHYHUH 3aXucT. Y
Oararbox KpaiHax CBiTY, € BUPOLIYIOTh COHSIIHMUK,
BUJILJICHO JKepesa CTIHKOCTI /IO HOBHX BipYJICHTHHX
pac BOBYKa Ta JOCIHIIKEHO 11 TeHETHYHUI KOHTPOJIb
[1, 2]. 3"sicoBaHO, 110 MEXaHI3MH CTIHKOCTI PI3HATHCS
3aJICKHO BiJI ITOXO/DKEHHS JKepesia CTINKOCTI Ta Bif
Micusg 300py HaciHHS BoBuka. JlocmimkeHHs
TeHETUKHU PE3UCTEHTHOCTI BITYU3HSHOTO
CeJIeKIIHHOTO marepiaiy COHSIIITHUKA b1 (6]
BIPYJIGHTHUX pac BOBUKA, NMOIMPEHUX B YKpaiHi, B
JiTeparypi npeacTaBlieHi HenocTarHbo [3, 4], Tomy
PO3poOKK B IIbOMY HampsiMi HaOyBatOTb OCOOIMBOI
3HAYYIIOCTI.

3a o0csiramy BUpOOHHLITBA TOBAPHOTO HACIHHS
Ta OUIKOBOIO KOpPMY, SIK TOOIYHOTO MPOAYKTY
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Genetic protection is a key component in
the control measures against the plant - parasite
of sunflower, broomrape (Orobanche cumana
Wallr.). In many countries worldwide where
sunflowers are grown, sources of resistance to
new virulent broomrape races have been
identified and their genetic control has been
studied [1, 2]. It was found that the mechanisms
of resistance differed depending on origins of
sources of resistance and locations where
broomrape seeds were collected. Studies of the
genetics of resistance of domestic breeding
sunflower materials to virulent broomrape races,
which are widespread in Ukraine, are not
sufficiently presented in the literature [3, 4];
therefore, developments in this direction are of
particular importance.



repepoOKH HACIHHS OJIMHUX KYJIBTYpP, COHSIITHHUK €
TPETHOKO OJIIHOIO KYJBTYPOIO y CBITi. 3a oOcsraMu
BUPOOHMIITBA POCIMHHOI onii — yeTBepToro [5].
TpeTnHa MOCIBHUX TLTOI ITiJT COHSAIITHUKOM B €BpoTITi
30CcepemKeHa Ha TepuTopil YKpaiHw, 1 3a mepiof
2010-2021 pp. Bonu 30inpmmnucs B 1,5 paza. Lle
TIPU3BEIIO 10 HAOMIPHOTO HACHYCHHS CiBO3MIH
COHSIITHUKOM Ta TIOMIMPEHHIO IIKiITHUKIB, XBOPOO,
Oyp siHIB Ta POCIMHHU-TIapa3uTa — BOBUKa [6, 7].

BoBUOK  COHALIHWMKOBUM  mapa3uTye  Ha
KOPEHSIX, BHUCMOKTYIOUH 3 POCIMHH IOXKUBHI
PEYOBMHHU Ta BOAY. BHACIiOK OTO YTBOPIOETHCS
LIyIJie  HaciHHs, 3MEHIIYETbCS  BPOXKAWHICTB,
30LTBIIYETBCS YPaKeHICTh 30yMHUKaMH XBOpoo [8].
3a CHIBHOTO PO3BUTKY BOBYKAa B IOCIBaX, BTPATH
BPOXAIO COHSITHUKA MOXKYTh Jocsirté 100 % [9].

I'eHeTnuHa CTIMKICTH O BOBUKA BBAXKAECTHCS
HalleQeKTUBHIINM Ta HAWICIIEBIINM METOIOM
3aXKMCTy COHAIIHMKA. BiAMoBimHO, CTBOPEHHS
CTIMKMX TiOpUIIB € BAXJIUBUM IPIOPUTETOM
TeTEePO3UCHO]I CeNeKIIii KyIbTypH.

y CyJacHii HayKOBIH JiTeparypi
PE3UCTCHTHICTH COHSIITHKUKA 0 BOBUKA OMKCAHO 200
SIK SIKiCHY, a00 SK KiJIbKICHY O3HaKy. JlocimimkeHHs
SIKICHOT O3HAaKW Tependadae Ba CTYIIEHI MpOsSBY —
«CTIMKUI Ta «HECTIHKMID» (BepTHUKAJIbHA CTIHKICTB).
3rifiHO 3 TaKUM PO3IMOALIOM, CTIMKICTh COHSIIHUKY
JI0 BOBYKA pacu F KOHTpOIIOIOTH PELECHBHI alleni,
po3ramioBani 'y JABox Jiokycax [10], omuH
nomiHaHTHuY reH [ 11] a0o aBa nomiHaHTHI redu [12].
Taka indopmarrist Oyiia OTpUMaHa IIISIXOM BUBYCHHS
YPaKEHHS! BOBYKOM POCIHH JPyroro TiOpuaHOro
nokomiHHg F2 3 BHKOpPHUCTaHHSIM TpaIUIiHHOTO
aHaiizy 3a Menaenem.

Takox yCTaHOBIIEHO POJIb JIOKYCiB KUTBKICHHX
o3nak (QTL) y 3a0e3neyeHHI CTIMKOCTI COHSIIHUKA
JI0 BOBYKa (TOpU30HTAJbHA CTilKicTh). Hampukian,
Pérez-Vich B. et al. [13] Bu3Haummm m'sSTh JIOKYCIiB
KUIBKICHMX O3HAK, SIKI KOHTPOJIOOTH CTIMKICTH J0
pacu E, 1 ricTh JIOKyCiB, 1110 KOHTPOJIIOIOTH CTIHKICT
1o pacu F. Imerovski . et al. [ 14] kapryBanu B reHOMI
COHSITHUKA Bix ABOX a0 23-x QTL, moB s3aHuX 3i
cTilikicTio 70 BoBuka. Pomb okpemux QTL y
3a0e3IeueHH] CTIHKOCTI JI0 BOBUKA MoMipHa [15, 16,
17], mpote 3a iX HaKONWYEHHs COHSIIHUK HaOyBae
CTIMKOCTI JIO NIEBHMX pac mapasuTy.

CknajgHi CHCTEMH TEHETHYHOTO KOHTPOIIO
O3HaKu MOTPeOYyIOTh PO3POOKHM HOBUX CTpaTerii
CTBOPEHHS CTIMKOIO CeNeKUiiHOro marepiany, sKi
nepeadayaroTh IMOETHAHHS SKICHUX 1 KUIBKICHHX
MexaHi3miB  crifikocti  [18]. IcHyrore TiOpmmm
COHSIIIHMKY, BEPTUKAJIbHA CTIMKICTh SIKMX JI0 BOBUKa
KoHTpOJoeThes reHaMu Orl...Or5 (CTilKiCTb 10 pac
A-E) [19]. Takum ribpuaaM npuTaMaHHa JOIATKOBA
TOPU30HTAIbHA CHUCTEMa CTIHKOCTI — «CHCTeMa 2».
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In terms of the production of marketable
seeds and protein fodder, as a by-product of the
processing of oilseeds, sunflower is the third
oilseed crop in the world. In terms of production
of vegetable oil, it is the fourth one [5]. A third of
the sunflower acreage in Europe is concentrated
in Ukraine, and it increased by 1.5 times during
the 2010-2021 period. This led to oversaturation
of crop rotations with sunflowers and spread of
pests, diseases, weeds, and the parasitic plant
(broomrape) [6, 7].

Sunflower broomrape parasitizes on roots,
sucking nutrients and water from the plant. This
makes seeds weak, reduces the yield, and
enhances pathogen-inflicted damage [8]. With a
strong development of broomrape in fields, the
sunflower yield loss can amount to 100% [9].

Genetic resistance to broomrape is
considered the most effective and cheapest
method of sunflower protection. Accordingly, the
creation of resistant hybrids is a priority of
heterosis breeding.

In the current scientific literature, the
resistance of sunflower to broomrape is described
either as a qualitative or as a quantitative trait.
Investigations of a qualitative trait involves two
degrees of expression: resistant or susceptible
(vertical resistance). According to this
distribution, the resistance of sunflower to race F
is controlled by recessive alleles located in two
loci [10], one dominant gene [11] or two
dominant genes [12]. This information was
gained by studying broomrape-induced damage
to plants of the second hybrid generation (F2)
using the traditional Mendel analysis.

The role of quantitative trait loci (QTL) in
the resistance of sunflower to broomrape
(horizontal resistance) was also established. For
example, Pérez-Vich B. et al. [13] identified five
loci of quantitative traits that determine the
resistance to race E and six loci that determinne
the resistance to race F. Imerovski I. et al. [14]
mapped from two to 23 QTL associated with
resistance to broomrape in the sunflower genome.
The role of individual QTL in the resistance to
broomrape is moderate [15, 16, 17], however, due
to their accumulation, sunflower acquires
resistance to certain races of the parasite.

Complex systems of genetic control of a
trait require the development of new strategies to
create resistant breeding materials, which involve
a combination of qualitative and quantitative
mechanisms of resistance [18]. There are
sunflower hybrids, the vertical resistance of which
is determined by the Orl...Or5 genes (resistance



Bonu HaBiTh 3a ypaXeHHS BOBYKOM pacu G MaroTh
cepeHid CTYMiHb YypaKeHHs, Ha BIAMIHY BIX
3BUYANHUX «I1 ATHPACOBUX» TiOpUiB.

Jis  BUBUEHHS yCHAigKyBaHHS KiIbKiCHUX
O3HaKy pociuH 3aIPOIIOHOBAHO qUMao
CTaTUCTUYHUX METOMAIB, HAWMIBUALIMM 3 SIKHUX
BBa)XAIOTh METOJ JiaielbHoro aHamizy [20], 3rigHo 3
SIKUM TEHEeTHYHY 1H(pOpMaIliio OTPUMYIOTh MUITXOM
BUBYCHHS POCIHH TMEPLIOTO TiOPUAHOTO MOKOJIIHHSA
F1. [ianensHuii anamiz Ja€ 3MOTY BHUBYUTH
TCHETHUYHI 0COOJIMBOCTI JHIH, OTpUMaTH
iHpopMaIlito Tomo Jii Ta B3aEMOJii anemiB, sKi
KOHTPOJMIOIOTh KUIBKICHI O3HaKH B pociuH. Mertox
MPOJIEMOHCTPYBAaB ~ BUCOKY  €(eKTUBHICTb Y
BU3HAYEHHI TEHETUYHOTO KOHTPOJIIO
MOp(OJIOTiyHMX, OIONOTIYHMX O3HAK 1 O3HAK
MIPOIYKTUBHOCTI pociuH. Llei MeTon TakoK yCIiITHO
3aCTOCOBYIOTh JUIA  JOCIHIMKEHHS T'€HETUYHOTO
KOHTPOJNIO ~ CTIHKOCTI  CIIBCBKOTOCHONAPCHKHUX
POCIMH 1O JHMCTKOBUX XBOpoO [21, 22]. Orxe €
migcTaBu IS MPOBEACHHS JOCIIKEHb
YCIaaKyBaHHS CTIMKOCTi /O BOBYKA 32 JOMOMOTOIO
METOAY JiaielbHOTO aHai3y.

Metoto  pobotm  Oyno  BCTaHOBJICHHS
3aKOHOMIPHOCTI yCIIaKyBaHHS CTIMKOCTI
COHSIIITHUKY /IO BIpYJIGHTHHX pac BOBUKA B TIOKOJIiHHI
F1 Ta BumineHHs iHIA-IOHOPIB CTIHKOCTI cepen
CENIeKIIIHOTO Marepiainy [HCTHTYTy POCIMHHHIITBA
im. B.4. FOp’eBa HAAH VYkpainu.

MeToauka

Hocnimpkenns nposeaeHo y 2023-2024 pp. Ha
MOJISIX HayKOBOI ciBO3MiHK IacTuryTy
pociuuHunTBa iM. B.S. FOp’eBa HAAH i B ymoBax
TEIUTUII Ha eKCTIEPUMEHTANBHIN 0a3i IHCTUTYTY.

VY N0NbOBMX YMOBax BHCIBAIM BICIM JIiHiM-
0aThKiBCHKAX KOMITOHEHTIB riopuaiB. BuponryBanHus
NMiHIM TpPOBONWIM 32 MPHUHATOI® B 30HI
BUPOIIYBaHHS arpoTexHooriero. [lonepeqHuk — sipi
3epHOBI KosmocoBi. CiBOy NHpOBOOMIM B IEPLIiH
nexani TpaBHsA. Mikpsana 0,7 M, BigcTaHb MiX
pocimunaamu 0,25 M.

[MoromHi yMOBH BIPOJOBXK BEreTaIiiTHOTO
MepioAy COHSIIHHUKY (TpaBEeHb—BEPECEHBb) ICTOTHO
BIJIPI3HSUTUCH 3a POKaMu JociipkeHb. Y 2023 pori
cepenHbo1000Ba TeMIIeparypa BIPOIAOBK IEPioLy
CTaHOBHJIA 19,8 °C 1 TIEpEBUILINIIA
cepennpobararopiunuii mokasHuk (18,5 °C) Ha
1,3 °C, abo Ha 7%. Cyma omaniB cranosmia 291,0
MM, mo Ha 21,9 mMm, abo Ha 8%, BHIIE 3a
cepenHbobaratopiuay cymy (269,1 mm). 3arauom,
picT i po3BUTOK COHSMIHKUKY Y 2023 pori mpoXo/uB B
CTHPUSITIINBUX TTOTOIHUX YMOBAX.

to races A-E) [19]. Such hybrids have an
additional horizontal resistance system - "system
2". They are moderately damaged, even if they are
affected by broomrape race G, unlike traditional
"five-race" hybrids.

A lot of statistical methods have been
proposed to study the inheritance of quantitative
traits of plants, diallel analysis is considered to be
the fastest of them [20]. In diallel analysis, genetic
information is obtained by investigating plants of
the first hybrid generation F1. Diallel analysis
allows studying the genetic peculiarities of lines,
to obtain information on the action and interaction
of alleles that determine quantitative traits in
plants. The method was demonstrated to be highly
efficient in studies of the genetic control of
morphological, biological and performance traits
in plants. This method is also successfully used to
study the genetic control of resistance of
agricultural plants to foliar diseases [21, 22].
Therefore, there are grounds for studying the
inheritance of resistance to broomrape by diallel
analysis.

The purpose of this study was to determine
the inheritance patterns of resistance to virulent
broomrape races in F1 sunflower generation and
to select lines-donors of resistance among the
breeding materials of the Yuriev Plant Production
Institute of NAAS of Ukraine.

Methods

The study was conducted in the scientific
crop rotation fields of the Yuriev Plant
Production Institute of NAAS in 2023-2024 and
in an experimental greenhouse of the Institute.

Eight lines — hybrids’ parents were sown in
the field. They were grown in accordince with the
farming techniques adopted in the cultivation
area. Spring spiked cereals were the forecrops.
The lines were sown within the first 10 days of
May. The inter-row width was 0.7 m; the distance
between plants was 0.25 m.

The weather during the sunflower growing
period (May—September) differed considerably
from year to year. In 2023, the mean daily
temperature during this period was 19.8°C,
which was higher than the long-term average
(18.5°C) by 1.3 °C, or by 7%. The precipitation
amount was 291.0 mm, which was 21.9 mm, or
8%, more than the long-term average (269.1
mm). In general, the weather in 2023 was
favorable for the growth and development of
sunflower plants.
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VY 2024 pori cepenHbomoO0oBa TeMIIeparypa
BIIPOZIOBXK TMEPiOy TpaBEeHb—BEPECEHb CTaHOBHJIA
21,7°C 1 mepeBumnna cepeaHbOOAraTopiuHUMI
moka3Huk Ha 3,2 °C, abo Ha 17,3 %. Cyma omani
Oyna 97,0 mm, o Ha 172,1 mm, abo Ha 36,0% MeHIIe
BiJ cepeanbobararopiuHoi cymu. Ilorogni ymoBH
2024 poxy XapaKTepH3yBaJIUCS HEPIBHOMIPHUM
PO3IOIIIOM OTIaiB, OLTbIIA YaCTHHA SKUX BHIIAa B
nepuriii MoJOBMHI BereTauii COHAIIHWKA. Jlpyry
MOJIOBUHY BereTauii CynpoBOMKYBAJIM aHOMaJbHi
TeMIIepaTypy TOBITPSI Ta BIICYTHICTH OMa/IiB.

3amydeHi o pocnmigy JiHII pi3HWIHMCA 3a
CTIMKICTIO 0 BOBYKa, >KUPHOKHCIOTHUM CKJIaJI0M
OJIi1, TPUBAICTIO BETETAIIHHOTO MEPioy Ta IHIIUMHU
O3HaKaMH 1 okazHuKamu [23]. Yotupu gociimkeHi
miuHii - MHI-3aKpiluTioBaYi  CTEPUIIBHOCTI
xapkiBcbkoi cenekiii (X 1006 b, X 81 b5, X 83biX
808 b). Yotupm miHI — miHII-BiIHOBHHUKH
(depTUIBHOCTI TWIKY — 3pa3ku HamioHanbHOTO
LHEHTPY TEeHETHYHHX PECYpCiB pOCIHMH YKpaiHH 3
Homepamu HarmionaneHoro kartamory [U 075134, U
075135, TU 075136 1 IU 075137. ¥V 2023 poui B
MOJBOBUX YMOBAaX 3a BUKOPUCTAHHS LUX JIiHIHA
peanizoBaHO ~ CXpEIlyBaHHS 32  HEMOBHOIO
TiaenpHOI0 cxeMor 8%8. 3a JomoMororo ¢i3udHOT
KacTparii KBiTOK Ha (EepTUIIBbHII OCHOBI OTPUMAaHO
Hacins F1 28-mu riOpuaHux koMOiHaIiH.

Juis omiHKM ypaxeHHs JiHIM Ta TiOpuaiB
BOBYKOM, B YMOBax TEIUIMII BHUCIBAIM HACIHHS
3pa3KiB COHANIHUKY Bpoxato 2023 poky (BiciM JiHi
i 28 F1 ribpunanx xombOinatiit). BukopucroByBanu
HaCiHHS BOBUKa, 3i0pane B 2021 pori B XapKiBChKiit
obmacti, Ha TONSAX 3 ICTOTHHUM Ypa)KEHHSM
COHSIIHMKAa BOBYKOM. HaciHHS mociiKyBaHUX
3pa3KiB BUCIBAJIU B IDIACTUKOBI cTakaHU 00’ eMoM 0,5
7, 3alOBHEHI iH()IKOBAHOK BOBYKOM IPYHTOBOIO
cymimmmio (2 © HaCiHHA BOBYKA Ha 5 KI' IPYHTY).
HeoOximHi  ymMOBM  Uii  PO3BUTKY  BOBYKA:
Temreparypa mositps +24..+28 °C; BimHOCHa
Bosioricth 1oBiTpst  70...80%; 16-TM TOAMHHUI
¢oronepion; perynsipauii nonuB. OOMIK KUJIBKOCTI
Oyn1p004OK Mmapaszurta npoBoawin yepes 40 mid micis
ciBOM HACIHHSI COHSIITHHKA.

Sk craHmapT CHPUHHSATIMBOCTI 1O BOBYKa
BUKOpUCTOBYBaH JiHito X 2111 b, mo He Mae reHis
CTIMKOCTI 70 BOBuKa. J[jisi BHM3HAUEHHS PAaCOBOIO
CKJIa/ly BOBYKA BHKOPHCTOBYBAJIM 3arajibHOBIIOMHIN
y CBITOBiHl cenekuiiHii npakTuli audepeHuiarop
crifikocti 10 pacu E — minito LC1003 B (nomep
Hamionansaoro karamory HUT'PPY UE0101210), i
riopun Spuno cenekuii [HCTUTYTY pOCIMHHHULITBA
im. B.S1. FOp’eBa HAAH, criiikuii no pacu F BoBuka.

VYpaxeHHsI POCIMH BOBYKOM BHU3HAYAIN
Bi3yaJIbHO, IUISIXOM MiJPaxXyHKY KUTBKOCTI 3JI0POBHX
Oynb00OUOK MapasuTa Ha KOPEHSX MOCHIHKYBaHUX
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In 2024, the mean daily temperature during
the May—September period was 21.7°C, which
was higher than the long-term average by 3.2°C,
or by 17.3%. The precipitation amount was 97.0
mm, which was 172.1 mm or 36.0% less than the
long-term average. The weather in 2024 was
characterized by uneven distribution of
precipitation, most of which fell during the first
half of the sunflower growing period. The second
half of the growing period had abnormal air
temperatures and no precipitation.

The tested lines differed in resistance to
broomrape, fatty acid composition of oil,
growing period length, and other characteristics
[23]. Four lines are sterility fixers bred in
Kharkiv (Kh 1006 B, Kh 81 B, Kh 83 B, and Kh
808 B) and the other four lines - pollen fertility
restorers from the collection of the National
Center for Plant Genetic Resources of Ukraine
(NCPGRU) (National Catalog numbers [U
075134, 1U 075135, 1U 075136, and TU 075137).
In 2023, these lines were crossed in the field
according to the incomplete 8x8 diallel design.
Due to physical emasculation of fertile flowers,
F1 seeds of 28 hybrids were obtained.

To assess the broomrape-inflicted damage
to the lines and hybrids, we planted sunflower
seeds harvested in 2023 (eight lines and 28 F1
hybrids) in the greenhouse. Broomrape seeds
collected in sunflower fields (located in the
Kharkivska Oblast) significantly damaged by
broomrape in 2021 were used in the experiment.
Seeds of the studied sunflower accessions were
sown in 0.5 L plastic pots filled with broomrape-
contaminated soil (2 g of broomrape seeds per 5
kg of soil). Broomrape developed under the
following conditions: the air temperature was
+24..+28 °C; the relative air humidity was
70...80%; 16-hour photoperiod was set; the pots
were watered regularly. The parasite nodules
were counted 40 days after sowing sunflower
seeds.

Line Kh 2111 B, which does not have
genes for resistance to broomrape, was used as a
reference for susceptibility to broomrape. To
determine the race composition of broomrape,
we used the well-known in the global breeding
practice differentiator of resistance to race E, line
LC1003 B (National Catalog number in the
NCPGRU is UE0101210, and broomrape race F-
resistant hybrid ‘Yarylo’ originated by the Yuriev
Plant Production Institute of NAAS.

Broomrape infestation of plants was
determined visually by counting healthy nodules



pociuH. IloBTOpHICTE TpHpazoBa. BuzHauamm
CTYHmiHb  YPaXXCHHS, SK CEPEAHI0  KUIBKICTh
Oynb00UOK BOBUKA HA OZHIN OL[IHIOBaHIM POCIIHHI.

Ja aHamizy JKHPHOKHCIIOTHOTO CKJIamy OJii
HaciHHA OyJo B3SITO 3 POCIWH, 130JHOBAHHX IIif
MEePraMCHTHUMH TIAKeTaMW Tl 4Yac IIBITiHHS.
KupHOKUCIOTHUM  CKJIa[, BU3HAYaad METOIOM
ra3zoBoi xpomMarorpadii METHIOBUX €(ipiB >KUPHUX
KHCJIOT Ha Tra3oBoMy xpomarorpadi Cenmixpom 2 3a
MoudikoBaHO MeTonukoro [leiickepa [24].

ExcnepumenTanpHi  [aHI aHami3yBadM 3a
JIOTIOMOTOI0 METOMY JUCIepCiiiHoro aHamizy [25].
3aranpHy 1 KOMOiHaLifHY 30aTHICTh BU3HAYANU 3a
amroputmoM, BukiaaennMm Griffing B.A. [26].
AHami3 TeHeTWYHHWX BIACTHBOCTEH  MiHIA 1
OOUHCITIOBaHHS KOMIIOHEHTIB T€HETUYHOI AucTepcii
MPOBOAMIIM 3 BUKOPHCTaHHSIM anroputMmy Hayman
B.I. [27]. Ockinpku dYacTHHa POCIWH, IO
OLIIHIOBAJIM, HE Maja O3HaK YpPaKEHHS BOBYKOM
(BimcyTHi OynbOOUKM TMapa3uTa Ha KOPEHSX), VIS
MPOBE/ICHHSI CTAaTUCTUYHOI OOpOOKHM 1O 3HAYEHHS
o3Haku «0,0 Oymb0OYOK BOBYKA HAa POCIHHI»
nmonasaiu 0,01, 1110 He BIUTUHYIO Ha PE3yIbTaTH, aje
JIAJI0 3MOTY OTPUMATH KOPEKTHI JaHi.

Pe3yabraTti T2 00roBOpeHHs

VYmpomosx 2023-2024 pp. BUBYANM JiHIii-
0aTbKIBCHKI KOMITIOHEHTH 3a LIHHUMU
TOCIOAPCHKIMH O3HaKaMH (Tabm. 1).
[IponyKTUBHICTE POCIMH JOCHIKEHUX JiHIH Y
cepeqHhOMY 3a JiBa POKH BapitoBana Bin 18,3 1o
40,7 T; TPUBAIICTh MEPIOAY «CXOAU-IBITIHHI) BiJ
56 no 64 1i6; Bucota pocius Big 94,2 no 143,3 cm;
BMICT oOj€eiHOBOI Kuciotd B omii Big 20,70 1o
89,11 %. HaiiBumry nponyktuBHicTh pociuau (40,7
r) 3adikcoBaHO y  BHCOKOOJETHOBOI  JiHii-
3akpimmoBada crepwibHOCTI X 83 b. Haiibinmem
PaHHBOCTHUIVIO Ta HHU3BKOPOCIIOK Oylia TrijuisicTa
NiHisA-BiTHOBHUK (epTunbHOCTI muiky 1U 075134:
56 1i0; 94,2 cMm.

CryniHb ypaXeHHs JIiHiil BOBUKOM BapiroBaB
cyrreBo. JliHii-3aKpirIroBadi CTEpUIIBHOCTI OynH
HECTIMKMMH, CTYIiHb iX ypakeHHsI CTaHOBHB: 3,89
(X 81 Bb); 2,20 (X 83 b); 3,71 (X 808 b); 3,92
(X 1006 B) 0yns0040K BOBUKA Ha OJTHY JIOCIIKEHY
pocnuny. JliHii-BiTHOBHUKH (QEPTHIBHOCTI THIIKY
MPOIEMOHCTPYBAIN BiACYTHICTb YpakKeHHS abo
HU3BKUU  CTymiHb ypaxeHHs BopukoM: 0,00
(IU 075134); 0,02 (IU 075135); 0,27 (IU 075136);
0,02 (IU 075137).

3riiHO 3 pe3yabTaraMu OIIHKK YPaKeHOCTI
nudepeHuiaropis, cTyniHb ypaxkeHHs Jinii X 2111
b 6yB BrucokuM (moran 15 Oynb0090K HA POCIUHY).
e cBimuuth mpo Te, IO YMOBU NPOBEICHHS

of the parasite on the roots of the studied plants.
It was repeated three times. The damage degree
is expressed as the mean number of nodules per
one assessed plant.

To analyze the fatty acid composition of
oil, seeds were taken from plants isolated under
parchment bags during anthesis. The fatty acid
composition was determined by gas
chromatography of fatty acid methyl esters on a
gas chromatographer Selmichrom 2 by Peisker’s
modified method [24].

The experimental data were analyzed by
ANOVA [25]. The general and specific
combining abilities were determined by the
algorithm outlined by Griffing B.A. [26].
Genetic features of the lines were analyzed and
the genetic variance components were calculated
using the algorithm of Hayman B.I. [27]. Since
some evaluated plants had no signs of
broomrape-inflicted damage (no nodules of the
parasite on the roots), for statistical processing,
0.01 was added to the "0.0 broomrape nodules on
the plant" sign, which did not affect the results,
but made it possible get the correct data.

Results and Discussion

In 2023-2024, we evaluated the parental
lines for valuable economic traits (Table 1). The
mean plant productivity in the investigated lines
varied from 18.3 to 40.7 g across the two years;
the "emergence-anthesis" period lasted 56 to 64
days; the plant height ranged within 94.2 - 143.3
cm; the oleic acid content in oil ranged from
20.70 to 89.11%. The best plant productivity
(40.7 g) was recorded for the high-oleic line -
sterility fixer Kh 83 B. The most early-ripening
and shortest was the branched line pollen
fertility restorer IU 075134: 56 days and 94.2
cm, respectively.

The broomrape-induced damage varied
significantly in the lines. The sterility fixers
were susceptible; their damage amounted to
3.89 (Kh 81 B), 2.20 (Kh 83 B), 3.71 (Kh 808
B), and 3.92 (Kh 1006 B) broomrape nodules
per one examined plant. The pollen fertility
restorers were not or little damaged by
broomrape: 0.00 (IU 075134), 0.02 (IU
075135), 0.27 (IU 075136), 0.02 (IU 075137)
nodules.

Based on to the results of the assessment
of damage related to the differentiators, the
damage in line ‘Kh X 2111 B’ was severe (more
than 15 nodules per plant), indicating that the
experimental conditions were favourable for to
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nocuiny Oynmu CHOpUHHSATIMBUMH JJsI PO3BUTKY
mapasurta. Jlimis LC 1003 B — mmudepenmiarop
cTiiiKocTi 10 pacu E — mpompeMoHCTpyBajia BUCOKHI
CTYNiHb ypaX€HHS BOBYKOM, 8,6 OynbOOYKH Ha
pociMHy, a CTyIiHb ypaeHHs ribpuma SApwio,
critikoro jo pacu F BoBuka, Oy:a Heznaunoro (0,43).
Omxe HaiOIIBII BipyleHTHa paca B CKJIanl
JOCHIKeHOI TTOMyJIsIil BOBYKA BU3HAYCHA SIK paca
F.

TakuM  9YMHOM, YCTaHOBIEHO  CYTTEBY
PI3HULIO MDK CaMO3alMJICHUMH JIiHIIMH  3a
CTifiKicTI0O mo pacu F BoBuka, 1m0 30iraerbcs 3
pe3ynprataMy, OTPUMAHUMH IHIIMMHU HAyKOBLISIMU
[10-12, 28].

3a pe3ynbTaraMu IUCHEPCIHHOTO aHAJI3y 3a

O3HAKOI0  «KUIbKiCTh OynbOOYOK BOBUKa Ha
pocmuHi» 28-Mu  TiOpumIiB  Ta BOCBMH  iX
0aTbKIBCHKUX  KOMIIOHEHTIB, HasBHI  1CTOTHI

BIIMIHHOCTI MDK TiOpHUIHUMH KOMOIHAIlISIMH, Ta
BIJICYTHI BiIMIHHOCTI Mix TToBTOpeHHsIMH. Le mamo
3Mory oOuuciuta edektn 3aranbHoi (3K3) Ta
cnerdiunoi (CK3) xombOiHamiitHOi 3maTHOCTI
TiHid, ski Oymu 3Haunvumu (P<0,01). 3HaunMumu
Oynu sik cepenni kBanpatu 3K3 (15,7), Tak i cepenni
kBagparn CK3 (2,0). Crnenudiuna xomOiHariiiHa
3MIaTHICTh 3YMOBJICHA HEAIUTHUBHUMH C(EKTaMH,
TOMY 3HA4MMICTh cepeaHboro kpagpara CK3
CBITUATH TPO [IOTIOBHEHHS AaIWUTHBHUX e(eKTiB
reniB (3K3) neanutuBnumu. Cepenniii kBaapar 3K3
nepeBuiuB cepenHiil kagpar CK3 y 7,85 pasa, mo
JIOBOJIUTh  TEPEBAKAHHS  AJUTHBHUX  e(EKTiB
0aTHbKIBCHKUX JIIHIN HaJl HEQAUTHUBHUMU.

Haiikpami 3a 3K3 ninii Bu3Ha4any sk JiHii 3
MiHiManbHUMH 3HaueHHsMH 3K3, oTke Taki, sKi B
riOpuHUX KOMOIHAISIX YTBOPIOIOTH MiHIMaIbHY
KUIBKICTB Oyiib0040K. J{0 TakuX JIiHiH BiJHECEHO BCI
NiHiI-BiqTHOBHUKHN (epTuibHoCcTI muiky: [U075134
(BK3  pmopiearoe -1,32); TUO075135 (-1,20);
10075136 (—0,99); 1U075137 (-1,02), 3HayeHHs
3K3 sikux Oynu BipOTiTHO MEHIIIMMH BiJl CEPEIHBOT
(tabm.  2). Jlinii-3akpimnoBadi  CTEPUIBLHOCTI
BU3HAYEHO SIK JIiHii, TIOpUIN 3 SKUMH YTBOPIOIOTH
MakCHMaJlbHy KinbkicTh OynsOouok: X 81 b (3K3
nopiearoe 1,22); X 83 b (0,57); X 808 b (1,71); X
1006 b (1,02). 3 Bemmumn HIPoos momapHoro
nopiBasHHSA edekriB 3K3 0,40 BumHO, mo miHig X
83 b opmye Oinbl CTIHKI TIOPUAM, HIXK THIII JTiHIi-
3aKpimToBadi crepuibHOCTI. Pisauns 3a 3K3 niniii-
BiJTHOBHUKIB epTHIbHOCTI Oyina B Mexax HIPg s.
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the parasite development. Line ‘LC 1003 B’, the
differentiator of resistance to race E, were
severely affected by broomrape (8.6 nodules per
plant), broomrape race F-resistant hybrid
‘Yarylo’ was mildly affected (0.43 nodules).
Therefore, race F was defined as the most
virulent race in the studied broomrape
population.

Thus, there were significant differences in
the resistance to broomrape race F between the
self-pollinated lines, which in agreement with
results obtained by other scientists [10—12, 28].

ANOVA results on the number of nodules
per plant in the 28 hybrids and eight their
parents demonstrated significant differences
between the hybrids and no differences between
replications. This allowed us to calculate the
effects of general (GCA) and specific (SCA)
combining abilities of the lines, which were
significant at P<0.01. Both the mean square of
the GCA (15.7) and the mean square of the SCA
(2.0) were significant. The specific combining
ability is due to non-additive effects; therefore,
the significance of the mean square of the SCA
indicates supplementation of the additive effects
of genes (GCA) with non-additive ones. The
mean square of the GCA exceeded the mean
square of the SCA by 7.85 times, proving
predominance of additive effects over non-
additive ones in the parental lines.

The best lines in terms of the GCA were
defined as lines with minimum values of the
GCA, that is, those that form the minimum
number of nodules in hybrid combinations.
These lines included all pollen fertility
restorers: 1U075134 (GCA = 1.32), IU075135
(1.20), TUO75136 (-0.99), and TU075137 (-
1.02); the GCA values were significantly lower
than the mean (Table 2). The sterility fixers were
defined as lines whose hybrids had the
maximum number of nodules: Kh 81 B (GCA =
1.22), Kh 83 B (0.57), Kh 808 B (1.71), and Kh
1006 B (1.02). From the LSDOS5 of the pairwise
comparison of the GCA effects (0.40), we can
see that line ‘Kh X 83 B’ gave more resistant
hybrids than the other sterility fixers. The
difference in the GCA between the fertility
restorers was within the LSDys limits.

11



9T1 "$T0T 'uononpoid padg pue Surpeard Jue[d '6566-9701 NSSI

4!

Tadmuus 1. [ocriogapckki 03HaKM caMO3aNWICHHUX JTiHIH-0aThKiBChKMX KOMIIOHEHTIB TiOpU/IiB COHSIIHUKY, 3aJIy4SHHUX JI0 JiajelbHOl CXeMH cxpenryBanb, 2023-2024 pp.
Table 1. Economic characteristics of the self-pollinated lines - sunflower hybrids’ parents involved in diallel crossings, 2023-2024

[TpoyKTHBHICTH POCIIMHHY,

TpuBanicts nepiony «cxonu-

Jlinis / Line, r Hacinug / Plant UBITIHHY», 10 / «Emergence- Bucora phO(EHHHH’ cm / Plant B.M T .. .
ribpua / hybrid, 3pazox productivity, g of seeds anthesis» period, days eight, cm O/ICIHOBOL Crynins
HanionansHoro TinnscricTs / KHCH?,/T%I; yP a)KeH}i)H /
KéTatmlo ry/ Nati(?nal Branchiness 202 202 cepenne / cepenne / cepenne / ((.))JII(IJ,II’C &;)Cid BBOr];l(I)I:r?:glpe
atalog accession 023 024 Mean 2023 2024 Mean 2023 2024 Mean content in damage?
oil, %Y
X81B/Kh81B Hi/No 15.6 21.0 18.3 62 61 62 108.2 92.3 100.3 37.00 3.89
X 83Bb/Kh83B Hi/No 45.1 | 36.2 40.7 63 63 63 122.0 104.0 113.0 89.11 2.20
X 808 b/ Kh 808 B Hi/No 34.2 40.4 37.3 65 63 64 120.5 107.1 113.8 24,17 3.71
X 1006 b/ Kh 1006 B Hi/No 36.7 | 30.3 33.5 58 56 57 117.7 108.1 112.9 20.70 3.92
IU 075134 /1U 075134 Tak / Yes 15.3 20.2 17.8 57 55 56 95.8 92.6 94.2 29.95 0.00
IU 075135/ IU 075135 Tak / Yes 24.6 25.2 24.9 59 57 58 124.2 120.9 122.6 26.32 0.02
IU 075136 / IU 075136 Tak / Yes 17.8 23.7 20.8 62 60 61 148.3 138.2 143.3 46.40 0.27
IU 075137/ IU 075137 Tak / Yes 31.0 16.9 24.0 63 60 62 130.0 113.3 121.7 85.12 0.02
LC 1003 B/LC 1003 B - 8,60
Spuo / Yarylo - 0.43
X 2111 B5/Kh2111B — 15.3

[pumitka. Y —

HaciHHs Bpoxkaro 2023 poky

Note: D — seeds harvested in 2023.
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TakuM YHHOM, JIOBEJCHO 3HAYHMICTh SK
aJUTUBHUX, TaK 1 HEQJUTUBHHUX €(EKTIB TCHIB B
YCHaJKyBaHHI CTIMKOCTI COHSIIHHMKA JIO BOBYKA.
AHasoriuHi pe3yabTaru aTUTUBHOL Ta
HEaTUTUBHOI il TeHiB Oynu OoTpUMaHi IS O3HAK
CTIHKOCTI COHAIIHUKA A0 30yIHHUKIB XBOpOO,
Hanpukiaza s pomo3zy (Phoma macdonaldii) [29].
Omiakn cepennix kBaapatiB 3K3 i CK3 mokazanm,
[0 BIUIUB QJWTUBHHUX €(CKTIB y T'CHECTHYHOMY
KOHTPOJII CTIMKOCTI 70 BOBYKa OYyB CYTTEBO
OlTBITMM, HDK BIUIMB HEaAUTHUBHHX cdekTin. lle
OaxxaHe SIBHINE, OCKUIBKH CHpPUSE MPOrpecy B
CeleKIlil Ha MiABUIIeHHs cTikkocTi [30].

Thus, the significance of both additive and
non-additive effects of genes in the inheritance of
sunflower resistance to broomrape was proven.
Analogous results on additive and non-additive
effects of genes were obtained for the resistance
of sunflower to pathogens, for example, for black
stem disease (Phoma macdonaldii) [29]. The
mean squares of the GCA and SCA showed that
the additive effects in the genetic control of
resistance to broomrape were significantly
stronger than the non-additive ones. This is a
desirable phenomenon, as it contributes to
progress in breeding for increased resistance [30].

Taonauus 2. 3aranpHa (3K3) i cnenudivuna (CK3) 3naTHIiCTh MiHIH-0aTHKIBCHKMX KOMIIOHEHTIB TiOpUAIB COHSIIHUKY
JliaJIeTbHOT CXEMU CXPEIIyBaHb 338 03HAKOK «KUIBKIiCTh OyIIO0OY0K BOBUKA Ha POCIIIHI»
Table 2. General (GCA) and specific (SCA) combining abilities of the lines - sunflower hybrids’ parents in the diallel

crossings for the "number of nodules per plant" trait

Edextn | Bapiancu Edextn CK3 / SCA effects
Tinia / Line | K3/ | CK3/SCA | X835 | X808B | X1006B || ,075134 /| jug75135 /| 1U075136 /| 10075137 /
GCA | variances | /Kh | /Kh T /KN 15075134 | 1U075135 | 1U075136 | 1U075137
effects 83B | 808 B | 1006 B

X8lB/
Kh 81 B 1.22 2.97 252 | 094 2.52 -1.35 -1.58 -1.08 -1.71
XBBIKN 057 2.19 ~ | 254 | 040 | —070 | -093 | -093 | -1.06
X 808 b/
Kh 808 B 1.71 241 - - 2.09 -1.79 —0.57 -1.07 0.41
X10065 /
Kh 1006 B 1.02 2.22 - - - -1.15 =122 -1.10 -1.36
1U075134 /
1U075134 -1.32 1.35 - - - - 0.96 0.92 0.95
1U075135/
1UO75135 -1.20 0.99 - - - - - 0.88 0.74
1U075136 /
1U075136 -0.99 0.89 - - - - - - 1.03
1U075137 /
luo7s137 | ~n02 | 108 - - - - - - -

Ipumitka 1. HIPg o5 mopiBusiuust edextiB 3K3 i3 cepennnoro (0,00) 0,25.

Ipmmitka 2. HIPg o5 momapHoro nopisasHES edekris 3K3 0,40.

[Mpumitka 3. HIPg o5 nopiBusinus edexriB CK3 i3 cepenuporo (0,00) 1,14.

[Mpumitka 4. HIP o5 monapHoro nopiBusHHs edexriB CK3 1,28.

Note 1: LSDys of the pairwise comparison of the GCA effects with the mean of (0.00) 0.25.

Note 2: LSDys of the pairwise comparison of the GCA effects 0.40.

Note 3: LSDys of the pairwise comparison of the SCA effects with the mean of (0.00) 1.14.

Note 4: LSDys of the pairwise comparison of the SCA effects 1.28.

Bapiancu CK3 JiHIA-3aKpIIIOBaYiB
CTepWIBHOCTI OynmM  BHCOKMMH  (TI€PEBUIIMIH
cepennro Bapiancy CK3 1,76). Takum 4YuHOM,
OKpeMi TriOpuaHi KOMOIHAIl 3 y4acTIO IMX JIHIH
BUSIBWJIUCS OLJIbII CTIMKHUMHM, HDK 1€ MOXXKHA OYJI0
ouikyBath Ha ocHoBi ix 3K3. 3a 3HaueHHAMU
epexriB CK3, mua mimii X 81 B ue riopuasi
rkomOiHarii X 81 b x [U075134; X 81 b x [UO75135
1 X 81 b x1U075137. Ans minii X 808 b e riopuaHa
komOiHamiss X 808 b x IU075134.  Jns  minil
X 1006 b e riopuaHi KOMOiHaIIii

ISSN 1026-9959. Cenexrtist 1 HaciHEuATBO. 2024. 126

The SCA variances of the sterility fixers
were high (higher than the mean SCA of 1.76).
Thus, some hybrid combinations derived from
these lines appeared to be more resistant than
might be expected on the basis of their GCAs.
Based on the SCA effects, these were hybrids
‘Kh 81 B x TU075134’, ‘Kh 81 B x IU075135°,
and ‘Kh 81 B x [U075137’ for line ‘Kh 81 B’.
For line ‘Kh 808 B’, ‘Kh 808 B x [TU075134” was
such hybrid combination. For line ‘Kh 1006 B’,
these were hybrids ‘Kh 1006 B x 1U075134°,
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X 1006 b x 1TU075134; X 1006 b x TU075135 1 X
1006 b x TUO75137.

Amnamiz 3a XelMaHOM JaHHMX JlaJedbHHUX
CXpelllyBaHb  8X8  TMOKa3aB  HEBIJMOBIIHICTh
EKCTIEPUMEHTAILHUX JTAHUX aJUTHBHO-TOMIHAHTHIN
mozedni. [TapameTp Vr BimoOpakae BapiaHcy ciMei 1-
ToTO pimy; Wr BimoOpakae KoBapiaHCy MIX CiM MU
[-TOTO PSy Ta iX HEPEKYPEHTHUMH OaTbKaMHu.
3naueHHs koedinieHTy perpecii b Wr Ha Vr
nopiBaIOBaI0 0,585 1 BiporigHO BiAPI3HAIOCS Bix
onuHMII. VIMOBIpHOIO TPHYMHOIO ILBOTO €
YCIMAJKyBaHHS 32 THIIOM eIicTa3y. YCHaJKyBaHH:I
CTIHKOCTI 10 BOBUKa pacu F B okpemMux riOpuaHUX
KOMOIHAIIISIX 32 THIIOM €ITiCTa3y BCTAHOBJICHO TaKOX
JOCTDKeHHSIMH iICTIaHCHKUX HayKoBIIiB [12, 31].

Jlis pUBEICHHS TaHWX Y BiINOBITHICTH J0
AJIUTUBHO-JOMIHAHTHOI MOJETl MH TIOYEPrOBO
BUIYYWJIW 3 BUXIJHUX JaHWX [JBi JiHII 3
MaKCHUMalbHAMHU 3Ha4eHHsMU pizHumi (Wr-Vr) —
nmapamMeTpa, KUl Ma€ OyTH KOHCTAaHTHHM JUIS BCIX
CTPOK JianenbHOl Tabmuii. TakuMu JiHISIMU
BrsiBrutHCA JTiHIT X 81 b1 X 808 b.

[omampmmii  aHami3 JaHWX  JdiaJeTbHUX
CXpeIIyBaHb 6x6 MOKa3aB BIJITIOBITHICTh
CKCIIEPUMEHTAILHUX TAHUX aJUTUBHO-TOMIHAHTHIN
Mozeni. 3HaueHHS — KoedillieHTy perpecii b
nopisaioBaio 0,987 i BiporigHO HE BIAPI3HSIOCS Bif
OIUHULI.

V Tabnuui 3 HaBeIEeHO 3HAYEHHS KOMIIOHEHT
reHeTHYHOl Bapiamii 3a XelMaHOM 3a O3HAKOIO
«KUTBKICTh OyNIbOOYOK BOBYKA Ha POCIHUHI» IPH
MOBHOMY Ha0Opi JiHIH Ta 3a BUIYYECHHS 3 aHaIi3y
meox JtiHiK (X 81 b1 X 808 Bb). SIk anuTrBHA a, TaK i
JIOMIiHAHTHA b KOMITOHEHTH TE€HETHYHOI Bapiarii
Biporigini Ha BHcokoMy piBHi (P<0,01). Orxe, B
CUCTEeMI peryJsiiii CTIHKOCTI /0 BOBYKA BaXKJIMBI
00H/1Ba KOMIIOHEHTH.

‘Kh 1006 B x TU075135’, and ‘Kh 1006 B x
1U075137°.

Hayman's analysis of the 8x8 diallel
crossing data showed the inconsistency of the
experimental data with the additive-dominant
model. The Vr parameter reflects the variance of
families in the rth array; Wr reflects the
covariance between families in the rth array and
their non-recurrent parents. The regression
coefficient (b) of Wr on Vr was 0.585,
significantly differing from 1. This can be
attributed to epistatic inheritance. Epistatic
inheritance of the resistance to broomrape race F
in some hybrid combinations was also revealed
in studies by Spanish scientists [12, 31].

To bring the data into line with the
additive-dominant model, we alternately
excluded from the initial data two lines with the
maximum values of the difference (Wr—Vr), the
parameter, which must be constant in all rows of
the dialel table. ‘Kh 81 B’ and ‘Kh 808 B’ turned
out to be such lines.

Further analysis of the results on 6x6
diallel crosses showed that the experimental data
were consistent with the additive-dominant
model. The regression coefficient b was 0.987,
not significantly differing from 1.

Table 3 shows the genetic variance
components from Hayman’s analysis of the
"number of nodules per plant" trait for the
complete set of lines and after exclusion of two
lines from the analysis (Kh 81 B and Kh 808 B).
Both the additive a and dominant b components
of genetic variance were highly significant
(P<0.01). Therefore, both components are
important for the regulation of resistance to
broomrape.

Tab6mus 3. KoMnoHeHTH reHeTHYHOT Bapiallil 3a XeiHMaHOM 3a 03HAKOK «KITbKICTh OYyJIO0OYOK BOBUKA HA POCITHHI

npu ToBHOMY (8%8) 1 ckopoueHOMY (6% 6) Habopax JiHiH

Table 3. Genetic variance components from Hayman’s analysis of the "number of nodules per plant" trait in the full

(8%8) and reduced (6x6) sets of the lines

KommoHeHT Kinekicte | IMoBuwmii HaGip miniii (8%8) / Full set of CkopoueHuii HaoOip JiHiH /
TFeHETHYHOT CTYIEHIB the lines (8x8) (6x6)Reduced set of the lines (6x6)
Bapiarii / cBobomu/ | cepenniit cepenHii
Genetic Freedom kBampat/ | Foaer./ | Freop./ kBampat / | Fgacr./ | Freop./
variance degree Mean Fobs. Fiheor. P Mean Fobs. Fineor. P
Component number square square
a 7 47.1 75.40 2.14 | <0.01 7.85 28.10 | 245 | <0.01
b 28 6.1 9.72 1.64 | <0.01 1.79 6.41 | 192 | <0.01
b: 1 1.1 1.74 3.98 0.19 6.48 23.21 | 4.08 | <0.01
b2 7 3.1 4.97 2.14 | <0.01 1.55 5,54 | 2.45 | <0.01
b3 20 7.4 11.77 1.72 | <0.01 1.40 5.02 | 2.12 | <0.01
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3a BWIyYeHHS IBOX JiHIN (cxema 6%6), Ha
Bucokomy piBHi (P<0,01) BiporizHUMU BUSBUIHCS
qacTku edekriB nominyBanHs D1, by 1 ba.
3HaunMicTh KOMIIOHEHTH D1 BKasye, 110 BennvynHa
CepemHbOL 0aThKIBCHKHX KOMIIOHEHTIB
BIJIPI3HSAETHCS Bl CEPEAHBOI TIOpUIIB, OTKE
cepeqHe NOMiHyBaHHS He mopiBHIOE (. 3HAUMMICTD
KOMITOHEHTH Dy BKasye Ha acHMETpil0 pO3MOIiITy
TCHIB, 110 BU3HAYAIOTh €(EKTH NOMIHYBaHHS, MK
JIHIIMU-0aTHKIBCbKUMH KOMITOHEHTaMU. Y IIbOMY
BUIAJKY, KOMIIOHEHTA « OI[HIOE€ HE aAUTHUBHY
Bapiallito OKpeMo, a 3arajbHy TCHCTUYHY Bapiallito.
3a KOMIIOHEHTOI D3, B OKpemMux TriOpHIHHX
KOMOiHAIlisIX IPUCYTHE CHeu(iTHe JOMIHyBaHHS.
3a HassBHOCTI €IiCTaTHIHUX B3aeMOJIiH (cxema 8% 8)
KoMITOHEeHTa D, OyIia HeBipOTiIHOKO.

BennunmHM Ta 3HAYMMICTh TEHETHYHHX
mapaMmeTpiB JiHIA 3a XeilMaHOM HaBEACHO B
tabmii 4. B o0Oox BapiaHTax 3HAYUMOK Oyja
BeIMYMHA KOMIOHeHTH D, mo Tectye ajauTHBHI
edekTu TeHiB, i komnoHeHT Hii Ho, ski TecTyoTh
JIOMiHaHTHI €()eKTH TeHiB.

Y cxemi 8x8  BH3HAaYeHO  iCTOTHE
MepeBakaHHS  JOMIHAHTHHUX  eQeKTiB,  II0
CylepeunTh BHCHOBKaM 3a ['pudinrom, sxi
HaBEeICHO BWIIE. Y CXeMi 3a BWIYYEHHSIM JIBOX
TiHi 3HadeHHs napamerpa D Oyio nemo HibKIuM
BiJl 3HaYeHHs mapameTpa Hi, oT’Ke B TeHETHIHOMY
KOHTpOJII CTiHKOCTI 10 BOBYKAa MEpPEBaXalOTh
aJMTHUBHI €(eKTH IreHIiB. Y TakoMy pa3i reHeTHYHa
MIHJIMBICTh, Ky MH CIOCTEPIraeMo MiX JiHIsIMH-
0aTbKIBCBKMMH  KOMIIOHEHTAMH, Ma€ BHCOKY
yCIaJKOBYBaHICTb, a J00ip B  HACTYITHUX
MTOKOJIIHHAX OyJ1e BUCOKOE(PEKTUBHUM.

B o00ox cxemax, 3a BIpOTiIHUM 3HAYEHHSIM
napamerpa Hp, TeHM CTIHKOCTI PO3MOJIiNEHI
HEPIBHOMIPHO MK 0aThKiBCHKUMH JTiHiSIMU.

Kommnonenta (Hi/D)Y? 6yna Gimbmoro Bin
omuuuii (1,62) B cxemi 8x8, mo BKa3ye Ha
HQJJOMiHyBaHHSI (siIke He OyJIo BCTAHOBIEHO
aHaIIi30M OKpeMHX TriOpuaHuX KoMOiHarii). OTxe
B TaHOMY BUIIAJIKY e MOKa3HUK
HeiHQOpPMATUBHUIM. Y cxeMi 6X6 111 KOMITOHEHTa He
BizpisHsiacs Bix oguHuii (0,98), mo Bkasye Ha
MOBHE IOMiHYBaHHS.

ACUMETPUYHICTh PO3MOALTY JOMIHAHTHHX 1
pelleCHBHUX  allelliB, sIKy OyJ0  JOBEICHO
3HAQYUMICTIO KOMIIOHEHTH D2, MiATBEpIKEHO
3HaueHHsAM TnokazHuka Hx/4H:#0,25. YV BapianTi
6%6, 3a 1oAaTHUM 3HaueHHsIM mapamerpa F (2,01),
SKMH OLIHIOE HampsM acuUMeTpil po3noniity
3arajbHOI KUTBKOCTI JIOMIHAHTHHX 1 pElEeCUBHUX
aseniB y 0aThbKiBCHKUX JIiHIN, y BKa3aHOMY HaOO0pi
JHIA NepeBaXkaloTh JIOMIHAHTHI €eKTH TeHiB. Y
BapianTi 8x8 mapametp F OyB HeBiporigHUM.
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After excluding two lines (6x6 design), the
proportions of the dominance effects bs, b, and bz
turned out to be highly significant (P<0.01). The
significance of the b, component indicates that the
mean of the parents differs from the mean of the
hybrids; hence, the average dominance is not zero.
The significance of the b, component indicates an
asymmetry of the distribution of genes that
determine the dominance effects between the
parental lines. In this case, the a component
estimates not the additive variation separately but
the total genetic variation. The bs component
indicated a specific dominance in some hybrid
combinations. Upon epistatic interactions (8x8
array), the b, component was insignificant.

The values and significance of Hayman’s
genetic parameters of the lines are summarized in
Table 4. In both variants, the D component, which
tests the additive effects of genes, was significant;
so were the H; and H, components, which test the
dominant effects of genes.

In the 8x8 array, there was a significant
preponderance of the dominant effects, which
contradicts the conclusions drawn according to
Griffing, which are formulated above. In the
reduced array (after excluding two lines), the D
parameter was slightly lower than the H;
parameter; therefore, the additive effects of genes
prevailed in the genetic control of the resistance to
broomrape. In this case, the genetic variability,
which we observed between the parental lines,
was highly heritable and selection in subsequent
generations will be highly effective.

From the significant H, parameter in both
arrays, resistance genes appear to be
nonuniformly distributed the between parental
lines.

The (H1/D)Y? component was higher than 1

(1.62) in the 8x8 array, indicating overdominance
(which was not shown by analysis of individual
hybrid combinations). So, in this case, this
parameter was uninformative. In the 6x6 array,
this component did not differ from 1 (0.98),
indicating complete dominance.
The asymmetry of the distribution of dominant
and recessive alleles, which was proved by the
significant b, component, was confirmed by the
H./4H; parameter: H2/4H:#0.25. In the 6x6 array,
from the positive F parameter (2.01), which
estimates the direction of asymmetry of the
distribution of the total number of dominant and
recessive alleles in the parental lines, the dominant
effects of genes were shown to prevail in the
specified set of lines. In the 8x8 array, the F
parameter was insignificant.
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Tadanusa 4. ['enernuni nmapamerpu 3a XeHMaHOM 3a O3HAKOI «KIJIBbKICTh OYyJIbOOYOK BOBUKA HA POCIUHI» IPH

noBHOMY (8x8) i ckopoueHOMy (6X6) Habopax JiHiH

Table 4. Hayman’s genetic parameters of the "number of nodules per plant" trait in the full (8x8) and reduced (6x6)

sets of the lines

Teerwammuii napamerp / IMoBuuit HaGip n_iHiP”I / (8x8)Full set Ckopouennit HaGip ni_Hiﬁ (6x6)/
. of the lines (8x8) Reduced set of the lines (6x6)
Genetic parameter

Bennunna / Value p Bennunna / Value p
D 3.31 <0.01 2.55 <0.01
Hi 8.72 <0.01 2.44 <0.01
H2 7.77 <0.01 2.01 <0.01
(H1/D)Y2 1.62 — 0.98 —
Ho/4 Hy 16.9 — 1.23 —
F —2.98 <0.17 2.01 <0.01
F1 (X 81 B) ~18.32 <0.01 - -
F2 (X 83 B) -13.51 <0.01 —2.69 <0.01
F3 (X 808 B) ~10.58 <0.01 - -
F4 (X 1006 B) -16.26 <0.01 —6.46 <0.01
Fs (1U075134) 10.11 <0.01 5.44 <0.01
Fe (1U075135) 8.78 <0.05 5.38 <0.01
F- (1U075136) 8.90 <0.05 5.07 <0.01
Fs (1U075137) 7.08 <0.05 5.35 <0.01
r (Wr +Vr; Yr) 0.956 <0.01 0.993 <0.01
(F1=P) —0.24 — —0.71 —

Ane 3amydeHi [0 CXpellyBaHb  JTiHii However, the lines used in crossings

pI3HUIIACSA 3a CITIBBiJHOIIEHHSM TOMIHAHTHHX 1
peuecuBHux anemiB. KoedimieHT xopensmii Mix
BenuunHOO (Wr+Vr) 1 cepenHiM 3Ha4YCHHSIM
O3HaKH y OaThbKiBChKUX IJiHIN nopiBHIOE 0,993,
OTKE BIH JOJATHUH 1 3HaYnMuii. Lle cBimuuTh Ipo
Te, 110 JOMIHAHTHI aJIeJIi 3yMOBJIIOIOTh 3MEHIIICHHS
KUTBKOCTI OyIE00Y0K BOBYKA HA pociuHi. Tomy B
HAIIOMY BUNAJKY, JI0JIaTHE 3HAYCHHS MapaMeTpa
Fi cBiguuTh MpPO BIZHOCHO OUIBIIY KUIBKICTh
JIOMIHAHTHAX  ajJellB  CTIAKOCTI B JIHINA-
BimHOBHUKIB peprrnsHocTi 1U075134, 1U075135,
1U075136 i1 IU075137, a Bix'eMHe — PO BiHOCHO
OLBIIy KiNBKICTh PEIECUBHUX ajelliB B IIiHIiM-
3akpimuroBaviB crepuibHOCTI X 83 b1 X 1006 b.
Bin'emue 3nauyenHs mapamerpa (Fi—P)
(pi3HUII MK 3HAYCHHSIMH O3HAKH y T1IOpUIIB Ta Y
0aThKIBCHKUX KOMIIOHEHTIB), Y IOIIOBHEHHS 0
KoeQillieHTa KOopesiii 1, TAKOK CBIIYUTH NPO Te,
[0 JIOMIHAHTHI ayejii 3yMOBJIIOIOTH 3MCHIICHHS
KUIBKOCTi OybOOYOK BOBUKA HA POCIIHHI.
Posznonin nminiid Browx JiHii perpecii W, Ha
V, BioOpa3uB TEHETUYHY PI3HOMAHITHICTh
KOHTPOJIIOBaHHS  O3HaKu (pucyHOK). Toukm
0aThKIBCHKUX JIHIH pO3TalIOBaHi BIOBX JIiHIT
perpecii BIANOBIAHO 10 KIIBKOCTI JOMIHAHTHHX 1
perlecuBHHX anelniB. B HWxkHIN yacTuHi rpadika B
000X  BUmaAKax  po3TamoBaHi  JiHil 3
MaKCHUMAaJIbHOIO KUIBKICTIO JIOMIHAHTHHX aJIelliB
CTIMKOCTI, IKMMH BUSBHIIKCS BCI JiHIT-BI JHOBHUKHU
¢depTruiIbHOCTI MUJIIKY. Jlinii-3akpimnoBayi
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differed in the ratio of dominant and recessive
alleles. The correlation coefficient between the
(Wr+Vr) parameter and the mean value of the
trait in the parental lines was 0.993, i.e. it was
positive and significant, indicating that dominant
alleles were responsible for fewer nodules per
plant. Therefore, in our case, the positive F;
parameter indicates a relatively larger number of
dominant alleles for resistance in the fertility
restorers (IU075134, 1U075135, 1U075136, and
1U075137), while the negative value indicates a
relatively larger number of recessive alleles in
two sterility fixers (Kh 83 B and Kh 1006 B).

The  negative  (F1—P)  parameter
(difference between the trait values in the hybrids
and parents), in addition to the correlation
coefficient r, also indicates that dominant alleles
are responsible for fewer nodules per plant.

The distribution of lines along the
regression line of W, on V. reflected the genetic
diversity of the trait control (Figure). The
parental lines’ points are located along the
regression line according to the number of
dominant and recessive alleles. In the lower part
of the graph, in both cases, there are lines with
the maximum number of dominant alleles for
resistance, which turned out to be all lines -
pollen fertility restorers. The sterility fixers are
expectedly located in the upper part of the graph;
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CTePHUIILHOCTI OUIKYBAHO PO3MICTHIIMCS B BEPXHiit
yacTuHi  Tpadika, OTKe IM  TPUTAMAHHE
nepeBakaHHs PELICCUBHUX aJIelliB.

3HaYeHHS BUIBHOTO YiICHA PiBHIHHS perpecii
a BipOTiaHO HE BiApi3HsIoCcs Bix 0, IO TOBOIAUTH
HASBHICTH MOBHOT'O AOMiHYBaHHS B YCHaJKyBaHHi
o3Haku. lle#t pe3ynmpTaT 30iraeTbcs 3 BUCHOBKAMHU
icmancekux HaykoBmiB [11, 12]. Takuit xapaxTep
yCIagKyBaHHS BiAPI3HSETBCA BiJl XapakTepy
yCIaaKyBaHHs CTIHKOCTI COHSLIHUKY A0 OKPEMHX
30yIHHKIB XBOpPOO. 3okpema, CTIMKICTB
COHSAIIHMKY a0 30yaHHMKa cemnTopiody (Septoria
helianthi) KOHTPOJFOETHCS pelEeCUBHUMU
reramu [32].

therefore, preponderance of recessive alleles is
intrinsic to them.

The intercept term a of the regression
equation did not differ significantly from 0,
proving complete dominance in the inheritance
of the trait. This result is in agreement with the
conclusions of Spanish scientists [11, 12]. This
inheritance pattern differs from the inheritance
pattern of the resistance of sunflower to some
pathogens. In particular, the resistance of
sunflower to the causative agent of Septoria leaf
spot (Septoria helianthi) is controlled by
recessive genes [32].

00 05 1,0 15 20 25 30 35

Vi

B

Puc. 2. I'padik perpecii W, Ha V; 3a 03HaKOIO «KUIBKICTh Oy/Ib00UOK BOBYKA Ha pociuHi» (A — cxema 8x8, b — cxema
6x6). 1 -X815;2—-X83b;3-X808b;4—X 10065b;5—-1U075134; 6 —1U 075135, 71U 075136; 8 —TU 075137.
Fig. 2. Graph of regression of Wr on Vr for to the "the number of nodules per plant" trait (A - 8x8 array, B - 6x6 array).
1 -Kh 81 B;2-Kh83B;3—-Kh 808 B;4—Kh 1006 B; 5—1U 075134; 6 —1U 075135; 7 —1U 075136; 8 —1U 075137.

TakuM YMHOM, BUKJIQJICHUH aHAJIi3 1aB 3MOT'Y
3anporonyBati JiHil IU 075134; IU 075135;
IU 075136 i1 IU 075137 sixk moHOpIB CTIHKOCTI A0
BOBUKa. JIOHOPCBKI BJIACTHBOCTI WX JIiHIN
3YMOBJICHO BHCOKHM pIBHEM TIPOSIBY O3HAKHU
CTIHKOCTI B TIOpHIHUX KOMOIHAI[ISIX, CTBOPEHHX 32
X y4acTIO, 110 BiJIOOPaKEHO B HU3bKUX 3HAYCHHSX
3K3 3a 03HAKOI0 «KiJIBKICTh OyJILOOYOK BOBUKA Ha
POCIHHI» Ta MaKCHUMaJIbHOKO KUIBKICTIO
JOMIHAHTHHUX aJIelB CTIHKOCTI. JIinii-
3akpimtoBavi crepribHocTi X 8161 X 808 b B
JAHOMY T€HETUYHOMY OTOYCHHI  MPOSIBUIH
emicTaTuyHi  eeKTH TeHiB, 3aBASKH UYOMY
PEKOMEHJIOBAaHO 1X BUKOPUCTAHHS SIK TECTEPIB B
FEHETUYHHUX JOCTIDKEHHSX JUIsI  PO3IIUPECHHS
MIKT€HOTHIIOBOI MIHJIMBOCTI.
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Thus, the presented analysis made it
possible to propose lines ‘IU 075134°, ‘IU
075135, ‘IU 075136°, and ‘IU 075137 as
donors of resistance to broomrape. The donor
capacities of these lines are determined by strong
expression of the resistance trait in the hybrids
derived from these lines, which is reflected in the
low GCA values for the "number of nodules per
plant” trait and the maximum number of
dominant alleles for resistance. Sterility fixers
‘Kh 81 B’ and ‘Kh 808 B’ in this genetic
environment showed epistatic effects of genes,
due to which they are recommended as testers in
genetic studies to expand intergenotypic
variability.
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BucHoBku.

3a JaHUMH HEMOBHOI JialielbHOiI CXeMH
CXpellyBaHb 88 NOBENEHO CYTTEBY Pi3HUIIO MiXK
caMO3amWeHAMH  JIHISIMA  COHSIIHUKY 34
3arajpHOI0 Ta CIENU(idHOI0 KOMOIHAIIHHOIO
3MATHICTIO 32 O3HAKOKI «KIJBKICTh OyIb00Y0K
BOBYKa Ha pocnuHy». Hecriiiki miHii-3akpimmoBadi
crepmiibHOcTI X 81 b 1 X 808 b Bussumm
emicraTiyHi e€(eKTH TeHIB 1 PEKOMEHIOBaHI SIK
TeCTepH B TCHETHYHHX JOCITi JUKEHHSIX
ycHaaKyBaHHS CTIHKOCTI 40 BoBuka. [licis
BUJIYYCHHsSI 3 BUXIJIHUX JaHUX I[UX JBOX JIHIN
JOCSATHYTO  BIJIMOBIAHOCTI  €KCIIEPUMEHTAIBHUX
TaHUX AUTHBHO-JOMIHAHTHINA MOJIENI.
B ycnankyBaHHI O03HaKM TEpeBayKaNd aIUTHBHI
edeKTH TeHiB, aje W JOMiHAHTHI eQeKkTH Oynu
cyTTeBUMH. JIOMIHAHTHI ~ aJieJi  3YMOBJIIOIOTH
3MEHIIeHHS KUTPKOCTI Oynp00YOK BOBYKA Ha
pociuHi. BuSABIEHO TEHETHUYHI  OCOOJIHMBOCTI
CaMO3aNWJICHUX JIiHI COHSIIHUKY 32 O03HAaKOIO
CTIHKOCTI. Bimrocuno OlTbIITy KUTBKIiCTh
JOMIHAaHTHUX aJleliB  CTIMKOCTI Mand  JiHii-
BimHoBHMKH (epTmibHocTi 1U075134, 1U075135,
1IU075136 # 1U075137, sxi 3ampomnoHOBaHi SIK
JOHOpHU CTilikocTi A0 BoBuka. JliHil-3akpimmtoBadi
crepunbHOCTi X 81 b1 X 808 b pekomennosani mis
BUKOPUCTaHHS SIK TECTEpU B  TEHETHYHHX
JIOCII IKEHHSX.

Conclusions.

Based on the data on the incomplete 8x8
diallel crossing designn, a significant difference
in the general and specific combining abilities
for the "number of nodules per plant" trait
between the sunflower self-pollinated lines was
proved. The susceptible lines - sterility fixers,
‘Kh 81 B’ and ‘Kh 808 B’ showed epistatic
effects of genes and are recommended as testers
in genetic studies of inheritance of resistance to
broomrape. After excluding these two lines
from the initial data, congruence of the
experimental data to the additive-dominant
model was achieved. In the trait inheritance,
additive effects of genes were preponderant;
nevertheless, but dominant effects were also
significant. Dominant alleles are responsible for
fewer nodules per plant. The genetic
peculiarities of the self-pollinated sunflower
lines are described for the resistance trait. The
lines - fertility restorers (1U075134, 1U075135,
1U075136, and 1U075137), which are proposed
as donors of resistance to broomrape, had a
relatively larger number of dominant alleles for
resistance. Two lines - sterility fixers (Kh 81 B
and Kh 808 B) are recommended as testers in
genetic studies.
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