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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

© D.V. Kurylych, K.M. Makliak, 2024

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.
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Tadmuus 1. [ocriogapckki 03HaKM caMO3aNWICHHUX JTiHIH-0aThKiBCHKMX KOMIIOHEHTIB TiOpU/IiB COHSIIHMKY, 3aJIy4SHHUX /10 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 POCIIHHHY,

TpuBanicts nepiony «cxomnu-

Bucora pocnunu, cM / Plant

Bwmict

Jlinis / Line, r Hacigns / Plant UBITIHHY», 110 / «Emergence- height .. . Crvi
ribpua / hybrid, 3pazox productivity, g of seeds anthesis» period, days gnt, cm OJICIHOBOL TyTHb
HauionansHoro lNanscricts / KH(.:.F?,TI;I 8 YPAKCHIA
X . omii, %% / BoBukom? /
KéTatmlo ry/ Natlgnal Branchiness 202 202 cepenne / cepenne / cepenue / Olei’C acid Broomrape
atalog accession 023 024 Mean 2023 2024 Mean 2023 2024 Mean content in damage?
oil, %Y
X81B5/Kh81B Hi/ No 15.6 21.0 18.3 62 61 62 108.2 92.3 100.3 37.00 3.89
X 83Bb5/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 5 / 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/ 1U 075135 Tak / Yes 24.6 25.2 24.9 59 57 58 124.2 120.9 122.6 26.32 0.02
IU 075136/ 1U 075136 Tak / Yes 17.8 23.7 20.8 62 60 61 148.3 138.2 143.3 46.40 0.27
IU 075137/ 1U 075137 Tak / Yes 31.0 16.9 24.0 63 60 62 130.0 113.3 121.7 85.12 0.02
LC 1003B/LC 1003 B - 8,60
Spuo / Yarylo - 0.43
X2111B5/Kh2111B — 15.3

[pumitka. Y — Hacinas Bpoxaro 2023 poky
Note: D — seeds harvested in 2023.




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
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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
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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.

17




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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Results of the Multi-Year Breeding of Awnless Barley Cultivars in Ukraine
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Pedepar: Haseneno pesymbrarm OararopiyHmx mpocmimxeHb (2007-2024 pp.), mpoBeneHHX B
IncrutyTi pocnuanunTia im. B.4. I0p'eBa HAAH VYkpainu,B pe3yisrari sKUX ynepie B KpaiHi 34ilicCHeHO
YCHIIIHY PO3po0KYy Ta PO3BUTOK HAMPSAMY CEJICKIIIT APOro sYMEeHI0 Ha 0e30CTicTh. MeTozoM riopuau3artii
MK PI3HOMaHITHUMH O€30CTUMHU Ta OCTUCTHMH COPTaMH U JIHISIMH CTBOPEHO M'SITh 3apEECTPOBAHUX
6e3octux coptiB — Momeps (2011 p.), Korrpact (2019 p.), Kpeder (2020 p.), [mep (2021 p.), ['epxynec (2021
p.), a TaKOXK IepefaHo Ha KBamidikamiiHy ekcrepTusy HoBui 6e3octuii copt Apeus (2023 p.). [lepmmii B
VYkpaini 6e30ctuii copt MogepH OyB BHCOKOBPOXAWHUM 1 CTIHKUM A0 30yAHUKIB CaKKOBHX XBOpoO (9 GaitiB),
ajie HeTOCTaTHRO CTIMKHM JI0 TeTbMiHTOCTIopio3y (7 6amniB) Ta BuisranHs (7,8 6amniB). 3aBIsSKH TOJANBIIOMY
PO3BUTKY HAmpsAMy CeJeKIlii Ha Oe30CTICTh IHII CTBOPEHI 0€30CTi COPTH MarTh HE JIMIIC BUCOKI
BPOXKaHHICTh 1 CTIHKICTH /10 30yAHUKIB Ca)KKOBHX XBOPOO, 5K i copT MoziepH, ajne i OKpalleHi MOKa3HUKN
IHIUX O3HaK. BOHW BHPI3HAIOTECA HU3BKOPOCTICTIO (60—62 cm), cTilikicTio mo BuisranHs (9 GaimiB) i 1o
nocyxu (9 6aiiB), a Takok 10 30yTHUKIB TeapbMiHTOCTIOpio3y (8—9 OaimiB). Y 2023-2024 pp. BUIIEHO SK
kpami 32 6e3ocTi JiHii.

Kuaro4uoBi ciioBa: sipuii samiab O€30CTICTh, COPT, JTiHis, TIOpUAM3aIlis, O3HaKa, BpOXKAWHICTh, CTIHKICTh
J10 O10THYHHX Ta a010THYHHUX YMHHHKIB, CTIMKICTD 10 BHJISTaHHS.

Abstract: Findings of long-term research (2007-2024) conducted at the Yuriev Plant Production
Institute of NAAS of Ukraine, which resulted in the first in the country successful initiation and development
of spring awnless barley breeding, are presented. Due to hybridization between diverse awnless and awny
cultivars and lines, five registered awnless cultivars have been bred: ‘Modern’ (2011), ‘Kontrast’ (2019),
‘Krechet’ (2020), ‘Iner’ (2021), and ‘Herkules’ (2021); in addition, a new awnless cultivar, ‘Yarets (2023)’
has been submitted for qualifying examination. The first Ukrainian awnless cultivar, ‘Modern’, was high-
yielding and resistant to smut pathogens (9 points), but not sufficiently resistant to Helminthosporium
diseases (7 points) and lodging (7.8 points). Owing to further breeding for awnlessness, other awnless
cultivars are not only high-yielding and smut-resistant, like cv. ‘Modern’, but also have other improved
characteristics. Their plants are short (60-62 cm), resistant to lodging (9 points), drought (9 points), and
Helminthosporium diseases (8-9 points). In 2023-2024, the best 32 lines have been selected.

Key words: spring barley, awnlessness, cultivar, line, hybridization, trait, yield, resistance to biotic
and abiotic factors, lodging resistance.

OnHiero 3 HaWBaXIMBIMLKMX Yy CUIBCBKOMY The challenge of increasing grain
rocriofapctBi  Oyna 1 3anumaerscst  mpoOneMa production volumes, including barley grain
30UIbIIeHHsT O0CATIB BHPOOHMIITBA 3€pHA, B TOMY production, was and remains one of the most
YuCIi sTUMEHI0. BakimBe 3HAYCHHS B PO3IIUPEHHI important problems in agriculture. Increasing
BUPOOHHMIITBA 3€pHA SUMEHS Ma€ IiJBUILECHHS the yield is important in the expansion of barley
BpPOXKAHOCTI, IO B TEPHIy Yepry 3aleXWTh Bif grain production, which primarily depends on
VIIPOBa/KEHHS HOBUX BHCOKOBPOXKAWHHUX COPTiB. Y the introduction of new high-yielding cultivars.
ceJIeKLii s/uMeHI0 B YKpaiHi TpuBanuii yac In the barley breeding in Ukraine, starting
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BUKOPHCTOBYBUIM BHUXIIHUNA  Marepial  Iyxe
BY3BKOTO CIEKTPY  PI3HOBHIIB, 30KpeMa,
HEOCTaTHHO BKJIIOYATH B CXpellyBaHHs 0e30CTi
dhopmm.

OmHuM 13 HaNpsAMIB CETEKITii € PO3IMHPEHHS
PI3HOBHIHOTO CKIJIQAy COPTiB PNy KYJIBTYp,
30KpeMa SYMEHI0. Y  KYJABTYPHOTO  SIIMEHIO
(Hordeum vulgare L.) € 6inpire 200 pizHOBUAIB. Y
JHep:kaBHOMY peeCTpi COpTIB POCIWH, MPUIATHUX
JUIsl TIOIIUpPEHHsI B YKpaiHi, JoHenaBHa Oynu cOpTH
SIPOTO STUMEHIO Pi3HOBHAIB nutans Schubl, medicum
Koern., submedicum Orl., pallidum Ser., rikotense
R.Reg., deficiens Steud., a 3 2024 poky — me i
nudum L.

AKTyaqbHUM € 3QJydeHHS B  CEJEKIIIo
SYMEHIO BHXIJIHOTO MaTepiaily pi3HHUX pi3HOBHIIIB,
30kpeMa inerme Koern. 3 o3Hakolw 0e30CTOCTI.
O1iHKK poITi OCTIOKIB JJISi POCIIMH HEOMHO3HAYHI,
30KpeMa HeraTWBHi B 3B'SI3Ky 3 MOXJIHMBICTIO
TpaBMaTH3My Ta XBOpPOO y TBapWH IpH MOiNaHHI
comomu [1-7], a TakoXk Yepe3 3MEHIICHHSI
MPOITYCKHOI 3JaTHOCTI KOMOAWHIB 1 301MbIICHHS
TpaBMyBaHHSl HACIHHs IpU MiABUIIEHUX 00epTax
Oapabana koMOaitHa mpu 0OMounoTi. besocti sumeni
BX€ TpWBaNIHWii 4ac BUpomyloTh B Kwurai, Smowii,
CIIA, Kanani, ABcTpanii Ta iHImmx kpainax [2, 8,
9]. BoaHowac OCTIOKM MOXYTh Mard II€BHE
3Ha4eHHs y QopmyBaHHI BpoxkaitHocTi [10-13].
3Bakaroun Ha 11e, 6e30CTi PIZHOBUAN MOXKYTh OyTH
MOJIEJIBHUM OO0 ’€KTOM JUIS T'€HETHKO-CENEKIIMHNX
JOCIIKEHb IOTO MUTAHHS.

Y  xomumHboMy ~ CPCP  cenekuionep
Kapabanmukcbkoi cilbChKOroCIIoaapchKol ToCiHOT
cranmii Kazaxcrany A.A. [ps3HOB, 3aBIsSKH
BBEJICHHIO B CXPEIyBaHHS BUAUICHUX HUM KpPaIluX
KOJICKIIMHUX 3pa3KiB, CTBOPHB OE30CTHI COPT
I'panan, paiionoBanmii y 1981 p., noBiBmm
MOJIMBICTH YCIIIIHOT CENeKIIil 6e30CTOro STaMEHI0
[9]. Arne 1ieli cOpT HE IHTEHCUBHOT'O THILY, /IO TOTO 3K
BiH BUSBHBCS CXWIBHUM [0 BWIATaHHS 1 [0
ypakeHHs 30yJHUKaMU JIHCTKOBHX XBOPOO.

OcraHHIMH pOKaMH y 3HauHHX o0csrax
CENIeKI[I0 Ta BHBYCHHS 0€30CTOrO  SYMEHIO
npoBoaaTh B ABctpanii Ta CLIIA. Tak, B ABcTpaii
CTBOPEHO 0aratro (ypakHUX COPTIB TYMEHIO, Cepel
Hux 6e3octi Harpoon, Kraken, Moby [14], y CILIA
— Cowgirl, Stokford [15, 16], y Kanani — CDC
Ortona [17] ane BoHM OiNbII MpUAATHI JO YMOB, B
SKHX OyJTi CTBOPEHI.

B Iucruryti pocnuaaunTBa iM. B.S. FOp'eBa
HAAH VYkpainu (IP im. B.A. IOp’eBa) y 20042007
pp. Oyl0 BCTaHOBIEHO CEJEKI[iHHO-TeHETHYHI
0COOJMBOCTI  Ta  MOXIJIMBOCTI  YCIIIIHOTO
BUKOPUCTaHHs B KOMOIHAIIMHINA CeNeKIii 3pa3KiB 3
O3HaKaMH 0€30CTOCTI Ta OCTHCTOCTI, 30Kpema,

materials of few varieties were used for a long
time; in particular, awnless forms were rarely
involved in crossings.

The cultivar diversity expansion in several
crops, in particular barley, is an important trend
in breeding. There are over 200 varieties of
domestic barley (Hordeum wvulgare L.). Until
recently, the State Register of Plant Varieties
Suitable for Dissemination in Ukraine included
the spring barley cultivars belonging to the
following wvarieties: nutans Schubl, medicum
Koern., submedicum Orl.,, pallidum Ser.,
rikotense R.Reg., deficiens Steud., and nudum L.
(the last from 2024).

It is vital to involve different varieties in
barley breeding, in particular awnless inerme
Koern. Assessments of the role of awns are
ambiguous, in particular, negative due to possible
injuries and diseases in animals after eating straw
[1-7] and due to reduced throughput of harvesters
and more severely damaged seeds because of
increased revolutions of the harvester drum
during threshing. Barley has been cultivated for
a long time in China, Japan, the USA, Canada,
Australia, and other countries [2, 8, 9]. At the
same time, awns can be of certain importance for
yield formation [10-13]. With this in mind,
awnless varieties can be model objects in genetic
and breeding studies of this issue.

In the former USSR, a breeder of
Karabalyk Agricultural Experimental Station of
Kazakhstan, A.A. Gryaznov, selected the best
collection accessions and used them in crossings.
Thanks to this, he created an awnless cultivar,
‘Granal’, which was zoned in 1981, proving that
it is possible to successfully breed awnless barley
[9]. However, this cultivar is not intensive;
besides, it turned out to be prone to lodging and
damage by pathogens of leaf diseases.

In recent years, breeding and studies of
awnless barley have been carried out intensively
in Australia and the USA. Thus, many forage
barley cultivars have been bred in Australia,
among them, awnless cvs. ‘Harpoon’, ‘Kraken’,
and ‘Moby’ [14]; in the USA, awnless cvs.
‘Cowgirl’ and ‘Stokford’ [15, 16] have been
created; in Canada, awnless cv. ‘CDC Ortona’
[17] has been developed; nevertheless, these
cultivars are more suitable for the conditions
where they were created.

In 2004-2007 at the Yuriev Plant
Production Institute of NAAS of Ukraine (YPPI),
the breeding and genetic features of awnless and
awny accessions (in particular, of awnless cv.
‘Granal’) were determined; possibilities of
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6e3ocToro copty I'panair i CTBOpeHHS Ha IIiif OCHOBI
IIHHOTO BUXIJHOTO Marepialy 0€30CTOro sSYMEHIO
[18] Ta mepmux yKpaiHCBKMX O€30CTHX COPTiB
SIPOTO STYMEHIO.

TakuM YMHOM, Yy CeNeKUii Aporo SsUMEHIO
3’SBUBCSl HampsIM CTBOPEHHS O€30CTHUX COPTIB,
30KpeMa, 3 IIIBUIICHOI BPOXKAHHICTIO 3€pHAa,
CTIMKICTIO [0 YypakeHHS 30yTHHUKaMH XBOPOO,
CTIMKICTIO O BWIATaHHS 1 mocyxu. [Ipu 1poMy
PO3LIUPIOBATIOCS TEeHOTUIIOBE PI3HOMAHITTS
BHXITHOTO MaTepiaiy.

Tomy akTyanbHOIO cTae po3poOKa 1 PO3BUTOK
HampsiMy cesiekiii B YkpaiHi 0e30CTHX COpTiB 3
MOKpAIEHNMH  BJIACTUBOCTSAMH  T'OCIIONAPCHKUX
O3HAaK [UIAXOM PO3LIMPEHHS BUKOPUCTaHHA [UIf
CXpellyBaHb  HOBOTO  BHUXIHOTO  Marepiaiy,
30KpeMa, pi3HOBHULY inerme.

Metoro gocmimkeHHs Oylio  pO3MIMPEHHS
PI3HOBHIHOTO CKJIagy COpPTiB SIPOTO  SUMEHIO
LUISIXOM 3alydeHHS B riOpuamzaniro 0e30CTux i
OCTHCTUX COPTIB 1 JIiHIA 3 IIHHUMH O3HaKaMH, a
TAKOX  IOKPAIIEHHS  TOCHOAAPCHKUX  O3HAK
CTBOPIOBAaHUX COPTIB 332 BPOXKANHICTIO 1 CTIUKICTIO
JI0 BIJISITAaHHS Ta JI0 30YTHUKIB JTUCTKOBUX XBOPOO.

Metoauka

Jnst  y3arampHEHHS pe3yAbTaTiB  CeNeKIIii
0€30CTOro IYMEHIO BUKOPUCTAHO JIaH1 JIOCIIIKEHHS
B 2007-2024 pp. y mepion CTBOPEHHS 1 BUBUCHHS
MOKpAIIeHNX Oe30CTHX COPTIB APOTo sSuMeHio B [P
im. B.A. FOp’eBa.

xepenom 6€30CTOCTI CTBOPEHHX COPTiB OYyB
copr Ipanman, y mnomanmpmomy miHii 04-481
(3Bepmrenns / I'panan) i 07-1223 (I'panan / Fink) Ta
coprtu  Birpaxx 1 Momepn.  Octuctumu
KOMIIOHEHTaMH TS CXpEllyBaHHS OyJIH TeHOTHUIIH 3
BUCOKOIO CTIMKICTIO 1O BHJISITAHHS Ta YpPaKeHHS
30y JHHKaMu XBOpoO — coptu 3BepuienHs, [lapHac,
Eruxer cenmexuii IP im. B.SI. IOp’eBa, Arikada
(Himeuunna) Ta minis 06-09 (IP 6898 / I'ama), copT
Pasadena.

Y nmopameimoMy Ans  cXpellyBaHHsA Oyro
BUKOPHCTAaHO K  MAaTepUHCHKI  KOMITOHEHTH
opuriHaneHi 6e3octi coptu MonepH, KonTtpacr,
Kpeuer, Inep, I'epkynec i ninii 12-655, 15-1246, a sk
0aThbKIBCHKI ~ KOMIIOHEHTH  CXpCIIyBaHHS  —
BHCOKOBPOXAiHI Ta 3 BHCOKOK CTIHKICTIO 10
BUIsTaHHS Ta XBopoO coptu Novosadsky 294,
Beatrix, Prestige, NSGJ-1, Scrabble, Ilomus,
Honeupkuii 12, Arpapiii. OUiHKy omep:kaHUX Bij
LUX CXpeLlyBaHb JiHii nposeneHo B 2023-2024 pp.
Yy KOHKYPCHOMY COPTOBHITPOOYBaHHI.

IMonmepennuk — ropox Ha 3epHo. CiBOy
301CHEHO  celekuiiHoo  ciBaakoro CCOK-7.
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successful using them in combination breeding
were assessed; and, on this basis, valuable
starting materials of awness barley [18] and the
first Ukrainian awnless spring barley cultivars
were developed.

Thus, in spring barley breeding, a trend to
create awnless cultivars was evolved, in
particular, cultivars with increased grain yield,
enhanced resistance to pathogens, lodging and
drought. At the same time, the genotypic
diversity of starting materials was expanded.

Therefore, the initiation and development
of the Ukrainian breeding of awnless barley
cultivars with improved economic characteristics
via using new starting materials for crossings, in
particular, var. inerme, is becoming urgent.

The purpose of the study was to expand the
variety diversity of spring barley cultivars by
involving awnless and awny cultivars and lines
with valuable traits in hybridization and by
improving the economic characteristics of the
created cultivars in terms of yield and resistance
to lodging and pathogens of foliar diseases.

Methods

To summarize the results of awnless barley
breding, the data of studies in 2007-2024 (the
period of creation and investigation of improved
awnless spring barley cultivars at the YPPI) were
used.

Cultivar ‘Granal’ became the source of
awnlessness for the created cultivars; further, lines
‘04-481° (‘Zvershennia’/‘Granal’) and ‘07-1223’
(‘Granal’/‘Fink’) and cvs. “Vitrazh’ and ‘Modern’
were used as sources of awnlessness. Genotypes
with high resistance to lodging and damage by
pathogens, viz. cvs. ‘Zvershennia’, ‘Parnas’, and
‘Etyket’ bred at the YPPI; ‘Arikada’ (Germany),
line ‘06-09° (‘IR 6898’/‘Gama’), and cv.
‘Pasadena’ were taken as awny components for
crossings.

Afterwards, the original awnless cvs.
‘Modern’, ‘Kontrast’, ‘Krechet’, ‘Iner’, and
‘Herkules’ as well as lines ‘12-655" and ‘15-1246’
were used as female forms in crossings, while
high-yielding and highly resistant to lodging and
diseases cvs. ‘Novosadsky 294°, ‘Beatrix’,
‘Prestige’, ‘NSGJ-1°, ‘Scrabble’, ‘Podyv’,
‘Donetskyi 12°, and ‘Ahrarii’ were used as male
forms. Lines obtained from these crossings were
tested in competitive variety trials in 2023-2024.

The predecessor was grain pea. Barley was
sown with a SSFK-7 planter. The plot area was 10
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[Tmoma mimsaku — 10 M2, mikpsgos — 0,15 w,
MOBTOPEHb — 4oTupu. llporsrom  Bereramii
MPOBEJICHO (PEHOJIOTIYHI CIIOCTEPEKEHHS, OI[IHCHO
cTilikicts A0 BuisraHHA. Ha indexniinomy ¢oHi
OIIHEHO CTYIIHb YpaXeHHA 30yOHUKAMH TEMHO-
Oyporo reJbMIHTOCTIOPiO3y, OOPOLIHHCTOI pOCH,
JIETIOUO01 Ta KaM'sTHOT Ca’KOK 3a 9-0abHOIO IIKAJIOH0.
Busnaganu piBeHb YpOXKAWHOCTI, MPOXYKTHBHOI
KYIIUCTOCTI, KIJIbKOCTiI 3€peH Yy KOJOCi, AOBKUHH
konoca, macu 1000 3epen. Craructuuny oOpoOKy

pe3yibTaTiB JTOCITI IDKEHHS TIPOBENCHO
JUCTICPCITHIM aHaJTi30M 3a MpOrpamor0
STATISTICA 6.

PesyabraTn T2 00roBOpeHHs

[Mepmmii  crBopennid B YKpaiHi  copT
0€30CTOr0 JTBOPSTHOTO SPOTO SUMEHIO Pi3HOBHIY
inerme Gyno masBaHo Mogmepn. Moro crBopeHo
METOZIOM TiOpuau3allii MiX cOpTamMHu 3BEpPIUICHHS
pisHOBuay nutans i I'panan pi3HOBUAY inerme.
BesocricTh MIPOSIBIISIETHCS BHACJII 10K
PEIyKOBaHOCTI OCTIOKIB Ha BEpXiBI (hepTHUIBHUX
KBITOK.

v KOHKYPCHOMY COpTOBUITPOOYBaHHI
IHCTUTYTY BpOXaiHICTH O6e30cToro copty MomepH
3a 2007-2008 pp. ckaama 5,88 T/ra 3
nepesuieHHsIM Ha 12 % (0,62 T/ra) Hax TOMIITHIM
HaI[lOHAJIbHUM CTaHgapTtoM [amaktuk (Tadm. 1).
Copr cepelHbOCTUIIINEI — mepioj] Bereraiii 87 mi0,
10 Ha TPH JOOU OLITbINe, HIX Yy CTAaHIAPTY. AJie COPT
MojiepH MaB HEAOCTATHIO CTIHKICTh J0 BUJISTAHHS
(7,8 6aniB), gk i copt I'panan (7,0 6amiB). Bucora
pociuH copTy Oyiia BUIIOK PiBHS CTaHIApTy (88 cM
i 77 cm BiamomigHo). Maca 1000 3epen Oyna
cepenHporo — 46,5 1, 3epeH y Kojoci — 26 miT.,
HIUTBHICTB KoJloca — 11,2 wieHNKiB Ha 4 CM CTPHIKHS
KoJOca, JOBKHMHA Koioca cepeaHs — 8,8 cm.
[IponykruBHa KymucTicTh Oyia Ha piBHI 1,7 creben.

[Tpu BUTIPOOYBaHHI Ha IITYy4YHOMY
iHpekniiHoMy (OHI BHCOKOBPOXKAWHHUNA  COPT
MopnepH TposSIBUB TPYIIOBY CTIMKICTh 10 CaKKOBHX
xBopoO (9 OaxiiB), ane MaB HEOCTATHIO CTIHKICTB JI0
renbpMiHTOCTIOpio3y (7 OaiiB) — sk 1 OaThbKiBCHKUI
KOMITOHEHT ['paHai.

3a pe3ynbsraraMmu HepxxaBHOTO
coproBumnpoOyBaras B 2009—2011 pp. mepmuii B
Vkpaini Ge3octuii copt siporo suMeHro MonepH
36pHOBOT0 HAIIPSIMY BUKOpPHCTaHHS BHECEHO B 2011
p- B Jlep>kaBHUIA peecTp COPTIB POCIUH, IPUIATHUX
Uil momupeHHs B Ykpaini (mami epxaBHuii
peectp), it 30HM Crem 3a TEPEBHUINCHHS
BpoxaitHocTi (3,5 T/ra) Hag crangapTom Ha 17 %.

TakuM 4MHOM, BIEpIIE CTBOPEHUH B YKpaiHi
0e30CTHii COpPT SAPOTO sTYMEHI0 MojiepH BUPI3HSBCS
BHCOKOIO BPOXKAMHICTIO Ta CTIHKICTIO JO CaXKKOBHX

m2; the inter-row width was 0.15 m. The
experiments were carried out in four replications.
During the growing period, phenological
observations were conducted and lodging
resistance was evaluated. On infection, the
damage caused by the pathogens of
Helminthosporium diseases, powdery mildew,
loose and head smuts was assessed on a 9-point
scale. The yield, productive tillering capacity, the
number of kernels per spike, spike length, and
thousand kernel weight were measured. Data were
statistically processed using ANOVA in
STATISTICA 6.

Results and Discussion

The first Ukrainian awnless two-rowed
spring barley cultivar of var. inerme was called
‘Modern’. It was created by hybridization of var.
nutans cv. ‘Zvershennia’ with and var. inerme cv.
‘Granal’. Awnlessness is expressed as reduced
awns on the apices of fertile flowers.

In a competitive variety trial conducted at
the Institute in 2007—2008, awnless cv. ‘Modern’
yielded 5.88 t/ha or by 12% (0.62 t/ha) more than
the national then-reference cv. ‘Halaktyk’ (Table
1). The cultivar is medium-ripening; the
vegetation period lasts 87 days, which is three
days longer than in the reference cultivar.
However, cv. ‘Modermn’ was insufficiently
resistant to lodging (7.8 points), like cv. ‘Granal’
(7.0 points). Cv. ‘Modern’ plants were taller than
those of the reference cultivar (88 cm and 77 cm,
respectively). The thousand kernel weight was
moderate (46.5 g); there were 26 kernels per
spike; the spike density was 11.2 caryopses per
4 cm of the rachis; the mean spike length was 8.8
cm. The productive tillering capacity was 1.7
stems.

When tested on artificial infections, high-
yielding cv. ‘Modern’ showed group resistance
to smuts (9 points) but insufficient resistance to
Helminthosporium diseases (7 points), just like
its parental form, ‘Granal’.

Based on results of the State variety trials
in 2009-2011, in 2011, the first Ukrainian
awnless spring barley cv. ‘Modern’, which was
grown for grain, was included in the State
Register of Plant Varieties Suitable for
Dissemination in Ukraine (hereinafter the State
Register) to be grown in the steppe, since it
yielded by 17% more (3.5 t/ha) than the
reference cultivar.

Thus, the first Ukrainian awnless spring
barley cv. ‘Modern’ was distinguished due to
high yield and resistance to smut diseases.
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XBOp0O. AJle COPT MaB HEJOCTATHIO CTIHKICTh IO
30yIHUKIB TEIbMIHTOCTIOPIO3y Ta 10 BHIISTAHHS.
Tomy, npu cemekmii sS4YMEHIO Ha O0€30CTICTh
HEOOXiIHO CTBOpIOBAaTH HOBI 0€30CTi COpPTH 3
MOKPAIIEHNMH  BIIACTUBOCTSIMH  TOCIIOJAPCHKUX
O3HAaK.

However, the cultivar was insufficiently
resistant to the causative agents of
Helminthosporium diseases and to lodging.
Therefore, awnless barley breeding had to create
new awnless cultivars with improved economic
characteristics.

Taonuust 1. PiBeHb MOKa3HUKIB 03HAK copTy MojiepH y mopiBHsIHHI 31 cTangapTom, 2007—2008 pp.
Table 1. Characteristics cv. ‘Modern’ in comparison with the reference cultivar, 2007-2008

PiBenb nokasuuka osuaxu / Level

Osnaxa / Feature CTaHzLapTZVl.“ E}Jéa;;ﬁ(y{( Beference Mojepi / ‘Modern’
VYpoxkaiiHicts, T/ra / Yield, t/ha 5.24 5.88
HIPos, T/Ta / LSDgs, t/ha — 0.25
Bererauiiiauit nepion, ai6 / Growing period, days 84 87
Bucora, cum / Plant height, cm 77 88
Bwicr 6ixka, % / Protein content, % 11.2 11.9
Maca 1000 3epemn, r / Thousand kernel weight, g 52.1 46.5
IponyxruBHa KyIIUCTICTh, cTeben / Productive 1.80 1.70
tillering, stems
3epen y kosoci, mrr. / Number of kernels per spike 24 26
JosxwuHa Kojoca, cM / Spike length, cm 7.9 8.8
CriiikicTs, 6ais: / Resistance score, points:
— o aertiouoi caxkku / loose smut 3 9
— 1o kam'stoi caxkku / head smut 3 9
— 1o rexpMinTocmopiosy / Helminthosporium diseases 4 7
— no suisaranns / lodging 7.5 7.8
— 1o nocyxu / drought 9 9

VY pesynbrari moAajiblIol CEJeKIi METOI0M
riopuan3ariii CTINKOTo 10 BUISTaHHS OCTUCTOTO COPTY
[NapHac 3 Gesocroro Jjiniero 04-481 (3BepiueHHs /
I'panan) crBopeHo npyruii 6e3octuii copt Kontpacrt.
v 2015-2016 pp- y KOHKYPCHOMY
COpPTOBUNIPOOYBaHHI 1HCTUTYTY BpPOKAHHICTH COPTY
OyJia BHIIIOIO 32 HAI[lOHAIFHHE cTaHaapT Biiperp Ha
0,18 t/ra (4 %) 3a pius 4,43 T/ra (tabm. 2). 3a
TPUBAJIICTIO BereTariiiHoro nepiony (83 mg00u 3a 85
110 y cTaHmapTy) copT cepeaHpocTUriid. Ha Bimminy
Biji Oe3octoro copry [paHan BiH Mae MiBUIICHY
cTilikicTh 0 BwisiranHs (9 OamiB) i 0 ypasKeHHs
30yTHHKaMH TeJIbMiHTOCTIOpio3y (8 0ajtiB), MalouH K
1 copT MoJiepH TakoX CTIHKICTB JI0 Ca)KKOBHX XBOPOO
1 BHIUISIOUMCh HHU3bKOpOCHicTIO (60 cM), aje Mae
CEepeJTHIO TOBKUHY Kooca (7,8 cum).

YV JlepxaBHuii peectp copt KoHtrpacT BHECEHO
B 2019 p. 3a TepeBWIIECHHS BPOKAWHOCTI HAJ
YMOBHHMM cTaHaapToM Ha 12 % 3a piBHs 4,83 T/ra B
2017-2018 pp., BiH Mae 8-9 OamiB cTiMKOCTI 11O
BWISATaHHS, IJBUILIEHY CTIHKICTh 10 ypaXKeHHS
30yIHUKaMH TenbMiHToCcopio3y (8 OamiB) 1 9 GamiB
CTIHAKOCTI J10 JIETFOUOI CAXKKH.
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Further breeding resulted in the second
awnless cultivar, ‘Kontrast’, which was created by
hybridization of lodging-resistant awny cv. ‘Parnas’
with awnless line ‘04-481’ (‘Zvershennia’/*Granal’).
A competitive variety trial was conducted at the
Institute in 2015-2016 and it was found that this
cultivar yielded 4.43 t/ha, which was 0.18 t/ha (4%)
more than the yield from the national reference
cultivar, ‘Vzirets’ (Table 2). As to growing period,
the cultivar was medium-ripening (83 days vs. 85
days in the reference cultivar). In contrast to awnless
cv. ‘Granal’, it showed increased resistance to
lodging (9 points) and to the pathogens of
Helminthosporium diseases (8 points); it was also
resistant to smut diseases, like cv. ‘Modern’. Its plant
were short (60 cm), but spike were medium-long
(7.8 cm).

Cultivar ‘Kontrast’” was included in the State
Register in 2019, because it yielded 4.83 t/ha in
2017-2018, or 12% more than the conventional
reference cultivar. Its lodging resistance score was 8-
9 points; it also showed enhanced resistance to the
pathogens of Helminthosporium diseases (8 points)
and loose smut (9 points).
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Tadauus 2. PiBenb nokasHukiB o3Hak copty Konrpact y nopiBHsiHHI 31 ctanaaprom, 2015-2016 pp.
Table 2. Characteristics cv. ‘Kontrast’ in comparison with the reference cultivar, 2015-2016

PiBenb nokasuuka osuaxu / Level

Osuaka / Feature crangapty Biipens / . R
Referen}:)e zv. ‘\Il)zirets’ Kowrpacr / “Kontrast

VYpoxaitHicts, T/ra / Yield, t/ha 4.25 4.43
HIPgs, T/ra / LSDgs, t/ha - 0.11
Bereraniiinmii nepion, ai6 / Growing period, days 85 82
Bucota, cum / Plant height, cm 70 60
Bwmicr 6inxka, % / Protein content, % 12.2 12.4
Maca 1000 3epemn, r / Thousand kernel weight, g 43.0 45.0
TponykriBHa KyuwCTiCTS, cTeben / Productive 1,60 160
tillering, stems
3epen y xosoci, mt. / Number of kernels per spike 22 24
Jlosxuna xojoca, cM / Spike length, cm 7.20 7.80
Criiikicts, Ganis: / Resistance score, points:
— 10 JieTro4uoi caxku / 00se smut 8 9
— 10 kam'stHoi caxkku / head smut 8 9
— 1o rexpMinTocmopiosy / Helminthosporium diseases 7 8
— no suisaranns / lodging 8 9
— 1o nocyxu / drought 9 9

Po3BuBaroun HampsiM cemnekiii 6e30cToro
STAMEHIO, IUISIXOM CXpPEIIyBaHHS OCTHUCTOI JiHii
06-09 (IP 6898 / I'ama) i3 0e30CTHUM COPTOM
BiTpax Oyio cTBOpeHO HACTYMHUM O€30CTHIT COPT
Kpeuer pizHOBHIY inerme 3 MOKpameHUMH
MOKa3HUKAMH  TOCIONAPCHKUX  O3HaK. Y
KOHKYPCHOMY COPTOBUIIPOOYBaHHI 1HCTHTYTY 3a
2016-2017 pp. BpoxaiHICTh COPTY Oylia BUILOIO,
HIDDK y OCTHUCTOTO cTaHmapty Bsipenps Ha 8 % 3a
cepeanboi 5,34 1/ra (Tabm. 3).

Copt Kpeuer cepennpocturnuii (84 nodn),
Hu3bKOpocnuid (61 cMm), cTilikuii 1o BuiasranHs (9
OaniB), mocyxu (9 OaniB), 30yIHHMKIB CaKKOBUX
xBopoO (9 OamiB). Crilikicte 10 30yJHUKIB
reJIbMIHTOCIIOPi03y ImiaBHUIIeHa (8 OamiB).

3a pe3yabTaTaMu JepxKaBHOT
kBamdikaniinoi excrmeptuzu B 2013-2020 pp.
0esoctmii copt Kpewer BHeceno B 2020 p. mo
HepxaBuuoro peectpy aius 30d Cren i Jlicocten
VYkpainu 3a BpoxaiHicTh y 30Hi Creny 3,44 T/ra
(+0,73 T1/ra Mo yMOBHOTO CTaHAAapTy) i B 30HI
Jlicocremy 5,29 t/ra (+1,06 T/ra no cranmapry),
CTi#iKkicTh 10 Buisradds 9,0 OamiB, 10 JI€TIOYOL
caxku — 9,0 Oamis.

VY nopanpmoMy METOAOM TiOpuau3zauii npu
CXpelyBaHHI CTIMKOTO 1o BIUISITAHHS
CepelHhOPOCIIOro ocTucToro copry Eruker 3
6e3ocTuM copToM MoJepH 3i cadKo CTIHKICTIO
710 BWISITaHHA Ta OUIbII BHCOKOIO COJIOMHHOIO B
pe3ynbTariB peKoMOiHaIil CTBOPEHO CTIMKUI 10
BWJISSTAHHS HHU3bKOpoOCIHii Oe3zoctuil copt I[Hep
pi3HOBHIY inerme.

Developing awnless barley breeding,
breeders crossed awny line ‘06-09’ (‘IR 6898’ /
‘Gama’) with awnless cv. ‘Vitrazh’ and created
the next awnless cultivar, ‘Krechet’ of var.
inerme, with improved economic
characteristics. In a competitive variety trial
conducted at the Institute in 2016-2017, this
cultivar yielded on average 5.34 t/ha, which was
8% more than the yield from the awny reference
cultivar, ‘Vzirets’ (Table 3).

Cultivar ‘Krechet’ is medium-ripening (84
days), short (61 cm), resistant to lodging (9
points), drought (9 points), and the pathogens of
smut diseases (9 points). Its resistance to the
pathogens of Helminthosporium diseases is
increased (8 points).

Based on results of the state qualifying
examination in 2013-2020, awnless cv.
‘Krechet” was included the State Register in
2020 to be grown in the Steppe and Forest-
Steppe of Ukraine, because it yielded 3.44 t/ha
(+0.73 t/ha to the yield from conditional
reference cultivar) in the steppe and 5.29 t/ha
(+1.06 t/ha to the yield from reference cultivar)
in the forest-steppe, was resistant to lodging
(9.0 points) and loose smut (9.0 points).

Subsequent hybridization of lodging-
resistant, medium-tall awny cv. ‘Etyket’ with
awnless cv. ‘Modern’, which was less resistant
to lodging because of taller stems, resulted in
lodging-resistant, short awnless cv. ‘Iner’ of var.
inerme.
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Ta6auns 3. PiBeHb nokaszHukiB o3Hak copry Kpeuer y nopiBHsiHHI 31 cranmaptom, 2016-2017 pp.
Table 3. Characteristics cv. ‘Krechet’ in comparison with the reference cultivar, 2016-2017

PiBenn nokasuuka osuaxu / Level

Osuaka / Feature crangapty Biipens / . s
Referenéoe zv. ‘\Il)zirets’ Kpeuer / "Krechet

VYpoxaitHicts, T/ra / Yield, t/ha 494 5.34
HIPgs, T/ra / LSDgs, t/ha - 0.22
Bereraniiinuii nepion, ai6 / Growing period, days 87 84
Bucota, cum / Plant height, cm 70 61
Bwmicr 6inxka, % / Protein content, % 11.3 114
Maca 1000 3epemn, r / Thousand kernel weight, g 42.0 42.5
TponykriBHa KyuwCTiCTS, cTeben / Productive 1,60 195
tillering, stems
3epen y xosoci, mt. / Number of kernels per spike 23 25
Jlosxuna xojoca, cM / Spike length, cm 7.2 8.2
Criiikicts, Ganis: / Resistance score, points:
— 10 JieTro4uoi caxku / 00se smut 8 9
— 10 kam'stHoi caxkku / head smut 7 9
— 1o rexpMinTocmopiosy / Helminthosporium diseases 7 8
— no suisaranns / lodging 8 9
— 1o nocyxu / drought 9 9

YpoxaiiHicTh copTy [HEp B KOHKYpCHOMY
coproBunpoOysanHi 2016-2018 pp. Oymna Ha 10 %
BHINOIO BiJ cTaHmapty Bsipems 1 ckimama B
cepenubomMy 5,23 T1/ra (tabn. 4). TpusamicTh
BereTaiiiHoro mepiomy cepemHs (85  mi0).
Bezoctuit copt lHep BUAINAETHCA, OKPIM BHCOKOL
BpPOXAMHOCTI, TaKoX HU3BKOPOCIICTIO, BHCOKOIO
cTilikicTio 1o BuisranHs (9 6aniB), 7o 30yIHUKIB
SIK CaXKKOBHX XBOPOO, TaK 1 TeJbEMIHTOCIIOPiO3Y,
Maro4yd JIOCTaTHIO TPOAYKTHBHY KYIIUCTICTh
(1,90 cteben).

In a 2016-2018 competitive variety trial,
cv. ‘Iner’ yielded on average 5.23 t/ha, or 10%
more than reference cv. ‘Vzirets’ (Table 4). The
growing period was medium (85 days). In
addition to high yield capacity, awnless cv.
‘Iner’ is noticeable for short stems, high
resistance to lodging (9 points), to the pathogens
of both smuts and Helminthosporium diseases,
and sufficient productive tillering capacity
(1.90 stems).

Ta6auns 4. PiBeHb oKa3HUKIB 03HaK copTy [Hep y mopiBHsHHI 31 cTanaaprom, 20162018 pp.
Table 4. Characteristics cv. ‘Iner’ in comparison with the reference cultivar, 2016—2018

PiBenn nokaszHuka o3uaxu / Level

Osnaka / Feature CTaH/apTy Bezipegb / ’ Tnep / “Tner’
Reference cv. ‘Vzirets

YpokaiiHicts, T/ra / Yield, t/ha 475 5.23
HIPgs, 1/ra / LSDgs, t/ha - 0.28
Bereramiiiauit nepion, ai6 / Growing period, days 85 85
Bucora, cum / Plant height, cm 75 62
Bwicr 6inka, % / Protein content, % 12.6 12.7
Maca 1000 3epemn, r / Thousand kernel weight, g 43.0 45.0
IMpoaykTrBHA KyIIKCTiCTh, cTe6er / Productive
e 1.6 1.9
tillering, stems
3epen y kosoci, mrt. / Number of kernels per spike 22 26
JosxwuHa kKosoca, cM / Spike length, cm 7.3 8.3
Criiikicts, 6anis: / Resistance score, points:
— 110 netroyoi caxkku / loose smut 8 9
— 1o kaMm'snoi caxkku / head smut 8 9
— jo renpMiHTocnopiosy / Helminthosporium diseases 8 9
— o Buisaranss / lodging 8 9
— o nocyxu / drought 9 9
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bezoctuii copt Inep BHeceno B 2021 p. go
HepxaHoro peectpy ais 30H Cremy, Jlicoctemny i
[omiccs 3a BpoxaitHicTio 3a 2019-2020 pp.
JieprKaBHOI ekcriepTusu B 30Hi Creny 3,33-4,87 1/ra
(+0,62—2,19 1/ra 10 YMOBHOTO CTaHAAPTY), B 30HI
Jlicocreny — 5,33-5,39 1/ra (+0,97-1,11 1/ra) i B
3oHi [lomices 3,77-4,15 t/ra (+0,09-0,51 1/ra), a
TaKOXX CTIMKICTIO IO JIETIOYOi CaXXKH Ha pIiBHI
9 Gaunis.

Hns ctBopenHs 6e3ocroro copty ['epkynec 3
KpaIMMH MOKa3HUKAaMH TOCTIOIAPCHKUX 03HAK, HIXK
y ©Oe3octoro copty MonepH, Oyio mpoBeAeHO
CXpeIlyBaHHA 3 3aTy9eHHIM iHo3eMHHX copTiB Fink
1 Arikada.

besocty mimiro 07-1223 (6e3octuii copr
I'panan / octuctmit copr Fink) Oyno cxpemeno 3
CTIMIKMM 10 BIIISITAHHS OCTHCTUM copToM Arikada 3
Himeuunnn. B koHKypcHOMY copTOBHIPOOYyBaHHI
iHCcTHTYTY B yMOoBax 2017-2019 pp. BpokaiiHIiCTh
copry Iepkynec cknana 5,28 T/ra, mo Ha 12 %
BUIE, HIX Yy cTanmapry Bsipens 1 Ha 8 % y
MOPIBHAHHI 3 TEPIIMM HamuM O€30CTHM COPTOM
MogepH (tabx. 5). 3a TpUBATICTIO BETETAIliITHOTO
mepiomy copt cepeaHpocTUrni (85 mid).

Awnless cv. ‘Iner’ was included in the
State Register in 2021 to be grown in the steppe,
forest-steppe, and woodlands, since according
to the state examination in 2019-2020, it
yielded 3.33-4.87 t/ha (+0.62—2.19 t/ha to the
conditional reference cultivar) in the steppe,
5.33-5.39 t/ha (+0.97-1.11 t/ha) in the forest-
steppe, and 3.77—4.15 t/ha (+0.09—0.51 t/ha) in
the woodlands. In addition, its loose smut
resistance score was 9 points.

In order to create awnless cv. ‘Herkules’
with better economic characteristics than those
of awnless cv. ‘Modern’, breeders used foreign
cvs. ‘Fink’ and ‘Arikada’.

Awnless line ‘07-1223° (awnless cv.
‘Granal’ /awny cv. ‘Fink’) was crossed with
Germanan lodging-resistant awny cv. ‘Arikada’.
In a competitive variety trial conducted at the
Institute in 2017-2019, cv. ‘Herkules’ yielded
5.28 t/ha, which was 12% more than the yield
from reference cv. ‘Vzirets’ and 8% more than
our first awnless cv. ‘Modern’ yielded (Table 5).
By growing period length, this cultivar is
medium-ripening (85 days).

Ta6auns 5. PiBeHb noka3HuUKiB 03Hak copty ['epkysec y nopiBHsHHI 31 crannapToM, 2017-2019 pp.
Table 5. Characteristics cv. ‘Herkules’ in comparison with the reference cultivar, 20172019

PiBeHp noka3uuka o3naku / Level
CTaHIAPTy
Feature Bsipens / Iepkynec / Mogneps / Konrpacr /
Reference cv. ‘Herkules’ ‘Modern’ ‘Kontrast’
‘Vzirets’
Ypokaiinicts, T/ra / Yield, t/ha 472 5.28 4.87 4,94
HIPgs, 1/ra / LSDgs, t/ha - 0.21 0.21 0.21
l;;;sTaumHHH nepion, 1i6 / Growing period, 85 85 84 81
Bucora, cum / Plant height, cm 70 60 85 60
Bwmicr 6inxka, % / Protein content, % 12.5 12.7 12.0 12.6
Maca 1000 3epem, r / Thousand kernel weight, g 42.0 43.0 43.5 44.0
lt[po,Z.[yKTI/IBHa KyIucTicTs, creben / Productive 1.60 1.90 1.70 1.70
tillering, stems
gg?keen y komoci, mrt. / Number of kernels per 0.8 235 24.0 215
JoxuHa xosoca, cM / Spike length, cm 7.10 7.70 8.00 7.00
CrilikicTs, 6aniB: / Resistance score, points:
— 110 netroyoi caxkku / loose smut 8 9 9 9
— 1o kaMm'sHoi caxkku / head smut 8 9 9 9
— 1o renbMiHTOCTOpio3y / Helminthosporium
diseases 8 9 7 8
— o Buisaranss / lodging 8 9 7 9
— o nocyxu / drought 9 9 9 9
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Copt Tepkynec Hu3bkOpocauii (60 cm) i
cTifikuii no BunsranHa (9 OainiB), YMM BUTiIHO
BUPI3HSETHCSI B MOPIBHAHHI 3 0€30CTUM COPTOM
MopnepH, sxuii 6inbl BUCOKopociui (85 cMm) 1 Mae
HEJOCTaTHIO CTiMKicTh n0 BuisraHHs (7 OaniB).
Maca 1000 3epen copty [epkynec 3a mi poku
cranoBuia 43,0 1, matixke 5K i B Mozuepny (43,5 1).
[lponykTuBHa  KyIIUCTICTb COPTYy  JOCTaTHs
(1,90 cre6en npu 1,70 cTeben y Mozaephy).

besoctuii copr I'epkynec 3a pesyabraraMu
nepskaBHOI ekcrieptrsu 3a 2020—2021 pp. BHECEHO
B 2021 p. no [lep:xaBHOTO peECTPy COPTIB POCIIHH,
NPUIATHUX Ul MOIIMPEHHS B YKpaiHi B 30HaX
Cren, Jlicoctenm 1 Ilomiccs 3a  BHCOKOIO
BpokaiHicTio B 30HI Cren — 4,66-4,84 1/ra (164-
181 % mo ymoBHOro craHmapty), Jlicocrem —
5,14-5,60 1/ra (111-128 %) i Iomiccst — 3,79—4,57
t/ra (103—120 %), 3a CTIHKICTIO 10 ypa)kKeHHs
30yTHHKOM JIeTI040i caxxku (9 OamiB).

Y 2023 p. ans kBamiikaniiHoi eKCIIepTH3u 3
2024 p. mepemaHo CTPECOCTIMKWN Oe30CTHUH cOpT
sporo sumeHio Spenp pisHoBumy inerme. Jlus
CTBOpPEHHS copTy Speus Oyao mpoBeAcHO
CXpelryBaHHA 0€30CTOro copTy BiTpaxk 3i cTifikuM
no BunsraHHs coprom Pasadena. B riOpuaniit
MOMYJSAIiT BUAIeHO Oe30cTy miHifo 18-249, ska 3a
pe3yibpTaTaMu KOHKYPCHOTO COPTOBUIIPOOYBaHHS B
2021-2023 pp. mana Ha 9 % BUILYy BpOXaiHICThH
3epHa y TOpIBHSIHHI 3i CTaHHapToM ABTyp NpH
piBHi 4,74 T/ra (Tabm. 6).

Cultivar ‘Herkules’ is short (60 cm) and
resistant to lodging (9 points), which favorably
distinguishes it in comparison with awnless cv.
‘Modern’, which is taller (85 cm) and less
lodging resistant (7 points). The thousand kernel
weight in cv. ‘Herkules’ in these years was 43.0
g, almost the same as in cv. ‘Modern’ (43.5 g).
The productive tillering capacity of this cultivar
is sufficient (1.90 stems compared to 1.70 stems
in cv. ‘Modern’).

Based on results of the state examination in
2020—2021, awnless cv. ‘Herkules’ was included
in the State Register in 2021 to be grown in the
steppe, forest-steppe, and woodlands, where it
yielded 4.66-4.84 t/ha (164-181% related to the
conditional reference cultivar), 5.14-5.60 t/ha
(111-128 %), and 3.79-4.57 t/ha (103—120%),
respectively. Its loose smut resistance score was
9 points.

In 2023, stress-resistant awnless spring
barley cv. ‘Yarets’ (var. inerme) was submitted to
qualifying examination from 2024. To create cv.
“Yarets’, breeders crossed awnless cv. ‘Vitrazh’
with lodging-resistant cv. ‘Pasadena’. From the
hybrid population, awnless line ‘18-249° was
selected. According to results of a competitive
variety trial in 2021-2023, it yielded 4.74 t/ha, or
9% more grain than from reference cv. ‘Avhur’
(Table 6).

Taoauus 6. PiBeHp MOKa3HUKIB 03HAK COpTY Spemnp y MopiBHIHHI 31 cTaHmaproM, 2021-2023 pp.
Table 6. Characteristics cv. ‘Yarets’ in comparison with the reference cultivar, 2021-2023

PiBenn nokasnuka o3naku / Level

Osnaka / Feature CTaHIApTY A?ryp / If\’eference Stpets / “Yarets’
cv. ‘Avhur

YpoxkaiiHicts, T/ra / Yield, t/ha 4,34 474
HIPgs, 1/Ta / LSDgs, t/ha - 0.21
Bererauiiinuii nepion, ai6 / Growing period, days 82 83
Bucota, cMm / Plant height, cm 51 55
Bwmicr 6iska, % / Protein content, % 12.8 12.1
Maca 1000 3epen, r / Thousand kernel weight, g 42 42
IMpoxykTuBHA KyIIKHCTiCTh, cTeben / Productive
e 1.6 1.9
tillering, stems
3epen y kozoci, mit. / Number of kernels per spike 22 25
JoxuHa xosoca, cM / Spike length, cm 7.1 7.2
CrilikicTs, 6aniB: / Resistance score, points:
— jio srettouoi caxku / loose smut 8 9
— o kam'stoil caxku / head smut 8 9
— o reapMinTocnopiosy / Helminthosporium diseases 8 9
— mo Bwisranss / lodging 8 9
— no mocyx# / drought 9 9
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3a TpUBAJICTIO BETETAIIIHHOTO TMEPioxy COpT
cepennbocTurni (83 nobm) 5K i craHmapT ABryp
(82 modwm). Copt Sfpeun HU3BKOpOCTHE (55 cMm),
HaJ3BUYAMHO CTiHKWK mo0 Bwisaranas (9 OaiiB).
Maca 1000 3epen copty cranoBmia 42,0 r.
[IponyxruBHa KymucTicTh Oyna Ha piBHi 1,9 creben.
CopT CTIMKHH 70 JETIOU01 Ta KaM'sHOI Ca)OK 1 10
rempMiHTOCTIOpio3y (9 OaliB), a TakoX IO TMOCYXH
(9 Ganis).

Y mopaneuriii cenexuii 3a 2017-2024 pp. Oyno
CTBOpEHO Ta oriHeHo B 2023-2024 pp. HOBI 6e30cCTi
miHiI B KOHKYpCHOMY  COPTOBHIIPOOYyBaHHI,
KOHTPOJIFHOMY Ta CEJIEKL[IHHOMY pO3CaJHHUKAX.

Y KOHKypCHOMY cOpTOBUIIpOoOyBaHHi 3a 2023-
2024 pp. omineno minii, omepxkani B 2020 p. y
CEJIEKI[IHHOMY DPO3CaJHUKY, Cepell SKUX BHILICHO
Tpu 0€30CTi JiHii 3 BUIIOI BiJ CTaHAApTy ABTYp
BpoxaiiHicTiI0O Ha 6-20 %: 1. 20-423 (MogmepH X
Novosadsky 294) — Ha 6-15 %, 1. 20-546 (Moaepu
X 1. 13-1264) — na 13-20 %, n. 20-606 (12-655 x
Honeupkuii 12) — Ha 27-10 % BiAmoBizHO 10 POKiB
JOCIIKEHHS, Ki BUPI3HSIINCS TAKOXK CTIHKICTIO 10
BWISTAHHS Ta J0 YPaXCHHsS 30yJHHUKaMH XBOPOO
(Tabm. 7).

In terms of the growing period lenght, this
cultivar is medium-ripening (83 days), like
reference cv. ‘Avhur’ (82 days). Cultivar ‘Yarets’
is short (55 cm) and extremely resistant to lodging
(9 points). The thousand kernel weight in this
cultivar was 42.0 g. The productive tillering
capacity was 1.9 stems. The cultivar is resistant to
loose and head smuts as well as to
Helminthosporium diseases (9 points); it is also
drought resistant (9 points).

Due to ssubsequent breeding in 2017-2024,
new lines were created and evaluated in
competitive variety trials, control and breeding
nurseries in 2023-2024.

In a competitive variety trial in 2023-2024,
lines obtained in the breeding nursery in 2020
were evaluated. Of them, three awnless lines
yielding more by 6-20% than reference cv.
‘Avhur’ were selected: line ‘20-423° (‘Modern’ x
‘Novosadsky 294’; by 6-15%), line ‘20-546’
(‘Modern’ x line ‘13-1264’; by 13-20%), and line
20-606’ (line ‘12-655" x ‘Donetskyi 12°; by 27-
10%). The lines were also distinguished by
resistance to lodging and pathogens (Table 7).

Taonauus 7. PiBeHp MOKa3HUKIB 03HAK cCOpTY Spenp y mopiBHAHHI 3i craHmaptoM, 2021-2023 pp.

Table 7. Characteristics cv. ‘Yarets’ in comparison with the reference cultivar, 2021—2023
PiBenp mokasHuka o3Haku / Level
Osnaxa / Feature CTE‘FI;HfapTy ABIYP /| s 20-423 /| Jliwin 20-546 / | inis 20-606 /
elerence cv. Line 20-423° | Line ‘20-546" | Line ‘20-606’
Avhur
YpoxkaiiHicts, T/ra / Yield, t/ha 3.09 3.50 3.58 3.64
HIPgs, 1/ra / LSDgs, t/ha - 0.25 0.25 0.25
Ber_eTauiﬁHI/H‘/'I nepio, ai6 / Growing 82 83 81 82
period, days
Bucota, cum / Plant height, cm 51 50 52 54
Bwicr 6inka, % / Protein content, % 12.8 13.5 13.1 13.8
Ma_ca 1000 3epew, r / Thousand kernel 42 43 44 a1
weight, g
HpO}Z[yK.TI/IBP.Ia K}_/mHCTiCTL, creben / 16 18 17 19
Productive tillering, stems
3epen y KOﬂoc_:i, wrt. / Number of 29 24 25 26
kernels per spike
Jlosxuna kojoca, cM / Spike length, cm 7.1 7.3 7.4 7.6
CrilikicTs, 6anis: / Resistance score,
points: 8 9 9 9
— 1o Jetouoi caxkku / l0ose smut
— 1o kam'stHoi caxkku / head smut 8 9 9 9
— JI0 TeJBMIHTOCTIOpio3Y / 8 9 9 9
Helminthosporium diseases
— o Buisaranss / lodging 8 9 9 9
— o nmocyxu / drought 9 9 9 9
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VY KOHTPOJIHLHOMY PO3CATHHUKY OIIIHEHO JIiHii,
omepxani B 2021 p., cepen AKUX BHOIICHO IICTh
BHUCOKOBPOXaHUX JIiHIM 3 BUIIOIO BiJ CTaHAAPTY
ABryp ypoxaimictio Ha 6-20 %: 1. 20-356
(Mopnepn x Beatrix) — Ha 6 %, 1. 21-644 (MoaepH
x Prestige) — mHa 24 %, m. 21-680 (Kpeuer X
Novosadsky 294) — na 14 %, 1. 21-845 (Imep x
Honenwkwii 12) —ua 7 %, 1. 21-843 (Inep x Beatrix)
—mHna 11 %, 1. 21-818 (MozaepH x Ilonus) — Ha 4 %.

VY cenekmifHOMY pO3CaJHHUKY OI[IHEHO JiHii,
onepxkani B 2023 p., cepesl AKUX BUJUICHO 23 Kpaii
3a OIiHKaMH 0€30CTi JIiHi1 3 TIOpUIHUX KOMOIHAITIH
Kontpact X Scrabble, Mogepa x Scrabble,
I'epkynec x Novosadsky 294, Kpeuer x Arpapiii,
15-1246 x Scrabble, KpeueT % Scrabble, Moaeph x
Aximtec, Moaepn x Gladys, Konrpact x Arpapiid,
I'epkynec xScrabble, 15-1264 x NSGJ-1.

Takum  ymHOM, BHepmie B YKpaiHi
PO3pO0IIEHO Ta PO3BUHYTO HAMPSIM CENEKIIil Iporo
SIMEHI0O Ha 0€30CTiCTh, B pe3yJbTaTi SIKOTO
OUIIXOM ~ PEeKOMOIHALlii  MpH  CXpellyBaHHi
pi3HOMaHITHHX 0€30CTHX 1 OCTUCTHX COPTIB i JiHIN
CTBOPEHO M'ATh 0Oe3ocTuX copTiB  (Tepiui
yKpaiHChKui Oe3octwii copT MojiepH, a TakoX 3
MOKPAIeHUMH  TOKa3HUKaMH  BPOXKAHHOCTI,
CTIMKOCTI JT0 BIJIATAHHS Ta Ypa)KeHHS 30y THUKAMU
xBopoO Gezocti coptu Kontpact, Kpeuer, [nep i
I'epkynec), BuHecenux B 2011-2021 pp. 10
Jlep>kaBHOTO PEECTPY COPTIB POCIHH, MPUAATHHX
Ui TIomMpeHast B Ykpaini. Y 2023 p. mepenaHo
JUTS KBaJTi(hiKamiitHOT eKCrepTu3u HOBHM 0e30CcTHid
HaJ3BUYANHO CTIHKWH 10 ekcTpeMalbHuX (POHIB
copt Spenb, a TakoXX CTBOPEHO 32 HOBI IiHHI
Oe3octi JiHII. Y pe3ynbTari OLIHOK 0€30CTHX
copriB.  Monepn, Konrpact, Kpeuer, Inep,
I'epkynec, Speup 1 HOBuX ©0€30CTHUX JIiHIH
YCTaHOBJIEHO OCOOJHMBOCTI pIiBHS TOKAa3HUKIB
TOCIIOJIAPCHKUX O3HAK IIMX COPTIB, 1X MO3UTUBHI i
HEraTHBHI BJIACTMBOCTI Ta TMOKpAIICHHS O3HAK
3aBJIKM TIEPEBUIEHHIO 1X TMOKa3HHWKIB Hal
O3HAaKaMW CTaHJAApTiB, 30KpeMa BPOXKaHHOCTI,
CTIMKOCTI 10 ypakeHHA 30yAHHMKaMH JIETIOYOi Ta

KaM'ssHO1 CaXKOK, OOpOoITHHUCTOT pocu,
TeIIbMIHTOCTIOPiO3Y, CTIHKOCTI 1O BWJIATaHHS 1
MOCYXH.

CrBopeHo 0Oe3ocTi copTH Ta IiHIT €
MPUCTOCOBAHUMHU JI0 YMOB BUPOIIYBaHHS B YKpaiHi
Ha BIJIMiHY BiJl COPTiB iHO3€MHOI CEJIEKIIii.

BucHoBkn.

VY pe3ynbTarti yCinmmoi po3po0KH Ta pO3BHTKY
HampsIMy CEJIEKIi Sporo sSUMEHr Ha Oe30CTiCTh
IUISIXOM CXPEIIyBaHHS MK OCTHCTUM COPTOM
3BepiieHHs Ta 6e30cTiM copToM [ 'panan (pxeperom
0€30CTOCTI) CTBOPEHO BHCOKOBPOXKAMHUHA Ta 3
TPYTIOBOIO  CTIHKICTIO JI0 30yIHHKIB CaXXKOBUX
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Lines obtained in 2021 were evaluated in
the control nursery. Of them, six high-yielding
lines (yielding more than reference cv. ‘Avhur’
by 6-20%) were selected: line ‘20-356’
(‘Modern’ x ‘Beatrix’; by 6%), line ‘21-644’
(‘Modern’ x ‘Prestige’; by 24%), line ‘21-680°
(‘Krechet’ x ‘Novosadsky 294’; by 14%), line
21-845’ (‘Iner’ x ‘Donetskyi 12°; by 7%), line
21-843” (‘Iner’ x ‘Beatrix’; by 11%), and line
‘21-818’ (‘Modern’ x ‘Podyv’; by 4%).

Lines obtained in 2023 were evaluated in
the breeding nursery. Of them, 23 best lines
from hybrid combinations ‘Kontrast’ x
‘Scrabble’, ‘Modern’ x ‘Scrabble’, ‘Herkules’ x
‘Novosadsky 294°, ‘Krechet’ x ‘Ahrarii’, line
“15-1246° x ‘Scrabble’, ‘Krechet’ x ‘Scrabble’,
‘Modern’ x ‘Akhiles’, ‘Modern’ x ‘Gladys’,
‘Kontrast’ x ‘Ahrarii’, ‘Herkules’ x ‘Scrabble’,
line ‘15-1264" x ‘NSGJ-1" were selected.

Thus, for the first time in Ukraine, awnless
spring barley breeding was initiated and
developed. It resulted in five awnless cultivars
obtained through recombinations  when
different awnless and awny cultivars and lines
were crossed (the first Ukrainian awnless cv.
‘Modern’, as well as cvs. ‘Kontrast’, ‘Krechet’,
‘Iner’, and ‘Herkules’ with improved yield and
resistance to lodging and pathogens). These
cultivars were included in the State Register in
2011-2021. In 2023, a new awnless cultivar,
“Yarets’, which is highly resistant to extreme
factors, was submitted to qualifying
examination. Thirty-two new valuable awnless
lines were also created. Due to assessments of
awnless cv. ‘Modern’, ‘Kontrast’, ‘Krechet’,
‘Iner’, ‘Herkules’, and ‘Yarets’ and new
awnless lines, their economic characteristics,
beneficial and negative features were
determined.  Their  characteristics  were
improved in comparison with those of the
reference cultivars, in particular they yielded
more, were more resistant to the pathogens of
loose and head smuts, powdery mildew,
Helminthosporium diseases, lodging, and
drought.

Unlike foreign cultivars, our cultivars and
lines are adapted to growing conditions in
Ukraine.

Conclusions.

Successful initiation and development of
spring barley breeding for awnlessness by
crossing between awny cv. ‘Zvershenia’ and
awnless cv. ‘Granal’ (the source of awlessness)
resulted in high-yielding awnless cv. ‘Modern’
with group resistance to smuts. Subsequent
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XBOpoO Oe3octuii copt MozepH. Y momaibiioMmy
CENEeKI[IfHOMY TIpOIleci CTBOPEHO Ta BHECEHO [0
Jlep’kaBHOTO PEECTPY COPTIB POCIWH, MPUAATHUX
JUTsl IOLIMpEeHHs B YKpaiHi, 6e3ocTi copti KoHTpacr,
Kpeuer, Inep, I'epkynec, a Takox NepenaHo Ha
KBaiikalliifHy  exkcrepTusy  0e30CTHil  copT
IHTEHCUBHOTO TUITY SIpels Ta BUILIIEHO HOBI O€30CTi
minii. [ocromapchki TMOKa3HUKHM HOBHUX COPTIB Y
CEeNIeKUiHHOMY  TpOLeci  MOKpamlyloTbes Y
MTOPIBHAHHI 3 TIOTIEPEAHIMH OC30CTHMU COPTAMH.
Bupimeno npobneMy CTIHKOCTI 10 BWISTAHHS Ta
ypakeHHs 30y IHUKaMU JIUCTKOBUX XBOPOO ILIIXOM
BIIPOBA/KCHHS B CENCKI[IHHMIA Tpomec COpTiB
3aXiJHOEBPONCHCHKOT CeNeKIIii.

breeding gave awnless cvs. ‘Kontrast’,
‘Krechet’, ‘Iner’, and ‘Herkules’, which were
included in the State Register of Plant Varieties
Suitable for Dissemination in Ukraine, and
awnless intensive cv. ‘Yarets’, which was
submitted to qualifying examination, and new
awnless lines. In the breeding process, the
economic characteristics of the new cultivars
are improved in comparison with the older
awnless cultivars. The problem of resistance to
lodging and pathogens of foliar diseases was
solved by involving Western European cultivars
in crossbreeding.
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Pedepar: B [actutyTi pocnuaannrsa iM. B.S. FOp’eBa HAAH po3ropHyTO cenexIliro roio3epHoro
SYMEHIO Xap4yOBOTO HAaNpsMy BHUKOPUCTAHHS, B TOMY YHCIi 3 KOJBOPOBUM 3€pHOM Ta KpOXMalleM 3i
3MiHEHHUM CKJIaJioM (Waxy). Buxigauii matepian onepxano 3 HamioHamsHOTO HEHTPY TeHETHYHUX PECYPCiB
pocnuH YKpainu — 3pa3ku pizHoBuy nudum L., daghestanicum Vav. et Orl. i3 cipo 3enennm 3epHOM, viride
Vav. et Orl. i3 3enennm 3epaoM, violaceum Koern. Ta nudidubium Koern. 3 ioneroBum 3eprom, nigrinudum
Vav., nudimelanocrithum Giess. et al. 3 yopHuM 3epHoM Ta JiHis SGI 7024 3 OaKUTHUM 3€pHOM CEJICKIT
CI'T-HIHC. [l»xepenamu 3MiHEHOTO CKJIaTy KPOXMAIO Oy TOJO3EpHI COPTH KaHaichKoi cenekmii CDC
Alamo ta Mebere (waxy) Ta CDC Hilose (high amylose). Ycranosneno, mo BMIicT ()eHOJTBHUX CIOTYK Ta
AHTOIIIaHUINHIB 3aJICKUTH BiJl TCHOTUITY T4 YMOB BUPOIIYBaHHsI, a CTA01JIbHO BUCOKMMH 11l TOKA3HUKH OyIH
y miHii Bionet 18-1207 Ta coptie CDC Alamo, CDC Hilose. CtBopena Hamu 1iHHa JiHist Bionet 18-1207
(UA 0805977) pizroBuay nudidubium mae He awumre 3epHO (i0IE€TOBOTO KOIBOPY, aje 1 BCi iHII YacCTHHU
POCIIMHU MaroTh SICKpaBo (iosieToBe 3abapeieHHS y (a3i koiocinHs—HanuB. [licns mo3piBaHHS pOCiIMHA
HaOyBae Ccipo-0y3KOBOIr0O Kojabopy. BMmicT aHTOIiaHKHIB y 3epHiBLi ckianae 0,260 ymor. on. D530/t, BMicT
¢benouniB Tex BUCOKUI — 1,04 MI/T 32 €KBiBaJEHTOM IajlOBOI KUCIIOTH. 3a aHAJII30M TiOpUAHUX MOMYSISLiH
BCTAaHOBJIEHO, MO B F1 ycmankoByeThCs, SK NMpaBHJIO, TEMHE 3a0apBIEHHS, a JIesKi 3pa3ku CTaOiIbHO
nepe/ialoTh Y TIOKOMIHHAX CBOE 3a0apBIIeHHS 3€pPHA 32 YJYacTi B CKpElIyBaHHI SIK 32 MaTepUHCHKHM, TaK i 3a
0aTbKiBCHKUI KOMIIOHEHT. Y momyssinisx F2 BinOyBanocs po3ImIeIuieHHs 3a KOJIbOPOM 3€pHa, YCIIaAKyBaHHS
3a0apBJICHHS 3€PHIBKH y SYMEHIO MOXKHA IOSICHUTH B3a€MOJII€I0 HEaJleIbHUX I'eHIB IEPEBaKHO 32 TUIIOM
KOMIUTIMEHTAPHOCTI. Y JESKUX TOMYJISAIISX BUSBICHO HOBOYTBOPEHHS, IO € I[IHHUM JUIs 30araueHHs
BUX1IHOTO MaTepiany s CeJIEKIIi.

KorouoBi cioBa: sipuil rono3epHHil SUMiHb, KOJBOPOBE 3EPHO, CENEKIis, (EHONBHI CIIOIyKH,
AHTOIIaHIIMHU, PO3LICTIIICHHS, YCIIaIKyBaHHI.

Abstract: The Yuriev Plant Production Institute of NAAS breeds naked food barleys, including those
with pigmented caryopses and waxy starch. The strating material was obtained from the National Center for
Plant Genetic Resources of Ukraine: accessions of the varieties nudum L. and daghestanicum Vav. et Orl.
with gray-green caryopses, of the variety viride Vav. et Orl. with green caryopses, of the varieties violaceum
Koern. and nudidubium Koern. with purple caryopses, of the varieties nigrinudum Vav. and
nudimelanocrithum Giess. et al. with black caryopses, and line SGI 7024 with blue caryopses bred at the
Plant Breeding and Genetics Institute — National Center of Seed and Cultivar Investigations. The sources of
changed starch composition were Canadian naked cultivars ‘CDC Alamo’ (waxy), ‘Mebere’ (waxy), and
‘CDC Hilose’ (high amylose). It was found that the contents of phenolic compounds and anthocyanins
depended on genotype and growing conditions, and these characteristics were consistently high in line
“Violet 18-1207’ and cvs. ‘CDC Alamo’ and ‘CDC Hilose’. In our valuable line ‘Violet 18-1207° (UA
0805977) of the variety nudidubium, not only caryopses are purple, but also all other parts of the plant are
bright purple in the “earing-filling” phase. After ripening, the plant turns gray-lilac. The content of
anthocyanins in grain is 0.260 relative units D530/g; the content of phenols is also high (1.04 mg/g of gallic
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acid equivalent). Analysis of hybrid populations showed that, as a rule, a dark color was inherited by
F1 and some accessions stably transmitted their caryopsis color over generations when participating in
crossing as both the female and male forms. In F2 populations, segregation occurred by caryopsis color; the
inheritance of caryopsis color in barley can be explained by interactions of non-allelic genes mainly via
complementarity. In some populations, traits that were not intrinsic to parents and valuable for enriching

starting materials for breeding were detected.

Key words: spring naked barley, pigmented caryopses, breeding, phenolic compounds, anthocyanins,

segregation, inheritance.

VYKkpaiHa € OmgHWUM 3 TIPOBITHHUX EKCIIOPTEPiB
3epHa SUMEHIO B CBITI, aJIe BaYKIIMBOIO IPOOIIEMOFO Ha
LUTSIXY TTOKpAILEHHS 11 MO3KILii Ha CBITOBOMY PHHKY
€ HeCTaOLIBHICTh O00CATIB  BHPOOHHUIITBA 3€pHA
STYMEHIO 32 POKaMH, L0 B IIEPIIy Yepry 3yMOBICHO
3HAYHOIO YYTJIMBICTIO CyYaCHUX COPTIB JI0 MOTOJHUX
(rykryariii. CitbChKOTOCIIOAAPChKE BUPOOHHUIITBO
nmorpedye BHCOKOATANTHBHUX COPTIB SUMEHIO, 3
BUCOKOI) BPOXKAHHICTIO Ta SKICTIO MPOMYKIIii.
SuMmiaep — cTpecocTiika KyImsTypa 3 BEIHKAM
MTOTEHITIaJIOM, aJie JUIsl HOTO peaisallii HeOOX1THUM €
JOCIHIPKEHHSI CTPECOCTIMKOCTI pa3oM 3 TIMOOKHM
po3yMmiHHSAM  (iziomoridyHoi  OCHOBH  0ararbox
arpoHOMIYHUX  O3HAaK, 30KpeMa e(EeKTUBHOTO
BUKOPHUCTAHHS BOAM Ta MOXUBHUX PedoBUH [1].

SlaMinp Mae yHIKabHI MIETWYHI BIACTHBOCTI
Ta € OfHMM 3 Haibararmmx Jokepen (GeHONIbHHX
CTIONYK Cepesl 3epHOBUX KyJIbTyp. OcTaHHIM YacoM
3pOCTaE IHTEPEC A0 3€PHA SIUMEHIO SIK CHPOBUHHM IS
BUTOTOBJICHHSI MIPOAYKTIB JIETHYHOTO Xap4yyBaHHSI.
Taki TPOAYKTH 3HWKYIOTH BMICT XOJECTEPUHY B
KpOBI, PETYIOIOTh TIIIKEMIYHUI 1HJEKC, BUSBISIOTH
AQHTUOKCHUIAHTHY aKTHBHICTh. BoHM MOXyTh OyTn
CKJIQJIOBOIO TPOQUIAKTUKA PO3BHTKY IIYKPOBOMY
nmiabeTy, CcepleBO-CYyIMHHHUX Ta OHKOJOTIYHHUX
3axBopioBaHb. Y 2006 p. Aaminictpamis CLIA 3
NnUTaHb XapdiB Ta jikapcekux 3aco0iB (US FDA)
BiHECTIa 3€pHO SYMEHIO JI0 TIPOAYKTIB, SsIKi
3HMKYIOTh PU3MK KOPOHAPHOI XBOPOOH ceplist, TOOTO
70 TPONYKTiB  (YHKI[IOHaNBHOTO  XapuyyBaHHSI.
[onsarTs «IIPOIYKTH (hyHKITIOHATEHOTO
NpU3HAYEHHsD) SK Ti, 110 MaloTh JIKyBaJIbHO-
npoGiIaKTHUHUIA BIUIMB Ha JIIOACHKUM OpraHi3m,
TOOTO, OKpPIM €HEPreTUYHOI IIHHOCTI 3a0€3MeuyoTh
HOpMaIbHE (i3ioyioriuHe (QYHKIIOHYBaHHS CHCTEM
moauHu  3’sBwiocs B MAmownii, me y 1991 p.
3aKOHOJIABYO MPUHHATO BHUMOTUM 1O BHUPOOHHIITBA
Xap4yOBHX MPOAYKTIB 31 CHEU(IYHOIO JTiKyBaJIbHOO
nietro FOSHU (Food of Specific Health Use) [1, 2, 3].
s mporpama craja mpooOpa3oMm Uil MOAIOHHX
nporpam y Himewunni, @pannii, innstanii, Hserit,
CIIA, Kanani, Kurai, Kopei Ta Oararbox iHIIMX
Kpainax. [1, 2, 3, 4, 5].

Ukraine is one of the leading exporters of
barley grain in the world, but the year-to-year
instability of barley grain production, which is
primarily caused by significant susceptibility of
current cultivars to weather fluctuations, is an
important obstacle on the way to improving
Ukraine’s position on the world market.
Agricultural  production requires highly
adaptable and high-yielding barley cultivars
with top-quality grain. Barley is a stress-
resistant crop with great potential; however, for
its fulfilment, it is necessary to study stress
resistance along with a deep insight into the
physiological bases of many agronomic traits,
in particular, the efficient use of water and
nutrients [1].

Barley has unique dietary properties and
is one of the richest sources of phenolic
compounds among cereals. Recently, there has
been a growing interest in barley grain as a raw
material for dietary food production. Such
products reduce cholesterol levels in the blood,
regulate the glycemic index, and have
antioxidant activity. They can be a component
of the prevention of the development of
diabetes, cardiovascular and oncological
diseases. In 2006, the US Food and Drug
Administration (US FDA) classed barley grain
as a product that reduces the risk of coronary
heart disease, that is, as a functional food. The
concept of functional products as those that
have a therapeutic and preventive effects on the
human body, i.e., in addition to energy, ensure
the normal physiological functioning of human
systems, appeared in Japan, where the
requirements for the production of foods with
specific therapeutic effects (Food of Specific
Health Use [FOSHU]) were approved
legislatively in 1991 [1, 2, 3]. This program has
become a model for similar programs in
Germany, France, Finland, Sweden, USA,
Canada, China, Korea and many other
countries. [1, 2, 3, 4, 5].

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



Bimomo, 1m0 HaiOinbpla KigbKICTH CIIONYK 3
AHTUOKCHIAHTHOIO AaKTHUBHICTIO 30Cepe/KeHa B
riepudepiiHuX Iapax 3epHIBKA sSAMeHto [6-8]. Ane
MIPY BUTOTOBJICHHI MPOIYKTIB 3 TUIIBYACTOTO SUMEHIO
i 9ac nutiyBaHHA i3 3epHA BUIAISIETHCS YaCTHHA
LIHHKUX IS 30pOB’Sl HyTpi€eHTIB. ToMy Bce OinmbIry
yBary BUpOOHHKIB IIPUBEPTAE TOIIO3EPHUH SUMiHb, Y
SIKOTO 32 BiICYTHOCTI orepartii nutiyyBaHHs BC1 IiHHI
KOMIIOHEHTH 30epiraroThCsi B 3€pHI Ta MPOXYKIIii,
BHUI'OTOBJIEHO] 3 HBOTO.

AHTHOKCHIAaHTHa  akTuBHICTE (AOA) €
TOJIOBHMM YMHHUKOM, SKHH BH3Ha4ya€ I[IHHICTh
NPOAYKTIB XapuyBaHHS JJIsl 3[0POB’SL  JIIOIHMHHU.
PiBeHp 1pOrOo TOKa3HUKA y SUMEHIO € ONHUM 3
HAMBUINMX Cepell 3ePHOBUX KYIBTYD, Y YHCEIBHUX
JOCTIKCHHSIX CIIOCTEpIraid CTIMKY 3aJIC)KHICTh
AOA Bix reroruny [9-22]. bioakTHBHI KOMIIOHEHTH
B pi3HI KINIBKOCTI MPHUCYTHI B 3€pHI 3JaKiB y
3aJIOKHOCTI Bl TCHOTUIY. AHTHOKCHJAHTHI
BJIACTHUBOCTI (JEHONBHUX KOMITOHEHTIB 3epHa abo
OJIcp’)KaHUX 3 HBOTO XapUOBHX JOOABOK acollildoBaHi
3 MO3UTUBHUM BIUTUBOM Ha 37I0pOB’s Jirozeit [9, 15,
23, 24, 25].

AHTHOKCHIAHTHUH  TIOTEHIlial  3€PHOBHX
KyJBTYp 3HAYHOIO MIpOIO KOPEJIOE 3 BMICTOM Y HUX
nomidperoniB. LimpHO3epHOBI MTPOMYKTH € HKEPETOM
0araTb0X aHTHOKCHJAHTIB: BiTamiHy E, ¢omieBoi
KHACIIOTH,  ()CHONBHUX  CHOJNYK, KapOTHHOIMIB,
(bITUHOBOI KHCIIOTH, NWHKY, 3ajli3a, CeleHy, Mini,
Maprasinto [26, 27]. BmicT (heHONBHHUX CIIONTYK TaKOXK
3aJIeKHUTh BiJl TEHOTUIy T4 YMOB CepeloBUINA. Y
nociimkenHi 13 copriB sameHto B OHTapio el
MOKa3HUK BapitoBaB Bix 987 Mkr/T 1o 3481 Mkr/t [7].
Kuraticbkumu BUCHUMHU JOCITIKEHO
AHTUOKCUIAHTHY aKTUBHICTh Y 67 KyJIBTYpPHUX Ta
156 THOETCHKMX TCHOTHUIIB sSYMEHI0. BusHadeHo
QTLs, siki KOHTPOJIOIOTH BMICT (DEHOIBHUX CIIONYK Y
THOETCHKOMY STIMEHIO. TaKkoXX YCTaHOBJICHO, IO
OUNBIIICTE MapKepiB, sKi TOB’s3aHI 3 BMICTOM
(eHOIB, € PI3HUMH Y JUKOPOCIIOTO Ta KyJIETypHOTO
s;taMmeHro [28]. SMOHCEKMMHM BYEHHMMH BCTaHOBJICHO,
0 3arajJlbHUd BMICT TONI()EHONIB TMO3UTHBHO
KOPEJIIOE 3 aHTUPAAUKAIGHOIO AaKTHUBHICTIO, IO
BU3HAYAETHCS 3a peakui€ro
mdeninmikpunriapazmiom (DPPH) (r = 0,875, P <
0,01). Bucokuii BmicT (EHONBHHX  KHCJIOT
3yMOBJIIOBAB BHCOKY AHTHOKCHAAHTHY AaKTHUBHICTb
TakoK 1 mepioBaHoro suMenro [28]. Y BocHii i
I'eprieroBuni Oyno JOCHIIKEHO aHTUOKCHUIAHTHY
AKTUBHICTb PI3HUX 3€PHOBHUX KYJBTYp, Y TOMY YHCIi
STMMEHIO, Ta 11 3aJIKHICTh BiJl BMICTY (PEHOIBHUX
cnoiyk. Y pe3ynbrari Oyllo BCTaHOBIIEHO TiCHY
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It is known that the largest amounts of
compounds with antioxidant activity are
concentrated in the peripheral layers of the
barley caryopsis [6-8]. However, when making
products from chaffy barley, during defuzzing,
some of the nutrients valuable for health are
removed from kernels. Therefore, more and
more attention of producers is drawn to naked
barley, as it does not require defuzzing and all
valuable compounds are preserved in their
kernels and products made such kernels.

Antioxidant activity (AOA) is one of the
main factors that determine the value of food
for human health. Antioxidant activity in barley
is one of the highest among cereals; in
numerous studies, a steady dependence of AOA
on genotype was observed [9-22]. Bioactive
components are present in different amounts in
cereal kernels, depending on genotype.
Antioxidant properties of phenolic compounds
in grain or in food additives produced from it
are associated with a positive effect on human
health [9, 15, 23, 24, 25].

The antioxidant potential of cereals is
largely correlated with their contents of
polyphenols. Whole grain products are a source
of many antioxidants: vitamin E, folic acid,
phenolic compounds, carotenoids, phytic acid,
zinc, iron, selenium, copper, manganese, etc.
[26, 27]. The content of phenolic compounds
also depends on genotype and environmental
conditions. In a study of 13 barley cultivars
conducted in Ontario, this parameter varied
from 987 to 3,481 ug/g [7]. Chinese scientists
investigated the antioxidant activity of 67
domestic and 156 Tibetan barley genotypes.
QTLs controlling the content of phenolic
compounds in Tibetan barley were identified. It
was also revealed that most of the markers
associated with the phenol content were
different in wild and domestic barleys [28].
Japanese scientists found that the total content
of polyphenols was positively correlated with
antiradical activity, as was shown in the
reaction with 2,2-diphenyl-1-picrylhydrazyl
(DPPH) (r = 0.875, P < 0.01). The high content
of phenolic acids determined the high
antioxidant activity of pearl barley as well [28].
In Bosnia and Herzegovina, the antioxidant
activity in different cereals, including barley,
and its relationship with the content of phenolic
compounds were investigated. As a result, a
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KOPEJISIII0 MiXK IBOMA JTOCITiDKCHUMH TTOKa3HUKaAMHU
(r=0,99) [29].

TakuM 4YHMHOM, SYMIHb BIJIOMHM BHCOKUM
BMIiCTOM O10aKTMBHHX CIIONYK, SIKi CIIPHUSIOTH HOTO
XapIoBii IIHHOCTI Ta AHTHOKCHIAHTHUAM
BJIACTHBOCTAM. /{0 HUX HaJeXaTh TiIpPOKCHOCH30MHI
KHCIIOTH (TalioBa, 0-TiApOKCHMOEH30HHA KHCJIOTa),
rizpokcukopudHi ((epylioBa KHUCIOTa), BaHUTIHOBA,
Oy3KOBa, KyMapoBa, KaBOBa KHCIOTH, (IIaBOHOIIH
(kBepuUTHH, KeMII(hepo) Ta JIirHaHU. 3epHO SUYMEHIO
MICTHTB PI3HOMaHITHHH CTIEKTp (pIIAaBOHOIIB, Y TOMY
quciti ¢GraBoHONH, (paBaHOHW Ta aHTOIiaHW. He
JIUIIIE 3¢PHO STUYMEHIO, 2 TAKOXK TUTIBKU MICTAThH Oarato
010aKTHBHUX CHOJYK — (PEHONIbHI PEYOBHHH, TaHIH,
(aBoHOIM, TOKO(EpOIH Ta ankiipe3opuuHu [13,
31-33]. V pi3HUX JOCTIIKECHHSIX IOBIIOMIISIETHCS
po BMicT peHompHUX crionyK — Bif 1,95 1o 4,51 mr/t
CyXOl PEYOBHMHHM 33 CKBIQJICHTOM TajOBOi KHCIIOTH
[13, 20, 26, 34]. OkpiM IOTO, 3€PHO SUYMEHIO
MICTHTH  (pTaBOHONM  MIpINETHH, KaTexiH Ta
npounanigua B3 [7]. IcHyroTe aaHi mpo BMiCT
¢naBoHoiniB Big 1,38 1o 2,24 Mr/r cyxoi peHoBHHH,
taHiny — 1,38-2,24 [13, 31], taniny — 9-70 wmr
CE/100 r 6opommna [13, 35]. Cknan deHombHUX
CHOJIYK B SYMEHI MOXKE 3MIHIOBATHCS 3aJIC)KHO Bif
Temreparypy, pH TpyHTY, BOJIOTOCTI, 3aCTOCYBaHHS
noOpuB Ta cTazii 30upanHs Bpoxato [32, 35-37].

B Iranii Oyna inimilioBana cenekiiliHa
mporpaMa il OEpXKaHHS 3apOJKOBOI  IUIA3MHU
TOJIO3EPHOTO SUMEHIO 3 KOJIbOPOBHM 3€PHOM, Oararoi
Ha OIlOJNOTiYHO aKTWBHI PEYOBHHU  (EHOMBHOT
npupony. BcraHoBneHo, MmO BMICT OLIBIIOCTI
OiOJIOTIYHO  aKTUBHHUX  CIIONYK MaB  BHCOKY
yCIaJIKOBYBaHICTh, a BPOXKAWHICT, 3epHa Maja
3HAUUMYy TIO3UTHUBHY KODPEJIMII0 3 BEIHMYHHAMHU
BMicTy (EHONIB Ta AHTUOKCHIAHTHOI AKTHBHICTI.
ITaniiicbkuM ydeHHM BAJOCS CTBOPHTH JIiHIT
SYMEHI0,  SKI ~ XapaKTepHU3yKTHCS  BHUCOKHMU
MOKa3HUKaMH CKOPOCTHUTIIOCTI, BPOXKAHHOCTI, HATypH
3epHa, Macu 1000 3epeH y MOETHAHHI 3 BHUCOKUM
BMICTOM  (DEHONIB, aHTOIliaHiB, (DIABOHOIMIB,
KapOTHHOIIB, B-TmrokaHiB Ta BHICOKOIO
AHTHOKCHJIAHTHOIO aKTHBHICTIO [38].

IIpoBonsatecst YHUCEIbHI JIOCT JIKEHHS
TEHEeTUYHOTO  KOHTPOJIO  3a0apBlieHHS  3epHa
suMeHIo. BeranosieHo, 1m0 ioaeToBy mirMeHTauio
3epHa KOHTPOIIOIOTH reHn Antl Ha xpomocomi 7HS
ta Ant2 Ha xpomocomi 2HL. Ten Blp na xpomocomi
IHL xoHTpomoe dopHe 3a0apBiieHHS JYCOK 1
MEepUKapIy B SUMEHIO. YCNAAKyBaHHS HYOPHOTO i
¢ioneroBoro  3abapmiieHHs  BiAOyBaeTbcs 32
MarepuHChbKUM KommioHeHToM [39, 40]. Dongdong

strong correlation was found between these
parameters (r = 0.99) [29].

Thus, barley is known for its high content
of bioactive compounds, which contribute to its
nutritional value and antioxidant properties.
These include hydroxybenzoic acids (gallic, a-
hydroxybenzoic  acid),  hydroxycinnamic
(ferulic, vanillic, syringic, coumaric, caffeic)
acids, flavonoids (quercitin, kaempferol), and
lignans. Barley grain contains a lot of different
flavonoids, including flavonols, flavanones,
and anthocyanins. Not only barley kernels but
also chaff contain many bioactive compounds:
phenolic  substances, tannin, flavonoids,
tocopherols, and alkylresorcinols [13, 31-33].
The content of phenolic compounds was
reported in several studies: from 1.95 to 4.51
mg of gallic acid equivalent per g of dry matter
[13, 20, 26, 34]. In addition, barley grain
contains flavonols such as myricetin, catechin
and procyanidin B3 [7]. There are data on the
flavonoid content ranging 1.38 to 2.24 mg/g of
dry matter [13, 31] and the tannin content
ranging 9-70 mg CE/100 g of flour [13, 35].
The composition of phenolic compounds in
barley can vary depending on temperature, soil
pH, humidity, fertilization, and stage of harvest
[32, 35, 36, 37].

In Italy, a breeding program was launched
to obtain a germplasm of naked barley with
pigmented caryopses in biologically active
phenolic substances. It was demonstrated that
the contents of most biologically active
compounds were highly heritable features and
grain yield was significantly positively
correlated with the content of phenolic
compounds and antioxidant activity. Italian
scientists managed to create high-yielding,
early-ripening barley lines with high test
weight and thousand kernel weignt in
combination with high levels of phenols,
anthocyanins, flavonoids, carotenoids, and [3-
glucans and high antioxidant activity [37].

Numerous studies of the genetic control
of barley grain color are being conducted. The
purple pigmentation of caryopses was revealed
to be determined by the Antl gene on
chromosome 7HS and Ant2 gene on
chromosome 2HL. The Blp gene on
chromosome 1HL determines the black color of
glumes and pericarp in barley. The black and
purple colors are inherited from female forms
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Xu et al. [41] inenTudikyBanu TreH DIyTaTioH-S-
tpanchepazn (HvGST), skwif BigmoBimae 3a CHHE
3a0apBieHHs aJeHpPOHOBOTO IIAPy B THOETCHKOMY
suMmeHi qingke. AHaii3 MIHIMBOCTI Ta eKcmpecii
reHiB mokazaB, mo HvGST Takox Oepe ydactp y
TPAaHCIOPTI Ta HAKONHMYEHHI  AHTOIMIaHIB Y
MypIypHOMY STUMEHIO.

Y  mporpamax — Tpe-OpHIOMHTY  IIMPOKO
JMOCTIKYETbCS BMICT TMITMEHTIB y SUMEHIO B
3aJI@KHOCTI  Bif  KONMbOpYy  3epHiBKH.  Tak,
YCTaHOBJICHO, III0 TENAPTOHIAMHH BHU3HAYAIOThH
gepBoHE (OpamKeBe) 3a0apBIICHHS, ITIaHIIUHA —
TEMHO-YEPBOHE, JACTb(iHiIuHN — (ioneToBe (CHUHE)
[39, 41]. IlirmeHT-3-DIIOKO3UA  BOJOIIKH  OyB
OCHOBHHM aHTOIIIaHITMHOM Y CHHBOMY, JKOBTOMY Ta
¢ioneToBOMy SYMEHI, B YHOPHOMY — JeNbQiHiquH-3-
DIOKo3uA.  TemHe 3a0apBieHHS CBITYATH IIPO
30araueHuid BMICT aHTOIliaHiB [42]. Pesymsraramu
IHIIUX  JOCHTIPKEHb  YCTAHOBJICHO  IIiJIBUIICHY
KOHIIEHTpalit0 [(-DIIOKaHiB Ta aHTOIliaHiB Yy
MypIypHOMY Ta CHHBOMY SUMEHi, TOAI SIK YOPHHUH
sSuUMiHb HE MaB TaKhx BIacTHBocTed [43].
AHaNoriyHi J1aHi 1IOM0 TIiABWIIEHOTO BMICTY
aHTOIIiaHiB came y (hioJIeTOBOrO SIMMEHIO € Y poOoTi
Yao X. et al. [44].

JloBeneHo BILIHB BMiCTY (DEHOIBHUX CIIOTYK Ha
3abapBiieHHs 3epHa sumeHio [7, 40, 42, 45-48].
30kpema, BCTAHOBJIEHO, IO BMICT 3arajibHUX
¢eHomB Ta (umaBoHOINiB OyB BHCOKUM Yy
MypIypHOMY STIMEHI; OCHOBHUMH (DEHONBHUMHU
KHCJIOTaMH B CHUHBOMY SUMEHI Oynu mosideHosu
OCH301MHOT ~ KHCIIOTH,  OCHOBHHMH  THIIAMHU
(1aBOHOI/IIB B YOPHOMY Ta CHHBOMY SIUMEHi Oyiu
XaJIKOHM 1 (DJIABOHOHM BIJTIOBIZHO, & B )KOBTOMY Ta
MypIypHOMY stuMeHi — ¢nmaBoHou [42]. Xiangzhen Ge
et al. [49] Bu3HauMIM IPOQisb PEHONBHUX CIONYK Y
KOJIbOPOBOTO  TOJIO3EPHOTO  siuMeHro  (Oisoro,
JKOBTOTO, YOPHOTO Ta CHHBOTO) Ta ieHTH(]IKyBaIN
156 penonpHUX peyoBuH. HalO1IbII pi3HOMAHITHUM
OyB Npo(iyib y YOPHOTO SUMEHIO, a BMICT (peHOIB
Bapifoe  3aJIKHO  BiJ 3a0apBIEeHHS  3€pHA.
BcraHosieHo, 1110 MapKepH, acoIliifoBaHi 31 CKJIa0M
Ta BMICTOM (DEHONBHHUX CHOJIYK, BiIPi3HSIOTBCS Y
IUKHX Ta KyJAsTypHHX suMeniB [50, 51]. Inmmmu
JNOCTIIHUKAMUA  TIJATBEPIKCHO  BUIIMH  BMICT
(naBoOHOINIB y 3epHIBKax SUYMEHIO CHHBOTO Ta
¢ioneroBoro 3abapeieHHs [52], mo TOro X y
(dioNeToBOro  TOJO3EPHOTO0  SUMEHIO  BMICT
¢naBoHOINiB OyB BHMIIMM, HDK Yy (ioI€TOBOTO
TUTIBYaCTOTO Ta TOJIO3EPHOTO KOBTO3epHOTO [53].

Iadopmartist mpo aHTHOKCHIAHTHI BIACTUBOCTI
3€pPHOBUX KYJBTYP, Y TOMY YHCJi T€HOTHIIIB TYMEHIO,
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[38, 39]. Dongdong Xu et al. [40] identified the
glutathione-S-transferase =~ (HvGST)  gene
responsible for the blue color of the aleurone
layer in Tibetan barley (qingke). Analysis of
variability and gene expression revealed that
HvGST was also involved in the transport and
accumulation of anthocyanins in purple barley.

In pre-breeding programs, the pigment
contents in barley are intensively studied in
association with caryopsis color. Thus,
pelargonidins were found to determine red
(orange) color, cyanidins — dark-red, and
delphinidins - purple (blue) [38, 40].
Cornflower pigment-3-glucoside was the major
anthocyanidin in blue, yellow and purple barley
and delphinidin-3-glucoside - in black barley. A
dark color indicates an increased content of
anthocyanins [41]. In other studies, increased
concentrations of B-glucans and anthocyanins
were detected in purple and blue barley, unlike
black barley, which did not have such
properties [42]. Similar data on the increased
content of anthocyanins in purple barley were
reported by Yao X. et al. [43].

The influence of phenolic compound
levels on barley grain color was proven [7, 39,
41, 44-47]. In particular, the contents of total
phenols and flavonoids were found to be high
in purple barley; the major phenolic acids in
blue barley were benzoic acid polyphenols; the
major types of flavonoids in black and blue
barley were chalcones and flavanones,
respectively; and flavonol was the major
flavonoid in yellow and purple barley [41].
Xiangzhen Ge et al. [48] determined the profile
of phenolic compounds in pigmented barley
(white, yellow, black, and blue) and identified
156 phenolic substances. The profile of black
barley was the most diverse, and the content of
phenols varied depending on caryopsis color.
Markers that are associated with the
composition and content of phenolic
compounds were demonstrated to differ in wild
and domestic barleys [49]. Other researchers
confirmed higher contents of flavonoids in blue
and purple barley caryopses [50]; besides, the
content of flavonoids was higher in purple
naked barley than in purple chaffy and yellow
naked barleys [51].

There is very little information about the
antioxidant properties of cereals, including
barley genotypes used in the production in our
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SKI BHKOPHCTOBYIOTHCSI y BHPOOHHMIITBI HAILIOTO
pEerioHy, MPaKTUYHO BiACYTHS, TOHI K y OLIBIIOCTI
PO3BHHYTHX KpaiH CBITYy TOmiIOHI IOCIiIKeHHS
MPOBOIATECS Ay)KE IHTEHCHBHO. TakuM YHHOM,
BUBYEHHS BJIACTUBOCTEH KOJBOPOBOTO I'OJI03€PHOIO
STIMEHIO IITUPOKO PO3TOBCIOHKEHO Y CBITI, & CENeKIIis
COpPTIB 3 TaKUM 3E€PHOM € MEPCIEKTHBHOIO Ta Mae
BO)XJIMBE 3HAYEHHS VIS IIPOJOBOJIBYOI OE3MeKu Ta
CTBOPEHHSI IPOAYKTIB AJISI AIETUYHOTO XapuyBaHHSI.

Mertoro Hamioi poboTu Oyno B paMkax Tmpe-
OpUIVHTY BCTaHOBIEHHA Yy 3pa3KiB TOII03EPHOTO
STIMEHIO BMICTY (DEHOJBPHUX CIONTYK Ta (PI1aBOHOIIB,
ychaJaKyBaHHs 3a0apBIeHHS 3epHA, MOB’A3aHOTO i3
BMicTOM (peHOmMB Ta (DIaBOHOINIB y AacImeKTi
3aJy4eHHS KpalluxX 3paskiB 10 CeNeKIiiHHOTo
mporiecy sK  OarbKiBCBKUX  KOMITOHEHTIB  JIJIS
CXpelLlyBaHHS.

MeTtoauka

B Iucturyti pocnuHHMnTBa iMm. B.A.
IOp’eBa HAAH VYkpainu mHpoOKO pO3TOPHYTO
CEJIEKLII0 TOJIO3EPHOTO SYMEHIO XapuyoOBOTO
HampsiMy BHUKOpUCTaHHSA. CTBOPEHO TroJ03epHi
coptu pizHoBULY nudum SBip, Opnan, OOpiii Ta
lopniii. Copt lopniti BHeceno B JlepkaBHUH
pEeECTp  COPTIB  pOCIMH, MNPUAATHUX  AJA
nomupeHHss B Ykpaini 3 2024 poky. Takox
MPOBOAUTHCS CEJEKIlisl TOJI03EPHOTO SYMEHIO 3
KOJILOPOBHM 3€PHOM Ta KPOXMajeM 31 3MiHEHUM
cknagoM [55-57]. BuxigHuii Marepian ofiepkaHo
3 HamioHanbHOTO IIEHTPY TEHETHUYHUX peCypciB
pocnuH Ykpainu. Le 3pa3ku piznoBuny nudum L.,
daghestanicum Vav. et Orl. i3 cipo 3eneHum
3epHoM, viride Vav. et Orl. i3 3eneHUM 3epHOM,
violaceum Koern. Ta nudidubium Koern. 3
(ioneToBUM  3epHOM, nigrinudum  Vav.,
nudimelanocrithum Giess. et al. 3 yopHUM 3epHOM
ta ninisg SGI 7024 3 GakUTHUM 3epHOM CENEKIiT
CI'T-HIIHC (aBtop Pubanka O.l.). fAx mxepena
MyTamii waxy OyJlo B3SITO TOJIO3epHI COpPTH
kanaacekoi cenekiii CDC Alamo Tta Mebere,
JUKEpEeJIOM TiABMIICHOIO BMICTYy amijio3n B
Kpoxmalli — TeX copT kaHaachkoi cenekuii CDC
Hilose. ns ribpuausaiiii BUKOPHUCTAHO TaKOX
3pa3KH IUIIBYACTOTO SYMEHIO, B T.4. 3 KOJILOPOBUM
3epHOM SIK JKepesia MiJBUIIEHHS aJanTHBHOCTI
TOJIO3EPHOTO SYMEHIO JI0O YMOB CEpeJOBHINA
(Tabm. 1).

region, while in most of the developed
countries worldwide, such studies are being
conducted very intensively. Thus, research into
properties of pigmented naked barleys is
conducted all over the world and the breeding
of cultivars with such grains is promising and
important for food security and dietary
nutrition.

Our purpose was, as part of pre-breeding,
to determine the contents of phenolic
compounds and flavonoids in naked barley
accessions and to elucidate the inheritance of
caryopsis color associated with contents of
phenols and flavonoids in order to involve the
best accessions in breeding as parents for
crossings.

Methods

The Yuriev Plant Production Institute
(YPPI) of NAAS of Ukraine intensively works to
breed naked food barley cultivars. Cultivars
“Yavir’, ‘Orlan’, ‘Obrii’, and Hordii’ (the variety
nudum) have been created. Cultivar ‘Hordii’ has
been in the State Register of Plant Varieties
Suitable for Dissemination in Ukraine since 2024.
Naked barley cultivars with pigmented caryopses
and starch with changed compositions are also
being bred [52-56]. The strating material was
obtained from the National Center for Plant
Genetic Resources of Ukraine: accessions of the
varieties nudum L. and daghestanicum Vav. et Orl.
with gray-green caryopses, of the variety viride
Vav. et Orl. with green caryopses, of the varieties
violaceum Koern. and nudidubium Koern. with
purple caryopses, of the varieties nigrinudum Vav.
and nudimelanocrithum Giess. et al. with black
caryopses, and line SGI 7024 with blue caryopses
bred at the Plant Breeding and Genetics Institute
— National Center of Seed and Cultivar
Investigations (PBGI-NCSCI; the author -
Rybalka O.1.). Canadian naked cvs. ‘CDC Alamo’
and ‘Mebere’ were taken as sources of the waxy
mutation and Canadian cv. ‘CDC Hilose’ was used
as a source of an increased content of amylose in
starch. In hybridization, chaffy barley accessions,
including those with pigmented caryopses, were
also used as sources enhanced adaptability to
make naked barley more adaptable to
environmental conditions (Table 1).
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Taommus 1. Buxigauii Marepian 1uist ri0Opuau3anii
Table 1. Starting material for hybridization

3pasok / PizHoBuz / [Moxomxkenus / .
Aé)cession Variety Origin OcobmuBocrti / Features
Tonozepni / Naked
CDC/Alamo |nudum Crop Development | Waxy, myxke BHCOKa 3arajbHa aHTHOKCHIAHTHA
Centre (CDQC), | akrmBHicts (AOA), BMicT B-TIroKaHiB, omii Ta
Canada ¢denomsaux cnomyk / Waxy, very high total AOA,
high contents of pB-glucans, oil and phenolic
compounds
Mebere nudum AAFC, Canada Waxy, 3epHo okpymioi ¢opmu, Bucoka AOA,
Bucokuii Bmict omii / Waxy, rounded kernels, high
AOA, high content of oil
CDC Hilose nudum CDC, Canada High amylose, myxe Bucokuii BMicT omii (mOHaz
4,70 %), myxe mosruit konoc / High-amylose, very
high content of oil (>4.70 %), very long spikes
Seip / Yavir nudum IP, Vkpaina / YPPI, | Bucokwuit Bmict omii, Bucoka AOA / High content of
Ukraine oil, high AOA
I"aTyHOK / |nudum ICI'C, VYxpaina / | BUCOKHIA BMICT MOJIHCHACHYCHOI ®-3 JIiHOJICHOBOI
Gatunok Institute of Steppe | kucmoru / High content of polyunsaturated ©-3
Agriculture, Ukraine | linolenic acid
Topmiit / Hordii  [nudum IP, Vkpaina / YPPI, | Bucokuit BMicT heHONBHUX CIONYK, Kpyriie 3epHO /
Ukraine High content of phenolic compounds, round kernels
NSGJ-1 nudum Cep0is Serbia [Mocyxocriiikuii, cTabinbHa Bpoxaitnicts / Drought-
resistant, stable-yielding
Tercel nudum Canada cTabinpHa BpOXKaitHICTh, Okpymie 3epHo / Stable-
yielding, rounded kernels
UA 5462 daghestani-cum Cipo-3eneHe 3epHO, JOBIUH KOJOC, TyXKe BHCOKHIA
BMicT kpoxmaito (moHan 65 %) ta omii / Gray-green
caryopses, long spikes, very high contents of starch
(>65%) and oil
UA 0663 viride 3eneHe 3epHO, IyXe BHCOKHI BMICT Oinka (MOHAZ
17 %) / Green caryopses, very high content of protein
(>17%)
Hoem violaceum dionerose 3epHo / Purple caryopses
Bioner 18-1207 |nudidubium IP, Ykpaina / YPPI, | ®@ioneroBe 3epHO, Jy)Ke BUCOKHIA BMICT KPOXMAIIO
Ukraine (monax 66 %) ta omii / Purple caryopses, very high
contents of starch (>66%) and oil
UA 0645 nudimelano- YopHe 3epHO, IyKe BUCOKHH BMicT Ginka (mOHAZ
crithum 17 %) / Black caryopses, very high content of protein
(>17 %)
UA 2220 hymalaense 3esene 3epHo, mectupsaauii / Green caryopses, Six-
rowed plants
I[Tniguacri / Chaffy
Bsipens /| nutans IP, Ykpaina / YPPI, | Bucoka AOA, BucOkuil BMICT (DEHONBHUX CIIONYK,
Vzirets Ukraine MOJTIHEHACHYESHOT -3 JIHOJIE-HOBOT Ta
MOHOHEHAaCH4eHO1 najbMitoneinoBoi kucnoru / High
AOA, high content of phenolic compounds,
polyunsaturated ®-3 linolenic and monounsaturated
palmitoleic acids
Tposi / Troian | nutans IP, Vkpaina / YPPI, | Bucokuit BMicT mojiHEHaCHYEHOT ®-3 JIIHOJIEHOBOI
Ukraine kucior / High content of polyunsaturated -3
linolenic acid
IMapuac / Parnas | nutans IP, Vkpaina / YPPI, | Bucokuii BmicT oiii, BHCOKa TNEpeTPaBIOBaHICT

Ukraine

6inka / High content of oil, high digestibility of

protein
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Hocnimkenns npoBoaunu B 2022-2023 pp.,
3pa3Kd SYMEHI0 OYyJIO MOCISIHO B CEJICKI[IHHOMY
pO3CagHUKY, IIoma IUISHKY 2 M2, CXpelyBaHHS
MPOBOJWIIN MTPUMYCOBO, i3 KOJIOCKA B KOJIOCOK.

Bwmict 6inka Ta KpoxXMalro B 3epHi BU3HAYAIN
Ha MugpalllOM OT-10M 09495. Waxy-reHoTHITH
ineHTudikyBamu metogoM (apOyBaHHS HOTHUM
po3unHoM Jliorons (MonudikoBaHHW  METOI
Ixyniana) [58]. 3araipHy aHTHOKCHIAHTHY
akTUBHICTH (AOA) 3pa3KiB SUMEHIO OLIIHIOBAJIH 32
3[IaTHICTIO CIUPTOBHUX €KCTPAKTiB HEUTpai3yBaTH
panukani DPPHe (2,2-diphenyl-1-picrylhydrazyl).
Merton 6a3yeTbcst Ha 3HEOAPBICHHI CIIMPTOBOTO
po3unHy ctabinpHOoro pagmkara DPPH vy
MPUCYTHOCTI CIUPTOBHX EKCTPAKTIB 3€PHOBHX
MPOAYKTIB, MO0 MICTSITh AHTUOKCUIAHTH, SIKi €
JOHOpaMHU TIPOTOHIB, 3aTHUX HEUTpami3yBaTH
panukan DPPH Ta nepeBectu #ioro y 3He6apBieHy
BiIHOBJICHY dhopmy. Busnauenns
AHTHPAAMKAJIBHOI AKTUBHOCTI NPOBOAMIM 34
METONIOM, OmucaHuM y poOoTi S. Arabshahi, A.

Urooj [58].

®DeHonbHI CIIOJTYKH i aHTOIIaHU
eKCTparyBaiu i3 po3meneHoro 3epHa 80%
€TaHOJIOM (CTiBBiTHOIITCHHS HaBaKKH i

ekctpareary 1:20) 3a Temmeparypu 2-4°C
npotsiroM 14-16 rox, micns 4oro QinbTpyBaH.
Hnst  aHamizy BMicTy (EHONBHUX CIHOINYK Y
peakiiiiini nmpoOipku BHOocwH 0,5 Mt pinbTpary, 8
MJI TUCTHIBOBaHOT Boau Ta 0,5 Mi peakTuBy
®dogniHa, nepeMinryBaiy 1 yepe3 3 XB jgoaaBaiu 1
M 10%-ro Na2CO3. Yepes 1 roguHy BUMIpIOBaIU
a0copOIrito peakififinoi cymimi npu 725 um [60].
BMmicT QeHONBHHX CHONYK BUPaXKadd y MKMOJb
ragoBoi kucimoTd Ha 1 r HaBaxku. llepen
BH3HAUCHHSM BMICTY aHTOI[IaHIB CyIepHATaHT
migkucioBainu HCI 1o kinieBoi koHeHTpartii 1%.
[Mornmuuanas BuzHavaim npu 530 wM  [61].
Pesynpratn BHpakeHi B YMOBHHX OJIWHUIISX, SK
abcopOI1ist y po3paxyHKy Ha | T HaBaXKKH.

Bwmict onii BH3HAuanuM 3a Barol CyXxoro
3HEKMPEHOTO  3aJHUIIKy 33 MOINU(DIKOBaHOIO
Metoaukoro C.B. PymkoBcbkoro (rpaBiMeTpuaHUR
METO/1), aHaJli3 KUPHOKUCIOTHOTO CKiIamy Oiii —
METOZIOM Ta30BOi xpomarorpadii MeTHIOBHX
edipiB
xpomatorpadi «Ceamuxpom- 1.

KHUPHUX KHUCJIOT Ha ra3oBOMY

The study was conducted in 2022-2023.
The barley accessions were sown in a breeding
nursery. The plot area was 2 m2. Crossings were
controlled, from spikelet to spikelet.

The contents of protein and starch in grain
were determined on an InfraLIUM FT-10M
09495 analyzer. Waxy genotypes were
identified by staining with Lugol's iodine
solution (modified Juliano's method) [57]. The
total antioxidant activity in the barley
accessions was evaluated by ability of ethanol
extracts to neutralize DPPHe (2,2-diphenyl-1-
picrylhydrazyl) radicals. The method is based
on the decolorization of ethanol solution of the
stable DPPH radical in the presence of
antioxidant-containing ethanol extracts from
kernels, as antioxidants are proton donors
capable of neutralizing the DPPH radical and
converting it into a decolorized reduced form.
The antiradical activity was determined, as
described by S. Arabshahi and A. Urooj [58].

Phenolic compounds and anthocyanins
were extracted from ground kernels with 80%
ethanol (the sample weight/extractant ratio was
1:20) at 2-4°C for 14-16 hours; then the extracts
were filtered. To analyze the content of phenolic
compounds, 0.5 mL of filtrate, 8 mL of distilled
water, and 0.5 mL of Folin's reagent were added
to the reaction tubes, mixed, and after 3
minutes, 1 mL of 10% Na2CO3 was added.
After 1 hour, the absorbance of the reaction
mixture was measured at 725 nm [59]. The
content of phenolic compounds was expressed
in pumol of gallic acid per 1 g of sample weight.
Before determining the anthocyanin content, the
supernatants were acidified with HCI to a final
concentration of 1%. The absorbance was
measured at 530 nm [60]. The results are
expressed in relative units, as absorption per 1 g
of sample weight.

The oil content was gravimetrically
determined by weight of the dry, defatted
residue using a modification of S.V.
Rushkovsky’s method (method). The fatty acid
composition of oil was analyzed by gas
chromatography of methyl esters of fatty acids
on a Selmikhrom-1 gas chromatograph.
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Pe3ynbTaTn Ta 00roBOpeHHs

B Hammx momepemHixX MOCHIMHKEHHSIX OyJI0
BH3HAYECHO TMOKAa3HHUKH SIKOCTI 3€pHa y 3pa3KiB, sIKi
0o0paHO OaTbKiBCHKUMHU KOMIIOHCHTaMHU. 30KpeMa,
BCTaHOBJICHO, IO BMicT Oinka y 3paskiB UA 0645
var. daghestanicum (cipo-3enene 3epHo) Ta UA 0663
var. viride (3eneHe 3epHO) Buimii 3a 17%, y iHIImMx
3pa3kiB — 16—14%. Bwmict kpoxmanio HalBHIINM
Oy y minii Bioner 18-1207 var. nudidubium —
66,20 %, iHm1i 3pa3ku — Ha piBHI 65,35-61,67 %.

Oumii B 3epHi SIIMEHIO MICTHTBCA TyXKe Mallo,
TOMY CEJIEKIIis 32 Ii€I0 03HAKOI0 HE MOITNpPEeHa, aje
ONisi  SYMEHI0 Ma€ BHCOKMH BMICT -3
MOJIIHEHACUYEHO] JIIHOJIEHOBOI KMCJIOTH, OZHOIO 13
HAMCHIBHININX aHTUOKCUJAHTIB. Jleski 3 Hammx
3pa3kiB Maiu ayxe Bucokuii (4,70 %, CDC Hilose 3
BHCOKOAM1JIO3HUM KpoxmalieM) Ta BHUCOKmiA (3,82—
3,71 %, UA 5462 var. daghestanicum, CDC Lophy-
1 ta Mebere var. nudum) BMicT oii. 3a BMICTOM B
omii ®-3 JIHOIEHOBOi KHCJIOTH BHIIIEHO COPTH
CDC Alamo, CDC Candle (5,12-6,05 % Bin
3arajgbpHOTO BMICTY odil) [54, 55, 61, 62]. Jlopeuno
BIJI3HAYUTH, 110 CTBOPEHA HAMU I[iHHA JIiHisA BioneT
18-1207 (UA 0805977) pizroBuay nudidubium mae
HE JIUIIE 3epHO (i0JIETOBOTO KOJIBOPY, ale 1 BCi iHIIi
YaCTHMHW POCIMHHA MAalOTh SICKpaBO (ioJeToBe
3abapBrieHHss y (a3i KOJIOCIHHA—HAIWB. Y Mipy
no3piBaHHSA pocnuHa HalOyBae cipo-Oy3KOBOTO
KoIpopy [56, 57]. Bumict aHTOmiaHiB y HEl CKiIamae
0,260 ymoB. ox. D530/, BmicT ¢eHOmB Tex
Bucokuii — 1,04 MI/r 3a €KBIBaJEHTOM TIajOBOi
KUCIOTH (Tabm. 2). B3aeM03B’SI30K  TEMHOTO
3a0apBiieHHs 3EpHIBKH, 30KpeMa (ioJeToBOro, SIK y
Biomer 18-1207, Ta BHCOKOrO BMICTY aHTOIliaHiB
TakoXX yCTaHOBIIEHO Yao et al. [44]. B miteparypi
BiJI3HAYAETHCSI TAKOXK 3B’ 130K TEMHOTO 3a0apBIICHHS
3€pHIBOK Ta BUCOKOTO BMiCTy (peHOIiB [62].

Jlinis Biomer 18-1207 xapakrepusyeThcs
BUCOKOIO CTIHKICTIO 1O CaXKOBUX 1 JIMCTKOBUX
xBOopoO Ta 0 mocyxu. Taki maHi y3romKyrTbCs 3
TBEP/PKCHHSAMH  IHIIMX YYCHHUX TPO  BaXKIIHMBE
arpOHOMIYHI  3HA4YeHHS MiJABUINEHOTO BMICTY
KOITbOPOBHX ITIMEHTIB y SYMEHIO, OCKIJIBKH TEX
MOB’SI3YIOTh 1€ 31 CTIMKICTIO [0 CTPECOBUX
YMHHUKIB  pi3HOi  mOpupoau, a  came —
TEMHO3a0apBIiieHI 3pa3Ku MAaroTh y 3€pHI BHUIIWI
BMICT (JEHONIBHHMX CIIOJNYK, SIKI B CBOIO HYepry €
CKJIaJJOBUMH  AHTHOKCHJAHTHOTO  KOMILIEKCY.
3pasku 3 migBumieHoro  AOA € OuibIn
crpecocTitikumu [34, 50-52].

YV na6oparopii ¢izionorii Ta 0ioximMii pociuH
y 3€pHi 3pa3KiB SUMEHIO OyJ0 BH3HAYCHO BMICT
(eHONBPHUX CIIONYK Ta aHromiaHiB (tabm. 2). ¥V
pe3y/bTaTi BCTAHOBJICHO TICHHMM JIIHIMHUN 3B’ 30K
MiX 1uME o3Hakamu (r = 0,79), Mo y3roKyeThes 3
nmanumMu Yoshida [29], Hodzic [30], Ianucci [37].

ISSN 1026-9959. Cenexig 1 HaciHaunTBO. 2024. 126

Results and Discussion

In our previous studies, we determined grain
quality parameters in the accessions that were
selected as parents. In particular, we found that the
protein content in var. daghestanicum accession
‘UA 0645 (gray-green caryopses) and var. viride
accession ‘UA 0663’ (green caryopses) exceeded
17%:; in the other accessions. It was 16—14%. Var.
nudidubium line ‘Violet 18-1207” had the highest
starch content of 66.20%; the other accessions
contained 65.35-61.67% of starch.

Barley grain contains very little oil, so
breeding for this trait is not common; however,
barley oil has a high content of ®-3
polyunsaturated linolenic acid, one of the most
potent antioxidants. Some of our accessions had
very high (4.70 % in high-amylose cv. ‘CDC
Hilose’) or high (3.82-3.71 % in var
daghestanicum accession ‘UA 5462°, var. nudum
cv. ‘CDC Lophy-1" and ‘Mebere’) oil levels.
Cultivars ‘CDC Alamo’ and ‘CDC Candle’ were
distinguished due to ®-3 linolenic acid content in
oil (5.12-6.05% of the total oil content) [54, 55,
61, 62]. It is appropriate to note that our valuable
var. nudidubium line ‘Violet 18-1207" (UA
0805977) has not only purple caryopses, but also
all other parts of the plant are bright purple in the
“earing-filling” phase. As the plant matures, it
turns gray-lilac [61, 62]. The anthocyanin content
in it is 0.260 relative units D530/g; the phenol
content is also high (1.04 mg of gallic acid
equivalent/g (Table 2). The relationship between
dark colors of caryopses, in particular purple, like
in line ‘Violet 18-1207°, and high levels of
anthocyanins was also demonstrated by Yao et al.
[43]. It was also reported about the relationship
between dark grain and high levels of phenols
[63].

Line ‘Violet 18-1207’ is highly resistant to
smuts and leaf diseases as well as to drought.
These data are consistent with other scientists’
findings on the agronomic importance of
increased contents of pigments in barley, as they
are also associateed with resistance to different
stressors, specifically, accessions with dark
caryopses contained more phenolic compounds in
grain, which are components of the antioxidant
system. Accessions with increased AOA are more
stress-resistant [34, 49, 50, 51].

In the Laboratory of Plant Physiology and
Biochemistry, the contents of phenolic
compounds and anthocyanins in barley grain were
determined (Table 2). There was a strong linear
correlation between these parameters (r = 0.79),
which is consistent with data of Yoshida [29],
Hodzic [30], and lanucci [37].
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Tadanus 2. BMicT (eHONBHUX CIIOJIYK Ta aHTOLIAHWJMHIB Y 3€pHI 3pa3KiB rosio3epHoro simexto, 2022-2023 pp.
Table 2. Contents of phenolic compounds and anthocyanins in the naked barley accessions, 2022—-2023

Buict ¢eHONBHUX CIIONYK, MI/T 32
ekBiBasleHTOM rajoBoi kuciortu / Contents of Bwicr anrtortiannausis, ymoB. ox. D530/t /
. phenolic compounds, mg of gallic acid Content of anthocyanins, relative units D530/g
3pasok / Accession .
equivalent/g
Ypoxait 2022 p. / VYpoxait 2023 p. / VYpoxait 2022 p. / VYpoxaii 2023 p. /
Harvested in 2022 Harvested in 2023 Harvested in 2022 Harvested in 2023
Violet 18-1207 1.04 1.35 0.26 0.22
CDC Alamo 0.94 1.36 — 0.23
CDC Hilose 0.81 1.04 — 0.18
Hordii 0.89 0.97 — 0.19
Orlan - 0.95 - 0.16
Mebere 0.89 0.72 - 0.11
UA 2220 — 1.21 — 0.20
UA 0663 0.70 1.19 0.19 0.24
UA 5462 0.75 0.63 0.18 0.17
UA 0645 0.77 0.94 0.19 0.14
NSGJ-1 0.75 0.99 0.22 0.16
Tercel 0.78 0.87 0.23 0.15

Ipmmitka. XKupanm mpudToM BUAITICHO HAWBUINI 3HAYCHHS TOKA3HUKIB.

Note: The highest values are highlighted in bold.

YcTaHOBNIEHO CTabiIbBHO BUCOKI MOKAa3HUKHU
BMICTy (DEHOTBHUX CHONYK Ta aHTOIliaHIB y JiHii
Bioner 18-1207 Ta coprie CDC Alamo, CDC
Hilose. B 3amexxHoCTI BiJ MOTOAHUX YMOB YMICT
(eHONMBPHUX cHONYyK OyB BHUCOKHM Y 3pa3KiB
lopniit, Mebere, UA 2220, UA 0663, aHTOIIiaHiB
— vy 3paskiB lopxiii, UA 0663, NSGJ-1, Tercel.
Hamri naHi momo 3ai1e)KHOCTi BMICTY (P€HOIBHUX
CIOJIyK BiJ TEHOTHIly Ta YMOB CE€pEIOBHIIA
Y3TOMKYIOTBCS 3 pe3yibTraTaMd  JIOCITiIKEHHS
coprtiB ssuMeHto B OHTtapio Abdel-Aal et al. [7] Ta
El-Sayed M. et al. [63], B JIutBi Legzdina L. et al.
[63]. |HIUMHU BYEHHMMH TakKoX OyJIO 3poOJIeHO
BHCHOBKH PO BIUIMB CEPEJOBUINA, TEHOTUITY Ta
ix B3aeMomii Ha piBeHb (DEHOJIBHUX CIOIYK, IO
i IKPECITIOE HEOOXiTHICTh TECTYBaHHS T€HOTHITIB
B PpI3HHX yMOBax /Jis BHUJIJICHHS 3pa3KiB 3
BHCOKMM BMICTOM IIHX MeTabomiTiB  [65].
Amnazoriudi pesynsraru onepxano Rao S. et al.
[66] po 3HaunHMi BB cepegoBuma Ha AOA Ta
BMicT (QeHONiB, 30KpemMa (QIaBOHOIMIB Ta
MPOTOAHTOLIaHIANHIB, a pi3HA peakuis COpPTiB Ha
MicIle BUPOIIyBaHHS BKa3y€ Ha BIUIUB F€HOTHUITY.

B  mimomy, pe3synbraTaMu  4YHCEIBHHUX
IOCIIIKEHDb NoBeAeHO, o AOA TICHO IIOB’si3aHa
3 BMICTOM (DEHOJNIBHUX CIIONYK Y 3€pHi SUMEHIO [ 7,
9, 13, 15-18, 20-24, 27-34, 30-42, 47-50]. ¥
HalIMX MOMNepenHix JociikeHHsx y 2016-2017
Pp. YCTAHOBJICHO iICTOTHY 3aJeXHICTh piBHA AOA
BiJl BMicTy (DEHOJIBHHX CIIOJIYK y 3€pHi COPTIB Ta
JHIN SIPOTO TYMEHIO PI3HOTO MMOXO/)KEHHS, B TOMY
YHCJIi TJIiBYaCTHX Ta FOJO3EPHUX Pi3HOBHUAIB [55,
61, 62].

Consistently high levels of phenolic
compounds and anthocyanins were detected in
line “Violet 18-1207” and cvs. ‘CDC Alamo’ and
‘CDC Hilose’. Depending on the weather
conditions, the content of phenolic compounds
was high in accessions ‘Hordii’, ‘Mebere’, ‘UA
2220°, and ‘UA 0663’; the content of
anthocyanins was high in accessions ‘Hordii’,
‘UA 0663, ‘NSGJ-1’, and ‘Tercel’. Our data on
the dependence of the content of phenolic
compounds on genotype and environmental
conditions are consistent with findings on barley
cultivars in studies by Ontario by Abdel-Aal et al.
[7], El-Sayed M. et al. [56], Legzdina L. et al.
[64]. Other scientists also drew conclusions about
the influence of environment, genotype and their
interaction on levels of phenolic compounds,
emphasizing the need to test genotypes in
different conditions to select accessions with high
contents of these metabolites [65]. Similar results
were obtained by Rao S. et al. [66] about a
significant influence of environment on AOA and
content of phenols, in particular flavonoids and
protoanthocyanidins, while different responses of
cultivars to cultivation locations indicated the
effect of genotype.

In general, in numerous studies, AOA was
proven to be closely related to levels of phenolic
compounds in barley grain [7, 9, 13, 15-18, 20—
24, 27-34, 39-41, 46-49]. In our previous study
in 2016-2017, there was a significant correlation
between AOA and content of phenolic compounds
in grain of spring barley cultivars and lines of
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VY pesynbraTi BUBYEHHS OJIEP)KaHUX LUISIXOM
riopuauzanii 3epen ridpugHux pociuH F
YCTaHOBJIEHO, IO JeAKi 3pa3ku CcTabinbHO
nepenalTh y TMOKONIHHSIX CBOE 3a0apBIeHHS
3epHa. Tak, 3a yyacTi B CKpemnryBaHHi JiHii Biomer
18-1207 sx 3a MaTepuHCBKHH, Tak 1 3a
0aThKiBCHKUI KOMIOHEHT 3abapBieHHs 3epHa F
3aBxau Oyno dionerose. [lpu mpomy dopma 3epHa
y Bioner 18-1207 BumoBkeHO eninTuyHa, a y Fi
3a I ydacTi — Big OKpYIJ0i 10 BHAOBXKECHO
exintuyHoi (Tabn. 3). JlomiapHO 3ayBaXKHUTH, IO
JUTsI TOJIO3EPHOTO TYMEHIO OKpyTiia hopMa 3epHa €
LIHHOIO, TOMY IO NMPU OOMOJIOTi y TaKoro 3epHa
HE BiIOWBAaETHCA 3apoOAOK. A camMe B 3apOIKY

HaWBUIINI BMICT KOPUCHUX IS
(YHKIIOHAILHOTO ~ Xap4YyBaHHA  pPEYOBHUH  —
HYTPIlEBTHKIB.

Tadanus 3. 3abapBieHHs 3epHa TiOpUIHUX pociuH Fi
Table 3. Caryopsis color in Fy hybrid plants

different origins, including chaffy and naked
varieties [55, 61, 62].

Having investigated seeds of F; hybrid
plants obtained by hybridization, we found that
some accessions consistently transmitted their
caryopsis color over generations. Thus, the F;
offspring of line ‘Violet 18-1207’, regardless of
how it was used in crossing, as the female form or
as the male one, always had purple caryopses. At
the same time, line ‘Violet 18-1207” has elongated
elliptical kernels, but its F; offspring had kernels
of various shapes - from rounded to elongated
elliptical (Table 3). It should be noted that the
rounded shape of kernels is valuable for naked
barley, because the germ is not removed from such
grains when threshed and it is germs that contain
the greatest amounts of substances useful for
functional nutrition - nutraceuticals.

I'i6punna kom6inamis Fi,F1hybrid

3abapBicHHS
3epna / Caryopsis

dopwma 3epHa, iHmi ocobnuBocrti / Kerenel shape, other

features
color

Violet 18-1207 x Yavir ®ionerose / 3epHO BI/IZ[OB)IKGI.-IO EINIITHYHE, KOJIOC (1)10J'.IGTOBO—ClpI/II/I/
Purple Elongated elliptic kernels, purple-gray spikes

Violet 18-1207 x CDC Hilose dionerose / 3epHO BI/I)Z[OB)-KeI-LiO EJIITHYHE, KOJIOC (blOJ?GTOBO-ClpI/II/I /
Purple Elongated elliptic kernels, purple-gray spikes

Violet 18-1207 x Mebere dionerose / 3epHO BI/IZ[OB)IKGI.-IO EINIITHYHE, KOJIOC (1)10J'.IGTOBO—ClpI/II/I /
Purple Elongated elliptic kernels, purple-gray spikes

Violet 18-1207 x SGI 7024 SJ;’;ZTOBG ! 3epro Kpyre / Rounded kernels

. i . .
UA 0663 x Violet 18-1207 PJ?;)IIZTOBC / Komnoc ¢ioneroswuii / Purple spikes

UA 0663 x Yavir

3enene / Green

3epno BujosxkeHo enintuane / Elongated elliptic
kernels

UA 0663 x SGI 7024

Biakuthe / Blue

3epuo eminruune / Elliptic kernels

UA 0645 x CDC Alamo Yopue / Black

3epHO einTuYHe, KOIOC YOPHHUH, CTPHIKEHD JTaMKHiA /
Elliptic kernels, black spikes, brittle rachides

UA 0645 x Yavir Yopue / Black

3epHo enintuune, konoc yopuwuii / Elliptic kernels,
black spikes

Cipo-3enene /

UA 0645 x UA 0663
Gray-green

3epuo Bumorxeno eninruyune / Elongated elliptic
kernels

Mebere x UA 0663

3enene / Green

3epno enintuune / Elliptic kernels

Cipo-3enene /

UA 5462 x SGI 7024
Gray-green

3epHO BHAOBKEHO eNlinTHYHE, Kosoc cipuii / Elongated
elliptic kernels, gray spikes

Hoem x SGI 7024

Birakuthe / Blue

3epHo eminTuaHe, pocnuan apoxpsiawi / Elliptic
kernels, two-rowed plants

®dionerose /

Hoem x CDC Hilose
Purple

Konoc ¢ionerosuit, 3epHO poMOidHE, pOCTUHA
inrepmenianshi / Purple spikes, rhombic kernels,
intermediate plants
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[Ipu mpomy B iHIIOrO 3pa3ka 3 (HiOIECTOBUM
3epuoM — Hoem mnomibHa 3aKOHOMIpHICTE HE
BcTaHoBIIeHA. Y Ti0puaaux pocnuH F1 3abapBieHHs
3epHa Oyno sIK ¢ioneroBe, Tak i IHIIOTO KOJIBOPY
(6maxuTHOTO TIpH cxpenryBaHHi 3 SGI 7024).

Y riOpuaHMX TOMYIAMisSX 3a YYacTio B
CXpeIyBaHHAX KOJEKIIHOTO YOPHO3EPHOTO 3pa3ka
UA 0645 var. nudimelanocrithum oxepxano F1 sx 3
YOpPHHUM, TaK 1 3 IHIIOTO KOJILOPY 3epHOM (Cipo-
3eneHe npu cxpenryBarHi 3 UA 0663). OcobnuBicTio
3pazka UA 0645 € Te, mo mued pi3HOBUA
epekroimuuid. [iOpumnai pocmuan F1 jume B
komOiHamii UA 0645 x CDC Alamo Oymu
€pEKTOIIHOTO TUITY, & B IHIIIMX — HOPMAJILHOTO THITY,
CepeHbOI BUCOTH 3 HEIIUIEHUM KoslocoM. /lopedHo
3ayBa)kKUTH, 1o epeKTOIHI pOCIMHA
XapaKTepU3yIOTbCS  Jy)Ke JIAMKHM  CTPIDKHEM
KOJI0Ca, 1110 € HEOaXKaHUM IS CEJIEKIIII.

Hamri nani juine 4acTKOBO Y3TOIKYHOTBCS 3
BimmMTsamu Jia et al. [39] ta Kim et al. [40], 3rimHO
3 SKAMH YCNaAKyBaHHS YOPHOTO i (ioJETOBOTO
3a0apBiieHHs BiZOYBaeThCs 3a MaTCPUHCHKUM
KOMITOHEHTOM.

IMpu cxpemyBanni Hoem i CDC Hilose
pocimau F1 O6ynu tumy intermedium, 3epHO 1 Kooc
¢ioneroBoro 3abapBieHHS, 3€pHO pOMOIUHE.
IaTepmenianpHUit  TUN  TIOpWAHUX  POCIHH
MOSICHIOETBCSL  HAJIGKHICTIO 3pa3ka Hoem 1o
PI3HOBHIY IECTHPSIHOTO STIMEHIO violaceae, a ipu
CXpelllyBaHHi

MBOXPATHUX 1  IIECTUPSITHUX

PI3HOBWIIB  YacTo 3 SBISIOTBCA  caMe  Taki
iHTEepMeiabHi (IPOMIKHOTO THITY) POCIHHH.
JouinpHO Big3HAUWMTH, WO Cepel  YCix
nomyisinid F1 Oynmo Bupaineno nomyssitito Bioner
18-1207 x SGI 7024. YV riOpugHux pOCIUH 3€pHO
Oyno ¢ioneToBoro Konbopy, okpyrioi popmu. Came
Taka (QopmMa 3epHa € ONTUMAIBLHOIO IS
TOJIO3EpHOTO SYMEHIO, OCKIIBKH IpH 0OMOJOTI Ta
0o0poO1i  3epHa bopmu
BTPAvYa€THCS UM MOMIKOPKYETHCS 3apOAOK, OaraTuit

OKpyIVIOL MEHILIE
AHTHOKCUIaHTaMu (Taoi. 3).

VY nmomynsiisix F2 BigOysasiocst po3iieruieHHs
3a KOJIBOPOM 3€pHa, OyJI0 BCTaHOBIEHO, IO
yCraaKyBaHHs 3a0apBJICHHS 3€PHIBKH y SYMEHIO
MOXHA TOSICHUTH B3aEMOJIEI0 HEaNeJbHUX TEeHIB
MEPEeBaKHO 3a TUIIOM KOMIUIEMEHTapHOCTi (Tadit. 4).

At the same time, another accession with
purple caryopses, ‘Hoem’, did not show a
similar pattern. F1 hybrid plants can have either
purple caryopses or in a different color (blue
when crossed with ‘SGI 7024°).

In F1 hybrid populations from collection
var. nudimelanocrithum accession ‘UA 0645’
with black caryopses, there were plants with
either black caryopses or in a different color
(gray-green when crossed with ‘UA 0663°).
The peculiarity of accession ‘UA 0645’ is that
this variety is erectoid. F1 hybrid plants were
erectoid only in the combination ‘UA 0645 x
CDC Alamo’, while in the others, plants were
normal, medium-tall with loose spikes. It is
noteworthy that erectoid plants have very
brittle rachides, which are undesirable for
breedinng.

Our findings are only partially consistent
with those of Jia et al. [35] and Kim et al. [36],
as they reported that black and purple colors
were inherited from female forms.

When ‘Hoem’ was crossed with ‘CDC
Hilose’, F1 plants were of the intermedium
type, their caryopses and spikes were purple
and kernels were rhombic. The intermediate
type of hybrid plants is explained by the fact
that accession ‘Hoem’ belongs to wvar.
violaceae of six-rowed barley, and when two-
rowed and six-rowed varieties are crossed,
such intermediate plants often appear.

It should be noted that of all F;
populations, population ‘Violet 18-1207 x SGI
7024’ was selected. In this population, hybrid
plants had purple, rounded caryopses. It is this
shape of kernels that is optimal for naked
barley, since the germ, rich in antioxidants, is
less probably lost or damaged during threshing
and processing of rounded kernels (Table 3).

In F, populations, we observed
segregation by caryopsis color and believe that
the inheritance of caryopsis color in barley can
be explained by interaction of non-allelic
genes mainly via complementarity (Table 4).
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Tadauns 4. PosiensienHs B riopuaHux nomynsuisx F» rojgoszepHoro suMeHro 3a 3abapBieHHsM 3epHiBkH, 2024 p.
Table 4. Segregation in F2 hybrid naked barley

populations by caryopsis color, 2024

3abapB-1eHHA
3epHiBKH B F

ChiBBiTHOIICHHS POCITUH 3a
3a0apBICHHSAM 3€PHIBKH, 9aCTKa
Proportion of plants with caryopses in
corresponding color

KOM61Ha.l_11}1 CXpELIYBAHH Caryopsis % < - 3 x - 2 Tun ycnankyBasss /
/ Crossing combination . L = o g5 m & 0 Inherutance type
pigmentation in < o s 9 — o 8 o
A Z 3|33 8|3 |58
| 8|59 8| %=
Violet 18-1207 / sGI 7024 | P1oreToRe/ | = | 1| - | 3| oo |Momnerominysamms/
Purple Complete dominance
Violet 18-1207 / Mebere | P0%ToRe/ | gy | qgp | Kovmaivenapaicrs /
Purple Complementarity
Violet 18-1207 / CDC dionerose / JlominanTHuii emicras /
. 1 - - - - 4 0.06 . .
Hilose Purple Dominant epistasis
Violet 18-1207 / Slsip dionerose / 1 B B B B 18 | 197 KOM]‘IJ‘IIM@HTale-CTB/
Purple Complementarity
UA 0663/SGI 7024 | Buaxmme /Blue | — | 1 | - | 1 | - | - | 014 | Koumnivenrapuicts/
Complementarity
UA 0663 / Yavir Jemene/Green | 1 | 1 | — | - | - | - | 028 | Koymriventapuicts/
Complementarity
UA 0663/ Violet 18-1207 | P1omeToe/ || g || g g | gy | Koumrivermapiicrs/
Purple Complementarity
UA 5462 / SGI 7024 Cipo-3enene / B B 15 1 B B 0.82 KOM]'[J'IIMGHTale-CTL/
Gray-green Complementarity
KymynsatusHa
UA 5462 / CDC Hilose | Xosre/ Yellow | 15 - 1 - - - 0.56 nostimepist /
Cumulative polymery
Hoem / HHECTHPSHL / bnakuthe, - — — 2 - 1 . .
Six-rowed . KommtimentapHicts /
SGI - - nsoxpsiiai / Blue; 0.09 Complementarit
7024 THTCPMEIYM two-rowed - - - 1 - 1 P y
Intermedium
mrectupsiHi / _ _ B B
Hggrg/ Six-rowed diornerose / . ! 0.95 KomrutimenrapHicts /
Alamo | THTEPMEiyM / Purple 1 B B _ _ 1 Complementarity
Intermedium
UA2152/UA0663 | 3ememe/Green | 1 | 2 | — | — | — | — | 3a7 | Nowmwuvenrapiicrs/
Complementarity
3BH-4aiini / 1 3
Normal B - B B i
UA 06_45 L Yopre / Black 0.30 [ToBHe ,ZlOMlHYB-aHHH /
| Yavir epexroinu / 1 1 Complete dominance
Erectoid
JlomiHaHTHUH
UA 0645 / CDC Alamo Yopue / Black 1 - - - 7 - 0.49 emicra3 / Dominant
epistasis
Mebere / UA 0663 Kosre/Yellow | 3 | 1 | — | = | - | — | 004 | losnenowinysauia/
Complete dominance
UA2152/UA0663 | 3eneme/Green | 1 | 2 | — | — | — | — | 3a7 | Konmivenrapiicrs/
Complementarity
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3a Takoro TUMY YyCHaJIKyBaHHsS JOMiHAaHTHi
TCHH HE MaloTh CaMOCTIHHOTO MpOsBY 1 JuIie
Pa3oM 3yMOBJIOIOTH IEBHE 3a0apBICHHSI 3€PHIBKH.
OKpiM KOMIUTIMEHTAPHOCTI, 3yCTPI4alOThCsl TAKOK
MOBHE JIOMIHYBaHHS, JIOMIHAHTHHH  emicTas
(moMiHaHTHUI allenb OJHOTO TeHa MPUTHIYYE
NposiB IHIIMX TE€HiB), KyMyJsATHBHAa MoOJiMepis
(CTYmiHB PO3BUTKY O3HAKH 3aJIEKUTh BiJ KUIBKOCTI
MOJIIMEPHUX TeHIB, TOOTO TEHIB, 5Ki [iIOTH B
OJTHAKOBOMY HAMpPsIMi, IMiICHITIOI0YHN OUH OIHOTO).
Hopeuno 3ayBaxkwmtn, mo B F2 pgomiHye
3a0apBieHHS 3€pHIBKHA Take XK, Ak Oymo B F1. ¥V
IesKnX  TIOpUAHWX  TOMyJNALISIX  BUSABIEHO
HOBOYTBOPEHHS, TOOTO KOMILTIMEHTapHa
B3a€EMOJIiSl T€HIB CYIMPOBOKYBaNacs YTBOPECHHSIM
TeHOTHIIIB, SKi He OyJIM CXOKMMH Hi Ha KOACH 3
0aTbKiBCHKMX KOMITOHEHTIB.

Tak, B Tibpmmaux momymsmii Hoem / SGI
7024 Gynmo BHUSIBICHO POCIHWHU iHTEPMEIiaThbHOTO
tury 3 (iogeToBUM 1 OJAKUTHUM 3E€pHOM Ta
MIECTUPSITHI POCIWHUA 3 ONAaKUTHUM 3epHOM. Y
monymsii Hoem / CDC Alamo — pocauHn
iHTEepMeiaTbHOTO THITY 3 (DIOJETOBUM 1 JKOBTUM
3€pHOM Ta LIECTUPSIHI 3 )KOBTUM 3€PHOM.

VY ribpugnitt nomynsamii UA 0645 / SBip
BUSIBJICHO POCIIMHM 3BUYAMHI 3 YOPHUM 3€PHOM Ta
€pEeKTOinH 3 OBTHM 3epHOM; Yy nomyisuii UA 0645
/ CDC Alamo — 4YOpHO3€pHI POCIMHHU 3 CipUM
KOJIOCOM.

BucHoBkn

TakuM YHHOM, TOJIO3EpHHU SUMiHb, Y TOMY
YHCIl 3 KOJIBOPOBHM 3E€PHOM, € IIIHHUM BHUXIJIHAM
MarepialioM 7S CTBOPEHHS  PI3HUX  COPTIB,
MPOIYKITIT
(YHKIIIOHATEHOTO XapuyBaHHs. B pe3ynsrari Hammx

MIPUIATHAX UL BUTOTOBJIEHHSA
JOCTIKeHb MIATBEPIKEHO JoMiHyBaHHi B F1

SSYMEHIO  (DIOJICTOBOTO,  YOPHOTO,  3€JICHOTO,
OJJaKUTHOTO Ta Cipo-3eJICHOrO 3a0apBIlieHHS 3epHa
Han koBTUM. Y F2 BifOyBaeThcsi po3lICIUICHHS 3a
KOJIBOPOM ~ 3€pHA  TEPEBAXHO 32  THIIOM
KOMILTIMeHTapHOCTi. B pesynbrari  pexoMOiHarmii
I'eHIB OTPUMAaHO HOBI BapiaHTH MOEIHAHHS IIHHUX
O3HAaK, BHJIIICHO HOBOYTBOPEHHS 3 O3HAKaMH,
HeXapaKTepHUMHU JIJIs 0aThKiBCHKMX KOMITIOHEHTIB. 3a
JIOTIOMOTOI0 ~ HOBOYTBOPEHb ~ MOXKHA  OZIEpIKATH
JOCTaTHIN 00CST BUXIJHOTO Marepiairy Jjist 1000piB
T4 CTBOPEHHS I1HHOBAIIMHMX COPTIB XapyoBOTO

HanpsiMy BUKOPHUCTaHHS.

In this inheritance type, dominant genes are
not expressed independently but only together
determine a certain color of the caryopsis. In
addition to complementarity, there were also
complete dominance, dominant epistasis (the
dominant allele of one gene inhibits the
expression of other genes), and cumulative
polymery (the trait degree depends on the number
of polymeric genes, that is, genes that act in the
same direction, enhancing one’s another’s
expression). It is worth noting that in F2 the same
cryopsis color dominated as in F1. Traits that were
not intrinsic to parents were observed in some
hybrid populations, that is, the complementary
interaction of genes was associated with
evolvement of genotypes that were not similar to
any of the parents.

Thus, in hybrid population ‘Hoem / SGI
7024°, intermediate plants with purple and blue
caryopses and six-rowed plants with blue
caryopses were found. Population ‘Hoem / CDC
Alamo’ comprised intermediate plants with purple
and yellow caryopses and six-rowed plants with
yellow caryopses.

In hybrid population ‘UA 0645 / Yavir’,
there were normal plants with black caryopses and
erectoids with yellow caryopses; in population
‘UA 0645 / CDC Alamo’, we had plants with
black caryopses and gray spikes.

Conclusions

Thus, naked barley, including accessions
with pigmented caryopses, is a valuable
starting material to breed different cultivars
suitable for functional food production. Our
study confirmed the dominance of purple,
black, green, blue, and gray-green colors of
caryopses over yellow in F1 barley. In F2, there
was segregation by caryopsis color, mainly
according to complementarity. As a result of
gene recombinations, new combinations of
valuable traits were obtained; traits that were
not intrinsic to parents evolved. Using such
traits one can create a large amount of starting
materials for breeding and development of
innovative food cultivars.
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Pedepar: Metoto poboTu Oyio BCTaHOBHTH OCOONMBOCTI peakiii pucy coptiB Jlebtor, Mapmiadn,
Jlazypurt, Kopcap, BikonT Ta OHTapio Ha crcTeMy yaoOpeHHs B yMoBax MiBaeHHOI yacTrHu Creny YKpainu.
HocnimkenHs mpoBoawitn Ha gociaigaomy moni Iucrutyty pucy HAAH VYipainm y 2019-2021 pp.
BceranoBneno, mo HaiBUmui ypoxkaii pucy cdopmyBaBcs Ha BapianTi N120P30 3 nBopasoBuMm
T JPKUBJICHHSIM, sIKUi cTaHoBUB 11,27 y copty BikonT, 9,62 1/ra 'y copty Kopcap, 8,99 1/ra y copry Jlazypwur,
quist coptiB [le6rot — 7,06 1/ra, Mapman — 9,77 1/ra, Onrapio — 9,24 1/ra. BuninieHo Tpu arpoeKoioriyHi
THUIIU COPTIB ITiBHIYHWIA, TOMIpPHHIA 1 TIIBACHHUH.

Kuarouosi ciioBa: Puc, copt, MiHepalibHi 100puBa, YpOXKalHICTh, arPOEKOJIOTiYHI THUITH, HAJIVB 3epHA.

Abstract: The purpose of this study was to characterize responses of rice cultivars ‘Debiut’, ‘Marshal’,
‘Lazuryt’, ‘Korsar’, ‘Vikont’, and ‘Ontario’ to fertilization in the southern steppe of Ukraine. The study was
conducted in the experimental field of the Institute of Rice of NAAS of Ukraine in 2019-2021. It was found
that rice yielded the most when double-fertilized at a dose of N120P30: cv. ‘Vikont’ yielded 11.27 t/ha, cv.
‘Korser’ - 9.62 t/ha, cv. ‘Lazuryt’ - 8.99 t/ha, cv. ‘Debiut’ - 7.06 t/ha, cv. ‘Marshal’ — 9.77 t/ha, and cv.
‘Ontario’ — 9.24 t/ha. Three agro-ecological types of cultivars (northern, temperate and southern) were
distinguished.

Key words: Rice, cultivar, mineral fertilizers, yield, agro-ecological types, grain filling.

Jlin  3a0esmneueHHs  3pOCTAOUMX  MOTPEO To satisfy the growing needs of the
HaCeJICHHs B PUCI HEOOXIIHO 3aCTOCOBYBATH 3aXOMIH, population in rice, it is necessary to apply
SIKI HaIpaBJieHI Ha MiZBUILEHHS HOro ypoKaiHOCTI. measures aimed at increasing its yield. This can
[[poro MoXKHA JOCATTH MUISIXOM BHPOIILYBaHHS be achieved due to growing high-yielding
BHCOKOYPOKaWHUX COpTIB, BIOCKOHAJICHHS cultivars, improving farming and amelioratory
arpoTeXHIYHMX Ta  MENIOPATUBHHUX  IPUHOMIB, techniques, and rational using fertilizers. The
paLioHaNnbHOIO  BHUKOPHCTaHHA — JoOpuB.  Bubip choice of optimal rice cultivars for certain pedo-
ONTUMAILHOTO COPTY PHCY B TIEBHHX TPYHTOBO- climatic conditions is a necessary prerequisite
KITIMarHYHUX YMOBaX € HEOOXiJJHOIO IepPeIyMOBOIO for the effective use of environmental resources
e(eKTHBHOIO BHKOPUCTaHHS PECYpPCIB CepeIoBHIIa in order a field yielded a lot. Therefore, new
Ju1st (POPMYBaHHSI BUCOKOTO BPOXKalo MOCciBoM. Tomy cultivars require improved fertilization
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HOBI COpTH TOTpPeOYIOTh YAOCKOHAJIICHHS CHCTEMH
JKVIBJIGHHSI TTOCIBIB Ta BUPOIIYBaHHS B paliOHaX 3TiTHO
X arpoeKoJIOTiYHOI HAJIE)KHOCTI.

OmHUM 13 BOKJIMBUX HAMpPSIMKIB ITiBUIICHHS
MPOAYKTHUBHOCTI CUTBCHKOTOCHIONAPCHKUX KYABTYp €
BUBUYCHHS 010JIOTTYHUX OCOOIMBOCTEH KOXKHOTO COPTY
Ta BHSBJICHHS ONTHMAaJbHUX MAapaMeTpiB OCHOBHHX
arpoTexHiyHuX (akTopiB, SKi B 3Ha4HIA Mipi
BU3HAYAIOTH PeaTizallifo MPOAYKTUBHOTO TIOTEHIATy
KyIbTyp Ta 3a0e3NeuyloTh OTPHMaHHSA —CTajnuX
BpOXaiB 3epHa 3 BUCOKUMH SIKICHUIMH TIOKa3HHKAMHU.
Jns pucy mepriodeproBuM (GakTtopoM, SKHid B pasi
3aCTOCYBaHHS BHCOKOC(EKTUBHOI CHCTEMH 3aXHCTY
MOCIBIB  BiJ WIKJIMBUX OpPraHi3MiB, € piBEeHb
3a0e3MeueHHs TO)KUBHUMHU PEYOBHHAMH 3 PO3PAXYHKY
Ha T€HETUIHO 00yMOBIICHUI MOTEHITial
npoaykTuBHOCTI [ 1]. Puc Mae nysxe n00py peakiiito Ha
CNIEMEHTH MIHEPAILHOTO >KUBJICHHS, TEPEBAKHO Ha
paHHIX erTamax opraHoreHesy. Brucokmii BMmicT
eJIEMEHTIB JKHBJICHHS B POCIHMHAX PHUCY HA MEpPIINX
eTanax OpraHOreHe3y CBIIYMTH PO HEOOXITHICTh
CTBOPEHHSI CIIPUSTIIMBHX YMOB SKUBJICHHS B TIEPIITi JHI
ix pocry [2, 3].

Haiiummmit npUpicT ypoxaro pucy
3a0e3MeYyEThCS 3aCTOCYBAaHHAM a30THUX JTOOpHUB [4].
B cnemmdivanx anaepoOHINX yMOBax 3aTOTLTIOBAHOTO
IPYHTY CITiJi BAKOPHCTOBYBATH Ti (popMu TOOPHUB, SIKi
MICTATh a30T B aMOHIHIH 1 amiHi# hopMax: cyibdar
amoHito 3 BMmictom azory 20,5-21,0 % Tta ceyoBHHY
(46 % asory). Came amowniiiHa ¢opma azory
3aKPITUTFOETHCS IPYHTOBUM MONTHHATLHAM
KOMIUIEKCOM Ta 3a0e3ledye POCIMHH PHUCY UM
TIOKMBHUAM  €JIEMEHTOM BIPOJOBX BETETaIiitHOIO
niepiofy. Hitparauii a30T 31€011b110T0 BAMUBAETHCS 3
BOJIOIO B  HIDKHI  TOPH3OHTH  IpyHTYy  abo
BIZIHOBJIIOIOTECSI /IO BUILHOTO a30Ty B IIpoIeci
neHiTpudikarti i Takoxk BTpadaeThes [S].

Y  3aromieHoMy — IPYHTI  CTBODIOIOTHCS
CTIPHUATINBI YMOBH JUIsl MOOLTI3aIIi TOCTYTHUX (popMm
tdochopy. Puc morpedye QochopHOTo KUBIECHHS
MPOTATOM YCi€l Bererarlii, ajge OCOOIMBO BaXKJIMBO
3a0€3MeYUTH POCIIMHU 1M €JIEMEHTOM JKUBJICHHS Y
MOYaTKOBUI Hepiox ix pocty [1, 2-4].

3a arpoeKoNoriYHIMH OCOOIMBOCTSIMU COPTH Ta
riOpuad yMOBHO MOAUIIOTHE Ha Tpu Tumm [5]. Hdo
MEPIIOro THUITy HAJIEKAaTh T'€HOTHIH, SKi HaHOLIbLI
aKTUBHO HAKONMYYIOTh IUIACTUYHI PEYOBUHH B
MepIiid MoNoBUHI (a3 HaNMBY 3€pHA, caMe BOHU
OUIBII TPUAATHI Ul BUPOILLYBAHHS B TOCYIUTHBHX
ymoBax Cremy, ae I'TK (rigporepmidnuii KoedilieHT)
craHoBuTh MeHme 1,0. JIo mapyroro Tumy BiIHOCSTB
POCIIHY, W0 HAKONMHMYYIOTh IUIACTHYHI PEYOBHHU
PIBHOMIpHO MpOTSroM (a3 HaJIMBY 3€pHA, a OTXKE

regimens and cultivation modes according to
their agro-ecological suitability.Research into
the biological characteristics of each cultivar
and the identification of optimal parameters of
major farming factors are important ways to
increase the agricultural crop productivity,
which largely determine the fulfilment of the
productive potentials of crops and ensure
harvesting stable yields of top-quality grain.
Nutrient supply adjusted for the genetically
determined productivity potential (in the case of
applying a highly effective algorithm of crop
protection against harmful organisms) is the
primary factor for rice [1]. Rice responses to
mineral fertilization very well, especially in the
early stages of organogenesis. High contents of
nutrients in rice plants at the first stages of
organogenesis indicate the need to create
favourable nutritional conditions in the first
days of their growth [2, 3].

The greatest increase in rice yield is
ensured by nitrogen fertilizers [4]. Under
specific anaerobic conditions of flooded soil,
fertilizer formulations that contain nitrogen in
ammonium and amide forms should be applied:
ammonium sulphate with a nitrogen content of
20.5-21.0% and urea (46% nitrogen). It is the
ammonium form of nitrogen that is fixed by the
soil absorption complex and provides rice plants
with this nutrient throughout the growing
period. Nitrate nitrogen is mostly washed out
with water into the lower soil horizons or
reduced to free nitrogen in the denitrification
reaction and also lost [5].

In flooded soil, favourable conditions are
created for the mobilization of available forms
of phosphorus. Rice needs phosphorus nutrition
throughout the growing period, but it is
especially important to provide plants with this
nutrient during the initial period of their growth
[1, 2-4].

According to agro-ecological features,
cultivars and hybrids are conditionally divided
into three types [5]. Type 1 includes genotypes
that most intensively accumulate plastic
substances in the first half of the grain filling
phase; they are more suitable for growing in arid
conditions of the steppe, where the HTC
(hydrothermal coefficient) is below 1.0. Type 2
includes plants that accumulate plastic
substances evenly during the grain filling phase
and, therefore, are suitable for cultivation in the
forest-steppe, where the HTC is about 1.0. Type
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TIpUIATHI I BUPOIITyBaHHS B yMoBax JlicocTerry, ne
I'TK cranoButs Omu3eko 1,0. o TpeThoro Tumy
HAJIOKaTh  POCIMHH, SKI  HAWOUIBII — aKTUBHO
HAKOMMYYIOTh TUTACTHYHI PEYOBHHU B  JPYTiid
MoJOBHHI (ha3u HaIWBY 3€pHA, BOHW MPWAATHI IS
BUpOIIyBaHHS y Bonorux ymosax Ilomices, ne I'TK
cTanoBuTh OLTBIIE 1,0 [5].

IIpote HEJIOTIKOM TaKoTo croco0y
arpoekojioriuHoi  knacudikamii € Te, 10 BiH
MPUIATHAH JIUIIE IS CYXONUIBHUX KYIBTYD, TS SIKHX
TMMITYI04UM (aKTOPOM € TIPOAYKTUBHA Bosora. Bix
JIO3BOJISIE JIMIIE paiioHYBaTH COPTH Ta TiOpHIH
CUIBCBKOTOCTIONAPCHKUX KYJBTYp 32 KIIMaTHYHUMU
3omamu 3anexsHo Big ['TK, ame He Bpaxoye
OCOONMBOCTI Takol KYIBTYpH K pHC B YMOBax
3aroIieHHs. AJDke [ KynbTypa  IIPOTSATOM
BereTamiiiHOro Iepiogy TOBHICTIO 3a0e3reueHa
BOJIOTOFO, & TOJIOBHUM JIIMITYFOUHM (hakTopoM ist Hel
€ TEMIIEPATYPHUHN PEKUM.

3BaKarouM Ha 11e, i3 MOSBOIO HOBHX COPTIB PUCY
BUHHUKIIA HEOOX1IHICTE BU3HAYUTHA THIIA
arpoeKoJIOTiYHOI  HANEKHOCTI  COPTIB  pHUCy 3
YIOCKOHAJICHHSIM CHCTEMH JKHBJICHHS pOCIMH B
yMoBax miBaeHHoro Crery YkpaiHu.

Mertoro Hammx AOCHIKEHb OylIO BH3HAYCHHS
MPUIATHOCTI COPTIiB PUCY JJIsl BUPOLIYBaHHS B YMOBAX
3aTOTUICHHSI 3aJIEXKHO BiJ] KIIIMATHYHUX OCOOIMBOCTEH
TEPUTOPIii Ta BCTAHOBJICHHS XapakTepy iX peakiii Ha
cUCTeMy YIOOpeHHs y miBaeHHIM yactuni Crermy
VYikpainu. J{nsg 1pOro OLHIOBaIM 3aKOHOMIPHOCTI
HAJIMBY 3€pHA PI3HUX COPTIB PHCY Ta e(PEeKTHBHICTH
3aCTOCYBaHHS  MiHEpaJbHUX J0OpMB mpu  iX
BUPOIIYBaHHI.

MeToauka

JocaikeHHsT TPOBOAMWIM Ha JOCITIIHOMY
o [acturyty pucy HAAH y 2019-2021 pp. y
CTaI[iOHapHIN PUCOBiH ciBO3MiHI [HCTUTYTY pHuCy
HAAH 3 HacTynmHUM 4epryBaHHSM KynbTyp: 1 —
JOUEpHa, 2 — puc, 3 — puc, 4 — NIEHUIS 03UMa,
5 — puc, 6 — auMiHb Apui, 7 — puc, 8§ — TIMiHb
SIpUH 3 MiJICIBOM JIIOIIEPHHU.

Hocaigu Oynu 3akjiafeHl 3 JOTPUMaHHSIM
3araJbHONPUHHATUX BUMOT METOJUKH JOCIHiIHOT
cupasu [6]. IpyHT HOCIIZHOTO MONS — Iy4HO-
KaIlITaHOBHUH 3aJTMIIIKOBO-COJIOHIIOBATHH.

VY pocnmizax BHCiBalIM IIICTh COPTIB PHCY:
OnTtapio, Mapman, BikoHT (ceperHBOCTHUIMNI),
Heo6rot, Kopcap, JIazypiT (paHHBOCTHTIIII).

CiBOy copTiB pucy MPOBOAMIIH IIPH MIEPEXOAI
cepenHbo1000BOT TeMIepaTypu MOBITps depes
10-12°C. 3mificaroBaiu ii ciBankoro «Knén»-1,511
B370BXK JUISHOK. HopMa BUCIBY HACIHHS — 7 MJIH.
CXOXHUX HaCiHHUH /ra.

ISSN 1026-9959. Cenexig 1 HaciHaunTBO. 2024. 126

3 includes plants that most intensively
accumulate plastic substances in the second half
of the grain filling phase; they are suitable for
growing in wet conditions of the woodlands,
where the HTC is above 1.0 [5].

However, the disadvantage of this method
of agro-ecological classification is that it is
suitable only for upland crops, for which
available water is the limiting factor. It only
allows for the zoning of cultivars and hybrids of
agricultural crops by climatic zones depending
on HTC, but does not take into account the
peculiarities of such a crop as rice in flooding
conditions. After all, this crop is fully supplied
with water during the growing period and the
main limiting factor for rice is temperature.

Considering this, with the development of
new rice cultivars, it became vital to determine
the types of agro-ecological attribution of rice
cultivars with due account for improved
regimens of plant fertilization in the Southern
Steppe of Ukraine.

The purpose of our study was to determine
the suitability of rice cultivars for growing in
flooded conditions depending on the climatic
peculiarities of a location and to describe their
responses to fertilization in the Southern Steppe
of Ukraine. For this purpose, the grain filling
patterns and the effectiveness of mineral
fertilizers were evaluated for different rice
cultivars.

Methods

The study was conducted in the experimental
field of the Institute of Rice of NAAS in 2019-
2021. The study was carried out in the stationary
rice crop rotation of the Institute of Rice of NAAS,
where the crops were rotated as follows: 1 —alfalfa,
2 —rice, 3 — rice, 4 — winter wheat, 5 — rice, 6 —
spring barley, 7 — rice, 8 — spring barley with
complementary seeded alfalfa.

The experiments were carried out in
compliance with the traditional requirements for
experimentation [6]. The soil in the experimental
field was meadow-chestnut, residual solonchak-
like soil.

In the experiments, six rice cultivars were
sown: ‘Ontario’, ‘Marshal’, ‘Vikont’ (medium-
ripening), ‘Debiut’, ‘Korsar’, and ‘Lazuryt’ (early-
ripening).

The rice cultivars were sown when the
average daily air temperature was at least 10-12°C.
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Minepanbai go0puBa B gocimigax Oyiau
BHECEHI Bpy4Hy Iiepen ciBOoio pucy. Bonuuit
PESXKHM BCTAaHOBJIEHO 3a THIOM ‘“‘yKOpOYCHE
3aTOIIeHHs BiApasy micis ciBOu pucy. 30upaHHs
YPOXKaro POBOAIIIH TP MOBHIM CTUIIIOCTI 3epHA
KoMOalHOM «Inmap» 3 HACTYIIHUM
nepepaxynkom Ha 14% Bomoricte Ta 100%
YHUCTOTY 3€pHa.

s BU3HAYECHHS arpoeKoJI0riqHO1
HaJEeXHOCTI COPTY PHUCY BHKOPHCTOBYBalU
meromuky B.M. Koctpowmitina [7]. IIporarom
(a3u HanMBY 3epHA uepe3 KOXKHI YOTHPU [HI
BiIOMpan 3epHO 3 BEPXHBOTO APYCY BOJOTEH MO
10 r. IToTiM #OTO BHCYIIYBANIH B CYIIMIbHIN Tadi
no abcomroTHO cyxoro craHy. llicms mporo
3Ba)KyBajd, MiJPaxOBYBalld KIUJIBKICTh 3epeH Ta
Bu3Hadau Macy 1000 abCoOIIOTHO CyXUX 3epeH 3a
dhopmymoro:

M1000 a6c¢. cyx. = M3 x 1000/K3, ne

M1000 abc. cyx. — maca 1000 aGcomoTHO
CYXHUX 3€pEH, T;

M3 — maca 3epeH micis BHUCYITyBaHHS, SKi
OyJi0 Bi1iOpaHo 3 BOJIOTEH, T;

K3 — kinpkicTs 3eped B HaBax1i (10 r 3epen),
sIKy OyIo BimiOpaHO 3 BOJOTEH, IIT.

[Micns orpumanHs manux 3a macoro 1000
a0COJIIOTHO CYyXUX 3€peH MpoTiroM (a3u HaJIUBY
3epHa OyayBaiu rpadik AMHAMIKH HaJWUBY 3€pHa
Ta BU3HAYAJIM arpoOeKOJIOTI4YHY HAJEXKHICTh COPTY
pucy.

TexHooris BHUPOLIYBaHHS pucy
3araJbHONPUNHATA JJI 30HU IMiBAECHHOI YaCTUHU
Creny  Ykpaimm, OKpiM  BapiaHTiB, IO
nociimkysanu [1].

3a morogaumu ymoBamMu 2019-2021 pp.
XapaKTepu3yBaIUCs HACTYIHUMH TOKa3HUKaAMHU.
2019 pik xapakTepu3yBaBcs SIK JOCHTH JKapKUM
MIPOTSITOM BereTarii (cepenrbom060Ba
TeMIieparypa MOBITPS Maiike 3aBKAU
nepeBuIlyBaja OaraTopiuHi TOKa3HUKH) Ta
nocynuiuBuM B mepiog Il mexamm wepBHs — I
nexkagyd cepnHs. ToMy YMOBM HE CHpPHSIIN
AKTUBHOMY PO3BUTKY MipiKyJIspio3y MPOTATOM
BereTalii nmocisiB pucy. Jlumre nepion 3 11 mo 111
nekaau TpaBHA 2012 p. BUABUBCSA AOCUTH BOJIOTUM
— cyMma omaniB cranoBmia 45,0 ta 42,8 MM, a
cepeaHbOI000Ba TeMmIlepaTypa TMOBITpsA Oyna
HUX4O0I0 3a cepenHio Oaratopiuny Ha 1,8°C Ta
1,7°C, BIigmoBigHO, WO 3yMOBWJIO 3HUXCHHS
pOCTOBHX TipoleciB y pociauH pucy. Cyma
aktuBHUX Temreparyp 3 Il mexanu kBiTHs mo 111
nekany BepecHs ctaHoBwia 3268,0°C. 2020 pik
XapaKTepu3yBaBCsl K JOCHTH XApKHH MPOTITOM
nepuioi TOJOBMHU Bereramii (cepeaHboa000Ba
TeMIieparypa MOBITPS Makxe 3aBXKIU

The cultivars were sown with a Klyon-1.5P seeder
along the plots. The seed rate was 7,000,000
germinable seeds/ha.

Mineral fertilizers in the experiments were
applied manually before sowing. The water mode
was as "short flooding" immediately after sowing
rice. Rice was harvested with a Yanmar harvester
when the grain was fully ripe, with subsequent
conversion to 14% moisture content and 100%
grain purity.

V.M. Kostromitin’s method was used to
determine the agro-ecological attribution of the rice
cultivars [7]. During the grain filling phase, 10 g of
grain was taken from the upper tier of panicles
every four days. Then it was dried in a drying
cabinet until completely dry. Afterwards, kernels
were weighed and counted; the weight of 1,000
completely dry kernels was calculated using the
following formula:

W1000 abs. dry = Wk x 1000/Nk, where

W1000 abs. dry —weight of 1,000 completely
dry kernels, g;

Wk — weight of sampled kernels after drying,
g;

Nk — number of sampled kernels in a
weighed portion (10 g).

Using data on the 1,000 dry kernel weights
throughout the grain filling phase, we plotted a
graph of grain filling over time and determined the
agro-ecological attribution of the rice cultivars.

The rice cultivation technology was
traditional for the Southern Steppe of Ukraine,
except for the factors studied [1].

The weather conditions in 2019-2021 are
described as follows: 2019 was quite hot during the
growing period (the mean daily air temperature was
almost always higher than the multi-year average)
and dry from the second 10 days of June to the first
10 days of August. Hence, the conditions did not
favour intensive development of rice blast during
the growing period. Only the second 10 days and
the third 10 days of May 2019 turned out to be quite
wet: the precipitation amount was 45.0 and 42.8
mm, respectively, and the mean daily air
temperature was lower than the multi-year average
by 1.8°C and 1.7°C, respectively, slowing down
growth processes in rice plants. The sum of active
temperatures from the third 10 days of April to the
third 10 days of September was 3,268.0°C. 2020
was characterized as quite hot during the first half
of the growing period (the mean daily air
temperature almost always exceeded the multi-year
average) and cool and humid from the first 10 days
of July to the second 10 days of September. During
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IepeBUIlyBala OaraTopidHi TOKa3HUKH) Ta
MPOXOJOAHUN 1 Bojorudi B mepiox 3 | nexanu
numas 1o 11 nekanu BepecHs. Jlume 3a nepiox 3 11
JeKaHl CepITHs 1 0 KiHIIS BereTallii mociBiB pucy
BHNANO omaaiB 95,7 MM, MO yCKIATHUIO HAJIUB
3epHa. Tomy Taki TMOTOIHI YMOBU CHPHUSIN
aKTHBHOMY pPO3BHTKY MipiKymspiosy y dasi
HamuBy 3epHa. Takoxk ciix Big3HAYUTH, IO
cepennbonoboBa Temneparypa nositps III nexagu
numnHS Oylla HHXKYOIO Bl cepeqHboi OaraTopiuHoi
Ha 1,1°C. 2021 p. xapakrepusyBaBcs SK TOCHUTH
MPOXOJIOHUAM MPOTATOM BereTamii Ta BOJIOTUM B
nepion [-II pexagu TpaBHSA, [0 HETaTUBHO
BIUIMHYJIO Ha CXOOW PHUCY Ta MOIOBKHUIO
BereTaliiaui mepiog pociuH. CepenHbomoboBa
TeMIieparypa HoBiTpst Oyjaa HHXKYOIO BiJl HOpMH Ha
1,2-2,2°C. Taxox y I-III nexani yepBHi BHmana
3HaYHa KUTBKicTh omaaiB (B cymi 102,4 mm). Taxki
MOTOHI YMOBU CHPHUSIN aKTHBHOMY PO3BHTKY
nipikynsipiosy y ¢asi kyminnas. [lepiog y BepecHi
2021 p. BUSBHUBCA MOCYLUIMBUM, LI0 3yMOBHUIIO
ONTUMATbHI YMOBU [UII POCTY Ta PO3BUTKY
pocauH pucy y ¢aszi HanmuBy 3epHa. Cyma
akTuBHUX Temneparyp 3 | munua no II gekanu
BepecHs ctanoBuia 1788°C.

[MoBTOpHiICTH y JocHigli — TpHUpasosa.
3aranpHa mioma gitsHkyd 30 M2, 06nikoBa IIOma
ninsaku — 24 m? (16,0 x 1,5 m). Yei maremaTnani
Ta CTaTUCTHYHI PO3PaxyHKH MPOBOIUIH Y
nporpamax Microsoft Office Excel Ta Statistica 6.

Pe3yabraTi T2 00rOBOpeHHs

3a pi3HUMH JiTepaTypHUMH JDKEpelaMu B
pi3HMX KpaiHax oNTHMalbHa JI03a  a30THO-
(dbochopHux mHOOpPUB IS PUCY € JOCUTh PI3HOMO.
Taxk, 30kpema JiesiKi aBTOpH CTBEPKYIOTh, 1[0 BOHA
cradoButu N120-150P50-60 [8]. 3rigHo 3 iHIIMMH
JDKepenaMu J1o3a OoOpWB TMOBHHHA OyTH Ha DiBHI
N110P45, aye BoHa noBuHHA OyJIM PO3MOALICHA HA
TPH BHECEHHS PIBHOMIPHO Y (pa3ax CXOJiB, KyIIiHHS
Ta HaiuBy 3epHa [9]. 3a JaHUMHM HaIIMX
nociikeHs B ymoBax [liBaas Yipainuy 2019-2021
pp. Oy/lo BCTaHOBIEHO, IO YPOXKaWHICTH COPTIB
pucy mnepeOyBana B MpsAMill 3aJ€KHOCTI Bia 103
a30THUX JOOpHB, CTPOKIB iX BHECeHHS. Bix Buay
A30THUX JOOpWB Il TOKAa3HUK MEHIIE 3aJIeKaB.
HaiiOinpmmii piBeHb ypoxaiiHocTi OyB Ha (oHI
N120 3a ABOpa30BOTO MiHKUBICHHS a30TOM. Tak,
HANPHUKIIA, Ha oMY (QOHI )KHUBJICHHS ypOKalHICTh
y copty BikonT craHoBuma 11,27 1/ra, y copty
Kopcap — 9,62 1/ra, y copty Jlazypit — 8,99 1/ra, y
copty Hebror — 7,06 1/ra, y copry Mapman — 9,77
1/ra, y copry Ontapio — 9,24 1/ra (tabnuis). Kpim
TOTO CJiJ BiJ[3HAYUTH, [0 3a OaraTopiuyHUMHU
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the period from the second 10 days of August to the
end of the rice growing period, 95.7 mm of rain
only fell, making grain filling difficult. Such
weather conditions contributed to the intensive
development of rice blast during the grain filling
phase. It should also be noted that the mean daily
air temperature during the third 10 days of July was
lower than the multi-year average by 1.1°C. 2021
was characterized as rather cool during the growing
period and wet during the first and second 10 days
of May, which had a negative effect on the rice
germination and extended the growing period. The
mean daily air temperature was 1.2-2.2°C lower
than the multi-year average. In addition, a
considrable amount of precipitation (102.4 mm in
total) fell during the second and the third 10 days
of June. Such weather conditions contributed to the
intensive development of rice blast in the tillering
phase. September 2021 turned out to be arid,
meaning the optimal conditions for the growth and
development of rice plants in the grain filling
phase. The sum of active temperatures from 1st
July to the second 10 days of September was
1,788°C.

The experiments were carried out in three
replications. The total area of the plot was 30 m?;
the record area was 24 m? (16.0 x 1.5 m). All
mathematical and statistical calculations were
performed in Microsoft Office Excel and
Statistica 6.

Results and Discussion

In a number of publications in different
countries, the optimal dose of nitrogen-
phosphorus fertilizers for rice differed
considerably. Some authors reported that it was
N120-150P50-60 [8]. According to other
references, the fertilizer dose should be
N110P45, but it should be divided into three
applications evenly in the sprouting, tillering
and grain filling phases [9]. Our studies in the
South of Ukraine in 2019-2021 showed that the
yields of rice cultivars directly depended on
doses of nitrogen fertilizers and time of their
application. The yields depended on the type of
nitrogen fertilizers to a lesser extent. The
highest yield was harvested after N120
application and double additional fertilization
with nitrogen. For example, in this variant of
fertilization, cv. ‘Vikont’ yielded 11.27 t/ha; cv.
‘Korsar’ - 9.62 t/ha; cv. ‘Lazuryt’ - 8.99 t/ha; cv.
‘Debiut’ - 7.06 t /ha; cv. ‘Marshal’ - 9.77 t/ha;
and cv. ‘Ontario’ - 9.24 t/ha (Table). In addition,
it should be noted that according to long-term
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TaHUMU Ul copTiB Mapman ta OHTapio OCHOBHE
BHECEHHA a30THUX A00puB y ¢opmi cynabdary
aMoHito Oyno Oinbll e(EeKTMBHUM TOPIBHAHO 3
kapbamimoMm. Tak, ypoxaiHiCTh y BapiaHTi
N120(cynsdar amonito)P30 cranosmia 7,76 ta 7,41
T/Ta BiINOBiIHO, a y BapianTi N120(kapbamin)P30 —
7,53 ta 7,28 T/ra, BiamoBimHo. [ copTiB BikoHT,
Kopcap Tta Jlazypir Oimbm edexTuBHEM Oyiio
OCHOBHE BHECEHHsA Cynbdary amonito. Tak,
YpOXKalHICTh NpU 1bOMY cTaHoBmWia 9,33, 7,99 Ta
7,27 71/ra, BimmoBimHo. Y copty /[leGror Oimbrma
MPOAYKTUBHICTh Oyna y BapiaHTi
N120(kap6amin)P30 i cranosuna 6,03 T/ra, mo Ha
0,37 1/ra menme HiK y Bapianti N120(cymsdar
amoHir0)P30.

Takok HEOOXIMHO BiJ3HAYUTH, W0 OYyII0
JOCHUTh ¢()eKTUBHUM ITiJUKUBJICHHS MTOCIBIB a30TOM
Ta JaBali0 TOCUTHh 3HAYHI MPHUOABKH YPOKANHOCTI.
Tak, y copri Jle6rot, Mapan, Onrapio, BikoHT,
Kopcap, Jlasypitr Ha <¢oni NI120P30 3a
OJTHOPa30BOTO T PKABJICHHS rpubaBKa
ypokaiiHocTi ctanosuia 0,65, 0,92, 0,76, 1,23, 1,41
ta 1,05 T/ra BigmosigHO, a 3a aBopasoBoro —1,40,
2,01, 1,83, 1,94, 1,63 Ta 1,72 1/ra Bignosinxo. IIpu

ObOMY CIiI BiA3HAYWTH, MO IIiHKUBICHHSI
a30THUMHU J0oOpuBamMu Oynno OUTbII e(pEeKTUBHHM B
mepiog, KOJIU  CEePeaHBbOAOOOBI  TeMIIEpaTypu
TTiTBUTITY BAJTHCA.

data on cvs. ‘Marshal’ and ‘Ontario’, the basic
application of ammonium sulphate as nitrogen
fertilizer was more effective compared to urea.
Thus, the yield in the N120 (ammonium
sulphate) P30 variant was 7.76 and 7.41 t/ha,
respectively, while in the N120 (urea)P30
variant, it was 7.53 and 7.28 t/ha, respectively.
For cvs. ‘Vikont’, ‘Korsar’, and ‘Lazuryt’, the
basic application of ammonium sulphate was
more effective: the yield was 9.33, 7.99, and
7.27 t/ha, respectively. Cultivar ‘Debiut’
yielded more in the N120 (urea)P30 experiment
(6.03 t/ha), but it was 0.37 t/ha less than in the
N120(ammonium sulphate) P30 experiment.

It should also be noted that nitrogen
fertilization was quite effective, ensuring a
quite considerable gain in the yield. Thus, in
cvs. ‘Debiut’, ‘Marshal’, ‘Ontario’, ‘Vikont’,
‘Korsar’, and ‘Lazuryt’ fertilized with
N120P30 as a single dose, the yield was
increased by 0.65, 0.92, 0.76, 1.23, 1.41, and
1.05 t/ha respectively; when N120P30 was
supplemented with two fertilizations, the yield
was increased by 1.40, 2.01, 1.83, 1.94, 1.63
and 1.72 t/ha, respectively. At the same time, it
should be noted that nitrogen fertilization was
more effective during the period when the mean
daily temperature were elevated.

Taoauus 2. YpoxxaifHICTh PHCY 3aJIeXKHO Bif 103 1o0puB, 2019-2021 pp.
Table 2. Rice yield depending on fertilizer doses, 2019-2021

Bapiantu (A) / Copt (B) / Cultivar (B)
Variants (A) Je6rot / Mapiuain / Ounrapio / Bikonr / Kopcap / Jlazypir /
Debiut Marshal Ontario Vikont Korsar Lazuryt
bes nobpue / No 3.76 5.99 6.00 7.06 5.74 5.38
fertilization
No-30 4.49 6.60 6.49 7.43 6.20 5.69
No+30+30 5.76 7.39 7.04 8.51 7.62 7.04
NeoP30 4.76 6.61 6.25 8.14 6.25 5.95
Neo+30P30 5.28 7.35 6.99 8.52 6.98 6.36
Neo+30+30P30 6.04 8.70 7.90 9.47 8.14 7.39
Nizo 5.30 7.50 7.27 8.77 7.69 7.22
N 120(ammonium sulphate)P30 5.66 7.76 7.41 9.33 7.99 7.27
Ni2orea)P30 6.03 7.53 7.28 8.96 7.53 6.88
Ni20+30P30 6.31 8.57 8.17 10.56 9.40 8.32
Ni20+30+30P30 7.06 9.77 9.24 11.27 9.62 8.99
NisoPs30 6.70 8.59 8.60 10.55 9.11 8.07
HIP05/LSD05 A*O.IS; B*O.14; AB*0.24

Buecenns a3oty cnijibHO 3 Gpochopom OyJio
edexruBHUM nunre Juisi copTiB Jlebror, Mapman,
BikonT ta Kopcap. Tak, npubaBka ypoxaitHocTi
Bix QochopHux gobpuB y copry BikoHT

The combined application of nitrogen and
phosphorus was only effective for cvs. ‘Debiut’,
‘Marshal’, ‘Vikont’, and ‘Korsar’. Thus, the yield
increase from phosphorus fertilizers in cv.
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cranoBuia 0,56 1/ra, y le6tot — 0,36 T/ra, y copry
Mapmran — 0,26 1/Ta, y copry Kopcap — 0,30 1/Ta.
Y coprie Jlazypit Ta Owntapio mnpubaBka
ypoxaiHocti Oyna B mexkax HIP0.05.

Ilpy wmpomMy cmim  BIA3HAYHTH,  IIO

BUKOPHCTAHHS MiHepanbHUX no0puB
301IBIIYBaNIO KUIBKICTh TPOAYKTUBHHUX cTe0eT Ha
33,2-63,1%. Koedimient MPOAYKTUBHOTO

KyuriHas OyB Oinpmum y copty JeGior — 1,68-
2,47, nopiBHsIHO i3 copramu Mapman (1,27-2,25)
ta Omnrapio (1,18-1,80). Halikpame mnpomecu
KYLIiHHS MPOXOIUITH 3a JIBOPa30BOTO
mioKuBiIeHHs mocisiB. Tak, mHa NI120P30 3a
JBOPA30BOTO MiKUBICHHS KOE(DIIi€HT KyIIiHHSA
3aJIeXHO Big copTy ctaHoBuB Binm 1,71 mo 2,47.
Takox 3a iIHTEHCHBHOTO YIOOpEHHS Maca 3epHa 3
BOJIOTI 301bIIyBasiacs Ha 3,8-50,0%.

[IpomyKTHBHICTB COPTIB pUCY 1 IX peakiris Ha
noOpuBa  3alleXUTh Bl  arpoOeKOJIOTTYHHX
ocoOnmBOCcTel. 3BaXKarouu Ha 1€, MU MOPIBHSIIN
JTMHAMIKy HaKOIMYECHHS CyXOi PEeYOBHHH y TPHOX
coptiB pucy ([ebrot, Onrapio i Mapman), mo
B1JIPI3HSIOTHCS 3a arpoeKOJIOT YHUMH
0coOMMBOCTAME. 3a pe3ylbTaTaMH OCIiIKEHb
2019-2021 pp. ocobnuBOCTEil HATUBY 3epHA OYII0
BCTAHOBJICHO, 110 Y copTy Jle0I0T HakomWYeHHS
CYXHUX PEYOBHH B 3€pHI MPAKTUYHO MPUIHHSIIOCS
Ha  TOYaTKy  BOCKOBOi  crtumiocti.  Tak,
MakcumaibHa Maca 1000 aGCoJIFOTHO CyXHX 3€peH
craHoBmwia 29,0 r nva ¢oni NO+30P30 (puc. 1).
Jlumie Ha ¢oui N120+30+30P30 HamuB 3epHa
MPONOBKYBAaBCS 10 CEpeluHU BOCKOBOI (asm.
Cini BiI3HAYMTH, 110 AKTHBHO MPOIECH HAJIUBY
po3moyanucs B MEpIIid IOJOBHHI MOJOYHOI
CTUTJIOCTI 3€pHa, IO CBIAYUTH TPO 3HATHICTH
COPTY IIBHJKO HAKOMTUYYBATH MIOXKUBHI PEUOBUHHU.

Orxke, y copry J[leOwoT, HaiuB 3epHA
npoxoauB 'y ¢as3i MOJOYHOI CTHIIIOCTI Ta
MPaKTUYHO NMPUIUHAB HA TOYaTKy (a3 BOCKOBOI
CTUINOCTI, TOMYy  BiH  MNPWAATHUH I
BHUPOIIYBaHHS Y HaWOUIbII MiBHIYHUX 30HAX
MOIIMPEHHs Li€l KyIbTypH B YKpaiHi, a Takox
MPUAATHUH 10 Ti3HIX CTPOKiB CiBOU.

Y copry OHTapio HaKOIUYCHHS CYXHX
PEYOBHH B 3€pHI MPONOBXKYBAJIOCS O CEPEeIuHU
BOCKOBOI crtumiocti. Tak, MakcHMMaJibHa Maca
1000 abcomoTHO CyXHMX 3€peH CTaHOBUIa 26,3 T
Ha ¢ouni NO+30P30 (puc. 2). Jlume Ha doni
N120+30+30P30 nanuB 3epHa NPOIOBKYBaBCA A0
KiHIE BockoBoi ¢asu. Ilpu 1pomy  ciin
BIJI3HAUMTH, 110 MpPOLECH HAJIWBY 3€pHa
MPOXOAUIN TPAKTUYHO PIBHOMIPHO MPOTITOM
MOJIOYHOI Ta MEepIIOi MOJOBUHU BOCKOBOi (pa3u
CTHTJIOCTI 3€pHa.
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“Vikont’ was 0.56 t/ha; cv. ‘Debiut’ yielded 0.36
t/ha more; cv. ‘Marshal’ - 0.26 t/ha more; and cv.
‘Korsar’ - 0.30 t/ha more. In cvs. ‘Lazuryt’ and
‘Ontario’, the yield increase was within the
LSDO.05 limits.

At the same time, it should be noted that
mineral fertilizers increased the number of
productive stems by 33.2-63.1%. The productive
tillering coefficient was higher cv. ‘Debiut’: 1.68-
2.47 vs. 1.27-2.25 in cv. ‘Marshal’ and 1.18-1.80
in cv. ‘Ontario’. The tillering processes occurred
in the best way with two-time application of
fertilizers. The tillering coefficient varied from
1.71 to 2.47 in different cultivars when N120P30
was supplemented with double fertilization. In
addition, with intensive fertilization, the kernel
weight per panicle increased by 3.8-50.0%.

The performance of rice cultivars and their
responses to fertilizers depend on agro-ecological
features. With this in mind, we compared the dry
matter accumulation over time in three rice
cultivars (‘Debiut’, ‘Ontario’, and ‘Marshal’),
which differed in agro-ecological features. The
grain filling peculiarities were studied in 2019-
2021 and the results demonstrated that that in cv.
‘Debiut’, the dry matter accumulation in grain
almost stopped at the beginning of waxy ripeness.
The maximum weight of 1,000 absolutely dry
kernels was 29.0 g in the NO+30P30 experiment
(Fig. 1). The grain filling phase only continued
until the middle of the waxy phase in the
N120+30+30P30 experiment. It should be noted
that the grain filling processes actively started in
the first half of the grain milky ripeness,
indicating the cultivar’s ability to quickly
accumulate nutrients.

So, in cv. ‘Debiut’, grain was filled in the
milky ripeness phase and almost ceased at the
beginning of the waxy ripeness phase; hence, this
cultivar is suitable for cultivation in the most
northern zones of this crop cultivation in Ukraine;
it is also suitable for late sowing.

In cv. ‘Ontario’, the dry matter
accumulation in grain continued until the middle
of waxy ripeness. The maximum weight of 1,000
completely dry kernels was 26.3 g in the
NO+30P30 variant (Fig. 2). Only in the
N120+30+30P30 variant, the grain filling
continued until the end of the waxy phase. At the
same time, it should be noted that the grain filling
processes occurred almost evenly during the
milky phase and the first half of the waxy ripeness
phase.

57



Orxke, y copty OHTapio HaHOINbII AKTHBHO
HaJduB 3epHa mpoxoawB Yy a3l MoJouHOI
CTUINOCTI 1 mepwmiid monoBUHI (hasm BOCKOBOI
CTHIJIOCTI Ta MPAKTUYHO MPUIUHSIBCS HA MTOYATKY
Ipyroi MoJOBUHHU (pa3u BOCKOBOI CTUTIIOCTI, TOMY
BiH MPUAATHUN AJIS BUPOILYBaHHS Y LIEHTPaIbHIH
Ta miBAeHHINH yacturi Ctenmy YKpaiHu.
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Therefore, in cv. ‘Ontario’, grain was filled
most intensively in the milky ripeness phase and
the first half of the waxy ripeness phase but
almost stopped at the beginning of the second half
of the waxy ripeness phase; therefore, this
cultivar is suitable for growing in the central and
southern parts of the Ukrainian steppe.
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Puc. 1. /luramika HaKOTHYIEHHS aOCOFOTHO CYXO1 MacH B 3epHi pucy copTy JeOroT 3anexHo Bif (oHY KUBICHHS,

2019-2021 pp.

Fig. 1. Accumulation of absolutely dry mass in rice cv. ‘Debiut’ grain over time on different fertilization regimens,

2019-2021

Y copry Mapiian HaKONMYEHHA CyXUX
PEYOBHUH B 3€pHI MPOAOBXKYBAIOCS MPAKTHYHO JIO
KIHIIST BOCKOBOI cTHIOCTi. Tak, MakcMMaiabHa Maca
1000 abconroTHO CyxuXx 3epeH ctanoBmia 25,0 T Ha
¢oni N120+30+30P30 wampukinmi 1iei ¢a3u
(puc. 3). Ciix BiI3HAYUTH, IO MPOILECH HAIHUBY
3epHA MPOXOAMJIU PIBHOMIPHO MPOTITOM BCHOTO
nepiogy HaIMBYy 3€pHa, IO CBIAYUTH MPO
MOBUTBHUH  mepedir mpoleciB  HAKOMUYEHHS
MOXXUBHI peuoBHHU. TakoX Ha IHTEHCHBHUX (hOHAX
YKUBJICHHS] IPAKTUYHO B YCIX COPTIB CIIOCTEpirain
MOCTYINOBE HAKOMUYEHHsI a0CONOTHO CyXol mMacu
npoTsroM a3y HAJIKBY 3epHA.

Orxe, y copry Mapman HamuB 3epHa
AKTUBHO MPOXOAWB B IMepioj BiJl ¢a3u MOJIOYHOT
CTHUIIOCTI /10 KiHIIA (Da3u BOCKOBOI CTHUINIOCTI, TOMY
BiH NpPHUIATHUH ISl BUPOLIYBAaHHS B IMiBIECHHHX
30HaX MOUIMPEHHs Wi€l KyasTypu B YKpaiHi, a
TaKOXX BUMarae OiIbII paHHIX CTPOKiB CiBOH.

Kpim Ttoro, copr [leGroT, sAKHii IIBHIKO
HAKONIMYyBaB 3allacHi PEYOBMHU B 3€pHI, MOXKHA

In cv. ‘Marshal’, the dry matter
accumulation in grain continued almost until the
end of waxy ripeness phase. The maximum weight
of 1,000 completely dry kernels was 25.0 g at the
end of this phase in the NI120+30+30P30
experiment (Fig. 3). It should be noted that the
grain filling processes occurred uniformly during
the entire period of grain filling, indicating a slow
accumulation of nutrients. In addition, on
intensive fertilization, a gradual accumulation of
completely dry mass was observed during the
grain filling phase in almost all cultivars.

So, in cv. ‘Marshal’, an intensive grain
filling occurred from the milky ripeness phase to
the end of the waxy ripeness phase; therefore, this
cultivar is suitable for cultivation in the southern
zones of this crop cultivation in Ukraine; it also
requires earlier sowing timeframes.

In addition, cv. ‘Debiut’, which quickly
accumulated reserve substances in grain, can
be considered as most resistant to temperature
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BBAXXaTU HalOi1bII CTabiNbHIM 1o stress due to the fact that it is able to go
TEMIIEPATyPHOTO CTPECY Yepes Te, L0 BiH 31aTHHH through the grain filling phase before the

HpOﬁTH (ba3y HaJIMUBY 3C€pHA OO0 3HUKCHHA mean dally temperature drops
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Fig. 2. Accumulation of absolutely dry mass in rice cv. ‘Ontario’ grain over time on different fertilization regimens,
2019-2021
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Fig. 3. Accumulation of absolutely dry mass in rice cv. ‘Marshal’ grain over time on different fertilization regimens,
2019-2021
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Copr Mapian, HaBmaku, MOXKHA BBaXkKaTH
HaIMEHII CTIKUM JI0 CTPECOBUX TEMIIEparyp depes
Te, 1110 B HHOTO IIPOLIECH HAJIMBY 3€PHA IIPOXOIMIIN 3a
MOHMKEHOTO TEMIIEPAaTypHOTO PEXXUMY, L0 B POKH 3
PaHHIM 3HIKEHHSIM CEpeTHbOJO00BHX TEMIIEparyp
HE Ja€ 3MOTW peaji3yBaTH MOro MoTeHmial. AJe y
OBl paHHIX COPTIB, SK MpPaBWJIO, IOTEHLiiHA
ypOXKalHiCTh 3Ha4HO HIK4a. Tomy copt OHTapio
BUSIBUBCS] HAHOLTBII ONTHMATBHUM JJISI HAILOT 30HH:
HaJIUB 3€pHA Y HBOTO BiAOYBa€TbCA A0 HACTAHHS
HECTIPUSTINBUX YMOB.

3a pesymbraramMu IuX Aociimkers y 2019-
2021 pp. MM BHUAUTMIN TPH arpOCKOJIOTIYHI THITH
COPTIB PHCY — MiBHIYHUH, TOMIpHUH Ta MiBICHHHA.

Tak, SIKII0 HAJTUB 3epHA COPTIB PHCY B yMOBax
3aTOTICHHS, HAHOLIBII aKTUBHO MPOXOANTH Yy (hasi
MOJIOYHOI CTHIVIOCTI Ta MPaKTUYHO NPHUITUHSIETHCS
Ha TI0YaTKy (ha3y BOCKOBOI CTHIIIOCTI, TO TaKi COPTH
MOXKHA BITHECTH NI0 TIBHIYHOTO arpoeKOJIOTigHOTO
tuiy. Ll pocnuHM MBUAKO HAKOMUYYIOTh IUTACTUYHI
PCUOBMHM B 3€PHI, a 3HAUUTh MPOXOAATh (a3zy
HAIMBY 3€pHAa /O 3HWKEHHA CEepeIHbOI0O0BUX
Temreparyp (As pucy IiMITyroduM (akTopoM €
came TemreparypHuid pexnm). COpTH MiBHIYHOTO
TUIY arpoeKoJIOTiYHOi HAJEeKHOCTI MpPHUIATHI s
BHPOIIYBaHHSI y TIBHIYHIA dYacTWHI  30HU
MOLIMPEHHS pUCy B YKpaiHi, a TaKOK MPUIATHI 7O
Mi3HIX CTPOKIB CiBOM.

SIKmo HamMB 3epHa COPTIB PHCY B yMOBax
3aTOIUICHHSI HAWOLIBII aKTUBHO MPOXOAUTH Y (a3l
MOJIOYHOI CTHUIJIOCTI 1 TMepmIii IoMoBHHI (a3u
BOCKOBOI CTHIJIOCTI Ta MIPAKTUYHO MPHUIINHIETHCS HA
MOYaTKy APYroi MojJoBUHU ()a3u BOCKOBOI CTHIVIOCTI,
TO TaKi COPTH MOYKHA BIIHECTH JIO0 IOMIPHOTO THITY
arpoexoJyioriyHoi  HajexHocTi. CopTd MOMIpHOTO
TUIY arpoeKoJIOTiYHOi HAJEeKHOCTI MpPHUIATHI s
BHUPOIIYBaHHS Y EHTPAIIBbHIH Ta MiBJCHHIA YaCTHHI
Creny YkpaiHu.

3pemToro, SKIIO HaJIWB 3epHA COPTIB PUCY B
yMOBaX 3aTOIUICHHS, aKTMBHO MPOXOAUTH Bij| (a3u
MOJIOYHOT CTHIIOCTI J0 KiHIs (a3 BOCKOBOI
CTUIJIOCTI, TO TaKi COPTH MOXKHA BiHECTH [0
MIBJACHHOTO THUITY arpoekojoriunoi HajexxHocti. Lli
POCIMHHM  TOBIJIBHO  HAKOMUYYIOTh  IIACTHYHI
PEUOBMHH B 3€pHI, a 3HAYUTh HE 3aBXKIH MOXYTb
npoiith  Gasy HamMBY 3epHa JI0 3HWKCHHS
CepeAHbOIO00BHX TeMIleparyp. Takox med THM
MOXXHA  BBaXkaTu HalMEHIII CTIIKMM 10
HECTIPUSIJIMBOTO TeMIiepaTypHoro pexumy. Coptu
MiBAEHHOTO THITy AarpoeKOJIOriyHOl HAJIEKHOCTI
MPUJIATHI Ui BUPOIIYBaHHS B MIBACHHIA YacTHHI
30HH TIOIIUPEHHS PUCY, & TAKOXK BUMAraroTh OUIBII
PaHHIX CTPOKiB CiBOM.

On the contrary, cv. ‘Marshal’ can be
considered as least resistant to stressful
temperature because in years with an early
decrease in the mean daily temperature, when its
grain was filled at low temperatures, this
cultivar cannot fulfil its potential. However, in
more early-ripening cultivars, as a rule, the
potential yield is much lower. That is why cv.
‘Ontario’ turned out to be most optimal for our
zone: its grain is filled before the onset of
unfavourable conditions.

Based on the results of these studies in
2019-2021, we identified three agro-ecological
types of rice cultivars - northern, temperate, and
southern.

Thus, if the grain filling in rice cultivars
under flooding conditions occurs most
intensively in the milky ripeness phase and
almost stops at the beginning of the waxy
ripeness phase, such cultivars can be attributed to
the northern agro-ecological type. These plants
quickly accumulate plastic substances in grain,
meaning that they go through the grain filling
phase until the mean daily temperatures drops
(for rice, it is the temperature mode that is the
limiting factor). Cultivars of the northern agro-
ecological type are suitable for growing in the
northern part of the rice cultivation zone in
Ukraine, and can be also sown late.

If the grain filling in rice cultivars under
flooding conditions occurs most intensively in
the milky ripeness phase and the first half of the
waxy ripeness phase, almost stopping at the
beginning of the second half of the waxy ripeness
phase, such cultivars can be attributed to the
temperate agro-ecological type. Cultivars of the
temperate agro-ecological type are suitable for
growing in the Central and Southern Steppe of
Ukraine.

Finally, if the grain filling in rice cultivars
under flooding conditions intensively occurs
from the milky ripeness phase to the end of the
waxy ripeness phase, such cultivars can be
attributed to the southern agro-ecological type.
These plants accumulate plastic substances in
grain slowly, meaning that they cannot always go
through the grain filling phase before the mean
daily temperatures drops. Also, this type can be
considered as least resistant to adverse
temperatures. Cultivars of the southern agro-
ecological type are suitable for growing in the
southern part of the rice cultivation zone; they
also require earlier sowing timeframes.
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BucHoBku.

1. Haiibinpmmii piBeHb YPOXKAMHOCTI COPTH
pucy 3abe3neuysanu Ha poni N120 3a 1BopazoBoro
MiJPKUBIIEHHS a30TOM: copT Bikont — 11,27 T1/ra,
copt Kopcap — 9,62 1/ra, copt Jlazypit — 8,99 1/ra,
copt ebrot — 7,06 1/ra, copt Mapmran — 9,77 1/ra,
copt OnTtapio — 9,24 1/ra.

2. lns coptiB Bikont, Kopcap Ta Jlazypir
Olnpil edeKTUBHUM OYyJIO B OCHOBHE BHECCHHS
cynbdary amoHit0. Tak, YpoKaiHICTb NPH IIbOMY
cranoBuna 9,33, 7,99 ta 7,27 1/ra BigmosigHO. Y
copty [eOror Oinpmia TpoXyKTHUBHICTH Oyna 3a
Bapianty NI120(kapbamim)P30 — 6,03 T/ra. Ha
ypoxaifHicTe coptiB Mapman ta OHTapio BuJ
NOOpUB 32 OCHOBHOT'O BHECEHHS HE BILIMBAB.

3. JIBopa3oBi miKUBIICHHS IMOCIBIB 230TOM Ha
¢oni N120P30 3abesmeuyBanu 3HauHI NpUOABKU
ypoxaitHocTi coprtiB Jle6toT, Mapmran, Ownrapio,
BixonTt, Kopcap, Jlazypir, saki cranosunm 1,40, 2,01,
1,83, 1,94, 1,63 ta 1,72 1/ra BignoBiaHO.

4.Copt [leOIOT HaNEXKUTh OO MIBHIYHOTO
arpoekosorianoro Tuiy, OHTapio — 10 MOMipHOTO i
copT Mapiman — 210 miBJIeHHOTO.

Conclusions.

1. The greatest yield from the rice cultivars
was harvested when they were double fertilized
with nitrogen on N120 background: cv. ‘Vikont’
yielded 11.27 t/ha, cv. ‘Korsar’ - 9.62 t/ha, cv.
‘Lazuryt’ - 8.99 t/ha, cv. ‘Debiut’ - 7 .06 t/ha, cv.
‘Marshal’—9.77 t/ha, and cv. ‘Ontario’ —9.24 t/ha.

2. For cvs. ‘Vikont’, ‘Korsar’, and
‘Lazuryt’, it was more effective to apply
ammonium sulphate as basic fertilization. In this
variant they yielded 9.33, 7.99, and 7.27 t/ha,
respectively. Cv. ‘Debiut’ yielded most (6.03 t/ha)
when fertilized with N120 (urea)P30. The yields
of cvs. ‘Marshal’ and ‘Ontario’ were not affected
by fertilizer type used for basic fertilization.

3. Double fertilization with nitrogen on
N120P30 background ensured a significant
increase in the yields of cvs. ‘Debiut’, ‘Marshal’,
‘Ontario’, ‘Vikont’, ‘Korsar’ and ‘Lazuryt’: 1.40,
2.01, 1.83, 1.94, 1.63, and 1.72 t/ha, respectively.

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

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

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

and plant density.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

MeTtoauka

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

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

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

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

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

Methods

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

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

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

Pe3yabTaT T2 00rOBOpPEHHS

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

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

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

Results and Discussion

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

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

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

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

OUJIBIIICTIO BapiaHTIB JOCTITY.

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

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

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

Ta HOpMH BHCIBY, 2021, 2023 pp.

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

rate, 2021, 2023.

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

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

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

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

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

AHani3 ypoXalHOCTI HACiHHS KJIACHYHHUX
riOpuiB COHSALIHUKY 3aJIeXKHO BiJl POHY KUBJICHHS
Ta HOPMHU BHCIBYy BUSIBHUB, IO B riOpuma Spwuio
JaHWH TOKa3HUK OyB BHILUM 3a HOpM BHCiBYy 40
tiuc. mr/ra i 50 tuc. mr/ra. Tak, piBeHb

70

Fertilization led to an increase in the leaf
areas per plant and per hectare in hybs. ‘Yarylo’
(from 1,726.9 to 4,105.2 cm? and from 6,200 to
16,300 m?, respectively) and ‘Khoryv’ (from
459.5 t0 2,573.4 cm? and from 2,900 to 9,800 m?,
respectively) compared to the control. Mineral
fertilization increased the leaf area in another
experiment as well [22]. The crop thickening
resulted in a decrease in the leaf area per in hybs.
“Yarylo’ and ‘Khoryv’.

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

Analysis of the seed yields of the classic
sunflower hybrids depending on fertilization and
seeding rates revealed that hyb. ‘Yarylo’ yielded
more when sown at seeding rates of 40,000 and
50,000 seeds/ha. Thus hybrid yielded 1.83, 1.84,
1.60, and 1.63 t/ha when sown at a seeding rate
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YPOKaWHOCTI HACIHHS JaHOTO TiOpHma 3a HOPMH
BuciBy 40; 50; 60 i 70 Tuc. mT./ra CTAHOBHB Ha
¢honi 6e3 noopuB Bignosiauo 1,83; 1,84; 1,601 1,63
T/ra, a Ha ¢oni N30OP30K30 — 2,07; 2,02; 1,91 i
1,69 1/ra. [lopiBHAHO 3 KOHTPOJIEM, CTATHCTHYHO
JIOCTOBIpHY TpUOABKY BpOXAWHOCTI HACiHHS
JIAHOTO TiOpWIa BiJl 3aCTOCYBaHHS MiHEPATbHUX
no0OpuB 3a0e3neunnu HOpMH BUCiBY 40 THC. mT./Ta
(0,24 1/ra) 1 60 Tuc. mwr./ra (0,31 1/ra) (Tabdn. 2).

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

BucHoBku.

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

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

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

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

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

Conclusions.

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

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

Hyb. “Yarylo’ yielded more seeds when sown
at seeding rates of 40,000 seeds/ha and 50,000
seeds/ha, especially in the N30P30K30 experiment
(2.07 t/ha and 2.02 t/ha, respectively). Hyb.
“Khoryv’ produced the maximum yield of seeds
when sown at a seeding rate of 70,000 seeds/ha in
the control (2.19 t/ha) and at a seeding rate of
40,000 seeds/ha in the N30P30K30 experiment
(2.24 t/ha).
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Pedepar: BucsiTiieHo pe3ynbTard JOCIiPKEHb 3 BUBYCHHS BIUTUBY CTPOKIB CiBOM Ta MepeAIOCiBHOT
00poOKM HACIHHS Ha 1HIUBIAYyaTbHY MPOMYKTUBHICTH pociuH coi (Glycine hispida) i ypokaiiHicTs copTiB
pizHOoro mopdobiotuny. JlochimkeHHS NPOBOAMIM METOAOM PO3LICTUICHUX MJUISHOK Y YOTHPBOX
HOBTOPEHHSX 3a 3arajJbHONPHUHATOI0 METOAWKOI. JliMHKaMH MEepIIoro IMopsaKy Oynmn COpTH coi —
Annymka, Ko063a i ManbBiHa; Ipyroro nopsaKy — AUITHKY 3 Pi3HUME cTpokamu ciBou (panHiid (6—80C),
cepenniii (10—120C), mizHiii (14—160C)), TpeTHOTO NMOPSAKY — JUISHKH 3 BapiaHTaMu 00pOOJICHHS HACiHHSI
coi mepen ciB0OOO TyMicoJoM, ananToiToM, pocT-KOHIIeHTpaToM, GpyHmazonoMm. B yci poku gociimKeHHs
HallKpamli MOKa3HUKW IHIWBIAyaIbHOT MPOMYKTHBHOCTI POCIHH COi (pOpMyBaMCsl MOCIBAMH COi COPTY
MarnbBiHa y BapiaHTax CEpeAHbOTO CTPOKY CiBOM i mepennociBHoi 00poOKu HaciHHS AnantoditoM. Bura
BPOXaHICTh HACIHHS CO1 Y CepeTHhOMY 3a pOKaMH JIOCIiKeHb (2,34 1/ra) popmyBanacs y copty ManbBiHa
y BapiaHTi CEpeTHBOTO CTPOKY CiBOM 32 yMOBH 00poOKH HaciHHA A nantoditom. CopT coi AHHYIIIKa CyTTEBO
MOCTYTIABCS 32 piBHEM ypokaiiHOCTI copram Ko63a Ta ManbBina — pisHuts cranosuna 0,31 ta 0,43 1/ra.
3HAYHOIO MIpOI0 BPOXKAWHICTH 3€pHA 3pocTaja 3a OOpPOOKM HACiHHSA Tepes CiBOOK JOCIIHKYBaHUMHU
npemaparamu (mpubaBka B mexax 0,10-0,38 T/ra). BrmuB ctpokiB ciBOu Ha piBeHb ypoxaitHocTi OyB
HaliMeHIIUM. TakuM YMHOM, BCTAHOBJIEHO MOMIIMBICTH OTPHMAaHHS CTAaOLIBHUX BpPOXKAiB COI B yMOBax
Cxinnoro Jlicocreny YkpaiHu 3a paxyHOK MNpPaBWJILHOTO Mig0Opy COPTIB, AOTPUMAaHHS ONTHMAIBHUX
CTPOKIB CiBOM 13 3aCTOCYBaHHSIM PETYIISITOPIB POCTY.

Kurouosi cioBa: cos (Glycine hispida), copt, cTpoku ciBOHM, peryisiTopu pocTy, NPOLYyKTUBHICTb,
YPOXKAHHICTb.

Abstract: The effects of sowing time and pre-sowing seed treatment on the individual performance
of soybean (Glycine hispida) plants and the yield of morphologically different cultivars are covered. The
study had a split plot design in four replications in accordance with conventional methods. The first order
plots were soybean cultivars: ‘Annushka’, ‘Kobza’ and ‘Malvina’; the second order plots were sown within
various timeframes (early (6—8°C), medium (10-12°C), or late (14—16°C)); the third order plots were pre-
sowing treatments of soybean seeds with Humisol, Adaptophyte, Rost-concentrate, and Fundazol. In all
study years, the best individual performance of soybean plants was shown by cv. ‘Malvina’ treated with
Adaptophyt before sowing and sown within the medium timeframe. The greatest mean yield of soybean
seeds from cv. ‘Malvina’ (the mean yield across the study years was 2.34 t/ha) was harvested when the
cultivar’s seeds were treated with Adaptophyt and planted within the medium timeframe. Soybean cv.
‘Annushka’ was significantly inferior to cvs. ‘Kobza’ and ‘Malvina’ in terms of performance: the difference
was 0.31 and 0.43 t/ha, respectively. The seed yield increased to a large extent, when seeds were treated with
the tested agents before sowing (the gain ranged from 0.10 to 0.38 t/ha). The effect of sowing time on the
performance was the smallest. Thus, it was demonstrated that it was possible to achieve stable soybean yields
in the Eastern Forest-Steppe of Ukraine due to adequate selection of cultivars, adherence to optimal sowing
timeframes and application of growth regulators..

Key words: soybean (Glycine hispida), cultivar, sowing time, growth regulators, performance, yield.
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Y wmobimizarii moTeHIiany TPOXYKTHBHOCTI
HOBHX COPTIB €Ol B&XJIMBUM € 3aCTOCYBaHHS
cnenudiaHuX TUTSE HUX 0co0IMBOCTEN
BHPOIYBaHHS 3 YypaxyBaHHAM iX OlONOTIYHHX
rotpeb. Cepen ¢akTopiB, IO BU3HAYAIOTH PIBEHb
YPOXKaHHOCTI  COI, BAaKJIMBE MICIIE HAJICKUTh
TIOCIBHIM arpoTexHilll, 30KpeMa, ONTHMaIbHIM
CTpoKaM CiBOM 3 ypaxyBaHHSIM TPYHTOBO-
KJIIMaTHYHUX YMOB 1 COPTOBUX OCOONMBOCTEM, SIKi
COpUSIOTH  KpallOMy  pOCTy, PO3BHUTKY Ta
(hopMyBaHHIO MaKCHMaJIbHOI  MPOAYKTUBHOCTI.
OO6pobmneHHsT HACIHHS Mepes CiBOOIO perynsaropamu
pocTy  miABMIIyE  CTIMKICTB  cXOmiB A0
HECIPUSTINBUX YIHHNKIB 30BHIIIHBOTO
CEpeloBHUIIa, 10 J03BOJISE BUCIBATH COIO PAHIIIC
pexoMeHIoBaHUX CTpokiB [2, 3, 13]. [ns Takux
e B OCTaHHI POKM BHKOPUCTOBYIOTHCS: PICT-
KOHIICHTPAT — KOMILUICKCHE OpraHo-MiHepalibHe
piake MOOPUBO, OCHOBOIO SIKOTO € TyMar Kajlio Ta
KOMIUIEKC Makpo- 1 MiIKpOEJIEMEHTIB Yy BHCOKIH

KOHIIEHTpamii;  agantodit —  KOMIUIEKCHUH
PETYISATOP POCTY POCIHUH [0 CKIJIy SIKOTO BXOSTH
¢izioNoriyH0  aKTUBHI ~ PEYOBMH  MPHUPOAHOTO
moxomkeHHs  (QITOoropMOHM 3 AyKCHHOBOIO,

IUTOKIHIHOBOIO Ta TiOEPENIMHOBOIO AKTHUBHICTIO,
aAMIHOKHMCIIOTH, HU3bKOMOJICKYJISIpHI BOJOPO3UMHHI
OlTKM, BYIVIEBOIM, >KUPHI KUCIOTH Ta ix edipu);
TYMICONT — PIAKUI Tperapar TyMIHOBOI TPUPOIH,
BUPOOJICHUI Ha OCHOBI BEPMIKOMIIOCTY — MIPOIYKTY
nepepoOKH THOIO  BEIMKOI  poraroi  Xyjaoow
4epBOHUMH KaltihopHiichKuME depB'sikamu Eisenia
fetida.

[Tpu BcTaHOBNEHI CTPOKIB CiBOM, Ha AYMKY
HaykoBIiB [3, 15], mOTpiOHO BpaxoOBYBAaTH PEKUM
MPOTPiBaHHS IPYHTY Ta TPUBATICTH CBITIIOBOTO JIHSA,
110 3HAYHO BIUTMBAE HA MPOAYKTHBHICTH POCIUH CO1.
Bimomo, 1o cTpoku ciBOM 3ajiekaTh BiJl IPYHTOBO-
KJIIMaTM4HOi ~ 30HM,  OCOONMBOCTEH  COpTY,
TPHUBAJIOCTI JIHS, TMPOTPIBaHHS MOCIBHOTO IIapy
rpyaty ao 10-12°C, mo B Hammx ymoBax (30Hi
cxigHoro JlicocTemy) mpuIagae Ha Tepiojy KiHIIA
KBITHS IOYaToK TpaBHA. Jlns coi CTpoku ciBOM
MalOTh BHpIIIaJibHE 3HAYCHHS, OCKUIBKHM BiJl HHUX
3aJIEKUTh Yac 1 MOJKIIUBICTD 1i JTOCTUTAHHS, 4 OTKE
BEJIMYMHA BpPOXar 1 SKICTh HaciHHSA. Busnauntn
ONTHUMAaJIbHI CTPOKU CIBOM COi MOXKHA JIMIIE IS
KOHKPETHOTO PETIOHY 1 COPTY, Ha MiJICTaBi MMOJILOBUX
nociikens. OfHaK JoTenep HeMae €IWHOI TyMKH
BUEHUX CTOCOBHO ONTHUMAJIBLHHUX CTPOKIB CiBOU COi.
OnHi BueHi [5] BBaXkaroTh, [0 ONTUMAILHUA CTPOK
CiBOM coOi 30iraerbcs i3 MPOTpiBaHHAM IPYHTY JIO
12-14°C na mmbuHi 3aropTanHsi HaciHHsi. Ha
OyMKy I1HIIMX HaykoBIB [3, 15], 3a0esmeueHHs
JOPYXHHX CXONiB HACiHHS €Ol MOXIMBE 32
temneparypu 1pyHty 10-12°C na mmbuni 10 cm.
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To fully use the performance potential of
new soybean cultivars, it is important to take into
account specific features of their cultivation and
their biological needs. Among the factors that
determine soybean yield, sowing techniques, in
particular, optimal sowing time in given pedo-
climatic conditions and varietal characteristics
that contribute to better growth, development and
maximum performance are of great importance.
Pre-sowing treatment of seeds with growth
regulators increases the resistance of seedlings to
adverse factors of the environment, allowing
farmers to sow soybeans earlier than the
recommended timeframes [2, 3, 13]. For such
purposes, the following approaches have been
used recently: Rost-concentrate, a complex
organic-mineral liquid fertilizer containing
potassium  humate and  macro-  and
micronutrients in  high  concentrations;
Adaptophyte, a complex plant growth regulator
containing natural physiologically active
substances  (phytohormones  with  auxin,
cytokinin and gibberellin activities, amino acids,
low-molecular water-soluble proteins,
carbohydrates, fatty acids and their esters);
Humicol, a liquid humic agent produced made
from vermicompost (a product of cattle manure
processing by the red Californian worm Eisenia
fetida).

Scientists think [3, 15] that, when deciding
on sowing timeframes, it is necessary to take into
account the soil temperature profile and
photoperiod  significantly  affecting  the
performance of soybean plants. It is known that
the timing of sowing depends on pedo-climatic
zones, cultivars’ characteristics, photoperiod,
and heating of the seeding soil layer to 10-12°C,
which means late April or early May in our
conditions  (Eastern  Forest-Steppe).  For
soybeans, the timing of sowing is of crucial
importance, since it affects the possibility and
length of their ripening, and therefore the yield
amount and seed quality. To choose the optimal
time of sowing soybeans is only possible for a
specific region and cultivar and the decision
should be based on field data. However, until
now there is no unanimous opinion of scientists
regarding the optimal ttimeframes of soybean
sowing. Some researchers [5] believe that the
optimal time for sowing soybeans is when the
soil is warmed to 12—14°C at the seed burying
depth. According to other scientists [3, 15],
soybean seedlings emerge evenly when the soil
temperature at a 10 cm depth is 10-12°C.
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JocmimkeHHAMHA, TIPOBEACHUMH B 30HI
cxigaoro JlicocTemy, BCTaHOBIIEHO, IO CTPOKU
ciBOM HaHOINBII CYTTEBO BIUIMBAJIM HAa MOJBOBY
CXOKICTh HaCiHHsA, a caMe: Tpu ciBOi 18—20 KBiTHA
BOHa cranoBuia 63,7 %, 28-30 kBitHI — 69,7 %, 8—
10 tpaBus — 80,4 %, 18-20 tpaBHs — 79% i1 28-30
tpasus — 70,1 % [3].

PesynpraTi mocmimkeHpb 3acBiqanin [ 7], mo B
ymoBax Jlicocteny Ykpainu HaliBHIa YPOXKAWHICTh
copty Menes (1,9 1/ra) Oyna orpumaHa 3a CiBOM ITij
Yac MporpiBaHHS IPyHTY Ha miubuHi 10 cM mo 15—
160C. [15]. 3amisHeHHs i3 ciBOOIO Ha 5 JHIB
MOPIBHIHO 3 ONTHMATBHUMH CTPOKaMH MIPU3BOIUIIO
0 3HWKEHHS ypoxaiHocTi Hacinag Ha 0,15-0,38
T/ra. [HIIUMU MOCHIHKEHHSIMH B IOMY pPETiOHI
OyJio BCTaHOBJICHO, IO CiBOa cOl MpH MpOrpiBaHHI
rpyaty 1o 120C Ha mmbuni 10 cMm 3abe3neunia
MaKCUMaJlbHy ypOXKalHICTb HACiHHA COi COpTy
Kuiecbka 27 (2,81 1/ra), copty Husa (1,87 1/ra) 3
OTPUMAHHSM HAWBUINOI KUIBKOCTI Oinka Ta ol
[24]. B ymosax miBHiuHOrOo Cremy VYkpaiHu
HaHOUTBIIHIA ypokail OyB OTpHMaHUN y COi COPTY
Bamora (1,54 T1/ra) 3a ciBOM mpu mporpiBaHHI
rpyaTy mo 10-12 oC na mmmbwai 10 cM [3]. Tami
BYEHI BBAXaIOTh [5, 15], m10 mouaTok ciBOu B paHHii
CTpOK 3abe3redye JOCATHEHHS MAaKCHMAaJlbHO
MOXIIUBOI YPOXKalHOCTI COi.

OTxe, Ha CBOTOAHI BIACYTHI  €aWHI
PEKOMEHAAIIN MO0 ONTUMAIBFHOTO CTPOKY CiBOM
coi. 3a JaHMMU OfHIE]l TpPyNu BUYCHHX, NpHU
BCTAQHOBJIEHHI  ONTUMAJBHOTO  CTPOKY  CIBOM
HEOOXiTHO KepyBaTUCs KalleHAapHUM CTPOKOM
CiBOM 1 CiATH COIO 3a NPOrpiBaHHS IPYHTY Ha
IOWHI 3aropTanHs HaciHHS (4—5 cm) mo 12—14°C
[1]. Apyra rpyna BUCHUX BBa)Ka€, 110 ONTUMATbHUI
CTpPOK CiBOM HEOOXiJTHO BCTaHOBIIOBATH 32
MOKAa3HUKOM pIiBHSI TEMIEparypHOrO PEXUMY Ha
rouHi 10 1 HaBiTh 20 cMm [4]. Tpets rpyma BueHUX
PEKOMEH/IyE BU3HAYaTH ONTHUMAajIbHI CTPOKU CiBOU
coi 3 ypaxyBaHHSM XapakTepy BecHHU [S5]. BinburicTs
BYCHHX CXOIATHCS Ha JYMIIi, IO 10 BCTAHOBJICHHS
CTpPOKiB  CiBOM coi HEOOXiJHO  TiIXOIUTH
ndepeHIiioBaHo, B TEpIIy Yepry, 3aJieKHO Bij
I'PYHTOBO-KJIIMarn4Hoi 30HH [15, 19].

3a ocraHHI JecsaTUpivuA 3pocia MoTpeda
MIOIITYKY HOBHX NUISIXIB 1/IBUIICHHS
MPOAYKTUBHOCTI  coi. Pesyiasrat  JociipkeHb
nokazanu [10, 18, 20, 21], mo BaXJIUBUM
KOMIIOHEHTOM Cy4YacHUX TEXHOJIOTiH BUPOLIYBaHHS
POCIIVIH CTalOTh CyYacHi PEryJsTOpU POCTY POCIIUH.
Cepen HUX TOMYTAPHUMH CTalIM PiCT-KOHLEHTpAT
Ta aganradir [4, 11].

B ocranHi poku B YkpaiHi 3SMEHIITWIINCS TUTOMT
BUTIHMX MOMEPEIHUKIB MiJ O3UMY IIIICHHUIIO,
30KpeMa, ropoxy, OHOPIYHKX 1 OaraTopiyHUX Tpas,

In a study conducted in the eastern forest-
steppe, it was shown that the sowing time most
significantly affected the field germination of
seeds: when sowing on April 18-20, it was
63.7%, on April 28-30 — 69.7%, on May 8-10 —
80.4%, on May 18-20 — 79%, and on May 28-30
—70.1% [3].

It was proven [7] that, in the Forest-Steppe
of Ukraine, the highest yield from cv. ‘Medeia’
(1.9 t/ha) was harvested provided the cultivar
was sown when the soil at a 10 cm depth was
warmed to 15-16°C. [15]. A 5-day delay in
sowing compared to the optimal time led to a
decrease in the seed yield by 0.15-0.38 t/ha.
Other studies in this region demonstrated that
sowing soybeans when the soil was heated to
120C at a 10 cm depth ensured the maximum
yield of high-protein, high-oil seeds from
soybean cvs. ‘Kyivska 27’ (2.81 t/ha) and ‘Niva’
(1.87 t/ha) [24]. In the Northern Steppe of
Ukraine, the greatest yield was harvested from
soybean cv. ‘Valiuta’ (1.54 t/ha) sown when the
soil was warmed to 10—12 °C at a 10 cm depth
[3]. Other authors believe [5, 15] that early start
of sowing guarantees the maximum possible
yield of soybeans.

Therefore, today there are no harmonized
recommendations regarding the optimal periods
for soybean sowing. There is an opinion that the
optimal sowing period should be determined
from the sowing calendar and soybeans should
be sown when the soil at the seed burying depth
(4-5 cm) is warmed to 12—14 °C [1]. According
to another opinion, the optimal sowing time
should be set based on the temperature at a 10 cm
or even 20 cm depth [4]. The third team of
researchers recommends determining the optimal
time for sowing soybeans, taking into account the
spring weather [5]. The majority of scientists
agree that it is necessary to choose the soybean
sowing time in a differentiated manner, primarily
depending on pedo-climatic conditions [15, 19].

Over the past decades, the need for new
ways to increase soybean performance has
become more acute. A study showed [10, 18, 20,
21] that modern plant growth regulators were
important components of state-of-the-art plant
growing technologies. Of them, Rost-
concentrate and Adaptaphyt have gained
popularity [4, 11].

In recent years, the acreage of profitable
forecrops for winter wheat, in particular, pea,
annual and perennial grasses, silage and green
fodder corn, have been diminished in Ukraine.
Due to the development of early-ripening
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KYKYPYZI3H Ha CHJIOC 1 3€JICHHH KOpPM. 3 TIOSBOIO B
3001 CximHoro Jlicocteny paHHbOCTHIVIMX COPTIB
coi 3’ABMJIACh MOXKIIUBICTh BUKOPHCTOBYBATH i SIK
KOPHCHHHA TIOTIEPSAHUK O3WMOi TIICHHIN. Aute
HaBiTh PAHHBOCTHUIIII COPTH MAIOTh JOCHUTHh
TPHUBAJIHMIA IEpioA BereTalii, TOMy 115l IPUCKOPEHHS
iX [mo3piBaHHSA  3aCTOCOBYIOTh JECHKAIiID abo
CEHUKAIII0 TIOCIBIB Tepen 30MpaHHsIM Bpoxkaro. B
3B’3Ky 3 LUM, OCOOIMBOTO 3HaueHHA HalyBae
pauioHaTbHe BUKOPUCTAaHHS PECYPCiB TeIia B 30Hi
Cxignoro Jlicocreny y paHHROBECHSIHHNA MEpiof 3a
PaxyHOK paHHIX CTPOKIB CiBOM COi Ta 3aCTOCYBaHHS
CTUMYJIATOPIB pPOCTY 1 (YHTIOUIOIB ISl 3aXHCTY
CXOIB Bil HECTPHUSATIMBUX YMOB 30BHIIIHHOTO
cepenoBuIa Ta 0aKTepiaJTbHUX XBOPOO.

HammMu — gocnipkeHHSMH — Tiepea0daueHo
BCTaHOBJICHHSI MOKJIIBO PaHHIX CTPOKIB CiBOM cOi B
3oHi Cximaoro Jlicoctemy. [msa 1poro Oyio
HEOOXITHO BUSBUTU 3B SI3KM MK aOlOTUYHUMU
(hakTopamMu Ta peatizali€ero MOTEHINaTy COPTIB Ol
3alle)KHO BiJ CTPOKIB CiBOM Ta [Hii CTHMYNSATOPIB
pocty. Tomy MeTor0 mocCHikeHb OylIH TOIIYKH
LUISIXIB MiJBUILEHHS PIBHSI pealtizallii TeHeTHIHOTO
MOTEHITi Ty Pi3HUX 32 MOPPOOIOTUTIOM COPTIB Coi 32
paxyHOK ONTUMI3allii CTPOKIB ciBOM 1 BU3HAYCHHS
ONTUMAJIbHUX BapiaHTIB TepennociBHOI 00poOKu
HACIHHS, SKi CTBOPIOIOTH Kpallli YMOBH JIJIsl POCTY Ta
PO3BUTKY POCIIHH.

Metoauka

Hocnimxennss nposogwu 'y 2018, 2019 Ta
2021 pp. B ymoBax locnignoro nonst XHAY im. B.B.
JlokydaeBa, pO3TalmIOBAaHOTO B IiBIEHHO-CXiIHIN
YyacTUHI XapkoBa Ha 4YeTBEpTid Tepaci p. Ymu 3
HaWBHIIOI0 TOYKOKO Hajl piBHEM Mops 177,5 m. [pyHT
y CiBO3MIiHi, Ha sIKil 3aKJIalaId TTOJIHOBI JOCTIIN —
YOPHO3€M THUIIOBUM 3MUTHA MAaJOryMyCOBaHUI
Ba)XKKO-CYIJIMHKOBHIT Ha kKapOoHaTHOMY Jieci. Penbed
MIOJIB, i€ PO3TAIIOBYBAJM OCTIIHI NUISHKHA, Mae
piBHE BOAOPO3MALIOBE ILIATO 13 CJIA00 TMOJOrHM
cxuiiom [22].

Hocnign 3aknazaig METOAOM PO3LICTUICHHUX
JNUISHOK Yy~ YOTHPhOX  TOBTOPEHHSX 32
3araJibHONPUAHITOX MeTonukoro [17]. Jlinsakamu
nepmoro nopsiaky Oymu tpu coptu coi (Glycine
hispida) 3 pisaum MopdobioTurnom (YMHHUK A) —
Amnnymka ynsTpapaHHiid (mepion Berertamii 75-85
nHiB), KobO3a pannsoctummii (nepion Beretauii 94—
98 ni6) 1 ManbBiHa cepeHBOCTUIINI (TIepion
Bereraril 110-115 Iio)
(http://sort.sops.gov.ua/search/search).  Jlinsakamu
JPYroro TOpsAKy OyiaW BapiaHTH CTPOKIB CiBOM
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soybean cultivars in the eastern forest-steppe, it
became possible to use them as a useful forecrop
for winter wheat. However, even early-ripening
cultivars vegetate for rather long periods;
therefore, pre-harvest desiccation or senication
of crops is used to accelerate their ripening. In
this regard, the rational use of heat resources in
the eastern forest-steppe in early spring due to
early sowing of soybeans and application of
growth stimulators and fungicides to protect

seedlings against adverse environmental
conditions and bacterial diseases is of particular
importance.

Our studies demonstrated that it was
possible to sow soybeans early in the eastern
forest-steppe. For this, it was necessary to
identify relationships between abiotic factors and
fulfilment of the soybean cultivars’ potentials
depending on sowing time and effects of growth
stimulators. Therefore, the purpose of this study
was to find ways to enhance the fulfilment of the
genetic potentials of morphologically different
soybean cultivars by optimizing sowing
timeframes and determining optimal variants of
pre-sowing seed treatment to create better
conditions for plant growth and development.

Methods

The study was conducted in the
experimental fields of the VV Dokuchaev
KhNAU (located in the south-eastern part of
Kharkiv, on the fourth terrace of the Udy, with
the highest point above sea level of 177.5 m) in
2018, 2019 and 2021. The soil in the crop
rotation, where the field experiments were
carried out, is a typical truncated, low-humus,
heavy loamy chernozem on carbonate loess. The
topography of the fields where the experimental
plots were located is a flat watershed plateau
with a slightly smooth slope [22].

The experiments were arranged in a split
plot design in four replications in accordance
with traditional methods [17]. The first order
plots were three morphologically different
soybean (Glycine hispida) cultivars (factor A):
ultra-early cv. ‘Annushka’ (vegetation period =
75-85 days), early-ripening cv. ‘Kobza’
(vegetation period = 94-98 days) and medium-
ripening cv. ‘Malvina’ (vegetation period =
110-115 days)
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(unnnEK B): (panniii (6-8°C), cepemniii (10-12°C) i
mizHii  (14-16°C). [insHKH TPeThOTro MOPSIKY
TIpeIICTaBIICH]I BapiaHTaMu 3 00pOOJICHHS HACIHHS Ol
mepen  ciB0oro  OakTepialibHMM  IIpenaparoM
TyMiCOIOM, peryisTopaMu pocty (amantoditoMm i
POCT-KOHIIEHTPaToM), a TakoX  (QYHTIIIIOM
¢ynmazonom. Ilnoma nociBHoi minsuku — 20 M2,
001ikoBOi — 16 M2 OCHOBHi €JI€MEHTH CTPYKTYpH
BpOKaITHOCTI BU3HAYAN 32 METOIUKOIO Jlep kaBHOTO
COPTOBHUIPOOYBaHHS CLIBCHKOTOCTIONAPCHKUX
kynsTyp [9]. CrartucTudHuil aHami3 pe3ynbTaTiB
TOCITIKEHb TIPOBOIMIIA TUCTIEPCITHIM METOIOM 3
BUKOPHCTaHHSM TaKeTa JIICH31MHUX KOMIT IOTCPHHUX
mporpam Microsoft Office Excel [16].

TexHosorisi BUPOIIYBaHHSA COI B JOCHTii, 3a
BUHSTKOM JIOCTIIXKYBaHUX (hakTOpiB (CTPOK CIiBOH,
o0poOeHHs HaciHHA Tmepen  ciBOOr)  Oyma
3arajpHONpUitHATOI0 Ui CxigHoro Jlicoctemy
VYkpainu [23].

Pe3yabraTtu Ta 00roBOpeHHs

ligporepMiyHi yMOBH B POKH JOCIHiIKEHb
ICTOTHO BiNpI3HSUIMCA BiI cepemHix OararopidHHX
MMOKA3HUKIB, IO J03BOJMIO OLIbII 00’ €KTHBHO
BU3HAYHUTH BIUIMB JOCIIDKYBaHHX (pakropiB. Y
2018 p. mepiox ciBOa-cXoau MPOXOAUB 3 TOCTATHIM
3armacoM BOJIOTH B IPYHTI 32 PaxyHOK Oepe3HEeBHX
omajiB. B nomanpimioMy ramyxeHHs Ta OyTOHi3arlis
pocnuH coi BimOyBaJMCcs B CyXHX YMOBax 3
BapiroBaHH:M rigporepmiunoro koedinienrta (I'TK)
Bix 0,0 mo 0,30. Ilepiomu HBITIHHS Ta YTBOPEHHS
0001B MPOXOIMIIN 32 CyXUX Ta MOCYIIIMBUX YMOB
(I'TK B mexax 0,13-0,84). IlpoxomxeHHS HaIUBY
HACIHHS BiJI0OyBaJIOCS TaKOX 3a IMOCYIUINBUX YMOB,
IO CIPUYMHSIO a0OPTUBHICTH HaciHHS 1 000iB. Y
LJIOMY TiJpOTEpMidHI pecypcH BereTaliifHOTO
nepiony coi B 2018 p. mopiBHroBamu 0,34, mio
BH3HAYaJI0 YMOBH Bererailii, sik cyxi (0,5<I' TK).

Y 2019 p. BecHa Oyia CHPUSTIUBOIO IS
MOYAaTKOBOTO POCTY 1 PO3BHUTKY JOCHIKYBAHUX
copTiB coi — y KBiTHI Bumajo 44,5 MM onanis
(127,1% Big Hopmn), y TpaBHi — 43,4 Mmm (88,6% Bin
HOPMH), III0 CIIPHSIIO 33JI0BIIBHOMY TPOXOPKEHHIO
(asu OyToHi3allii, aje IMi3HIilllE B YEPBHI BUIIAJIO
mume 15,2 mum (25,8% Big HOpMU), y nmunHI — 38,8
MM (54,6% Bin HOpMH). Taka KUTBKICTh OmajiB Oyia
HEIOCTaTHBOIO 1 NpU3BOAMIA A0 aOOPTHBHOCTI
KBITOK Ha pOCIIMHAX €Ol ycCiX CTpOKiB ciBOu. B
MONaNBIIIOMY ~ ITOTOMHI  YMOBH  Ie  OijbIe
noripumiunca. B cepmHi Temmeparypa MNOBITpS
BIeHb jgocsrana 33,8°C, pa3oM 3 BIiJCYTHICTIO

(http://sort.sops.gov.ua/search/search). The
second order plots were various sowing
timeframes (factor B): early (6—8°C), medium
(10-12°C) and late (14-16°C). The third order
plots were pre-sowing treatments of soybean
seeds with the bacterial agent Humisol, growth
regulators (Adaptophyte and Rost-concentrate)
and the fungicide Fundazol. The plot area was
20 m? the record area was 16 m? Major
constituents of yield were measured in
compliance with methods of the State Variety
Trials of Agricultural Crops [9]. Data were
statistically processed by ANOVA in Microsoft
Office Excel [16].

The farming technique of soybean
growing in the experiments, except for the
studied factors (sowing period, pre-sowing
treatment of seeds), was traditional for the
Eastern Forest-Steppe of Ukraine [23].

Results and Discussion

The hydrothermal conditions in the study
years significantly differed from the long-term
average values, allowing us to more objectively
evaluate the influence of the studied factors. In
2018, the “sowing-emergence” period had enough
water in the soil due to March precipitation. Later,
during the tillering and budding of soybean plants,
it was dry and the hydrothermal coefficient (HTC)
varied from 0.0 to 0.30. The anthesis and pod
formation occurred under dry and arid conditions
(HTC =0.13-0.84). The seed filling also occurred
under dry conditions, which caused seed and pod
aborts. In general, the HTC of the soybean
growing period in 2018 was 0.34, meaning that
the vegetation conditions were dry (HTC <0.5).

In 2019, the spring was favorable for the
initial growth and development of the soybean
varieties under investigation: there was 44.5 mm
of precipitation (127.1% of the long-term average)
in April and 43.4 mm (88.6% of the long-term
average) in May, which made the budding phase
satisfactory but later, in June and July, there was
only 15.2 mm and 38.8 mm, respectively (25.8%
and 54.6% of the long-term average). This amount
of precipitation was insufficient and led to flower
aborts on soybean plants sown in any timeframe.
Further, the weather worsened even more. In
August, the daytime air temperature reached
33.8°C and there was no precipitation; these were
critical conditions for the pod formation and
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OMajiB e NPU3BOAWIO 10 KPUTHYHUX YMOB ISt
(dhopmyBanHs 600iB 1 10 ix abopruBHOCTI. Bee e
CIIPUYHMHMAIIO Pi3Ke 3MEHITICHHS BPOXKAaHOCTI 3epHA
coi, 0co0NMBO B MOCIBaX paHHIX CTPOKIB CiBOM.
INipporepMmiuHi pecypcu BereTariitHoro nepiogy coi
B 2019 poxy nopiBatoBamm 0,52, mo BU3HAYAIO
yMOBH Beretaiii, sik nocyuuusi (0,5<I'TK<0,9).

2021 pik  Ha  mMOYarKy  BereTarii
xapakrepusyBaBcs sk ontuMmansHu (1<['TK<1,3),
IO COPHUSUIO OTPUMAHHIO HANOINBIIOI MOIHOBOL
cxoxocTi HaciHag. CepenHpOI000Ba TeMIlEpaTypa
TIOBITPs B YepBHi cTaHoBmIa 20,8°C, onaiB BHITAIO
81,9 mm (138,8% Big HOpMH). Ane B HACTYIHHN
Mepiof CIIEKOTHE JIITO HETaTUBHO BILTUHYIIO HA PICT
i posButok pocmuH coi  (0,5<['TK<0,9).
Cepennbono0oBa TeMIiieparypa TMOBITpS B JIUIHI
cranoBmiIa 26,4°C, KIJIbKICTh OIAAIB CKJIajia JIHUIIE
16,2 mm (22,8% Bigx HOpMu). Hecmpusitiusi
MOAANBINI YMOBH NeEpioAy Bererarii Ta MOpPiBHSHO
OiNbIIa TyCTOTa CXOJIIB CIIPUYWHSIIA KOHKYPEHIIIFO
MiX POCITMHAMH COi, 10 MPHU3BEIO JI0 3HIKECHHS 1X
BWXKUBaHOCTI. Taka KiNBKICTH oOmagiB  Oyia
HEJOCTaTHBOIO Ut (hopMyBaHHS 000iB. Y mioMy
TiIPOTEpMiYHI pecypcH BereTaliiHOro mepioay coi
B 2021 poui mopiHtoBanmu 1,03, mo BU3HAYaNO
YMOBH Bererailii, Sk AocTarHbo 3BonoxeHi (1,0—
1,3).

3a pesynbTaramMu aHajily OiOMETPUYHUX
MOKa3HUKiB OyJI0 BCTAHOBJICHO, 1110 B CEPEAHBOMY 3a
TP POKH HaWOUIBIIy KiUTBKICTE 000iB  OyIo
chopMOBaHO Ha pOCIIMHAX copTy ManbBiHa 18,6
mr., gemio menme y copry Ko63a (15,7 mrT.) i
HaiimeHnIe y copty AxHymka (13,2 mwrt.), pi3HULs
cranoBmia 5,4 mr. a6o 41,0 % (tabun. 1). 3a paHHbOI
ciBOu npu Temneparypi rpyHty 6—8°C Ha pocnuHax
copTy AHHyIIKa Oysi0 C()OPMOBAHO B CEPEIHHOMY
11,6 606iB, copty Kob3a — 14,3, copty MainbBina —
17,8 ©006iB. HaiiGinpmry kinmbkicte 000iB (B
CepeaHbOMY 3a TPU POKH Ta 3a BapiaHTaMu 00pOOKH
Hacinus): 14,3; 16,6; 19,3 BiANOBiZHO IO COPTIB
OyJ0 OTpUMaHO 3a CiBOM B MPOTPITHHA TPYHT [0
temneparypu 14-16°C, 1m0 miATBEPIKYETHCS
iHmmMu aBropamu [8, 12, 14]. ¥V cepennsomy 3a
POKaMHU KUIbKICTh 000IB 3aJIe)KHO BiJl BapiaHTIB
JOCIIiy BapitoBajia B Mexkax Bij 14,1 1o 17,4 wit. 3a
00poONeHHsT HAaciHHA TyMicOIOM iX KIiJIBKICTb
30inpryBanacs Ha 1,6 wT., agantoditom — Ha 3,3
mT. abo Ha 23,3 %, pocT-KOHIIEHTpaT — Ha 2,8 MIT.
abo na 19,5 %, a o00OpobnenHs ¢yHAAa30I0M
3abe3nedyBasio HaiMeHy npudasky — 0,9 mT. ado
Ha 6,1 % MOPIBHSIHO 3 KOHTPOJIBHUM BapiaHTOM.
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resulted in pod aborts. All this caused a sharp
decrease in the yield of the soybean cultivars,
especially early sown. The HTC of the 2019
soybean growing was 0.52, which meaning that
the vegetation occurred under dry conditions
(0.5<HTC<0.9).

In 2021, the beginning of the growing period
was optimal (1<HTC<1.3), which contributed to
the highest germinability of seeds in the field. The
mean daily air temperature in June was 20.8°C;
the precipitation amount was 81.9 mm (138.8% of
the long-term average). However, later the hot
summer negatively affected the growth and
development of soybean plants (0.5<HTC<0.9).
The mean daily air temperature in July was
26.4°C; the precipitation amount was only 16.2
mm (22.8% of the long-term average).
Subsequently, the unfavorable conditions during
the vegetation period and relatively high seedling
density caused competition between soybean
plants, reducing their survival. This amount of
precipitation was not enough for the pod
formation. In general, the HTC of the soybean
growing period in 2021 was 1.03, meaning that
the vegetation occurred under sufficiently wet
conditions (1.0-1.3).

Analysis of biometric parameters showed
that, on average across the three years, cv.
‘Malvina’ had the largest number of pods per plant
(18.6); cv. ‘Kobza’ had somewhat fewer pods per
plant (15.7); and cv. ‘Annushka’ had the fewest
pods per plant (13.2). The difference was 5.4 pods
or 41.0% (Table 1). When the cultivars were sown
early, at a soil temperature of 6—8°C, the mean
number of pods per plant was 11.6, 14.3 and 17.8
in cvs. ‘Annushka’, ‘Kobza’ and ‘Malvina’,
respectively. The mean largest number of pods
(averaged across the three years and seed
treatments) was 14.3, 16.6 and 19.3, respectively,
when the cultivars were sown in the soil warmed
to 14-16°C, which is confirmed by other authors
[8, 12, 14]. On average across the study years, the
number of pods per plant varied from 14.1 to 17.4,
depending on the experimental variant. When
seeds were treated with Humisol, there were 1.6
pods more per plant; Adaptophyt increased the
number of pods per plant by 3.3 pods or 23.3%;
Rost-concentrate - by 2.8 pods or 19.5%; and
Fundazol treatment resulted in the smallest
increase of 0.9 pods or 6.1% compared to the
control.
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Tadanus 1. [IpoxyKTHBHICTH POCIIMH COT 3aJIEKHO BiJl COPTY, CTPOKIB CiBOM Ta MepeAriociBHOro o0poOiieHHs Ha-
cinns (cepenne 3a 2018, 2019, 2021 pp.)
Table 1. Soybean plant performance in different cultivars depending on sowing timeframes and pre-sowing seed
treatments (mean for 2018, 2019 and 2021)

Crpox KiHLKiCTb Ha 011- Maca Ha-
. Hilf pocnuHi, WT. / | CiHHS 3 Of1- Maca 1000
Coprn cisbu (B) Number per plant Hi€i poc- IIT. HACIHUH, T
(A)/ Cul- | /Sowing Ipenaparu (C) / Agent (C) . ;
tivar (A) | timeframe 600iB / - TTHHH, ?/ / Thou's and
cinns / | Seed weight | seed weight, g
(B) pods
seeds per plant, g
6e3 o6pobenns / No treatment 10.9 23.6 2.9 115.3
panniii / | rymicon / Humisol 11.4 27.8 3.4 120.3
Early amanrodir / Adaptophyt 12.4 30.2 3.7 122.1
(6-8°C) | poct-kounentpar / Rost-concentrate 12.0 29.3 3.6 121.3
_g ¢bynpason / Fundazol 11.2 27.2 3.3 119.8
é 6e3 o6pobnenns / No treatment 12.3 27.6 3.5 117.5
Z Cepenniii | rymicon / Humisol 13.8 31.0 3.9 121.7
3 / Medium | amanrodit / Adaptophyt 15.0 33.7 4.3 128.4
E (10-12°C) | pocr-konnentpar / Rost-concentrate 14.6 32.7 4.1 124.1
& ¢dynnazon / Fundazol 13.0 29.3 3.7 121.4
é 6e3 o6pobnenns / No treatment 12.7 29.0 3.8 114.2
mishiii /| rymicon / Humisol 14.3 32.7 4.3 119.3
Late amanrodit / Adaptophyt 15.9 36.3 4.8 121.3
(14-16°C) | poct-konuentpar / Rost-concentrate 14.9 34.1 4.5 121.0
¢byunason / Fundazol 13.7 31.2 4.1 119.0
6e3 o6pobnenns / No treatment 12.7 29.0 3.8 124.0
pamniii / | rymicon / Humisol 14.3 32.7 4.3 127.0
Early amanrodit / Adaptophyt 15.9 36.3 4.8 130.3
(6-8°C) | pocr-konuentpar / Rost-concentrate 154 35.2 4.6 128.1
¢yunason / Fundazol 13.3 30.5 4.0 126.2
E 6e3 o6pobnenns / No treatment 145 30.5 4.0 126.7
S Cepenniii | rymicon / Humisol 16.1 33.8 4.4 130.0
3 / Medium | amanrodit / Adaptophyt 17.7 37.2 4.9 134.7
3 (10-12°C) | pocr-xonuenTpar / Rost-concentrate 17.2 36.1 4.7 133.9
< dynnason / Fundazol 15.2 32.0 4.2 128.2
6e3 obpobnenns / No treatment 14.8 31.8 4.3 125.5
misuiii /| rymicon / Humisol 16.3 35.0 4.8 129.4
Late amanrodit / Adaptophyt 18.5 39.8 54 131.7
(14-16°C) | pocr-rxonuenTpar / Rost-concentrate 18.1 39.0 5.2 130.2
¢yunason / Fundazol 15.4 33.0 4.5 127.9
6e3 o6pobnenns / No treatment 15.7 34.1 4.5 126.7
panniii / | rymicon / Humisol 18.0 39.2 5.2 129.7
Early amanrodit / Adaptophyt 19.4 42.1 5.6 132.4
(6-8°C) | pocr-konuentpar / Rost-concentrate 19.0 41.2 5.4 131.7
< ¢dynmason / Fundazol 17.0 37.0 4.9 128.2
% 6e3 06pobnenns / No treatment 16.6 35.8 4.8 129.6
= Cepenniii | rymicon / Humisol 18.7 40.2 5.4 1324
= / Medium | aganrogir / Adaptophyt 20.8 44.7 6.0 136.9
'E (10-12°C) | pocr-kounentpar / Rost-concentrate 20.2 43.4 5.8 133.3
g dynaason / Fundazol 17.7 38.0 5.2 131.2
p= 6e3 oOpobnenns / No treatment 17.0 37.6 5.0 128.4
mizHii / | rymicon / Humisol 19.1 42.2 5.7 130.2
Late amarrrodit / Adaptophyt 21.2 46.9 6.3 133.9
(14-16°C) | pocr-kounentpar / Rost-concentrate 20.6 45.6 6.1 132.9
¢yunason / Fundazol 18.4 40.9 5.5 129.2
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IMomiOHa TeHpmeHIis cmocTepiraimacs i 3a
[IOKa3HUKOM KIJIBKOCTI HAaciHHA Ha OAHIH
pocnuHi. 3a POKHM [OCIHIIKEHb HaWOIIbITY
KiJTBKICTh HaciHHA Oyno chOpPMOBaHO COPTOM
ManeBina (40,6 mT.), mem0 MEHIIY y COPTY
Ko63a (34,1 mT.). i HallMeHIIy — y COpTYy
Annymka (30,4 mwr). HaliMmeHme HaciHHS Ha
KOXKHIH pociuHi popMyBaocs B yciX cOpTiB coi
3a ciBOM B mepmwuii CTpoK (y copTy AHHyIIKa —
27,6, y copty Kob3a — 32,7, y copry ManbBina —
38,7 mT). 3a ciBOM y Tperiii CTpPOK TIpHU
temneparypi rpyHTy 14—-160C KinbKicTh HACIHUH
Ha KOXHIW pOCIUHI 30iabpIIuiacs BiAMOBIIHO 10
copriB Ha 5,1, 3,0 i 3,9 mt. 3a ciBOu B apyruit
CTPOK  cmocTepiraiocss 3MEHIICHHS  4YHUCia
HAaCiHMH Ha OAHIH pPOCIWHI TMOPIBHAHO i3
MoCiBaMH B TPETill CTPOK — y copTy AHHYIIIKa —
Ha 3,3,y copty Ko63a — Ha 1,2, y coptry MainbBina
—mna 1,7 mr.

VY cepenHbOMY 332 pOKaMH KiJIbKiCTh HACIHHS
Ha POCJIMHI 3aJIe)KHO BiJl BapiaHTiB Oylia B Me)Kax
Big 31,0 mo 38,6 mr. 3a 0OpoOeHHS HACiHHSA
TyMiCOJIOM HOTO KiNbKicTh 30inmburyBanacs Ha 4,0
mT. (a6o Ha 12,8 %), amantoditom — Ha 7,6 T,
(abo Ha 24,4 %), 3a 0OpOOKHU POCT-KOHIICHTPATOM
KinpKicTe 000iB 3pocTtanma Ha 6,4 mrT. (abo Ha
20,6 %), a oOpobOka (yHaa3010M 3abe3mneuyBaia
HaiiMeHIy npubaBKy — Ha 2,2 mrt. (abo Ha 7,2 %)
MOPIBHSHO 3 KOHTPOJIBHUM BapiaHTOM.

Haii6inpury Macy HACIHHS oyrno
chopmoBaHo y BapiaHTax ciBOM coi coptry
Marnsgina 5,4 1, nemo MeHmry y copty Ko63a — 4,5
I i HaiimMmeHmy y copty AHHymka — 3,9 r. Maca
HACiHHS 3 OJ{HI€T POCIIMHH B CEPEIHHOMY 32 POKH
JOCTIKEHb Ta BapiaHTaMu 0OpOOJIeHHs] HACIHHSA
B TMOCiBax TPEThOIO CTPOKY CTAHOBWJIA y COPTY
Annymka 4,3 1, y copry Ko63a — 4,8, y copry
Maneina — 5,7 1, abo Oyna OiNBIIOI0 TTOPIBHIHO
3 MepUIMM CTPOK. Y CepeHhOMY 3a pOKaMmH,
copraMu Ta CTPOKaMH CiBOM Maca HaciHHS Ha
POCIWHI 3alIe)XHO BiJ BapiaHTa 0OpOOIEHHS
HaciHHs BapitoBana Bix 4,1 10 5,1 . O6poOaeHHS
HACiHHs TyMicoJIOM 30iNbIIyBajo Macy HaciHHS
Ha 0,5 r (abo Ha 13,1 %), agantoditom —Ha 1,0 T
(25,1%), poct-konuenrparom — Ha 0,8 r (20,2%),
a  oOpoOka  ¢yHmazonmoMm  3abesmeuyBaina
HaliMeHmy mnpubaBky — 0,3 r (abo nHa 7,7%)
MOPIBHSHO 3 KOHTPOJIBHUM BapiaHTOM.

3a pokM JIOCIHiJDKEHHS HalOinpma Maca
1000 HaciHuMH cmocrtepirajacsi y BapiaHTax coi
copry MansBina 131,1 1, memjo MeHmie y copry
Ko63a (128,9 r) i HalimeH1Ie y copTy AHHYIIKA —
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There was a similar trend in the number of
seeds per plant. Across the study years, the mean
greatest number of seeds was recorded for cv.
‘Malvina’ (40.6); cv. ‘Kobza’ formed slightly
fewer seeds per plant (34.1); and cv. ‘Annushka’
had the fewest seeds per plant (30.4). The fewest
seeds on per plant were noted in all soybean
cultivars sown within the first timeframe (cv.
‘Annushka’ - 27.6; cv. ‘Kobza’ - 32.7; and cv.
‘Malvina’ - 38.7). Upon sowing within the third
timeframe, at a soil temperature of 14—160C, the
number of seeds per plant increased by 5.1, 3.0,
and 3.9 seeds, respectively. Upon sowing within
the second timeframe, a decrease in the number of
seeds per plant was observed compared to the
third timeframe: by 3.3 seeds in c¢v. ‘Annushka’,
by 1.2 seeds in cv. ‘Kobza’ and by 1.7 seeds in cv.
‘Malvina’.

On average across the study years, the
number of seeds per plant ranged from 31.0 to
38.6 seeds in different experimental variants.
Upon Humisol treatment of seeds, there were 4.0
seeds more per plant (or 12.8% more);
Adaptophyt increased the number of seeds per
plant by 7.6 seeds (or by 24.4%); Rost-concentrate
increased the number of seeds per plant by 6.4
seeds (or by 20.6%), and Fundazol treatment
resulted in the smallest increase of 2.2 seeds (or
7.2%) compared to the control.

The largest weight of seeds per plant of 5.4
g was recorded for soybean cv. ‘Malvina’ sown
within any timeframe; in cv. ‘Kobza’, this
parameter was slightly lower (4.5 g); and in cv.
‘Annushka’, the smallest weight of seeds per plant
of 3.9 g was observed. In cv. ‘Annushka’ sown
within the third timeframe, the weight of seeds per
plant averaged across the study years and seed
treatments was 4.3 g variety; in cv. ‘Kobza’ sown
within the third timeframe, it was 4.8 g; and in cv.
‘Malvina’ sown within the third timeframe, it was
5.7 g: these values were higher than the
corresponding ones in the cultivars sown within
the first timeframe. On average across the study
years, cultivars and sowing periods, the weight of
seeds per plant varied from 4.1 to 5.1 g, depending
on seed treatment. Treatment of seeds with
Humisol increased the weight of seeds per plant
by 0.5 g (or by 13.1%); Adaptophyt treatment - by
1.0 g (25.1%); Rost-concentrate treatment - by 0.8
g (20.2%); and Fundazol treatment resulted in the
smallest increase of 0.3 g (or 7.7 %) compared to
the control.
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120,4 1. Hait6inpma maca 1000 Hacinuu Oyrna y
pOCIWH, BUPOIIEHUX B MOCIBax APYTOTO CTPOKY
ciBOm i craHoBMiIa y copty AHHymKa 122,61,y
copry Ko63a 130,7, y copry MansBina — 132,71,
abo Oyma OLTBIIOID 3a MEpPHIIOTO 1 TPETHOTO
CTPOKY, IIO B LIJIOMY MiITBEP/KYETHCA 1HIIUMH
aBropamu [12, 14]. V cepeauboMy 3a poKamu,
copTamu Ta ctpokamu ciBou maca 1000 HaciHmH
3aJeXHO BiJg BapiaHTy oOOpoONeHHS HaciHHSA
KonuBamacs B Mexax Bim 123,1 mo 130,2 r
O6poOneHHs HACIHHA TyMiCcOJIOM 301NBIIyBaoO
macy 1000 macinmua Ha 3,6 T (abo Ha 2,9 %),

agantopitrom — Ha 7,1 T (5,8 %), pocr-
KoHIIeHTpatoM —Ha 5,4 1 ( 4,4 %), a 00poOneHHs
dbyHaa3070M 3a0e31eyyBajo HaMEHIIY
npudaBKy 2,6 T (2,1 %) mnopiBHSHO 3

koHTponeM. L[i pe3ymbraTH y3ro[KYyIOThCS 3
JaHUMM iHIIOro aBropa [25]. 3a pesyiabTaTaMu
3aCTOCYBaHHsI agantodiTy B IOCiBaX SYMEHIO
siporo Maca 1000 HacinuH 30inpuryBanocs Ha 0,9—
2,2 T i gocsraia HalGiNbIIOT BETUYUHU Y COPTY
[MaTpumiit micns o6poOku anantoditom — 45,8 T.

Hammmu nociikeHHSIMHU BCTaHOBIICHO, 110
ypoxalHicTh 3epHa coi B CximHomy Jlicocremy
VYkpainu 3aJeXUTh HE TUIBKU BiJl CTPOKIB CiBOH i
XapakTepy BECHH, a W BiJf IOTOJHUX yMOB JiTa
(Tabm. 2).

Y cepenHboMy 3a pOKaMu JOCIIKCHHS
HaiiBUIla BPOXKaWHICTH 3epHa B nmocmimi (2,48
1/Ta) popmyBanacs y copry KobO3a y BapiaHTi 3
Cepe/IHIM CTPOKOM CiBOM 3a TeMIiepaTypH IPyHTY
10-120C i 3a ymoBH 00pOOJIEHHS HACIHHS POCT-
KOHIIeHTpaToM. Skmjo  mpoaHamizyBaTu  3a
poxamu, To y 2018 Ta 2021 pp. BpokaiiHicTh Oyna
HaiOUIBIIO Yy BapiaHTax CEepPeIHBOr0 CTPOKY
ciBOM y copTy MasbBiHa 3a YMOBH OOpOOJICHHS
HaciHHs agantoditom (2,24 ta 2,69 1/ra), y 2019
p. — Yy BapiaHTi cCepeHbOTO CTPOKY CiBOM Y COPTY
Ko63a 3a ymoBH 0OpOOJICHHS HACIHHS POCT-
KoHIIeHTpaToM — 2,91 T/ra.

VY cepeaHbOMY 3a POKaMH JIOCIIiJDKCHHS,
HaWBHINA Pi3HUI 3a BPOXKaWHICTIO 3epHA COl
Oyna 3a (akTopoM COpT, a caMe COpPT AHHYIIKa
CyTTeBO moctynascsa copraM Ko63a Ta ManbsBina
i usg pisaung cradoewna 0,31 Ta 0,43 T/ra.
Pisauns wmix copramum Kob63a Ta MainbBina
craHoBuna — 0,12 1/ra i Oyna B Mexax MoxXuOKH
nocainy (mpu HIPos 3a dpakropom A — 0,15 1/ra).

Across the study years, the greatest
thousand seed weight of 131.1 g was observed in
soybean cv. ‘Malvina’; in cv. ‘Kobza’, this
parameter was slightly lower (128.9 g); and cv.
‘Annushka’ showed the lowest thousand seed
weight of 120.4 g. The greatest thousand seed
weight was recorded for plants sown within the
second timeframe: was 122.6 g in cv. ‘Annushka’,
130.7 g in cv. ‘Kobza’ and 132.7 g in cw.
‘Malvina’; these values were higher than the
corresponding ones for the first and third
timeframes, which generally is in agreement with
other researchers’ data [12, 14]. On average across
the years, cultivars and sowing periods, the
thousand seed weight varied from 123.1 to 130.2
g, depending on seed treatment. Treatment of
seeds with Humisol increased the thousand seed
weight by 3.6 g (or by 2.9%); Adaptophyt
treatment - by 7.1 g (5.8%); Rost-concentrate
treatment - by 54 g (4.4%); and Fundazol
treatment resulted in the smallest increase of 2.6 g
(2.1 %) compared to the control. These results are
consistent with another author’s data [25].
Application of Adaptophyt on spring barley
increased the thousand seed weight by 0.9-2.2 g,
with the highest value of 45.8 g in cv. ‘Patrytsii’.

We found that the yield of soybeans in the
Eastern Forest-Steppe of Ukraine depended not
only on sowing time and spring weather but also
on summer weather (Table 2).

On average across the study years, the
greatest seed yield in the experiment (2.48 t/ha)
was harvested from cv. ‘Kobza’ treated with Rost-
concentrate and sown within the medium
timeframe at a soil temperature of 10—-120C. If we
analyze by year, in 2018 and 2021, the maximum
yield was harvested from Adaptophyt-treated and
sown within the medium timeframe cv. ‘Malvina’
(2.24 and 2.69 t/ha); in 2019, Rost-concentrate-
treated and sown within the medium timeframe cv.
‘Kobza’ produced the maximum yield of 2.91 t/ha.

On average across the study years, the
greatest difference in the soybean seed yield was
due to the cultivar factor, specifically cv.
‘Annushka’ was significantly inferior to cvs.
‘Kobza’ and ‘Malvina’ and this difference
amounted to 0.31 and 0.43 t/ha, respectively. The
difference between cv. ‘Kobza’ and cv. ‘Malvina’
was 0.12 t/ha and was within the error of the
experiment (LSDys for factor A — 0.15 t/ha).
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Tadanus 2. 3abapsiieHHs 3epHa TiOpuIHUX pociuH Fi
Table 2. Soybean seed yield depending on cultivar, sowing timeframe and pre-sowing seed treatment, t/ha (mean for
2018, 2019 and 2021)

Cepenne | Cepenne 3a (ak-
Coptu .CTpOKH Poku / Year 3:1113 po- TOpz.MI/I / Avtcebrage
(A)/ cisou .(B) / Kamu / of factors
Cultivar _Sowmg Ipemapatu (C) / Agent (C) Average
(a) | Umeframe 2018 | 2019 | 2021 | across | A | B | C
(B) the years
0e3 06pobnenns / No treatment 1.3910.90 | 1.53 1.27 1.38
pauHiii / rymicoa / Humisol 158 | 115|177 1.50 1.55
Early apantodir / Adaptophyt 163131193 ] 162 1.48 [1.73
© (6-8°C) poct-koHuentpar / Rost-concentrate | 1.60 | 1.25 | 1.87 1.57 1.66
= ¢bynpaszon / Fundazol 153]1.21 163 1.46 151
é 0e3 06pobnenns / No treatment 151129173 151
g CepenHiii rymicoa / Humisol 168 | 1.45 | 1.97 1.60
=~ | /Medium apantodir / Adaptophyt 1.83]1.67213] 188 | 157|168
5 (10-12°C) | pocr-konnentpar / Rost-concentrate | 1.78 | 1.60 | 2.07 1.82
2 ¢dynmazon / Fundazol 1.60 | 1.40 | 1.83 1.61
j 6e3 0opoberns / No treatment 137 123|151 1.37
mi3Hii / rymicou / Humisol 150 (138|174 1.54
Late amanrodit / Adaptophyt 169|143 ]1.98 1.70 1.54
(14-16°C) | poct-konuentpar / Rost-concentrate 158 | 1.35 | 1.87 1.60
dynaazon / Fundazol 148 | 126 | 1.68 | 1.47
6e3 o6pobenns / No treatment 148 | 1.37 | 1.83 1.56 1.66
pamHiii / rymicou / Humisol 1.68 | 1.55 | 2.07 1.77 1.86
Early amanrodit / Adaptophyt 183|171 ] 233 1.96 1.77 | 2.06
(6-8°C) poct-koHIenTpar / Rost-concentrate 1.78 | 1.65 | 2.27 1.90 2.01
dynaazon / Fundazol 153141200 | 165 1.74
N 6e3 obpobmnenns / No treatment 1.77 | 162 [ 204 | 1.81
N Cepenniit rymicon / Humisol 193 177 | 235 | 2.02
3 / Medium amanrodit / Adaptophyt 211 1197|254 | 221 1.87 | 2.02
3 (10-12°C) | poct-romnenrpar / Rost-concentrate | 2.05 | 2.91 | 249 | 2.15
< dynason / Fundazol 1.85 [ 1.65 [ 2.20 | 1.90
6e3 o6pobenns / No treatment 156 145|183 1.61
mi3Hii / rymicos / Humisol 1.71 153 ] 211 1.78
Late amanrodit / Adaptophyt 195|177 ] 235 2.02 1.81
(14-16°C) | poct-konnentpar / Rost-concentrate | 1.88 | 1.75 | 2.27 1.97
dbynaazon / Fundazol 158 | 146|198 | 167
6e3 o6pobnenns / No treatment 166 | 1.54 | 1.94 1.71 1.80
pamHiii / rymicos / Humisol 183 | 1.77 | 2.25 1.95 2.01
Early ananrodit / Adaptophyt 2.090 182240 210 1.94 [2.19
(6-8°C) pocr-koHIenTpar / Rost-concentrate 2.08 | 1.75 | 2.37 2.07 2.16
g dynaason / Fundazol 1.73 1170 | 213 | 1.85 1.88
= 6e3 06pobnenns / No treatment 1.86 | 1.75 220 | 1.94
= Cepenniit rymicon / Humisol 201195244 | 213
= | /Medium apantodir / Adaptophyt 2241198 [269] 234 |201|214
-E (10-12°C) | poct-romnenrpar / Rost-concentrate | 2.21 | 2.05 | 2.64 | 2.27
B dynzason / Fundazol 1.87 | 181 [ 232 2.00
= 6e3 o6podnenns / No treatment 1.69 | 157 | 1.99 | 1.75
mi3Hii / rymicos / Humisol 1.83 | 1.77 | 2.25 1.95
Late amanrodit / Adaptophyt 209 1190|240 | 213 1.95
(14-16°C) | pocr-konrenTpar / Rost-concentrate 2.08 | 1.80 | 2.47 212
dbynmazon / Fundazol 167 | 165|207 ] 180
HIP o5 3a pakropamu LSD ¢s for factors: A —0.15; B—0.03; C-0.01; ABC-0.2
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Takox, ciiJl 3a3HAYUTH, IO 3HAYHOIO MipOIO
BpOXaITHICTh 3epHA 3pOCTalia 32 YMOBH 00pOOIeHHS
HaciHHA  mepel]  CiBOOK  JOCHIKYBaHUMH
npemnaparaMu, npubaBka Oyna CyTTEBOIO, B MEXax
0,10-0,38 1/ra (mpu HIP0.05 3a daxropom C — 0,01
T/ra). HaiiBuia mpubaBka BpoXalHOCTI 3epHa cOi
MOPiBHAHO 3  KOHTPOJLHMM  BapiaHToM (B
CepelHBROMY 3a POKAaMH, COpTaMH Ta CTPOKaMu
ciBOM)  cmocrepirajacs Ha  BapiaHTax 3
00pobneHHsaM HaciHHs amantoditom — 0,38 T/ra i
poct-konenTparoM — 0,37 t/ra. Taki naHi 1 oMy
30iraroThcst 3 pe3yabraTtax IHIIMX JTOCIHIIKEHb.
Hampuknan, 3adikcoBaHo  MABHINEHHS — IIif
BIUTMBOM aJanTo(iTy YpPOXKaHHOCTI SYMEHIO SPOTO
[25], constmamKy [26], kapTormuti [27], .

BB  cTpokiB  CciBOM  Ha  3EpHOBY
MPOAYKTUBHICTH COi OyB HaWMEHIINM, 30KpeMa,
cepenHiil cTpok ciBOW 3a Temmeparypu rpyHTy 10—
120C 3abe3neunB mnpudaeky 0,24 T/ra, ciBba (3a
temneparypu rpyHTy 14—-160C) 3a6e3neuyBana Bxe
He cyrreBy mnpubaBky (0,04 T/ra), mopiBHAHO 3
paHHIM CTPOKOM CiBOM 3a TeMmepaTypH IPyHTy 6—
80C (mpu HIP0.05 3a hakropom B — 0,03 1/ra).

3a eKcTpeMajbHHX TOTOAHUX YMOB, SKi
cknamucs y 2019 p., HalOUTBITY BpOXKaHICTH OyIT0
OoTpUMaHo y copty MaibBina — 1,79 1/ra, nerio
menmry — 1,71 t/ra y copty Ko63a i 1,33 1/ra — y
COpTy AHHYyUIKA.

BcraHoBieHo, 1110 10CIipKyBaHi COPTH cOT HE
OJTHAKOBO pearyBalldi Ha CTPOKH CiBOM 1 ITOTOAHI
YMOBH POKIB focmipkeHHs. Y 2018 p. HaiOinbiia
BpOXKaWHICTh JOCTIDKYBaHHX COpPTiB Oyna 3a
JIPYyToro CTPOKY CiBOHM 1,41-1,66 T1/ra, a
HaHMEHIIIOK — 3a MI3HBOTO CTPOKY ciBOM — 1,37—
1,55 t/ra. Y 2019 p., HaBmakw, HAWOLIBIIONO
BpOXKalHICTh OyJ1a 3a Mi3HBOTO CTPOKY ciBOM — 1,23—
1,37 1/ra. OTpuMaHi pe3yabTaru y3TrOIKYIOThCS 13
pe3yibpTaTaMH 1HIIHNX aBTopiB [6, 8, 12].

BucHoBkn

PesynpraramMu  CIIOCTEpEXXeHb  JIOBEACHO
BUCOKHMH BIUIMB BapiaHTIB  JIOCHIDKCHHS Ha
(dbopMyBaHHS  IHIUBIIYaNnbHOI  TPOIYKTUBHOCTI
POCIHH COl Ta MOKa3HUKH YpoxkalHOCTi. B yci poku
JOCIIPKeHHS] HalKpalll NOKa3HUKU 1HAMBIAyalIbHOI
MPOAYKTUBHOCTI POCIHH COT (POPMYBAIIHCS TTIOCIBAMH
coi copty ManbBiHa y BapiaHTaX 3 CEpeIHIM CTPOKOM
ciBom  (temmeparypa rpynry —10-12°C) i
MEPEANOCiBHOT 00pOOKH HACIHHS AIanTo(iTOM.

VY cepenHbOMy 3a POKH JOCIHIPKCHHS BHILLY
BPOKaWHICTh HACIHHS COI OTpUManM y COPTY
ManbBiHa y BapiaHTax 3 CEpeAHIM CTPOKOM CiBOM
(remneparypa rpyary — 10—12°C) i nepenmnociBHOT
00poOKH HaciHHS AnantoditoM. Y 1bOMy BapiaHTi
ypOXXaiHicTh cTaHOBUIA 2,34 T/Ta.

In addition, it should be noted that the grain
yield increased to a large extent after pre-sowing
treatment of seeds with the studied agents; the
increase was significant, ranging 0.10 to 0.38 t/ha
(at LSDO.05 for factor C 0.01 t/ha). The greatest
gain in the soybean grain yield compared to the
control (on average across years, cultivars and
sowing periods) was recorded for Adaptophyte
(0.38 t/ha) and Rost-concentrate (0.37 t/ha)
treatment. Such data generally are in agreement
with results of other studies. For example, there
was an increase in the yields of spring barley [25],
sunflower [26] and potato [27] attributed to
Adaptophyt.

The effect of sowing time on the soybean
grain yield was the smallest, in particular, sowing
within the medium time frame at a soil
temperature of 10-12°C resulted in an increase of
0.24 t/ha and sowing at a soil temperature of 14—
16°C gave no significant increase (0.04 t/ha)
compared to the early sowing period at a soil
temperature of 6—-8°C (at LSDO0.05 for factor B
0.03 t/ha).

Under the extreme weather conditions in
2019, the maximum vyield of 1.79 t/ha was
harvested from cv. ‘Malvina’ variety; cv. ‘Kobza’
yielded slightly less (1.71 t/ha); and cv.
‘Annushka’ yielded 1.33 t/ha.

The investigated soybean cultivars were
found to respond differently to sowing time and
weather in the study years. In 2018, the greatest
yield (1.41-1.66 t/ha) from the studied cultivars
was harvested when they were sown within the
second period and the smallest yield (1.37-1.55
t/ha) was harvested when they were sown late. In
2019, on the contrary, the maximum yield of 1.23—
1.37 t/ha was obtained from the late-sown
cultivars. These results are consistent with other
authors’ findings [6, 8, 12].

Conclusions

We proved the strong impact of the
factors under investigation on the individual
performance and yield of soybean plants. In all
study years, cv. ‘Malvina’ showed the best
individual performance when it was treated
with Adaptophyt before sowing and planted
within the medium timeframe (soil temperature
-10-12 °C).

On average across the study years, the
maximum yield of soybean seeds amounting to
2.34 t/ha was harvested from cv. ‘Malvina’
when it was treated with Adaptophyt before
sowing and planted within the medium
timeframe (soil temperature -10—12 °C).

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



References

1. Anishyn. L.A. (1998) Agroclimatic reserves for stabilizing corn and soybean production in Ukraine. ZNP
Ukr.DNDPTI “Ahroresursy”. 181-192. [in Ukrainian]

2. Artemenko, S.F. (2011) The impact of agrotechnical measures and sowing dates under different weather

conditions on soybean yield. Biul. In-tu Zern. Hosp-va. 40, 40—45. [in Ukrainian]

Babych, A.O. (1993) Modern production and use of soybeans. K.: Urozhai. 432 p. [in Ukrainian]

4. Babych, A.O. (1995) Feed and protein resources of the world. K., Ahrarna Nauka. 298 p. [in Ukrainian]

5. Bakhmat, O.M. (2012) Modeling adaptive soybean cultivation technology. Kamianets-Podilskyi, 2012.
436 p. [in Ukrainian]

6. Coffel, E.D., Lesk, C., Winter, J.M., Osterberg, E.C., Mankin, J.S. (2022) Crop-climate feedbacks boost
US maize and soy yields. Environmental Research Letters, 17 (2), doi: 10.1088/1748-9326/ac4aa0

7. Hryhorieva, O.M., Hryhoriev, M.I. (2001) The productivity of the Medea soybean variety depending on
growing conditions. Kormy i Kormovyrobnytstvo. 47, 114-115. [in Ukrainian]

8. Ksigzak, J., & Bojarszczuk, J. (2022). The seed yield of soybean cultivars and their quantity depending
on sowing term. Agronomy, 12(5), 1066. https://doi.org/10.3390/agronomy12051066

9. Methods of examination of cereal, groat crop and legume varieties for suitability for disseminationn in
Ukraine. Kyiv. 2016. 81 p. [in Ukrainian]

10. Mikheiev, V.H. (2006) Treatment of seeds with bacterial preparations is an important element of soybean
cultivation technology. Innovative Directions of Scientific Activities of Young Scientists in Plant
Production: Abstracts of the 3rd International Scientific Conference. Kharkiv, IR im. V.V. Yurieva. Kh.
168-169. [in Ukrainian]

11. Mikheiev, V.H. (2012) The influence of growth regulators and seed inoculation on the productivity of
photosynthesis of soybean crops. Bulletin of the Center for Science Provision of Agribusiness in the
Kharkiv Region. 13, 172-179. [in Ukrainian]

12. Moldovan, V., Moldovan, Z., & Sobchuk, S. (2021). Sowing terms as a way to increase yield of soybean
varieties with different vegetation period. Kormy i Kormovyrobnytstvo, (91), 71-81.
https://doi.org/10.31073/kormovyrobnytstvo202191-06 [in Ukrainian]

13. Mykhailov V.H., Sherbyna O.Z., Romaniuk L.S. (2001) Reaction of varieties and selection numbers of
soybeans to changes in growing conditions. Kormy i Kormovyrobnytstvo. 47, 27-29. [in Ukrainian]

14. Nahornyi, V. I. (2010). Influence of sowing terms and methods on the productivity of soybean varieties.
Kormy i Kormovyrobnytstvo, (66), 96-102. [in Ukrainian]

15. Ohurtsov, Ye.M. (2008). Soybeans in the Eastern Forest Steppe of Ukraine: monograph. Kharkiv. 270 p.
[in Ukrainian]

16. Rozhkov, A.O., Puzik, V.K., Kalenska, S.M. et al. (2016). Experimentation in agronomy: manual in 2
books. Book 2. Kharkiv: Maidan. 324 p. [in Ukrainian]

17.Rozhkov, A.O., Puzik, V.K., Kalenska, S.M. et al. (2016). Experimentation in agronomy: manual in 2
books. Book 1. Theoretical aspect of experimentation. Kharkiv: Maidan, 316 p. [in Ukrainian]

18. Shepilova, T.P. (2019) The influence of growth regulators on soybean productivity in the conditions of
the northern steppe of Ukraine. Scientific Progress & Innovations, 3, 80-84. doi:
10.31210/visnyk2019.03.10 [in Ukrainian]

19. Shepilova, T.P., Petrenko, D.I., Leshchenko, S.M. & Artemenko, D.Y. (2021). Formation of soybean
productivity depending on sowing time and plant growth regulators. Scientific Progress & Innovations,
4, 30-35. https://doi.org/10.31210/visnyk2021.04.03 [in Ukrainian]

20. Shevnikov, M.Ya., Koblai O.0. (2015) Application of biological, chemical, and physical methods in
soybean and corn cultivation technologies. Poltava, 258 p. [in Ukrainian]

21. Siedokur, L.K., Retman S.V., Dzham O.V., Horbachova N.P. (2000) Effective fungicide Alto Super — for
the protection of winter wheat and spring barley from a complex of diseases. Zakhyst Roslyn. 3, 5-6. [in
Ukrainian]

22. Tikhonenko, D.P., Dehtiaryov, Yu.V. (2016) Soil cover of the research field of "Rohan Stationary" V.V.
Dokuchaev KhNAU. Visn. KhNAU im. V.V. Dokuchaieva. Series "Soil Science, Agrochemistry,
Agriculture, Forestry, Soil Ecology". 2, 5—13. [in Ukrainian]

23. Tyshchenko, L.M., Korniienko, S.I., Dubrovin, V.A. et al (2015), Flow chats of crop cultivation:
monograph / ed. by LM Tyshchenko / Petro Vasylenko Kharkiv National Technical University. Kharkiv:
Generous Manor Plus, 273 p. [in Ukrainian]

w

ISSN 1026-9959. Cenexig 1 HaciHEALTBO. 2024. 126

85



86

24. Venediktov, O.M. (2003) Ways to increase soybean productivity in the conditions of Central Forest-
Steppe of Ukraine. Kormy i Kormovyrobnytstvo. 50, 65-69. [in Ukrainian]

25.Bahan A. V., Yarmosh D. 1. (2021) Effects of the growth regulator Adaptophyt on the performance of
spring barley cultivars. Current Aspects and Technologies in Plant Protection: Proceedings of the
International Scientific-Practical Internet Conference. November 26, 2021. Poltava: PDAA. 32-35. [in
Ukrainian]

26. Yeremko L.S., Sydorenko A.V., Olepir R.V., Ahafanova S.0. (2009) Performance of some agricultural
crops treated with plant growth regulators. Visnyk Poltavskoi Derzhavnoi Ahrarnoi Akademii. 1, 43-45.
[in Ukrainian]

27.Iskakova O. Sh. Performance of summer-sown potato cultivars on drip irrigation in the South of Ukraine.
Thesis for the Academic degree of Candidate of Agricultural Sciences: 06.01.09 Plant Production.

Mykolaiv, 2016. 170 p. [in Ukrainian]

Hapitina no penakuii 20.11.2024 p.
Received 20.11.2024

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



Plant Breeding & Seed Production 2024: 126:87-95
doi: 10.30835/2413-7510.2024.318891

VIIK 633.11:631.84

FO.B. Tlonos*, C.B. ABpamMeHKO

BruiuB 0CiIHHBOTO MI’KUBJIEHHISI A30TOM HA YPOKAMHICTH 03MMOI MIIIEHU i
HicJIsl Pi3HHUX MONepPeIHUKIB

Inemumym pocaunnuymea im. B.A. FIOp’cea HAAH Ykpainu, Xapxkis, Ykpaina
*E-mail: yurii.ppp8@gmail.com

UDC 633.11:631.84
Yu.V. Popov*, S.V. Avramenko
Effect of Autumn Nitrogen Fertilization on The Yield of Winter Wheat Sown

After Different Predecessors
Yuriev Plant Production Institute of NAAS of Ukraine, Kharkiv, Ukraine
*E-mail: yurii.ppp8@gmail.com

Pedepar: [Tirenunns o3uma € onHI€I0 3 HAWOIBII ypOXKAaHHUX 1 MIHHUX MPOJOBOIIBYUX KYIBTYD, aje
MOKe JaBaTH BHUCOKI BpoKai 3epHa JOOpOi SKOCTI JIMILE HAa POJIOYMX IPYHTaX 1 38 BHECEHHS AOCTaTHBOI
KUTbKOCTI 0OpUB. OCOOIMBO BaXKJIMBUM € a30THE Ii/DKUBJICHHS MOCIBIB, SIKE MOBUHHO OyTH IIOMIPHHUM 3
OCEHI Ta TOCTATHIM y Iepiof KymliHHS i (OpMYBaHHS €JIEeMEHTIB CTPYKTYpH BpokaiiHOCTi. He3Baxkaroum Ha
BEJIMKY KUIBKICTh JIOCIIJKCHD 3 a30THUMHU TOOPUBAMHU, €JMHOI JYMKH CTOCOBHO €(h)EKTUBHOCTI OCIHHBOTO
MiJPKUBJICHHS JI0CI HeMae. MeTow JOCTIKeHb OyJI0 BU3HAYCHHS YPOXKAWHOCTI MIIEHUI M’SIKOT 03UMOL
TICIsI PI3HUX MOMEPENHUKIB — COHSIIHUKY, TOPOXY Ta YOPHOTO Mapy — 3aJIe)KHO BiJ Pi3HUX 03 aMiadHOi
CeNiTpu 3a OCIHHBOTO BHeceHHs. llompoBWii mocmin BkIouaB 15 BapiaHTiB 3 BUKOPUCTAHHSAM aMiadHOi
CeNITPH B MepepaxyHKy Ha Jiody peuoBuHy y g03ax N30, N60, N90, N120. OcinHe BHeceHHs JOOpHUB Ha
MOCiBaxX 03UMOI MIIEHHUIII 3a0e3MeuyBasio iCTOTHI IPUOABKH BPOXKAWHOCTi, OCOOIMBO IICTsS TOTIEPETHIKA
consHUK. [licns momepeaHUKiB TOPOX Ta YOPHUHN Map HaWOLIbIIa BpOXKaHHICT Oyia OTpuMaHa 3a J03H
N30, a micnst consimauKy — 3a N60. [Toganbine 30inbIIeHHS 103U 30Ty HE MaJIo TiepeBar MOPIBHSHO 3
MEHIIIMMH J03aMHU OCIHHBOTO ITiJKUBJICHHS aMiaqHOI0 CEJIITPOIO HE3aJIC)KHO BiJl TIOMEPEIHUKA.

KuarouoBi cioBa: o3uMa mmieHWIs, a30THI J00OpWBa, amiadHa CeIliTpa, OCIHHE ITiKUBICHHS,
YPOXKaiHICTh, IOTIEPETHUK COHSIITHHK, TIOTIEPEIHUK TOPOX, MOTEPETHHK YOPHUIT map.

Abstract: Winter wheat is one of the most productive and valuable food crops, but it can yield a lot
of good-quality grain on fertile soils only or provided application of sufficient amounts of fertilizers.
Nitrogen fertilization of crops is especially important; it should be moderate in autumn and sufficient during
the tillering phase and yield formation. Despite numerous studies with nitrogen fertilizers, there is still no
consensus on the effectiveness of autumn fertilization. The purpose of this study was to determine the yield
of winter bread wheat sown after different predecessors (sunflower, pea and black fallow) depending on
various doses of ammonium nitrate applied in autumn. The field experiment included 15 variants of
ammonium nitrate application at doses of the active substance calculated as N30, N60, N90, and N120.
Autumn fertilization of winter wheat significantly increased its yield, especially when wheat was sown after
sunflower. After pea and black fallow, the highest yield was harvested at N30 dose; while N60 was required
to achieve the highest yield from post-sunflower-sown wheat. A further increase in the nitrogen dose had no
advantage over lower doses of autumn fertilization with ammonium nitrate, regardless of the predecessor.

Key words: winter wheat, nitrogen fertilizer, ammonium nitrate, autumn fertilization, yield, sunflower
predecessor, pea predecessor, black steam.

[Muennns  3amkau  Oyna 1 3aIMINAETHCS Wheat has always been and remains the
OCHOBHUM TIPOIYKTOM XapuyBaHHs. 3OUIbIICHHS main food. Increasing the grain production in
BUPOOHUIITBA 3epHA B YKpaiHi TpaIuLiiiHO BBAKAJIOCS Ukraine has traditionally been considered a
KJIF0UOBOIO MpoOiemMoro. OnHAaK B OCTaHHI POKH, B key issue. However, recently, during the
nepioy] mepexofy KpaiHW JIO PHUHKOBHX CYCILILHHX transition of the country to market relations,
BiIHOCHH 32 JIepilluTy TEXHOTE€HHUX PECYPCIB 1 with a shortage of man-made resources and a
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HU3BKOTO piBHS TEXHOJIOTTIHOTO poriecy
BIZI3HAUAE€ThCA  CHaa  pIiBHI W  CTAOUIBHOCTI
BUPOOHMIITBA 3€pHA, MOTIPIIEHHS HOro SKOCTi 1
3HIDKCHHS ~ PEHTa0CIbHOCTI  BUpOOHWITBA. B
KOMIUTEKC1 TEXHOJIOTTIHIX TIPUIAOMIB pH
BUPOIIYBaHHI IIIICHUIII BaXIJIMBE MICIIC HAJICKHTh
BUOOPY MONIEPEAHNKA Ta IPABIWIFHOMY 3aCTOCYBAHHIO
noopuB [1]. 3okpema, aKTyalbHHM CTa€ 3MIMICHHS
TEpPMiHIB 10 OiTBII Mi3HBOTO MPOBEACHHS OCHOBHOTO
Ta TPUIOCIBHOTO BHECEHHS JOOpHB, a TaKOX
TIPUKOPEHEBOTO Ta TI03aKOPEHEBOTO ITiHKUBIICHD [2].
Pazom 3 M, 32 YMOB Ae(iuuTy BONIOTH 301TBIICHHS
00CSTiB 3aCTOCYBaHHsI a30THUX JOOPUB HE 3aBXKIU
rapaHTy€ TIO3UTHBHI  pe3ylsrard  HaBiTh 32
BUPOIIYBaHHS MIIEHUIN O3MMOi MICIsI YOPHOTO Tapy
Ta ropoxy [3, 4]. [loBimOMIISETCSI, IO Mdis a30THUX
JOOPHB 32 OTHOPA30BOTO Ta PO3APIOHOTO BHECCHHS,
SK TpaBWIO, OIHAKOBOIO MIpOI0 BIUIMBAE Ha
(dopMyBaHHS BpOXaHHOCTI, a JBO- Ta TpPUPa30BE
BHECEHHS a30Ty iHKONMM OyBae MeHII e(eKTHBHUM,
HI)K OTHOPa30Be 3aCTOCYBaHHS BCi€i 1031 3 oceHi [5].

3a  ocramHi JecaTupiyds B YKpaiHi
BIZI3HAYAIOTHCS 3MIiHM Yy KJIIMari B CTOPOHY OLIbIIT
KOHTUHEHTAJIBHOIO, dYepe3 M0 YacToTa MposiBy
HECTPUSTIMBUX SIBUILLL MOTrOx TSt
CUTBCBKOTOCIIONIAPCHKUX KYJBTYDP, 30KpeMa O3MMHUX,
3pocia, M0 TAKOXK ICTOTHO BIUTHHYJIO Ha BPOXKAHHICTD
Ta BajyoBi 300pu 3epHa [6]. BaxxmBum dakTopom
(opMyBaHHS BUCOKOI BpOXKalHOCTI €  mimodip
HIOTIEPEHHKA, SIKUI BIUIMBAE HA 3aI1aCH ITPOILYKTHUBHOL
BOJIOTH, BMICT TNOXMBHUX PEYOBMH Ta IOBITPS Yy
IPYHTI; CIIpHsiE CBOEYACHOMY OTPHMAHHIO CXOZiB Ta
3HAYHOKO MIpPOI0 BU3HAYAE MOAAJIBIIMN CTaH MOCIBIB
KynbrypH [2]. [TimeHuns o3uMa € HalOLTBIT 9y TIHBOIO
JI0 TIOTIepeTHUKIB [7].

JoBeaeHo, 10  HAyKOBO  OOIPYHTOBaHE
YepryBaHHsl KyJABTYp € OCHOBOIO 3eMIlepoOCTBa,
3aMopyKOI0 HOTO CTabLIFHOCTI, OCKUIBKH iCTOTHO
BILUIMBAE HA BOJHUH, TOYKUBHHIA, O10JIOTTUHHIA PEKUMHU
IpyHTy. [lisS yMOB HEIOCTATHBOTO 3BOJIOMKCHHSI
VYkpaiHH BiJ3HaUY€HO [TO3UTHBHY J1il0 YOPHOTO Mapy Ha
BOIHMI pexuM IpyHTy Yy ciBo3miHax. [lapm
BBAXKAIOTHCSH C(EKTUBHUMHU 3aC00aMH  IIiIBUIICHHS
POIFOYIOCTI TPYHTY, HAKOIIUYEHHS] Y HHOMY BOJIOTH Ta
HeoOximHMx moxuBHUX pedoBuH [8].  Cepen
HETIapOBHX IOTIEPEIHUKIB 03UMHX 36PHOBHUX KYJIETYP
OHMM 3 HalKpalyx MPUMHATO BBaXaTH TIOPOX,
OCKUIBKH LSl KyJIbTypa PaHO 3BUIBHSE TIOJIE Ta Mae
HE3HA4YHy BereTaTHBHY Macy. Takox, sk i yci 0000Bi
KYJIETYpH, TOpOX 3/aTHUH HAKONWYYyBaTH a30T Y
IPYHTI, KU 3aCBOIOETHCSI HACTYIIHUMH KYJIBTypaMH
[9].

HaromicTe 3a OocTaHHI POKH B POCIMHHUIITBI
BiZIOy/IMCSl 3HAYHI 3MiHM. 3aMiCTh TpaauiiiHux 10-
MUTBHUX CIBO3MIH 3’SBUJIMCSI KOPOTKOPOTALiiHI 4-5-

low level of technological processes, there has
been a decline in the level and stability of the
grain production, deterioration in grain quality
and decrease in the production profitability. In
the complex of technological methods for
wheat growing, the choice of predecessors and
adequate application of fertilizers are
important factors [1]. In particular, it is
becoming feasible to shift basic, post-sowing,
root, and leaf fertilizations to later timeframes
[2]. At the same time, under water deficit,
increased amounts of nitrogen fertilizers do not
always guarantee positive results, even when
winter wheat is grown after black fallow or pea
[3, 4]. It was reported that single and
fragmented fertilizations with nitrogen, in
most cases, had very similar effects on the
yield and double or triple application of
nitrogen was sometimes less effective than
single application of the entire dose of nitrogen
in autumn [5].

Over the last decades, the climate in
Ukraine has been turning more continental and
the weather has been becoming unfavorable for
agricultural crops, in particular winter crops,
more frequently; it also significantly affects
the grain yield and croppage [6]. The choice of
predecessors 1is an important factor in
achieving high yields, since predecessors
influence available water reserves, nutrient
contents and air volume in soil, contributing to
timely emergence and largely determining
further condition of crops [2]. Winter wheat is
the most predecessor-sensitive crop [7].

Scientifically justified crop rotations
were proven to be a basis of agriculture and a
guarantee of its stability, as they significantly
affect the water, nutrient, and biological
profiles of soils. Upon insufficient
precipitation in Ukraine, a positive effect of
black fallow on the water profile of soil during
crop rotations was noted. Fallows are
considered an effective approach to enhance
soil fertility as well as to accumulate water and
necessary nutrients in soil [8]. Among non-
fallow predecessors of winter cereals, pea is
considered to be one of the best, as this crop
vacates the field early and has a small
vegetative mass. In addition, like all legumes,
pea is able to accumulate nitrogen in soil and
the accumulated nitrogen assimilated by
subsequent crops [9].

However, significant changes have
occurred in crop production in recent years.
Instead of traditional, 10-field crop rotations,
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TTBHI, ¥ SIKHX TIePITOYePTOBUI TPIOPUTET HATAETHCS
KyJIbTypaM, sIKi LIOpOKY 3a0e3NedyloTh BHCOKHIA
npuOyTOoK.  BimbmicTe  CUTBCHKOTOCTIONAPCHKHX
MATNPUEMCTB  BIAMOBWJIMCSL  Bi ~ 3aCTOCYBaHHS
CHCTEMH T1apiB, HATOMICTh YaCTKY MOCIBIB COHSIITHUKY
3 pekoMenoBanux 10—12 % 306inbimmum xo 20-25 %,
a B OKpeMHX rocrofapctBax — 10 50 % Bij 3arabHOL
CTPYKTYpH TIOCIBHMX IUIOII. YTIM, Ha CHOTOIHIIIHII
JICHb ICHye He0Oararo BiIOMOCTEH WIONO MiAOOpy
TEXHOJIOTi] BHPOLIYBaHHS O3UMHX 3CPHOBHUX MIiCIS
He3aAoBUTbHUX monepemaukiB  [10]. Omxe, mis
MONANBIIOTO  TiJABUIIEHHS  €(EeKTUBHOCTI  Ta
cTalui3allil BUPOOHUIITBA 3¢pHA O3MMHUX KOJIIOCOBUX
KylbTyp HEOOXiTHE OHOBJIEHHS TEXHONOTil ix
BUPOIIYBaHHS SIK IICIS TPAgWIMHMX, TaK 1 ICIA
HOBUX TIOTIEPETHUKIB 3 YypaxyBaHHSIM COPTOBHX
ocoOmuBocTet [2].

YucenbHUMH  JIOCTI/DKEHHSIMH  BCTAaHOBJICHO,
0 OMM3BKO TIOJIOBHHHU MPHPOCTY BPOXKAIO 36PHOBHX
KYJIBTYp JOCSTAa€ThCsl 32 PaXyHOK 30aJIaHCOBAHOTO
MiHEpaJbHOTO KHUBJICHHS POCIHH HOBHX copTiB [11].
3MiHa KIiMaTy BHOCHUTh CBOi KOPEKTHBH B
TEXHOJIOTISIX BHUPOIIYBAaHHS CLILCHKOTOCIIONAPCHKUX
KyJETYp K y CBITi B IIJIOMY, TaK i B YKpaiHi 30Kpema.
Takum umHOM, y OararbOX TOCIIOZAPCTBAX O3UMI
3CPHOBI  KYJIBTypH TIOYaJd BHUCIBaTH  Mi3HIIE
PCKOMEH/IOBAHUX CTPOKIB: Yy JKOBTHi, a iHKOJH Yy
JucTonazi. 3a TakWX 3MiH y BHPOIILYBaHHI O3MMHUX
KyJIIbTYp HarajJbHUM II0CTa€ IHUTaHHS aJanTarii
CHCTEMHU yAOOpeHHs [0 Mi3HIX CTPOKIB CiBOM.
30KpeMa, aKTyaIbHUM CTa€ 3MIIEHHS TEpMiHIB
TIPOBE/ICHHS] OCHOBHOTO Ta IMPHIIOCIBHOIO BHECEHHS
JOOpHUB, a TAKOXK TPHKOPEHEBOTO Ta MO3aKOPEHEBOTO
MDKUBIICHb. Y JESKUX TOCIONApCTBax, JIe O3UMi
KyIIETypH BHPOIIYIOTh 3a TI3HIX CTPOKIB, 03U
OCHOBHOTO YIOOpPECHHsI CTaly 3MEHIIyBaTH YIBidi,
HATOMICTh 30UIBIIFIN JIO3W TPUIIOCIBHOTO BHECEHHS
JMOOpMB Ta HACTYNHHX TiJDKUBIEHb, SIKI HEpiIKo
MPOBOISATH B OCIHHIH niepion [2].

3 Merow [MiABUINEHHSA Ta  cradumizarii
BUPOOHMIITBA 3€pHA O3MMHUX KYJBTYp TICIS ITi3HIX
TOTIEPEHUKIB ~ PEKOMEH/IOBAHO  3aCTOCOBYBATH
BHECEHHS! MiHEpaJbHHUX JIOOpHB SIK TiJ OCHOBHHIA
00pOOITOK IPYHTY TaK 1 i Yac CIBOM y PSAAKH Ta y
mipkueieHHs [12]. Cepen BumiB m0o0puB, sKi
3aCTOCOBYIOTHCS Y BECHSIHE ITIIKMBIICHHS, OLIBIIICTh
arpapiiB nepeBary TPaauiiiHO BiIalOTh amMiadHii
CEJITPi, HATOMICTh 3aCTOCYBAHHSI LIOTO BHIY JI0OpPHB
B OCIHHE ITi/DKUBIICHHS I1Ie MaJIo BuBucHe [12].

BHeceHHssM JIOOpUB BOCEHH Y MiJIKHUBIICHHS
MOXKHAa T[I€BHOIO MipOI0 BIUIMBaTM Ha picT Ta
3arapTOBYBaHHS PpOCIMH, Bi HYOr0  3aJICXKWUThH
3uMocTilikicTh mmenuni [1]. Y mepury uwepry
HEOOXIIHO IIi/DKUBIIIOBATH IIOCIBM IIi3HIX CTPOKIB
ciBOM Ta Imcis TIPIMX TONEPEAHHUKIB, 30KpeMa
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short, 4-5-field crop rotations have been
evolved; in such crop rotations, top priority is
given to crops that provide high profits every
year. Most of agrarian enterprises do use
fallows any longer; instead, the share of
sunflower has been raised from the
recommended 10-12% to 20-25%, and in
some farms to 50% of the total acreage.
However, to date, there is little information on
the choice of technologies for growing winter
cereals after unsatisfactory predecessors [10].
Therefore, in order to further improve the
efficiency and stability of the winter spiked
cereal grain production, it is necessary to
update the technology of their cultivation after
both traditional and new predecessors, with
due account for varietal characteristics [2].

In numerous studies, it was demonstrated
that about half of the gain in the cereal yields
was attributed to balanced mineral nutrition of
new varieties [11]. Climatic changes make
agrarians modify crop cultivation technologies
both worldwide and in Ukraine. Thus, many
farms began to sow winter cereals later than the
recommended time: in October, and sometimes
in November. With such changes in the
cultivation of winter crops, the issue of
adapting fertilization regimens to late sowing
becomes urgent. In particular, it is becoming
feasible to shift basic, post-sowing, root, and
leaf fertilizations to later timeframes. Some
farms, where winter crops are sown late,
started to halve basic fertilizer doses and,
instead, to increase doses of post-sowing and
subsequent fertilizations, which are often
carried out in autumn [2].

To Dboost and stabilize the grain
production of winter crops sown after late
predecessors, it is recommended to apply
mineral fertilizers before basic tillage, in rows
during sowing and later, as additional
fertilizations [12]. Of fertilizers applied in
spring, most farmers traditionally prefer
ammonium nitrate; however, the use of this
fertilizer in autumn is still poorly studied [12].

Autumn additional fertilization can to
some extent influence the growth and
hardening of plants, affecting winter hardiness
of wheat [1]. First of all, it is necessary to
fertilize late-sown fields and crops sown after
worse predecessors, in particular cereals, when
their residues were left in the field. During the
mineralization of plant residues, bacteria use
soil nitrogen, which becomes unavailable to
plants. Intensive absorption of nutrients from
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3epPHOBHUX, 3aJIMINAIOYN cojioMy Ha momi. I[lim dac
MiHepanmi3alii ~ pOCIMHHUX  pemToK  Oaxrtepii
BUKOPHUCTOBYIOTh  a30T 13 IpYyHTYy, SKUH cCTae
HEJIOCTYITHUM TUISt pociuH. [HTeHCHBHE
BUKOPUCTAaHHA TIOKUBHUX PEUYOBUH 3 TIPYHTY
MPU3BOJNUTH IO MiHEPAJILHOTO TOJIOMYBAHHSL, ILI0 MOXKE
MIPU3BECTH 10 3HAYHOTO BHIAMIHHSI TOCiBIiB [1].
Bracninmok aii BHCOKHX OCIHHIX Temrieparyp (TIOHaz
10 °C) mpomoBxKyeTbesl Bererallis 03UMUX KYJBTYD,
IHTEHCHBHO HAapOCTa€ HA/J3eMHA Maca POCIIUH, y TOU
gyac K  KOpeHeBa  CHCTEMa  3aJIHIIA€ThCs
cnabopo3BUHEHOIO 1 He pocTe. Ock YoMy y 1€l epion
B)XJIMBUM € TIPOBEICHHS I [UKUBIICHHS pociivH [1]. 3a
OaratopiyHIMH  JTAHUMH, OCIHHE  ITiDKUBICHHS
MABUIIy€ BPOXKAWHICT  TIIEHWIT O3UMOI B
cepenapboMy Ha 0,3-0,5 t1/ra. Brim, HaWOLIBII
JIOIJTHHO MOTO MPOBOIUTH HA TIOCIBAX IMi3HIX CTPOKIB
ciBOn. HaiiBummii piBeHb TPHOABOK YPOXKAHHOCTI
TIIEHUII 03UMOi 3a0e3Ieuye OCIHHE ITiHKUBICHHS Y
¢da3i kymenns nozor0 N30 — 0,65-0,75 T/ra Ta
OMM3pKMT 332 3HAaYeHHSM — 32 TPUPA30BOTO
IMDKUBIIEHHS 3arajbHO0 HOpMoro N60 (N15 — mo
Tasnomep3nomy IpyHTy + N30 — tpyOKyBanus + N15 —
xosociaas) — 0,70-0,80 1/ra [13].

Orxe, B yMOBax 3MiH KJIIMary TIHTaHHS
OCIHHBOI'O a30THOIO IIDKUBIEHHS IMIEHUIN M’ SKOL
03UMOI, OCOONMBO TICNISl PI3HUX TOMEPETHHKIB,
BHBUEHE HEOCTATHRO.

Metoro  gocnmimpkeHHsT  Oylno  BU3HAYEHHS
YPOXKAWHOCTI IMIICHUII M’SIKOi O3MMOI MICTIsl Pi3HHUX
TIOTIEPETHHUKIB 3AJIEKHO BiJ 103 aMiaqHOi CEiTpH 3a
OCIHHBOTO ITDKUBICHHS.

MeTtoauka

JlocipkeHHsT TIPOBOAMIIN B TOJIbOBIH 3€pHO-
Mapo-IpocanHini CiBO3MiHI1 InctutyTy
pocnunanunTBa iM. B.S. KOp’eBa HAAH VYkpainu y
2020-2022 pp. ta y 2023/2024 pp. OO’ext
JOCII/DKEHHST — COPT IIIEHUIl 03UMOi 3100Ha.
Cisli MIICHUII0 ITICS IONEePEIHUKIB TOpPOX Ta
YOpHUU map y JApYriii—TpeTiii nekamax BepecHs,
MiCJs  COHANIHUKY — JPYTili—TpeTiit nexamax
oBTHS. Jlocmiaun mnependavand I'sITh BapiaHTIB
OCIHHBOTO IiDKHUBJICHHS aMiaqyHOIO CEJIITPOIO Miciis
MOTIEPEAHMKIB: COHSIIHUK, TOPOX Ta YOpHUH nap: 1
— KOHTpOJb (0e3 mobpus); 2 — N30; 3 — N60; 4 —
N90; 5 — N120. 3aranbHa KijbKicTb — 15 BapiaHTiB
MiCJIs TPHOX MOTIEPEAHHUKIB.

Bapiantu po3MinTyBain METOAOM
pO3LIEIICHUX  JUISHOK 3a  0araro)akTOpHOIO
cxemoro. Ilmoma o6nikoBoi mingHKH 25 M2,
HOBTOPHICTh 4-pa3oBa. [PyHT JOCITIAHOT JISHKH —

soil leads to mineral starvation, which can
result in significant crop failure [1]. Because of
elevated autumn temperatures (above 10 °C),
the vegetation of winter crops continues, the
above-ground mass of plants increases
intensively, while their roots remain poorly
developed and do not grow. Hence, it is vital to
fertilize plants during this period [1].
According to long-term data, autumn
fertilization increases the winter wheat yield
on average by 0.3—0.5 t/ha. However, it is most
expedient to carry it out on late-sown crops.
The greatest gain in the winter wheat yield
(0.65-0.75 t/ha) was achieved due to autumn
fertilization in the tillering phase at a dose of
N30 and a similar result (0.70—0.80 t/ha) was
obtained upon triple fertilization at the total
dose of N60 (N15 on shallowly thawed soil +
N30 during stem elongation + N15 in the
earing phase) [13].

Therefore, under climatic changes, the
issue of autumn nitrogen fertilization of winter
bread wheat, especially sown after different
predecessors, has not been studied enough.

The purpose of this study was to
determine the yield of winter bread wheat sown
after different predecessors depending on
various doses of ammonium nitrate applied in
autumn.

Methods

The study was carried out in the grain-
fallow-row crop rotation of the Yuriev Plant
Production Institute of NAAS of Ukraine in
2020-2022 and 2023-2024. Winter wheat variety
‘Zdobna’ was tested. Wheat was sown after pea
or black fallow within the second-third 10 days
of September, or after sunflower within the
second-third 10 days of October. The experiment
included five variants of autumn fertilization
with ammonium nitrate after such predecessors
as sunflower, pea and black fallow: 1 — control
(without fertilizers); 2 — N30; 3 — N60; 4 — N90;
5 - N120. The total number of variants is 15 after
three predecessors.

The variants were arranged in split plot
design according to a multivariate scheme in 4
replications. The record plot area was 25 m?. The
soil in the experimental site is a typical deep
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YOPHO3€EM THUITOBHUM MOTY)KHUH CEPETHBOIYMYCHHUH.
[licns  30upaHHA  MOMEPEAHUKIB  MPOBOAMIH
muckyBanHs arperatom BJIT-7 y nea cmigu. Iepen
ciBOOIO MPOBOAMIM KYJIBTUBAIIO 32 JIOTIOMOTOIO
KIIC-4 na mubuny 5—-6 cMm. Hacinus nporpyroBanu
npenaparom [lackanes (1 1/T), BUCiBaJdM CiBaJKOIO
CH-16M 3 HOpMOIO 4,5 MITH CXOXKUX HaciHHMH Ha |
rekrap. [licisg ciBOM mosie MpUKOvyBalu Kijdb4acTo-
LIMOPOBUMHU KOTKaMHU.

AzotHUMHE 100OpHBaMU CXOIH y (a3l 3 TUCTKIB
— IIOYaTKy KYLICHHS MNiPKUBIIOBAIM PO3KUAHUM
cnocobom 3a nomomorow ciBanku CH-16M 3i
3HATAMU commHuKamu. Cxema 3axucty y 2021 p. Ta
y 2024 p. mnepenbadana OOTPUCKYBaHHS
repOimumom Arenrt (2,4-/] 2-etunrexcunoBuii edip,
452 r/n+ dnopacynam, 6,25 r/a) — 0,5 n/ra + Macrak
(xmomipamia, 300 r/m) — 0,3 n/ra, y ¢asi xKymriaas.
Jia 3axucTy TOCiBIB BiJl XBOpPOO 3aCTOCOBYBalld
¢ynrimun Jlesapan Excrpa (kap6ernazum, 250 v/ +
¢dyTpuadomn, 125 i mIKiTHUKIB BiAMOBIIHO T/1T), Bifg
MIKITHUKIB — 1HCEKTHUIMI AHTUKOJOpanm Makc
(imimaxmonpua, 300 /1 + namOaa-uuranotpuH, 100
/7).

Uepes iHTeHCHBHI ©Oo#OBI [nii B 30HI
MPOBEJICHHA JOCIimkeHs HaBecHI 2022 p. 3acobu
3aXHMCTy POCIMH HE 3aCTOCOBYBAJHM, LIO MPH3BEIIO
70 CYTTEBOTO 3HIKEHHS BPOXAWHOCTI MIIEHHI
o3umoi  mopiBHsHO 3 2021 p. 3HMKeHHA
BpoxaitHocti y 2022 p.  3yMOBIIOBAJIOCSH
HacamIepes HasBHICTIO mipeHohopo3y y mi3Hi Ga3u
pocTy ¥ po3BUTKY pociuH [21].

Ypoxait  30upanu  mpsiMAM
komOaiiHOM «Cammo-130». Ilix 4dac mpoBeneHHS

CII0COO0M

JOCHIJIKEHb BHUKOPHCTOBYBAJIN 3araJibHOMPUHAHAITI
METOJIMKH 1 peKoMeHarii [16].

[ToromHi yMOBM 3a PpOKH MPOBEICHHS
nociimpkens pisauucs. Ociab 2020 p. Oyiia Teriomw
i mocyuuuBoto. Tak, y ceprHi onaaiB Bunano Ha 40
MM MEHIIIC BiJi HOPMH, a JIOIII MPOMIUIH JIMIIE Y
npyriit nekani sxxoBtHs (30,4 MMm). CepenHbonoboBa
TeMmIeparypa TOBITPS y BepecHi i >KOBTHI Oyna
BHIIOI0 33 0araTopiyHi MOKa3HUKU BIiJMOBIIHO Ha
43 °C T1a 5,2 °C. Ocigua BereTailis O3WMHX
MPUITUHAIIACS Y TIepIii jekani mucromana. Y 2021
p. 1i BiIHOBIECHHS BIAOyNOCA y mepuIii jaexanui
KBiTHs. BecHa 1 miTo Oynu MOMIpHO TEIUTUMH, Ha
piBHI OararopiyHMX TIOKa3HUKIB. TpaBeHb Ta
YepBeHb OyJIM BOJOTMMH, a JIUIICHb Ta CEPIICHb
aHoMmalbHO nocyuueuMu. OciHHil nepiox 2021 p.
OyB MEHII  3BOJIOKEHUM  IOPIBHSHO 3
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medium-humus chernozem. After harvesting the
forecrops, double disking was carried out with a
BDT-7 disc harrow. Before sowing, cultivation
was carried out using a KPS-4 cultivator to a
depth of 5-6 cm. The seeds were treated with
Pascal (1 L/t), sown with a SN-16M planter at a
rate of 4.5 million germinable seeds per hectare.
After sowing, the field was rolled with star-wheel
rakes.

Seedlings in the phase of 3 leaves, i.e.
tillering onset, were fertilized with nitrogen by
spreading with a SN-16M planter with the
coulters removed. The protection regimen in
2021 and in 2024 included spraying with the
herbicide Agent (2,4-D 2-ethylhexyl ether, 452
g/L + florasulam, 6.25 g/L) 0.5 L/ha + Mastak
(clopyralid, 300 g/L) 0.3 L/ha in the tillering
phase. To protect the fields against diseases and
pests, the fungicide Desaral Extra (carbendazim,
250 g/L + flutriafol, 125 g/L) and the insecticide
Antikolorad Max (imidacloprid, 300 g/L. +
lambda-cyhalothrin, 100 g/L) were used,
respectively.

Because of intense hostilities in the
research location in the 2022 spring, no plant
protectants were used, which led to a significant
decrease in the winter wheat yield compared to
2021. The yield reduction in 2022 was attributed
primarily to tan spot in the late phases of plant
growth and development [21].

The yield was harvested by direct
combining with a Sampo-130 harvester. The
study was conducted by traditional methods in
compliance with conventional recommendations
[16].

The weather in the study years varied. The
2020 autumn was warm and dry. In August, the
precipitation amount was 40 mm less than the
multi-year average and it only rained during the
second 10 days of October (30.4 mm). The mean
daily air temperature in September and October
was higher than the multi-year average by 4.3 °C
and 5.2 °C, respectively. The autumn vegetation
of winter crops stopped within the first 10 days
of November. In 2021, it resumed within the first
10 days of April. The spring and summer were
moderately warm, close to the multi-year
average values. May and June were wet, while
July and August were abnormally dry. The 2021
autumn was less humid compared to the multi-
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0araTopiuHUMH AaHUMH, TEMIEPaTypHUNA PEXUM —
Ha PiBHI OararopiyHuX MoKa3HHKiB. [IpunuHunacs
OCiHHSl BereTaliss pOCIMH Yy Teplid JaeKkani
muctonana. Ilepe3umiist mociBiB BijOyBanacs 3a
CIPUATIMBUX TiAPOTEPMIUYHUX YMOB. BimHoBneHHs
iXHBOI Bereramii po3movanoch y MeplIid Jexami
kBiTHA. Becna 1 mito Oymm Temni, Ha piBHI
OaraTopiuHMX MOKa3HUKIB Ta JyKe 3BOJIOXKeHi [ 14].
Ocinp 2023 p. zarajgom Oyna Temia Ta BOJOTra,
HEOCTaTHSA KiNbKICTh OmafiB y BepecHi (66% Bin
HOpPMH) KOMIIGHCYBajacsi BOJIOTUM JXKOBTHEM Ta
muctonagoM (289% ta 141% BiamosigHO). OciHHA
BereTamis TNpUOWHWIACS Yy  APYTrid  j;ekami
nmucTtonana. BinHoBneHHs BereTanii HaBecHi 2024 p.
OyJI0 aHOMAaIIbHO paHHIM, Y IpYTiid ekaai oepe3Hs.
Becnotro OepeseHp Ta KBiTe€Hb Oyl MOCYILTUBUMHI
Ta TETUIMMHU, & Y TPaBHi CTaBCs MPUMOPO30K 10 -5 °C
Ha piBHI TpyHTY, IO CHOPUYAHWIO 3HA4YHI
MIOIIKO/PKEHHST POCIIVH TIIEHUI y ¢a3i BUXOAy B
TpyOKy. JliTo Oyi0o CyXuM Ta CIEKOTHHM, IO TAKOXK
HETaTHBHO BIUIMHYJIO Ha ¢dhopmyBaHHS
BpoXaitHOCTI. Y cepemHrOMYy 32 3 POKH CXOIH
3’sBisuiica Ha 8-9-i1 meHb. OTxe yYMOBU IIpHU
BHPOIIYBaHHI MIIEHUINI O3MMOI 3a pOKaMu Oymu
OyXKe PpI3HUMH, INO Jalo 3MOIy OJep)KaTH
00’ €EKTHBHI Pe3ybTaTh Ta BCEOIYHO OIIHUTH iX.

Pe3yabTraTtu Ta 00roBOpeHHs

Jocainu nokaszanu, Mo, MIICHUIS 03MMa T10-
pi3HOMY pearyBajia Ha Mi/PKUBICHHS aMiaqHOIO
CEeNIITPOI0  MicHs  PI3HUX  MONEPEeJHMKIB. Y
cepenapomy 3a 2021, 2022 Tta 2024 pp. micas
MOTIEPEIHUKIB COHSIIHHUK, TOPOX 1 YOpHHH Map
MaKCUMaJbHUH  pIBEHb  YpOXKalHOCTI  3epHa
cranoBuB 4,57 1/ra (N60); 5,77 1/ra (N30) 1 5,45
1/ra (N30) BignosigHo (Tabdm. 1-3).

[Ticns monepeJHUKA COHSIITHUK B CEPEIHBOMY
32 POKH AOCTIDKEHb 32 OCIHHBOTO ITiJ[KUBICHHS
aMiayHOIO CENITPOI0 HAMOLIbIIA BPOXKAHHICTE Oysia
OTpHMaHa MpH 3acTocyBanHi jo3u N60 — 4,57 1/ra,
IpU LbOMY NpUOaBKa BPOXKAHHOCTI y TIOPIiBHSHHI 3
koHTponeMm (0e3 moOpuB) craHoBwia 1,48 T/ra
(48%). Takox edekTHBHMM OyJlI0 BHECCHHS
amiaqnoi cemitpu y no3i N30, xge cepeans
BpoxaitHicTh ctaHOBHIA 4,07 1/Ta, 3 MPUOABKOIO 10
koHTposto 0,98 T/ra (32%). [lomanbiie 30iIbIIEHHS
JI03M JTOOpHBA 3a OCIHHBOTO MMiKUBICHHS 10 N9O
ta 10 N120 Oyno He eheKkTUBHUM, TPUOABKH HA IIUX
BapianTax Oynu Ha 1-4% MEHIMMHU TIOPIBHSHO 3
03010 N60 (tabm. 1).

year average data and the temperature was close
to the multi-year average. The autumn vegetation
of plants stopped within the first 10 days of
November. Plants overwintered under favorable
hydrothermal  conditions. They resumed
vegetation within the first 10 days of April.
Spring and summer were warm, close to the
multi-year average, and very humid [14]. The
2023 autumn, in general, it was warm and humid;
insufficient precipitation in September (66% of
the multi-year average) was compensated by wet
October and November (289% and 141%,
respectively). The autumn vegetation stopped
within the second 1o days of November. In the
2024 spring, it resumed abnormally early, within
the second 10 days of March. March and April
were dry and warm, but there was a ground frost
down to -5°C in May, which inflicted a
significant damage to wheat plants during stem
elongation. The summer was dry and hot, which
also had a negative impact on yield formation.
On average across the 3 years, seedlings emerged
on day 8-9. Therefore, the conditions for winter
wheat growing differed greatly from year to year,
allowing us to obtain objective results and
evaluate them comprehensively.

Results and Discussion

The experiment showed that winter wheat
sown after different predecessors responded
differently to fertilization with ammonium
nitrate. On average for 2021, 2022 and 2024, the
maximum grain yield was 4.57 t/ha (N60), 5.77
t/ha (N30) and 5.45 t/ha (N30) after sunflower,
pea and black fallow, respectively (Tables 1-3).

After sunflower, the maximum mean yield
0f 4.57 t/ha across the study years was harvested
upon autumn fertilization with ammonium
nitrate at N60 and the gain in the yield compared
to the control (without fertilizers) was 1.48 t/ha
(48 %). The application of ammonium nitrate at
N30 was also effective: the mean yield was 4.07
t/ha and the gain related to the control amounted
to 0.98 t/ha (32%). A further increase in the
autumn fertilization dose to N90 and N120 was
ineffective: the gain in these variants was 1-4%
lower compared to the NO60 application
(Table 1).
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Tadanus 1. YpoxxalHICTh MIIEHHIII 03UMOT 3aJIEKHO BiJl I03M OCIHHBOT'O ITi/PKUBIICHHS Ta POKY BHPOILYBAaHHS ITiCIIs
COHSIIHKKA, T/Ta, 2021,2022, 2024 pp.
Table 1. Post-sunflower-sown winter wheat yield depending on autumn fertilization dose in 2021, 2022 and 2024,

t/ha
. Cepenns mpubaBka 10 KOHTPOITO /
Pix (B) / Year (B) Mean gain related to the control
Jo3a (A) / Dose (A) Copormn /
0

2021 2022 2024 Mean T/ra/t/ha %
koHTpois / Control 4.97 1.92 2.39 3.09 - -
N30 6.50 2.73 2.99 4.07 0.98 32
Neo 6.71 3.58 3.43 4.57 1.48 48
Ngo 6.56 3.23 3.53 4.44 1.35 44
N120 6.91 3.05 3.66 4.54 1.45 47
Cepennst / Mean 6.67 3.15 3.40 441 1.32 43

HIPys/LSDos: A —0.18; B —0.25; AB — 0.49

3a OCIHHBOTO IMIKUBIEHHS O3UMOI IIIEHUII

Mics TONEepeqHIKa TOpOX HaWOLIbIa CcepemHs
BpOXKaliHICTh Ta mpubaBka a0 KoHTpoiio (0e3
noOpuB) Oyau oTpuMani 3a g1o3u N30 — 5,77 1/ra Ta
0,47 t/ra (9%) BignmoBigHO. 3O0UTBIICHHS TO3H
amiagHOi CeNiTpy MpHU OCIHHBOMY ITiPKUBIICHHI IO
N60, N90 ta N120 icToTHOI IprbaBKU HE A0AAJIO, Y
nopiBHsHHI 13 103010 N30 npubaska Oyna Ha 3—6%

MeHIoro (Tabdm. 2).

Upon autumn fertilization of winter wheat
sown after pea, the highest mean yield and
greatest gain compared to the control (without
fertilizers) were achieved at N30: 5.77 t/ha and
0.47 t/ha (9%), respectively. Increasing the
ammonium nitrate dose for autumn fertilization to
N60, N90 and N120 did not add significantly to
the yield harvested at N30; in fact, the gain was 3—
6% lower (Table 2).

Tabanus 2. YpoxxaliHICTh MIIEHHIII 03UMOT 3aJIEKHO BiJl 103M OCIHHBOT'O ITi/PKUBIICHHS Ta POKY BHPOILYBaHHS ITiCIIS
ropoxy, t/ra, 2021, 2022, 2024 pp.
Table 2. Post-pea-sown winter wheat yield depending on autumn fertilization dose in 2021, 2022 and 2024, t/ha

R e | G e

2021 2022 2024 e / 1/ra / tha %
kouTpoJs / Control 7.34 5.04 3.52 5.30 - -
Nso 7.79 5.76 3.75 5.77 0.47 9
Neo 7.59 5.52 3.78 5.63 0.33 6
Neo 7.65 5.13 3.97 5.58 0.28 5
N12o 7.66 4.98 3.76 5.46 0.16 3
Cepenns / Mean 7.67 5.35 3.81 5.61 0.31 6

HIPgs / LSDgs: A — 0.23; B — 0.31; AB — 0.59

3a  OCIHHBOIO

I JOKUBICHHS

aMIavyHOIO

CeNITPOK0 TICHsA TMONEepeNHUKa YOpHHH Tmap,
HaHOlIbIIa BpOXKAHHICTh Oyjna OTpHMaHa 3a 103U
N30 (5,45 t1/ra), ne mpubaBka 10 KOHTpoJro (Oe3
no6pus) cranosmia 0,38 1/ra (7%). Maiixke Taky x
BpPOXKaiHICTh, 3 HEICTOTHOI pI3HHMICIO, OYII0
OJIep)KaHO MpH MiIKUBIEHHI 703010 N60, mpote
MiJBUIICHHS J03M a30Ty Oyll0 EeKOHOMIYHO
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Upon autumn fertilization of winter wheat
sown after black fallow, the maximum yield of
5.45 t/ha was harvested at N30 and the gain
compared to the control (without fertilizers)
amounted to 0.38 t/ha (7%). Almost the same
yield, with an insignificant difference, was
obtained upon fertilization at N60, but increasing
the nitrogen dose was not economically feasible.
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HemomimbHUM. [lpw 30UTbImIeHHI 1103  aMiadHOL
cemtpu 10 N90 ta N120 nmpubaBka 10 KOHTPOIIO
Oyna Ha 0—-5% menmioro (tadm. 3).

When the ammonium nitrate dose was increased
to N90 and N 120, the gain compared to the control
was 0-5% lower (Table 3).

Tadauus 3. YpoxkaiHICTh NIIEHUIII 03UMOT 3aJI€)KHO Bijl JO3U OCIHHBOTO MMi/PKUBIICHHS Ta POKY BUPOILYBAHHS MICIIs

4OpHOTO mapy, T/ra, 2021,2022, 2024 pp.

Table 3. Post-black fallow-sown winter wheat yield depending on autumn fertilization dose in 2021, 2022 and 2024,

t/ha
. Cepenns npudaBka 10 KOHTPOIIO /
Pikc (B) / Year (B) Mean gain related to the control
Jo3a (A) / Dose (A) Coponn /
0
2021 2022 2024 Mean T/ra/ t/ha %
koHTpoib / Control 7.69 4.22 3.31 5.07 - -
N30 8.13 4.89 3.32 5.45 0.38 7
Neo 796 4.80 3.52 5.43 0.36 7
Ngo 781 4.15 3.54 5.17 0.10 2
Ni120 7.90 4.03 3.35 5.09 0.02 0
Cepenns / Mean 7.95 4.47 3.43 5.28 0.21 4
HIPgs / LSDgs: A —0.20; B — 0.28; AB —0.51
TakuM 4MHOM, 32 POKH JOCHIIKEHb OCIHHE Thus, in the study years, autumn

IMi/HKUBIICHHS] aMiaqHOIO CEINliTPO0 3a0e3edyBaio
iCTOTHI TIpHOAaBKH BpPOXKAHHOCTI y TOPIBHAHHI IO
KOHTPOJTIO He3aJIe)KHO BiJl monepeanuka. Haromicts
cepen  ycix  AOCH/DKYBaHWX  IIOTIEPEIHUKIB
HaWOUIBITy cepenHio NpubaBKy Oyllo OfepKaHO
micyst coHsmHUKY — 1,32 1/ra (43%), HaliMeHIy —
micist wopHoro mapy — 0,21 1/ra (4%) (tadn. 1-3).

Orxe, Ha (OHI MIHIMATEHUX /03 OCHOBHOTO
no0pHUBa OCIHHE MIPKUBJICHHS CJIa00 PO3BHHEHUX
03MMHUX 3EPHOBUX KYJIBTYp 3a0e3redye 3HauHWH
pe3epB 30iIbIIEHHS BaJoOBOTO 300py 3€pHa Ta €
€KOHOMIYHO MouiibHUM. Llel mpuiioM BUKOHY€EThCS
B MEHIII HANPY>XCHUH TIepiojl pOKY, a €)EeKTUBHICTb
BHUIIA, HDK TIPU MPOBEACHHI Mi/PKUBICHHS B 1HIII
CTPOKH [2].

BucnoBknu

Bcranorneno, o y nepion gociimkers 2020
— 2022 pp. Ta 2023/2024 pp. NmieHANS 03UMa IO
pi3HOMY pearyBajla Ha MiPKUBICHHS aMiaqHOIO
CENIITPOI0 TMicng pi3HUX nonepeanukiB. [licus
MOTIEPEIHUKIB TOPOX Ta YOPHHU Tap HaHOibIIy
BPOXKalHICTh B cepefHbOMY Oyll0 OTPUMaHO IpH
mipkuBiIeHdi mo3or N30 — 5,77 ta 5,45 t1/ra
BIJIMOBIIHO, 3 TpuOaBKamMu 10 KOHTpoirto (0e3
nobpus) — Bignosigao 0,47 t/ra (9%) ta 0,38 T/ra
(7%). icnst nonepeHuKa COHAITHHUK MAKCUMAJIbHY
BpOXKalHICTh Ta MpHOaBKy OyJ0 OTPUMAHO 32 103U
BHeceHHss N60 — 4,57 1/ra ta 1,48 T/ra (48%)

fertilization with ammonium nitrate significantly
increased the yield compared to the control,
regardless of the predecessors. Of all tested
predecessors, the greatest mean gain of 1.32 t/ha
(43%) was achieved after sunflower; the smallest
gain of 0.21 t/ha (4%) - after black fallow (Tables
1-3).

Therefore, autumn fertilization of poorly
developed winter cereals at minimum doses of
basic fertilizer is economically expedient,
ensuring a considerable reserve for increasing the
croppage. This technique is performed in a less
stressful period of the year and its efficiency is
higher than that of fertilization in other
periods [2].

Conclusions

It was found that in the study period (2020-
2022 and 2023-2024) winter wheat sown after
different predecessors responded differently to
fertilization with ammonium nitrate. After pea and
black fallow, the maximum mean yield was
harvested upon fertilization at N30: 5.77 and 5.45
t/ha, respectively, where the gain ralated to the
control (without fertilizers) amounted to 0.47 t/ha
(9%) and 0.38 t/ha (7%), respectively. After
sunflower, the maximum yield and gain were
achieved at N60: 4.57 t/ha and 1.48 t/ha (48%),
respectively. The N30 application also gave a
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BimmoBiHO. TakoX ICTOTHOW TPHUOABKOKO IO
KOHTPOJIIO oxapakrtepu3yBajacs pgo3a N30, ne
BpoxaitHicTh cranowia 4,07 T/ra, a nmpubaBka —
0,98 1/ra (32%). [lonasnble 301MbIICHHS JO3H a30TYy
npu mimkuBieHHl 10 N60, N90 i NI120 micus
MOTIEPETHUKIB TOPOX 1 COHsIIHKUK Ta 10 N90 1 N120
TICIIS COHSIITHUKA Oy10 HeeeKTHBHHM.

TakuM 4YHHOM, 3aCTOCYBaHHS OCIHHBOTO
AQ30THOTO  MI/DKUBJICHHS  TICIsA  MONEPEIHHUKA
COHAMIHUK Oy70 OULTBII BUIPAaBOAHUM HIXK ITiCI
MOIIEPEIHUKIB YOPHHI MMap Ta rOpox.

significant gain related to the control: the yield
was 4.07 t/ha and the gain was 0.98 t/ha (32%). A
further increase in the nitrogen dose to N60, N90
and N120 on post-pea- and post-black fallow-
sown wheat and to N90 and N120 on post-
sunflower-sown wheat was ineffective.

Thus, autumn nitrogen fertilization of
winter wheat sown after sunflower was more
justified than that of post-pea- or post-black
fallow-sown wheat.

References

1. Popov S. I. Agroecological aspects of the winter and spring wheat yield and grain quality
formation in the Eastern Forest-Steppe of Ukraine [thesis for the Academic Degree of Doctor
of Agricultural Sciences]. Kharkiv: Plant Production Institute named after V.Ya. Yuriev of
NAAS, 2009. [in Ukrainian]

2. Avramenko S. I. Agrotechnological principles of the winter cereal production management in
the Left-Bank Forest-Steppe of Ukraine [thesis for the Academic Degree of Doctor of
Agricultural Sciences]. Kharkiv: Plant Production Institute named after V.Ya. Yuriev of NAAS,
2018. [in Ukrainian]

3. Cherenkov A.V., Nesterets V.G., Solodushko M.M., Hasanova I.I. Winter wheat in the steppe
zone, climatic changes and growing technologies. Nova Ideolohiia. 2015. P. 342-343. [in
Ukrainian]

4. Dogan R., Bilgili U. Effects of previous crop and N-fertilization on seed yield of winter wheat
(Triticum aestivum L.) under rain-fed Mediterranean conditions. Bulgaria J. Agr. Sci. 2010.
16/6: 733-739.

5. Cherenkov A.V., Solodushko M.M., Zheliazkov O.I., Khorishko S.A. State-of-the-art
technologies for winter wheat growing in the steppe zone. 2014; 115 p. [in Ukrainian]

6. Drizhiruk V. V. Global climate warming and world agriculture. Ahrovisnyk Ukraina. 2008; 10:
37-39. [in Russian]

7. Popov S. 1., Avramenko S. V. A method of increasing the winter wheat yield sown after perennial
grasses. Utility model patent No. 79380, 04/25/2013. [in Ukrainian]

8. Manko K. M., Tsehmeistruk M. H. Winter cereals sown unconventional predecessors.
AhroPerspektyva. 2010; 3(122): 27-29. [in Ukrainian]

9. Popov S. 1., Avramenko S. V. Stabilization of the yield of winter wheat varieties depending on
tillage methods in the crop rotation after black fallow and pea. Visnyk Tsentru Naukovoho
Zabezpechennia APV of Kharkivskoi Oblasti. 2016; No. 21. P. 79-86. [in Ukrainian]

10. Zinchenko O. 1., Salatenko V. N., Bilonozko M. A. Plant production. Kyiv: Ahrarna Osvita;
2001. 591 p. [in Ukrainian]

11. Popov S. L., Streltsova I. B., Polesko Yu. A. et al. Effect of long-term application of fertilizers
on nutrient contents in soil and their use by new winter wheat varieties. Ahrokhimiia i
Gruntoznavstvo. 2007. Vol. 67. P. 108—113. [in Ukrainian]

12. Popov S. 1., Avramenko S. V. Winter wheat yield and grain quality depending on doses and
methods of fertilization in the Forest-Steppe of Ukraine. Visnyk KkNAU. 2009. 7: 172-179.
[in Ukrainian]

13. Yevtushenko M. D., Budionnyi Yu. V., Popov S. L. et al. Technological maps and costs for the
cultivation of cereals and row crops in the eastern region of Ukraine. Kharkiv. 2006. 493 p. [in
Ukrainian]

14. Popov Yu. V., Avramenko S.V. Effect of autumn application of different doses and types of
nitrogen fertilizers on post-sunflower-sown winter wheat yield. Plant Breeding and Seed
Production. 2024. 125. P. 94-101.

Hapitiina no penmakuii 16.11.2024 p.
Received 16.11.2024

ISSN 1026-9959. Cenexig 1 HaciHaunTBO. 2024. 126

95



CONTENTS
ORIGINAL ARTICLES

Kurylych D.V., Makliak K.M.
Genetic Analysis of The Inheritance of Sunflower Resistance to Broomrape
by Diallel Method
Kozachenko M.R., Vasko N.I., Solonechnyi P.M., Naumov O.H., Zymohliad O.V.
Results of the Multi-Year Breeding of Awnless Barley Cultivars in Ukraine
Vasko N.1., Mykhailenko Ye.O.
Quality Properties of Naked Barley and Caryopsis Color Inheritance
Vozhehova R.A., Skydan V. 0., Skydan M.S.
Characteristics of Grain Filling and Response to Fertilizers in Rice
Cultivars of Different Agro-Ecological Types
Hutianskyi R.A., Kolomatska V.P.
Effect of Seeding Rates on Biometric Parameters and Yield of New
Sunflower Hybrids
Rozhkov A., Loshak O., Ohurtsov Ye., Mikheiev V.
Performance of Soybean Cultivars Depends on Sowing Time and Growth
Regulators
Popov Yu.V., Avramenko S.V.
Effect of Autumn Nitrogen Fertilization on The Yield of Winter Wheat
Sown After Different Predecessors

21

33

51

62

74

87



3MICT

OPUTI'THAJIBHI CTATTI

Kypunuu J1.B., Maxnax K.M.
['eneTnuHuMil aHaNi3 ycnaJaKyBaHHs CTIKOCTI COHSIIIHUKY 10 BOBYKA 32
BUKOPUCTAHHS J1aJIEIbHOTO METOTY
Kozauenko M.P., Bacvko H.I., Cononeununi I1.M., Haymoe O.I., 3umoznao O.B.
PesynbraTu GaraTopiuHoi cenekiii 6e30CTUX COPTIB AUMEHIO B YKpaiHi
Bacwvko H.I1., Muxaiinenxo €.0.
SIKiCHI BIIACTMBOCTI r'OJI03EPHOT0 STUMEHIO Ta yCIaJAKyBaHHs 3a0apBiIeHHS
3epHa
Boowcezoea P.A., Ckuoan B.O., Ckuoan M.C.
Ocob6auBOCTI HAJIMBY 3€pHA Ta peakilii Ha JOOpUBa Y COPTIB PUCY Pi3HUX
arpoeKoJIOTIYHUX TUIIIB
TI'ymancokuit P.A., Konomayvka B.11.
BB HOpM BUCIBY Ha 010METpUYHI MOKA3HUKHU Ta BPOXKAMHICTh HOBUX
riOpHiB COHAIIHUKY
Poosckos A.0., Jlowaxk 0.0., Ozypuyoe €E.M., Mixeee B.T.
[TpoayKTHBHICTH COPTIB COi 3aJIEKHO BiJ] CTPOKIB CIBOH 1 PETyJISITOPIB POCTY
Ilonoe I0.B., Aépamenxo C.B.
BB OCIHHBOTO MiJKUBICHHISI a30TOM Ha YPOXKaHHICTh 03UMOT MIIICHHULT
MiCIIs Pi3HUX TONEPEIHUKIB

21

33

51

62

74

87



HaykoBe BUaAaHHA

Cenex1isg 1 HACIHHULITBO
MixBinoMuuii TEeMaTHYHUH HAyKOBUH 301pHUK
3acunoBanuii y 1964 poui
Bunyck 126

[TyGumiKyIOThCs pe3yJIbTaTH JOCHIHKEHb y Tally3i ceseKilii, TeHeTHKH, POCIMHHUITBA, (i3i0Jorii,

SKOCTI 3€pHa, POCIMHHUX PECYpCiB, HACIHHUIITBA, HACIHHE3HABCTBA Ta COPTO3HABCTBA.

BinnosiganeHuii 3a Bumyck Komymnaes 1O. €.
Amnrniiicekuit nepexnan Penina JL. L.
Komm’rorepna Bepetka: ITonypenko C. I'.

®opmat 60x84 1/8
Tupax 50
Iina norosipHa



