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Pedepar: BukopuctanHs aemnoHoBaHuUX y cTeOni Bomopo3umHHHX ByrieBoaiB (BPB) Bimirpae
BaXIIMBY POl y (pOpMyBaHHI 3€pHOBOT MPOAYKTHBHOCTI 0O3UMOI MIIEHUII, OCOOIMBO 32 YMOB Je(iIUTy
3BOJIOKCHHS B PEMPOAYKTHUBHMI mepiod. MeToro nmaHoi poOoTm Oysio JOCTIIWTH HAKOMMYCHHS 1
pemoOinizanito 3amaciux BPB y okpemux cermeHTax ctebna Ta iX 3B'A30K 3 MOKAa3HUKAMU 3€pHOBOT
MPOMYKTHBHOCTI y TCHOTHUIIIB 03UMOI MIICHUIII 3a Jii 8-1000BOT MOCYXH Ha paHHIX eTanax (opMyBaHHS
3epHiBKH. JOCTIDKEHHS NPOBOAMJIM B yMOBaX BEreTallifHOTO JOCHIAY Ha POCIMHAX O3UMOI M'SKOT
nmennni  (Triticum aestivum L.) coprie IlomossiHka (MOCYXOCTiiKHi, €KOJOrIYHO IUIACTUYHHUIA),
IMominbchka HHBA (BHCOKOBPOXKAHHWMN, MEHII CTiiikuii), Haranka (MeHII CTiHKWH, BHCOKOOIIKOBHIA) Ta
cenekuidHoi minii YK 065 (4ymmBa 1o mocyxu, BUcOKonpoaykTuBHa). [Intommii BmicT BPB y cyxiii
PEUOBHHI Ta BaJOBY KUIBKICTh (ZOOYTOK MUTOMOTO BMIiCTy Ta MacH) BH3Hauajid B 4YacTHHaX cTeOna
TOJIOBHOTO TAarOHa (paxyrouu 3BEPXY): BEPXHE MIXKBY3IIS, APyTe, TPETE, 00'€THAH] YeTBepTeE 1 I'siTe (HUXKHI)
MDKBY3JISL Ta 00'€IHAHI JIMCTKOBI MIXBH.

BceranoBneno, mo mocyxa Jemo 3MEHIIyBaJla MaKCUMajbHY BaJIOBYy KUIBKICTh ACMOHOBAaHUX Y
crebni BPB Ta icroTHO mpumBmmanryBana ix pemooOimizamito. JlocmimkeHi TeHOTHITA O3MMOI MIIEHUII
ICTOTHO BiJJpi3HsUIMCS 3a piBHeM HakormueHHs BPB y cte6ni — B 1,3 pa3a 3a ontumanbHUX yMOB Ta B 1,5
pasa 3a mii mocyxu, npore epeKTHBHICTh IX peMoOiTi3allii y BCiX 'eHOTUIIIB Oyja BUCOKOKO 1 JOCTAaTHBO
ommsbpkoto (84-96 %) HesanexxHo Big ymoB BupornyBaHHS. Copt IlomonsiHka mposBUB HaWBUILY
JIENIOHYBaJIbHY 3[aTHICTh cTeOna sSIK 32 ONTHMAJbHUX YMOB IIOJNIMBY, TaKk 1 3a nii mocyxu. BHecok
nenoHoBanux BPB y 3epHOBY NpOIyKTHBHICTH 3a ONTHMAJIBHOTO 3BOJIOMKEHHS 1 JIii IMOCYXH CTaHOBHUB y
copriB [lononsuka 32 1 28,3 %, Iloninbcbka HuBa — 21,3 1 24,6 %, Haranka — 27,4 1 24,3 %, ninii YK065 —
18,21 22,4 %, BiAIOBIIHO.

Haii6inpmuit muToMuii BMICT 1 BasioBa KijbKicTh BPB BHSBICHI B IpyroMy i TPETbOMY MiXKBY3JISIX.
YacTka 1MX MDKBY3IIB y 3arajbHill KiJIBKOCTI JlemoHoBaHMX y cteOni BPB Oyna Haiibinbmioro y Bcix
JOCIIPKEHUX TCHOTUIIB. BMIicT Ta BalioBa KIUIBKICTh PE3CPBHUX BYIIEBOMIB Yy APYTOMy 1 TpETbOMY
MDKBY3JISIX HAUWTICHIIIE TO3WTUBHO KOPENIOBAIM 3 TIOKA3HWUKAMU 3€PHOBOI TPOIYKTHBHOCTI, MO JA€
MiJICTAaBU BBAaXKaTH X HAHOLIBII PENpEe3eHTATUBHUMHM JUIsl OI[IHKH JITIOHYBallbHOI €MHOCTI cTeOnma Ta
PEKOMEHyBaTH SIK (pi3ionoriyHuid MapKep MPOLyKTUBHOCTI T€HOTHITIB O3UMO] MIIICHHIII.

Kurouosi caoBa: Triticum aestivum L., nenonyBasibHa 3[4aTHICTH CTeONa, MiXBY3JIsl, BOAOPO3YHHHI
BYTJIEBOJI, ITOCYXa, (POTOCHHTE3, 36pPHOBA MPOIYKTHBHICTb.
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Abstract: Remobilization of the water-soluble carbohydrates (WSC) deposited in the stem is
important for winter wheat grain productivity, especially under water deficit during the reproductive period.
Our aim was to study the accumulation and remobilization of reserve WSC in different segments of the
stem and their relationship with grain yield parameters in winter wheat genotypes exposed to 8-day
drought at the early stages of grain formation. The experiments were carried out on winter bread wheat
(Triticum aestivum L.) plants grown in pots. Cultivars ‘Podolianka’ (drought-tolerant), ‘Podilska Nyva’
(high-yielding, less tolerant), ‘Natalka’ (less tolerant, high protein content in grain), and breeding line ‘UK
065’ (high-yielding, drought-sensitive) were studied. The specific content of WSC in dry matter and the
total amount (product of specific content and dry weight) were determined in stem parts of the main shoot
(counted from the top): peduncle, second, third, combined fourth and fifth (lower) internodes and
combined leaf sheaths.

It was found that drought slightly reduced the maximum total amount of WSC deposited in the stem
and significantly accelerated their remobilization. The studied genotypes of winter wheat differed
significantly in the WSC accumulation in the stem: by 1.3 times under optimal conditions and by 1.5 times
under drought, but the efficiency of WSC remobilization was similar and high (84-96%) in all of them,
regardless of growing conditions. Cv. ‘Podolianka’ showed the highest storage capacity of the stem both
under optimal watering and under drought. The contribution of deposited WSC to grain weight was 32 and
28.3% in cv. ‘Podolianka’, 21.3 and 24.6% in cv. ‘Podilska Niva’, 27.4 and 24.3% in cv. ‘Natalka’, and
18.2 and 22.4% in line 'UKO065' under optimal and drought conditions, respectively.

The highest specific content and total amount of WSC were recorded in the second and third
internodes. The portions of these internodes in the total amount of stem-deposited WSC were the largest in
all studied genotypes. The content and total amount of reserve carbohydrates in the second and third
internodes were correlated most closely with grain productivity, which gives reason to consider them the
most representative parameters for assessing the storage capacity of the whole stem and to recommend
them as a physiological marker of winter wheat genotypes’ performance.

Key words: Triticum aestivum L., stem storage capacity, internodes, water-soluble carbohydrates,
drought, photosynthesis, grain productivity.

Osuma mmenun (Triticum aestivum L) —
OfHA 3 HAMBAXIMBIIIMX 3EPHOBUX  KYJIBTYD
IpoTsIroM Bciei icTopii moncTBa. Y mioOajgbHOMY
MacmTabi B OCTaHHI pPOKM TIICHHI TOCimae
mepire Micie 3a IUIOIIECI0 BHPOLIYBaHHS (TIOHA
220 MiH Tra) 1 JApyre michs KyKypyma3d 3a
BEJIMYMHOIO BajioBOi mpoxykuii (6mu3eko 800 miH
T) [1]. ¥ Gararhox perioHax cBiTy, Ji¢ KyJIbTUBYIOTh
03UMy TIIIEHHIIO, HA MPOAYKTUBHICTH ii TMOCIBIB
HETaTUBHO BIUIMBAE DS aOiOTUYHHX CTPECOBUX
YUHHUKIB, CepeJl SKUX TI0CyXa € OCHOBHUM
CTPECOpOM, IO 3aBJIA€ 3HAYHOI IIKOAY TociBam [2].

dopMyBaHHS BpOXKAIO IIICHHII 0a3yeThCs
Ha  TIpolecax  CHUHTE3y, HAKONMYECHHS  Ta
pemoOimizanii ¢oroacuminaTiB. HanueauHs 3epHa
MIICHUI  3a0e3medyeTrbcss 13 JABOX  JDKepen
acUMINATIB: 1) MPOAYKTH MOTOYHOTO (POTOCHHTE3Y
B 3€JIEHMX TKAaHWHAX, TOJOBHHUM YHHOM Yy
IparopLeBOMy JIMCTKY, SIKIi TPaHCTIIOPTYIOTHCS
Oe3nocepeqHbO 10 3epHA, 1 2) BOJOPO3YMHHI
BYIJICBOIHM, SIKI PEMOOUTI3YIOTBCS 3 PEe3ePBHUX
MYJTiB, HAKOMUYEHUX Y Tepiof Bif (a3u BUXOIY B
TpyOKy 110 paHHIX eTamiB HaJWMBaHHS 3€pHA.
OCHOBHY 4YacTHHY 3aIllaCHUX BYTJICBOAIB Y POCIIMH
NIICHUI, SKi JCTIOHYIOThCS TOJOBHHM YHHOM Y
creOm Ta B JIMCTKOBUX IIiXBaX, CTaHOBIATh
(GpyKTaHH, a TaKOXX HEBEJHKa KUJIbKICTh Caxapo3u
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Winter wheat (Triticum aestivum L.) is one
of the most important cereals throughout human
history. On a global scale, in recent years, wheat
ranks first by acreage (over 220 million hectares)
and second after corn by gross production (about
800 million tons) [1]. In many winter-growing
regions of the world, the crop performance is
negatively affected by abiotic stressors, including
drought, which is thought to be the main stressor
that causes significant damage to crops [2].

Wheat yield depends on the synthesis,
accumulation, and remobilization of
photoassimilates. Wheat grain is filled from two
sources of assimilates: 1) products of current
photosynthesis in green tissues, mainly in the
flag leaf, which are transported directly to grain,
and 2) water-soluble carbohydrates, which are
remobilized from reserve pools accumulated
during the “stem elongation — early grain filling”
period. Fructans deposited mainly in the stem
and leaf sheaths are major reserve carbohydrates
in wheat plants; small amounts of sucrose and
hexoses are also detected [3, 4].

Unfavorable factors, particularly drought
during reproductive development, significantly
reduce the grain supply with assimilates of
current  photosynthesis due to inhibited



Ta rexcos [3, 4].

HecnpuatiiBi YMHHHUKH, 30KpeMa ITOCyXa, B
nepiof  penpoOAYKTHBHOTO  PO3BHUTKY  ICTOTHO
3MEHIIYIOTh ~ 3a0e3Me4YeHHs  HaluBy  3epHa
aCUMUIATAMU TOTOYHOIO (POTOCHHTE3Y BHACIIJIOK
iHriOyBaHHS  (OTOCUHTETHYHOT aKTHUBHOCTI 1
MOIIKODKEHHST (POTOCHHTETHYHOIO amapary [5, 6].
VY TakoMy pasi poJib BAKOPHCTAHHS HAKOITMYCHHUX Y
cTeON BYIVIEBOJIB Yy HAMBAaHHI  3POCTAIOMUX
3€pHUH ICTOTHO MiJBHIY€THCS, AOMOBHIOIOYU UM
3aMIIIyIOYd OCHOBHE JDKEpEeNl0 AaCHMUIATIB —
MOTOYHWM  ¢oTocwHTE3. BHECOK HAKOMMYEHHX
BYIVIEBO/IIB Y Macy 3epHa B yMOBaX HEIOCTaTHHOTO
3BOJIOKCHHS, SIK MPaBWIIO, 30UIBLIYETBCS 1 Yy
BUMNAJKY TPHUBAJIOI TEPMIHAJBHOI MOCYXH MOXKE
cra"oBuTH rmoHaz 60 1 HaBiTE 10 90%, 3aIeKHO Bif
TEeHOTHUITy Ta YMOB BUpOIIyBaHHA [7, 8].

BomHowac nani  mitepaTypu IIOAO BIUIMBY
MOCYXH Ha HAKOIIMYEHHS 3allaCHUX BYIJICBOMIB Y
cTeOal  MIIEHMII € HEOOHO3HAYHMMH, Xoda
30UIBLICHHS BMICTY IIYKpiB Ha paHHIX eTamnax
NOCYXH € THUIIOBOIO AJANTHBHOIO PEAKIEI Y
Oaratbox pocnuH [9, 10]. TIpogeMoHCTpOBaHO SK
3MCHILICHHS KOHIIGHTpAIlil Ta 3arajbHOI KUIBKOCTI
BOJOPO3YMHHUX BYITIEBOAIB y cCTeOIl pPOCIUH
MIICHUIl TIPH HEJOCTATHHOMY 3BOJIOKeHHI [11],
Tak 1 ix 30inbimieHHS [12], a TakoX BHSBICHO
pi3HOCIIPSIMOBaHI 3MiHM B PI3HMX CErMEHTax
crebma [13].

B ekcmepumeHTax, MpOBElCHMX 3a PI3HUX
YMOB  BUPOLIYBaHHS,  BHSBJICHO  IO3UTHUBHY
3aJIe)KHICTh MK 3JaTHICTIO cTeOna HAaKONMYYyBaTH 1
peMoOiTi3yBaTh  BOJOPO3YHMHHI ~ BYIJIEBOAM  Ta
BpoXKailHicTIo copriB mmenuni [14, 15, 16], a
TAKO)K  BUCOKHH  CTYIIHb  yCIaJKOBYBaHOCTI
TEHOTHITHUX  BIMIHHOCTEH 32  IOKa3HUKOM
JIeTIOHyBaIbHOT eMHOcTi cTeOma [17]. IlokazaHo,
IO CeNIeKIisl MUIEHWIi Ha TPOAYKTHBHICTh
CYTIPOBOJDKYBAIacsi 3pPOCTAHHSIM JICTIOHYBaJIbHOI
3maTHOCTI cteOnma [15, 18], Bmaxaroth, 1110
MOJIMIIEHHST JIETOHYBAIBHOI 37aTHOCTI cTedna €
NEPCIEKTUBHUM  CEJICKLIMHUM  KpHUTEpieM Ha
BUCOKY HPOIYKTHUBHICTB, 0co0nmBo 3a
nocyuumBux ymoB [8, 19]. HemonmaBho, 3a
JTIOTIOMOTOF) TIOBHOT€HOMHOT'O aHaJi3y acoOIiamii
(GWAS) imentudikoBaHi TeHM 1 HYyKJICOTHIHI
MO CITIIOBHOCTI, SIK1 MOXYTb CIIyTyBaTH
CeNICKIIMHUMU ~ MapKepaMH  BHCOKOTO  BMICTY
pe3epBHUX ByIIIeBOIB y cTeOmi mmenwti [20, 21].

Bonnowac, Hapasi 3aJIMIIA€ThCA aKTyaJIbHOIO
npoOyieMa po3poOKH €(PEKTUBHOTO METOIY OI[IHKU
JIeNIOHYBajJbHOI €MHOCTI crebna. Iloka3nuky, ski
3a3BUYall BUKOPUCTOBYIOTBCS, — BMICT 1 3arajbHa
kiekicte BPB y ctebni omHoro marona abo B
po3paxyHky Ha M2 mociy [14, 20, 22] e mosoi

photosynthesis and damage to the photosynthetic
apparatus [5, 6]. In this case, the role of stem-
accumulated carbohydrates in grain filling rises
significantly, supplementing or replacing the
main  source of assimilates — current
photosynthesis. The contribution of accumulated
carbohydrates to grain weight under insufficient
water supply generally increases and, in the case
of a long terminal drought, amounts to over 60
and even 90%, depending on genotypes and
growing conditions [7, 8].

At the same time, published data on
drought effects on the accumulation of reserve
carbohydrates in wheat stems are ambiguous,
although increased levels of sugars at the early
stages of drought are considered as a typical
adaptive response in many plants [9, 10]. Both a
decrease in the concentration and total amount of
water-soluble carbohydrates (WSC) in stems of
insufficiently watered wheat plants [11] and an
increase in these parameters [12] were reported,;
multidirectional changes in different segments of
the stem were also noted [13].

Experiments conducted under different
growing conditions revealed a positive
correlation between the stem's ability to
accumulate and remobilize WSC and the yield of
wheat cultivars [14, 15, 16] and a high degree of
heritability of genotypic differences in the
storage capacity of the stem [17]. It was shown
that wheat breeding for high yield was associated
with enhanced storage capacity of the stem [15,
18]. It is believed that the improved storage
capacity of the stem is a promising breeding
criterion for high productivity, especially under
arid conditions [8, 19]. Recently, genes and
nucleotide sequences, which can be breeding
markers of high contents of reserve
carbohydrates in the wheat stem, were identified
by genome-wide association analysis (GWAS)
[20, 21].

At the same time, the problem of
developing an effective method of estimating the
stem's storage capacity remains relevant. The
commonly used parameters, WSC content and
total amount in the stem per shoot or per m? [14,
20, 22], are rather time-consuming and
inconvenient because of large volumes of plant
material in samples. In this regard, studies of the
roles of stem segments in the deposition of
reserve carbohydrates to identify a trait that
would reliably represent the storage capacity of
the entire stem under different conditions of plant
growth are of scientific and practical interest.

It was found that internodes differed in the
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TPYIOMICTKMMH 1 HE3PYYHHMH 4Yepe3 BEIIMKUIA
00cCsT POCIMHHOIO Matepialy B 3pa3zkax. Y 3B'SI3KY
3 IIMM HAyKOBHH 1 MPaKTUYHUI IHTEPEC CTAHOBIISATH
JOCII/PKEHHST POJIi OKPEeMUX CETMEHTIB cTeOna B
JICNIOHYBAaHHI PE3epBHUX BYIJIEBOAIB 3 METOIO
BUSIBIICHHS  IIOKa3HMKa, SKHH OM  HamiiHO
pEIpEe3eHTYBaB JICTIOHYBaJIbHY €MHICTh BCHOTO
cTebna 3a pi3HUX YMOB BUPOILYBAaHHS POCJIIMH.

Busineno, 1o OKpeMi MIDKBY3IIST
BIJIPI3HAIOTHCS 32 BMicTOM HakomuueHux BPB Tta
edexkTUBHICTIO iX peMmoOimizamii, a TakoX 3a
BIITUBOM TIOCYXM Ha IIi TIOKa3HWKH, TMPOTE JaHi
JmiTeparypu IIOAO BHECKY PI3HUX YacTHH B
JIETIOHYBaJbHy €MHICTh CTeOna cymepewinBi. Y
psAdl  MOCHIDKEHb BUSBICHO BHINUKA BMICT 1
OlmpIIMA ~ BHECOK Yy  CyMapHy  KUIBKIiCTh
pemoOinmizoBanux i3 crebma BPB 'y mpyroro
(paxyroun 3Bepxy) Ta HIDKHIX MiKBY3miB [13, 23,
24, 25]. Tlpore B poboti Jliy Ta cmiBar [12]
MOBIJIOMJISIETBCST TIPO OUTBIINI BHECOK B 3arajibHe
HakomWUeHHS 1 peMoOinizariito BPB mns Bepxaboro
(miaxonocoBoro) MixkBy3ns. Cxoxi pesynbTatd —
HaNOIIbIIe HAKOMTMYEHHS Ta pemoOimizaitis BPB y
BEPXHROMY Ta JPyIOMy 3BEpXy MDKBY3JISX 32
PI3HHX EKCHEPHMEHTAIBHUX YMOB BHSBUIIM TaKOX
y Oumplr paHHil poboti [26]. Jlume BepxHe
MIDKBY3JIS1 JIJI OI[IHKK JICTIOHYBQJIBHOI 3JIaTHOCTI
crebna pi3HUX TCHOTUIIIB TIIICHHMIT
BUKOPUCTOBYBaJK B poboTax [11, 21].

Tomy MeToro Harioi poboTu Oyno J0CTiTUTH
HaKOMMYCHHS 1 peMoOimi3alil0  3armacHUX
BOJIOPO3YMHHHX BYIJICBOIIB B OKPEMHX CErMEHTaX
crebna Ta iX 3B'SI30K 3 TIOKA3HUKAMH 3¢pHOBOI
MPOMYKTUBHOCTI y PIi3HUX TEHOTHIIB O3MMOI
NIICHAII 3a JAii [OCYyXM Ha paHHIX eTamnax
(hopMyBaHHS 1 HAIIMBY 3¢PHIBKH.

MeTomnka

HocmimkeHHs  MpOBOOWIM B yMOBax
BEreTaliifHOTO0 JOCIHiy Ha pPOCIMHAaX pIi3HHX 3a
YYTIUBICTIO /0 TOCYXH COpPTIB O3UMOI M’SKOI
mmenniii  (Triticum  aestivum  L.):  copTiB
[Tomonsiuka (mOCyXOCTIHKHIA, €KOJIOT'1YHO
iactiuHuii), Haranka (BHCOKOOLIKOBHH MEHII
crivikmii), [Toginschka HEBA (BUCOKOIIPOMYKTUBHUH
MEHII CTifikui) Ta cenekmiinol JiHii YK 065
(dymimBa 10 TOCYXH, BHCOKONPOAYKTHBHA) [27].
PocnuHu BHpoIIyBaiM y BEreTaliiHUX MOCYINHAX
Ha 10 xr 1pyHTY, yaoopeHoro 10 r Hitpoamodockw,
3a MpUPOIHOro ocBimieHHs. KinmbkicTe pocnuH y
nocyauHi ctanosuia 15 mr JloOpuBa BHOCWIN B
OIHAKOBUX KIUIBKOCTSIX MPU HAIIOBHEHHI HMOCYIUH
IPyHTOM 1 B cepeauHi (a3u BHXOAY POCIHH Yy
Tpyoky (BBCH 34). lo mo4aTky eKCIepUMEHTY 3
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contents of accumulated WSC and the efficiency
of their remobilization. Drought also differently
affected these parameters in different internodes;
however, published data on the contributions of
different parts of the stem to the storage capacity
of the entire stem are contradictory. In several
studies, the contents of WSC remobilized from
the second (counted from the top) and lower
internodes were higher and their contributions to
the total amount of WSC remobilized from the
stem were greater [13, 23, 24, 25]. However, Liu
et al. [12] reported a greater contribution of the
uppermost internode (peduncle) to the total
accumulation and remobilization of WSC.
Similar findings, i.e. the greatest accumulation
and remobilization of WSC in the peduncle and
penultimate internodes  under  different
experimental conditions, were also obtained in an
earlier study [26]. Only the peduncle was used in
some studies [11, 21] to assess the storage
capacity of stems of different wheat genotypes.

Therefore, our aim was to investigate the
accumulation and remobilization of reserve
water-soluble carbohydrates in separate segments
of the stem and their relationship with grain
productivity in different drought-stressed winter
wheat genotypes at the early stages of grain
setting and filling.

Methods

The experiments were carried out on
winter bread wheat (Triticum aestivum L.)
cultivars varying in drought susceptibility: cv.
'Podolianka’ (drought-tolerant, environmentally
plastic), cv. 'Natalka' (high-protein, less tolerant),
cv. 'Podilska Nyva' (high-yielding, less tolerant),
and breeding line 'UK 065' (drought- susceptible,
high-yielding) [27]. Plants were grown in pots
with 10 kg of soil, fertilized with 10 g of
nitroammophoska, and naturally illuminated.
There were 15 plants per pot. Fertilizers were
applied in equal amounts when the pots were
filled with soil and in the middle of the stem
elongation stage (BBCH 34). Before the start of
the drought treatment, and in the control
throughout the growing period, the soil moisture
in the pots was maintained at 60-70% FC. At the
grain watery ripe stage (BBCH 71), the watering
of plants in the treatment pots was stopped,
reducing the soil moisture to 30% FC for 3 days
and this level was maintained for the subsequent
8 days. Afterward, the watering of plants in the
susceptible pots was restored to the control level
(60-70% FC) until the end of the growing



MOCYX010, @ B KOHTPOJIILHOMY BapiaHTi BIPOJOBXK
yciel Bereramii, BOJIOTiCTb IPYHTY B MOCYIMHAX
miaTpuMyBanu Ha piBHi 60-70 % IIB. Y da3i
¢dopmyBanns 3epHiBku (BBCH 71) mpunumzsau
MOJIUB POCIIMH JOCHIHOTO BapiaHTa, 3HUXKYIOUH
npotsroM 3 i BOJOTICTH IPYHTY 10 piBHA 30%
[IB, skuii miATpUMYBalM MPOTITOM HACTYMHUX 8
ni6. Ilicns 1mpOro TOJMMB  POCITHH  JIOCIHIIHOTO
BapiaHTa BiJHOBJIIOBANI JIO PiBHA KOHTpOO (60—
70% TIB) nmo kinns Beretattii. [lepion oOMexeHOTO
BOJIOT03a0€3MeUeHHS OXOTIJIFOBAB ¢azy
¢opmysanus 3epHiBku (BBCH 71) i cepeauny
¢a3u mostounoi cturiocti (BBCH 75).

3pa3ku Ui BU3HAYEHHS BMICTY BYIJICBOIIB
BiIOMpany OpPOTATOM MEpioAy pPEHpOLYKTUBHOIO
PO3BUTKY Ta y (ha3y MOBHOI CTHIJIOCTI 3epHA IIPH
00Ky 3€pHOBOI TMPOAYKTHUBHOCTI. s aHamiziB
BUKODHCTOBYBaJlM TOJIOBHUW TAariH POCIHHHU.
Crebmo  po3mimsii  Ha  YacTHHHU:  BEpPXHE
(TaKoMOCOBE) MIKBY3JIS, Jpyre, Tpete (paxyrodu
3Bepxy) 1 oO'emHani uerBepre 1 m'ate (mami
MO3HAYEHI SIK «HIKHI») MDKBY3/Is, a TaKOX
o0'eqHaHI JIMCTKOBI TIXBM BCIX 3a3HAUYCHHX
MDKBY3NiB.  Bimpazy micas  BimOopy  3pasku
¢ikcyBaqn B Tepmoctari 3a Temmeparypu 120°C
npotsiroM 30 xB. Ilicns  dikcamii  Matepian
nocytryBanu 3a 65°C 1o cTanoi Macu, peecTpyBaiu
Macy CyXOi pEYOBHMHH 3pa3Ka i PO3MENIOBAIH IO
MOPOIIKOTIOAIOHOTO CTaHy. BMicT BOIOpO3YMHHUX
BYIJICBONIIB BU3HA4YamM 3a MetozioMm [28]. Basoy
kinbkicth BPB y wactunax crebna po3paxoByBayiv
aKk no0ytok ix Mmacu i BMmicty BPB B cyxii
peuoBuHi.  Kinbkicte  pemoOinmizoBannx BPB
OIIHIOBAJIM 3a PI3HUICI0 iXHHOI MaKCHMaJbHOT
BaJOBOI KIJIbKOCTI 1 3aiMIIKOBOi y (a3l MOBHOI
crumocti 3epHa. Bmict BPB BusHauanu y Tphox
AHATITHYHUX MOBTOPEHHSAX 00’€HAHOTO 3pa3Ka
neBHoro cermentra 3 10-12 pocauH KOXHOTO
BapiaHTa.

Bonunit nedinuT BH3HAYAJIH 3a
CTaHJApTHOI METONMKOIO [29] i po3paxoByBain 3a

¢bopmyioro:
Bn = (A-B):(A-B)-100,

ne: Bn — Bomamit medimmr (%); A — Maca
JIUCTKIB IIiCJIA HACHM4YeHHs ix Bomoio (r); b — maca
CBDXO3pi3aHuX JHCTKIB (T); B — Maca abcomoTHO
CYXHX JIUCTKIB (T).

[HTEHCUBHICTE (OTOCHHTE3Y MPANOPIEBOTO
JHMCTKA BHUMIPIOBAIM B TeEpIly 00y JOCSTHECHHS
Bosiorocti 1pyHTy 30 % [IB 1 HanpukiHoi nepiony
MOCYXH 3a KOHTPOJIBOBAaHMX YMOB HAa YCTAHOBIII,
3MOHTOBaHI’ Ha 0asi iH(PaYePBOHOTO
razoananizatopa EGM 5 (PP Systems, CIIA).

period. The restricted watering covered the
period from grain watery ripe stage (BBCH 71)
up to the medium milk ripeness stage (BBCH
75).

Samples for determination of carbohydrate
content were taken during the reproductive
development and complete grain ripeness when
the grain productivity was determined. The main
shoot of the plant was used for the analyses. The
stem was divided into parts: the uppermost
(peduncle), second (penultimate), third (counted
from the top), combined fourth and fifth
(hereinafter referred to as "lower") internodes,
and combined leaf sheaths of all the specified
internodes. Immediately after cutting, the
samples were fixed in a thermostat at 120°C for
30 minutes. After fixation, the material was dried
at 65°C to constant weight; the dry matter
content in the sample was recorded and the
sample was ground to powder. The content of
WSC was determined as described in [28]. The
total amount of WSC in the stem parts was
calculated as the product of their weight and
WSC content in dry matter. The amount of
remobilized WSC was evaluated by difference
between the maximum total amount and the
residual amount in the complete grain ripeness
stage. The WSC content was determined in three
analytical replicates from a combined sample of
given segments from 10-12 plants in each
variant.

The water deficit was determined
according to the standard method [29] and
calculated by the following formula:

Wd = (A-B):(A—C)- 100,

where: Wd — water deficit (%); A — leaf
weight after their saturation with water (g); B —
weight of freshly cut leaves (g); C — weight
completely dry leaves (g).

The photosynthesis intensity in the flag
leaf was measured on the first day of soil
moisture reaching 30% FC and at the end of the
drought period under controlled conditions using
an infrared gas analyzer EGM 5 (PP Systems,
USA). An attached flag leaves of two individual
plants were placed in a thermostatic chamber
with a window of 3 x 7 cm and illuminated by
TA-11 50W LED lamps with a color temperature
of 5,200 K. The photon flux density at the leaf
level was 1,800 umol(m? - s) of
photosynthetically active radiation (PAR); the
temperature was 25°C. Atmospheric air was
blown through the chamber at a rate of 1 L/min.
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Hesinokpemeni

Bil POCIMH JHUCTKH (0 2
napajiesibHO) PpO3MILLYBaIM Y TEPMOCTaTOBaHIN
KaMepi 3 po3MipoM BikHa 3 X 7 cM Ta OCBITIIIOBAIU
CBiTIOmIONHUMHU TpokekTopamu TA-11 50W 3
komipHoto Ttemneparyporo 5200 K. IlinbHicTh
MPOMEHEBOTO TIOTOKY Ha PiBHI JIMCTKIB CTAHOBHJIA

1800 mMxmomnb/(M2 - ¢) (DOTOCHHTETUYHO aKTHBHOI

pamiamii (DAP), temmeparypa +25 °C. Uepes
KaMepy TpOoayBal
mBHIKICTIO 1 J1/xB. [HTEeHCHBHICTH (POTOCHHTERY
peectpyBaim uepe3 40-50 XB miC)IS PO3MIMICHHS
JUCTKIB y Kamepi, KONMM IOKa3HUKH Ta3000MiHY
BUXOIWJIM Ha CTalliOHAPHHH piBeHb. Po3paxyHKH
MMOKa3HUKIB Ta3000MiHY TPOBOAMIN 3riHO 31
crangapTHuMH MeTomukamu  [30].

BHU3HAYCHb 4-KpaTHa.

dazun PO3BHUTKY POCJIHMH BH3HAYAJIN

arMocdepre

MOBITPST 31

[ToBrOpHiCTH

3a

30BHIIIHIMA MOP(QOJIOTIYHUMH 3MiHAMU OpraHiB

TOJIOBHOIO

JCCATKOBOIO IIKaJIOIO

IMOKA3HHUKIB

IaroHa 3a  3arajlbHOIPUUHSITOIO
[31]. s Bu3HAYCHHS
3€pHOBOL NPOAYKTHBHOCTI

peHmoMizoBaHo BimOupanmu mo 20 pociuH i3
KOXXHOTO BapiaHTa y (asi MOBHOT CTHINIOCTI 3epHa.
[ToBTOPHICTH AOCIIAY — 5 TOCYIWH Ha BapiaHT.

The net photosynthetic rate was recorded 40-50
min after placing the leaves in the chamber when
the gas exchange rates reached a plateau. Gas
exchange parameters were calculated by standard
methods [30]. There were four repetitions of
measurements.
The stages of plant development were
determined by external morphological changes in
the organs of the main shoot using the
conventional decimal scale [31]. To determine
the grain productivity parameters, 20 plants from
each treatment were randomly sampled at the
complete grain ripeness stage. There were 5 pots
per treatment.

Taomunsa 1. B 8-mobosoi mocyxu mpu 30 % IIB B mepiox ¢opMyBaHHS—IOYAaTOK HAJMBY
3epHiBKU (BBCH 71-75) Ha 3epHOBY IPOAYKTHUBHICTH POCJIMH O3UMO] IILCHULI
Table 1. The effect of an 8-day drought at 30% FC during the "grain watery ripe — medium milk"
period (BBCH 71-75) on the grain productivity of winter wheat plants

TonoBHuit marin/ Main shoot Pocnuna/ Plant
Bapiant/Treatment | Grain weight, g | Grain number 1,000 grains | Grain weight, g | Grain number 1,000 grains
weight, g weight, g
Iomonsuka/Podolianka
Kourpoins/Control 1.70+0.06 39.6+1.1 43.0+0.9 4.34+0.24 105.9+5.4 40.9+0.6
Jocning/Treatment 1.62+0.05 39.7#1.1 41.0+0.9 3.96+0.13 105.1+4.4 38.1+0.8
% 110 KoHTpOJTIO - %
related to the control 95.1 100.3 95.2 91.1 99.2 93.1
Moninbceka Hua/Podilska Nyva
Konrpons/Control 2.39+0.10 57.6+1.3 41.3+0.9 6.39+0.47 164.5+9.9 38.6+0.7
Hocmin/Treatment 1.84+0.10* 53.8+1.9 34.3+1.5* 4.17+0.31* 125.8+7.8* 33.5+1.2*
% 10 KOHTpOIIIO - %
related to the control 77.1 934 83.1 65.3 76.5 86.7
Haranka/Natalka
Kourpons/Control 1.71+0.06 40.7+1.2 42.0+0.6 4.31+0.25 109.2+6.6 39.6+0.6
JHocain/Treatment 1.47+0.08* 415+1.7 35.3+0.6* 3.24+0.28* 93.2+7.1 34.4+1.1*
% mo xoHTpOIIIO - %
related to the control 85.7 1019 83.9 75.1 85.3 86.9
YK 065/UK 065
Kourpons/Control 2.17+0.05 475+1.3 46.0+1.0 5.97+0.38 143.849.0 41.7+0.7
Jocnin/Treatment 1.32+0.06* 41.6+1.3* 32.0£1.2* 2.76+0.18* 91.945.6* 30.3+1.0*
% 10 koHTpOJTIO - %
related to the control 61.0 87.6 69.5 46.2 63.9 72.7

* — pI3HULIS MK KOHTPOJIEM 1 AOCIiAOM JocToBipHa 3a p < 0,05
* — the difference between the control and the treatment is significant at p < 0.05

JlaHi 00po0NeHo CTAaTUCTUYHO 32 JOMOMOTOI0

MporpaMu

Microsoft
3arajIbHONPUINHATUMU

Excel
METONAMU

3r1IHO

Bapiariiaot
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methods.

The data were statistically processed in
i3 Microsoft Excel by traditional variation statistics

The

significance

of differences
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CTaTUCTHKM 3 OL[IHIOBAHHSAM ICTOTHOCTI Pi3HHL
BubOipkoBux  cepeanix 3a  ANOVA-tectom,
ICTOTHICTh KOpEISIii OIiHIOBAIM 32 KpUTEpieM
®imepa. Ha pucyHkax i B TaOmuisix HaBeJeHO
3HAYEHHS CEePEeIHbOAPU(PMETHYHUX 1 CTAaHIAPTHUX
NMoXHOOK cepenHboro. [ToXuOKkM cepeHiX 3HAYCHb
JUTSL PO3PaxXyHKOBUX ITOKa3HUKIB (BaJOBUH BMICT
BPB, KUTBKICTB pemMo0iTizoBaHIX BPB)
00OUYMCITIOBAIH 32 CTaHIapTHUMHU (opmyiamu [32].

Pe3yabTarn Ta 00roBOpeHHsA

JlocImipKeHI COPTH ICTOTHO BiJIPI3HSUTMCS 3a
MOCYXOCTIHKICTIO. 3a ONTHMAIBHOTO PEXKUMY
3BoJIOKEHHs copT llomimschka HUBA 1 cenmekmiiiHa
miHist YK 065 BupI3HSINCS BHIIOK 3¢pHOBOIO
MPONYKTUBHICTIO TOJIOBHOTO TMaroHa 1 BCi€l
pOCIMHHM TIOpIBHSAHO 3 copramu Haranka i
[Momonsiaka (tabm. 1). Copt Ilominbchka HMBa MaB
HANOIIBITY O3EpHEHICTh KONoca, i 3a KIIBKICTIO
3€pEeH B KOJIOCI TOJIOBHOTO TaroHa Ha 45, 41121 %
nepeBaxas coptu [logonsuka, Haranka 1 niniro YK
065, BIITIOBITHO. Jlinis VK 065
XapakTepusyBaslacsi JIello OuUTbIIO TOPIBHSHO 3
copTamMHM BHIIOBHEHICTIO 3epHa (Mmacoro 1000
3epeH).

IpynroBa nocyxa nipu 30 % I1B Brpomosxk 8
JIi0 Ha TMOYATKY HAJTUBY 3€PHA 3HIIKYBajia 3¢pPHOBY
NPONYKTUBHICTh Li0i pociuHM Ha 53,8 % y
cenekuiiinoi ninii YKO065, ma 34,7 % y copry
[Tominbchka HUBa Ta Ha 24,9 % y copty Haranka. Y
copry [lomonsHka BIUIMB TOCYXH IPOSIBIISBCS
3Ha4HO ciabire 1 OyB CTATUCTUYHO HEBIPOT1THHM.
3HIKEHHSI 3E€PHOBOI MPOMYKTUBHOCTI TOJIOBHOTO
naroHa 3a Jii mocyxu Oy/l0 3HAYHO MEHIINM, HiK
ninoi pocimaM, i craHoBmwio 39,0 % y minii YK
065, 22,9 % y copty lloninsceka Husa Ta 14,3% y
copty Haranka. Taka >x TeHJICHIIiS cTIoOCTepiranxacs
i B copty Ilononsinka. Bapro Bce x 3a3HaunTH, 1110
3€pHOBA MPOAYKTUBHICTH IMiJJIAHUX TOCYC1 POCIUH
y copry Ilominbceka HUBa Oyna Ha 28,7 % BuUIIIOFO,
HIK y copty Haranka.

3menmenHss mMacu 1000 3epeH Oyno 3HaYHO
BaroMimMM (akTopoM BTpaT MPOLYKTHBHOCTI
KOJIOCAa TOJIOBHOTO IIArOHa 3a Jii TMOCYXH, HIK
3MEHIIEHHsT KibKocTi 3epeH. Maca 1000 3epen
3HIKYBaJIaCh IIOPIBHAHO 3 KOHTpoJieM Ha 16,9,
16,1 130,5 % y coptis Iloginscrka HuBa, Haranmka i
minii YK 065, BignosigHo. Y copry Ilomonsuka
3MEHIIIEHHS [BOr0 IMOKa3HUKa CcTaHOBHIO 4,8 % 1
Oyna0 cTatucTUYHO HeBiporigHuMm. O3epHEeHIicTh
KOJIOCa TOJIOBHOTO IIarOHa JOCTITHHUX POCIHH
3HAUYMMO 3HM)KYBAJIACs MMOPIBHIHO 3 KOHTPOJIEM (Ha
12,4 %) mame y minii YK 065. Y copty Iloainbcbka
HUBAa BiJ3HAUCHa HEBENMKA TCHJCHIS IO

between the mean values was assessed by
ANOVA; the significance of correlations was
assessed using Fisher's test. In the figures and
tables, the arithmetic mean and standard error
are presented. The standard error for calculated
parameters (the total content of WSC and the
amount of remobilized WSC) were figured out
by the standard formula [32].

Results and Discussion

The studied cultivars differed significantly
in drought tolerance. Under optimal watering,
cv. 'Podilska Nyva' and breeding line 'UK 065'
showed higher grain productivity of the main
shoot and the whole plant than cvs. 'Natalka' and
'Podolianka’ (Table 1). Cv. 'Podilska Nyva' had
the greatest number of grains per spike of main
shoot, exceeding cvs. 'Podolianka’ and 'Natalka'
and line 'UK 065 by 45 41, and 21%,
respectively. Line 'UK 065" was noticeable by
slightly better grain fulfillment (thousand kernel
weight) compared to the cultivars.

The soil drought at 30% FC for 8 days at
the beginning of grain filling reduced the grain
productivity of the entire plant by 53.8% in
breeding line 'UKO065', by 34.7% in cv. 'Podilska
Nyva, and by 24.9% in cv. 'Natalka'. In cv.
'Podolianka’, the drought effect was much
weaker and was statistically insignificant. The
drought-induced decline in the grain productivity
of the main shoot was significantly smaller than
that of the whole plant: 39.0% in line 'UK 065,
22.9% in cv. 'Podilska Nyva', and 14.3% in cv.
'Natalka'. A similar trend was observed in cv.
'Podolianka. It is worth noting that the grain
productivity of drought-treated cv. 'Podilska
Nyva' plants was 28.7% higher than that in cv.
'Natalka'.

Under drought, the decline in the thousand
grain weight was a significantly more important
factor in the loss of productivity of the spike of
the main shoot than the decrease in the grain
number. The thousand grain weight was
decreased by 16.9, 16.1 and 30.5% in cvs.
'Podilska Nyva' and 'Natalka' and line 'UK 065’
respectively compared to the control. In cv.
'Podolianka’, this parameter was only decreased
by 4.8% and this decrease was statistically
insignificant. The grain number in the spike of
the primary shoot was significantly smaller
compared to the control (by 12.4%) only in line
'UK 065'. In cv. 'Podilska Nyva', there was a
downward trend in the grain number per spike
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3HIDKEHHS KUTBKOCTI 3epeH B komoci (6,6 %), a B
coprtiB [lomonsHka Ta Haranka maHuii moKa3HUK y
KOHTPOJILHUX 1 JOCIITHUX POCIIMH HE BiIPi3HSBCS.

Bonnouac 3MEHIICHHS 3epHOBOL
MPOXYKTUBHOCTI LIJIOI POCIMHHU 33 Aii MOCYXH Y
OULTBIIOCTI  TCHOTHITIB 32  BHHATKOM  COPTY
[logonsiHka 3HAYHOIO MIpPOIO  3aJIeXKallo  BiA
3HWKEHHS o3epHeHOcTi. Y coptiB lloapinbcbka
HuBa, Haranka i ninii YK 065 y gocnigHuX pociuH
KUIBKICTh 3€pEH 3MEHIIyBalacs IOPIBHAHO 3
koHTponeM Ha 23,5, 14,7 i 36,1 %, BiAmoBigHO.
[Tpu oMy CTIpHYHHEHE TOCYXO0 3HIKEHHS Macu
1000 3epen Oyno NpuOIM3HO TAKMM CAMHM y COPTY
Haranka i gemo MmeHmuM y copry Ilominbcbka
Husa i miHii YK 065.

XapakTep 3MiH €IEMEHTIB  CTPYKTypHu
3epHOBOI  TPOAYKTUBHOCTI  POCIMH  O3UMOiL
MIICHHUII] 3a Jii KOPOTKOTPHUBAJIOl IOCYXH CBITYUTD,
II0 OCHOBHMM YMHHHUKOM BTpaT  3€pHOBOI
MPONYKTHBHOCTI ~ pOCIMHM  Oyla  HecTaya
aCUMIIATIB [Isl HauuBy 3epHa 1 (OpMyBaHHS
3epHIBOK OIYHMX MaroHiB, sfka Oyna crpUYMHEHA
CTpec-1HIyKOBaHUM MOIIKO/DKCHHAM
(hOTOCHHTETUYHOTO arapary.

60

m[logonsiHKa KOHTPOSb
M [loginbcbka HnBa KOHTpOnb
50 [ aHaranka KOHTpOnb

mYK065 koHTpOnb

Boaxun gediumt, %

(6.6%), while in cvs. 'Podolianka’ and 'Natalka’,
this parameter did not differ from the
corresponding control.

At the same time, the decline in the grain
productivity of the whole plant caused by
drought in most genotypes, except for cv.
'Podolianka’, largely depended on the decrease in
the grain number per spike. In cvs. 'Podilska
Niva', 'Natalka', and line 'UK 065, the grain
number was decreased by 23.5, 14.7, and 36.1%,
respectively, compared to the control. The
drought-induced decrease in the thousand grain
weight was very similar in cv. 'Natalka' and
somewhat smaller in cv. 'Podilska Niva' and line
'UK 065'.

The changes in the structure of grain
productivity of winter wheat plants exposed to a
short-term drought indicate that the lack of
assimilates for grain setting and filling in lateral
shoots, caused by stress-induced damage to the
photosynthetic apparatus, was the main factor in
the loss of the grain productivity.

OTlNopgonsiHka gocnig,

OlMoainbcbka HuBa gocnia
B HaTtanka gocnig d_
OYk065 gocnig, )

8 [oba

Puc. 1. Brmus nocyxwu 3a 30 % I1B B mepion ¢popmyBaHHA—TI09aToK HanuBy 3epHiBku (BBCH 71-75) Ha
BOJIHU# TeDIIMUT Y MparmopreBoMy JUCTKY POCIHH 03UMOT MIICHHMIII PI3HUX TEHOTHUIIIB.

Fig. 1. Effect of drought at 30% FC during the "grain watery ripe — medium milk" period (BBCH 71-75)
on the water deficit in the flag leaves of winter wheat plants of different genotypes. X axis — Day; Y axis —

Water deficit, %.

Note. TTomonsinka koutposs — Podolianka control, TToxineceka Husa xoutpons — Podilska Nyva control,
Haranka xoutpons — Natalka control, YK 065 xoutpons — UK 065 control, [Tomonsuka mocyxa — Podolianka
drought, TToxineceka HuBa mocyxa — Podilska Nyva drought, Haranka nocyxa — Natalka drought, YK 065

nocyxa — UK 065 drought.

ITocyxa BuKIMKana 3HA4YHI TOPYIIEHHS
BOJHOTO peXHMy 1 (YHKIIOHAILHOTO CTaHy
(hOTOCHHTETUYHOTO anapary mpanopLeBOro JUCTKA
POCIIMH  yCiX  JOCHIJDKEHHUX COpPTIB  O3MMOI
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Drought caused considerable disorders of
the water balance and function of the
photosynthetic apparatus of the flag leaves in all
studied winter wheat cultivars. On first day of

13



mmennni. Ha meprry 100y 3HKEHHS BOJIOTOCTI
rpyHTy 10 30 % IIB BogHuii nediuuT B JTUCTKOBUX
TUTACTHHKAX TPAIOPIIEBOTO JIMCTKA 3pic B 1,7 pasa
B copty llononsuka, 2,7 paza B copty Haranka i
ninii YK 065 ta B 4,3 paza B copty Ilominscbka
HuBa (puc. 1). Ha BocbMy 100y mocyxu BOJHHI
JNedIlUT y mparopreBoMy JIMCTKY 3pic 111e OuIbIIe,
nocsratoun 3Hauenb 18,8, 35,7, 39,4 ta 50,9% y
Iononsuxn, Haranku, ITominbscekol HuBH Ta YK
065, BianmoBimHO. 3TiHO 3 IIUPOKO IPHHAHSATOIO
kiacudikamiero [33], Taki 3HaYEHHS BKa3ylOTh HA
PO3BUTOK TOMIPHOTO BOXHOTO CTPECy B COPTY
[TomosnsiHka 1 JKOPCTKOTO B IHIIMX JOCHIHKEHUX
TCHOTHIIIB.

OCKUTEKH JOCTIAHI POCIMHU BCiX TEHOTHITIB
POCIIH 32 OJJHAKOBOTO PEKUMY TIOJIHBY, OTPUMAaHI
pe3yNbTaTH CBig4aTh MpO 3HAYHO Kpally 3/AaTHICTbH
pocima  copry llomonsiHka TmoOmIMHATH  Ta
YTPUMYBATH BOJAY 3a HEJOCTATHHOTO 3BOJIGKCHHS
IPYHTY TIOPIBHSHO 3 IHIIMMH JIOCHIPKEHUMH
TeHOTHUIIAMU, o 3abe3meuye BHCOKY
MOCYXOCTIUKICTh JTAHOTO COpTY. Kpamie
MiATPUMAHHS BOJHOTO PEXHMY POCIHH 32 YMOB
MOCYXH 3yMOBIIOETBCS JJOCKOHATIIIOK CUCTEMOIO
OCMOTHUYHOI Ta MIPOAUXOBOI peryJsuii,
TiIPaBIIYHOIO MPOBITHICTIO KCHIIEMH, PO3BHTKOM
KopeHeBoi cuctemu [34, 35].

H [MogonsiHKa KOHTPOMb

decreased soil moisture (30% FC), the water
deficit in the flag leaves increased by 1.7 times
in cv. 'Podolianka’, 2.7 times in cv. 'Natalka' and
line 'UK 065, and 4.3 times in cv. 'Podilska
Nyva' (Fig. 1). On day 8 of the drought, the
water deficit in the flag leaves was even more
pronounced, amounting to 18.8, 35.7, 39.4, and
50.9% in cvs. 'Podolianka’, ‘Natalka’, and
'Podilska Nyva' and line 'UK 065", respectively.
According to the traditional classification [33],
such values indicate moderate water stress in cv.
'Podolianka’ and severe water stress in the other
investigated genotypes.

Since the treated plants of all genotypes
grew under the same watering conditions, the
obtained results indicate that cv. 'Podolianka’
plants are much better able to absorb and retain
water under insufficient moisture of the soil than
the other tested genotypes, which ensures high
drought tolerance of this cultivar. Improved
maintenance of the water balance by plants
under arid conditions is attributed to more
perfect osmotic and stomatal regulation, better
hydraulic conductivity of the xylem, and a more
developed root system [34, 35].

OMoponsHka gocnia

R [Moginbcbka HMBa KoHTponb OlNodinbcbka HUBa gocnig
B HaTanka gocnig
BYk 065 gocnia

B HaTtanka KOHTpOnb
20 r 8 Yk 065 KOHTpOnb

1P, mkmonb CO,/(M2c)

Puc. 2. Briu nocyxu 3a 30 % IIB B nepion gpopmyBanHs—noyarok Hanusy 3epHiBku (BBCH 71-75) Ha
IHTEHCUBHICTh ()OTOCHHTE3Y MPANIOPIIEBOTO JINCTKA POCINH 03UMOI MIIIEHNIII Pi3HUX TeHOTHIIIB.

Fig. 2. Impact of drought at 30% WFC during the "grain watery ripe — medium milk" period (BBCH 71-75)
on the photosynthesis intensity in the flag leaves of winter wheat plants of different genotypes. X axis — Day; Y

axis — Photosynthetic rate, pmol CO2/(m? - s)

Note. ITomonsika koHTposs — Podolianka control, ITomineceka HuBa xomtposs — Podilska Nyva control,
Haranka xoutpois — Natalka control, YK 065 koutposs — UK 065 control, ITogonsiaka nocyxa — Podolianka drought,
IMoninscbka Husa nmocyxa — Podilska Nyva drought, Haranka mocyxa — Natalka drought, VK 065 mocyxa — UK 065

drought.

JocmimkeHi TEHOTHNHM 32  JOCTAaTHHOTO

The investigated well-watered genotypes
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MOJIUBY iICTOTHO HE BiAPI3HSUIUCA 32 IHTCHCUBHICTIO
acumiysiii CO2 3 HE3HAYHOIO TEHIACHLIEO 10 IO
HIDKYUX 3HAYCHb TIOKa3HHUKa B
BucokonpoaykTuBHux [loginbepkoi HUBM Ta YK
065 (puc. 2). YponoBx €KCIEPUMEHTY 3 IOCYXOI0
inreHcuBHicTh acuMinsmii CO2 B KOHTPOJBHUX
pocima  [lominmbcbkoi HuBM T2 YK 065
3MiHIOBaNacs He3HayHO, a B copTiB IlomonsHka i
Haranka — wa 15 1 45 %, BiamosigHo,
BiIoOpa)karouM TEHACHIII0 JO OUIBII PaHHBOIO
MOYaTKy CTApiHHS B OCTAHHBOTO.

OOMexxeHHsT BOJIOro3a0e3NeueHHs Pi3HOI0
Miporo mpurHiuyBajgo acumimsiro  COz vy
JIOCITIDKEHUX TeHoTuTiB. [likaBo BiA3HAUWTH, 1O Y
JaHOMY JOCIHiZl XapakTep 3MiH I1HTEHCHBHOCTI
doToCHHTE3y  BOPOJNOBXK  MEPiofy  MOCYXHU
3aCBiTYMB 3JaTHICTh (POTOCHHTETUYHOTO amapary
OKpEeMHX T'€HOTHUIIIB aJanTyBaTHCS J0 YMOB
nedinuTy  IpyHTOBOI  BONOTH.  30KpeMa, y
BUCOKOCTIliKOTO copty [lomonsHka iHriOyBaHHS
acuminsii CO2 Ha mepiny 100y MOCYXU CTAHOBHIIO
27,6 %, a Ha BocbMy — 18,6% mopiBHAHO 3
BIZIMOBITHUM KoHTponeMm. Y copty [lominabcbka
HUBa akTHBHICTH acuMimnii CO2 B mepmry o0y
nocyxu najana Ha 59 % nopiBHIHO 3 KOHTPOJIEM, a
Ha BOCBMY 100y Pi3HHIIS 3 KOHTPOJIEM CTaHOBHIIA
mume 18,8 %. Ilpm upomy QoTocuHTETHYHA
AKTUBHICTh MpANOpLEBOTO JIUCTKA y POCIHH
JIOCJTIIHOTO BapiaHTa 1 B aOCOMIOTHUX OJMHHUILIAX
3poctasa B aBa pasu, 3 6,4 mo 12,4 MKMOJIb
CO2/(M? - ¢). ¥V copry Haranka Ha mo4aTKy IOCyXu
3HmkeHHs1 acumisinii CO2 Oyiao HaWCWIBHIIIUM
(66,7 %), a HampUKIHII CTPECOBOIO MEpiomy
noka3Huk OyB Ha 43,7 % MEHIIMM BiJi KOHTPOJIIO.
Bapro Bce X 3a3HaUMTH, IO y JAHOTO COPTY
3MEHIIICHHS BiJIMIHHOCTEH MIDK KOHTPOJBHUMH 1
JNOCIITHAIMH POCIIMHAMH BijiOyBaniocss Ha (oHi
PI3KOr0 OHTOI€HETMYHO 3YMOBJICHOTO MaJiHHS
aktuBHOCTI acuMminsanii COz B KOHTPOIBHOMY
BapianTi. Y minii YK 065 crymine iHriOyBaHHs
acuminsmiii  CO2  BiIHOCHO  KOHTpoJdO  OyB
NPaKTHYHO OJHAKOBHM SIK HAa TII0YaTKy, TaK I
HanpuKidii nepioxy nocyxu (51,8-50,8%).

XapakTepHo, 10 MOCJA0ICHHS IHTiOyBaHHS
¢doTocuHTE3y Ha BOCBMY 400y OCYXH BinOyBajocs
Ha (QoHI 3pocTaHHA BOAHOTO JedinuUTy B
JUCTKOBHX IJIacTUHKaX (puc. 1). Cxoxi pe3ynbTaTi
Oynmu OTpHMaHi i IHIIMX NOCHiMaX 3 PI3HUMH 3a
MOCYXOCTIHKICTIO TeHOTHIIAMU TineHutti [36, 37].

Bimomo, mo apanTaiis (HOTOCHHTETHYHOIO
arapary J0 MOCYXH BKJItO4a€ 3Ha4yHi (izionorivni i
MeTa0OdiYHI  3MiHH, 30KpeMa, HaKOIHMYEHHS
OCMOTHYHO aKTUBHUX CIOJIYK, 30UIbIIEHHS YaCTKU
HEHACHMYCHUX XUPHUX KHUCJIOT B CKJIaJi MeMOpaH,
aKTHUBI3allil0 CHUHTE3y OLUIKiB-IIATIEPOHIB Ta 1HIINX
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did not differ significantly in the intensity of
CO: assimilation with slight downward trends
observed in the high-yielding cv. 'Podilska Nyva'
and line 'UK 065' (Fig. 2). During the drought,
the intensity of CO; assimilation in the control
cv. 'Podilska Nyva' and line 'UK 065' plants
changed slightly; in cvs. 'Podolianka’ and
‘Natalka', it changed by 15 and 45%,
respectively, reflecting a tendency towards an
earlier onset of senescence in the latter one.

Limited watering inhibited the CO;
assimilation in the studied genotypes to varying
degrees. It is noteworthy that in this experiment,
the changes in the photosynthesis intensity
during the drought exposure proved the ability of
the photosynthetic apparatus of some genotypes
to adapt to soil moisture deficit. In particular, in
the highly tolerant cultivar, 'Podolianka’, the CO.
assimilation inhibition on days 1 and 8 of the
drought was 27.6% and 18.6%, respectively,
related to the corresponding control. In cv.
'Podilska Nyva', the CO, assimilation activity on
day 1 of the drought was decreased by 59%
compared to the control, while on day 8 the
difference from the control was only 18.8%. At
the same time, the absolute photosynthetic
activity in the flag leaves of treated plants was
also increased twofold, from 6.4 to 12.4 pmol
CO/(m? - s). In cv. 'Natalka', at the drought
onset, there was the greatest (66.7%) decrease in
CO: assimilation, while at the end of the stress
period, this parameter was 43.7% lower than the
control value. It should be noted that the
difference between the control and treated plants
of this cultivar became smaller on a sharp,
ontogenetically determined drop in CO;
assimilation in the control. In line 'UK 065', the
CO; assimilation inhibition related to the control
was almost the same at both the beginning and
the end of the drought exposure (51.8-50.8%).

Characteristically, the photosynthesis
inhibition became less pronounced on day 8 of
drought when the water deficit in leaves
increased (Fig. 1). Similar findings were
obtained in other experiments on wheat
genotypes with various drought tolerance [36,
37].

It is known that the adaptation of the
photosynthetic apparatus to drought includes
considerable  physiological and metabolic
alterations, in particular, the accumulation of
osmotically active compounds, an increase in
percentages of unsaturated fatty acids in
membranes, activation of the synthesis of
chaperones and other protective proteins, ROS

15



NPOTEKTOPHHUX OUIKIB, CHCTEM KOHTPOJIO DiBHS control systems [10, 38], and rearrangement of

A®K [10, 38] Ta mepeOymnoBH CHCTEMH pPeryJIsLii the energy balance-regulating system in
eHepreTHYHOro Oamancy B xmoporriactax [39]. ITi chloroplasts [39]. These alterations were likely
3MiHH, OYEBHMIHO, 3yMOBIIOBAIM ITiJBHIICHHS to lead to an increase (maintenance) of the
(30epekeHHsI)  aKTUBHOCTI  (DOTOCHHTETHYHOTO photosynthetic activity at the cellular level in
amapary Ha KIITHHHOMY PiBHI B JIOCTIIHHX POCIHH treated plants on day 8 of drought compared to
Ha BOCBMHH JIEHb MOCYXH TOPIBHSHO 13 IEPIINM. day 1.
50 r
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Puc. 3. Jflunamika muromoro BMicTy BPB (% cyxoi pedoBuHHN) B MiXBY3/IsX cTebaa 1 TUCTKOBUX IMiXBax Y
POCIIHH Pi3HHX T€HOTHITIB 03MMOI NIISHHIN 3a onTUMaiasHOTO 3BosokeHHA (K) 1 mii kopoTkowacHOI mocyxu B
niepion GopMyBaHHI—TIo4arok HanuBy 3epHiBku (BBCH 71-75) (). Tyt i Ha puc. 4 CTpiIkaMu MO3HAYEHO
M0YaTOK NPUIIMHEHHS 1 BITHOBIICHHS IIOJIMBY POCJIMH JO0CIIHOTO BapiaHTa.

Fig. 3. Specific content of WSC (% in dry matter) over time in the stem internodes and leaf sheaths in winter
wheat plants of different genotypes under optimal wetting (C) and short-term drought (D) during the "grain
watery ripe — medium milk" period (BBCH 71-75). X axis — Day after the anthesis onset, Ontogenic stage; Y
axis — WSC content, %.

Note. Mixsy3mst — Internode, mixBu — Leaf sheaths. Note. [Toronsnaka K — Podolianka control, IToxinsceka
Husa K — Podilska Nyva control, Haranka K — Natalka control, YK 065 K — UK 065 control, ITomonsiaka [ —
Podolianka drought, IToxinsceka Husa J| — Podilska Nyva drought, Haranka JI — Natalka drought, YK 065 I —
UK 065 drought. The arrows here and in Fig. 4 indicate the cessation and resumption of watering plants in the
experiment.
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Hunamika mnuromoro Bmicty BPB vy
PO3paxyHKy Ha OJIMHUIII0O MacH CyXOi PEHOBHHH B
CerMeHTax crebia MpOTITOM PEeNpOAYKTUBHOTO
PO3BUTKY POCIMH Yy JAOCHIDKEHUX TE€HOTHUIIIB
nIIeHUIi Oyaa CXOKOI0 B 3araJlbHUX pUCax, MPOTe
BMicT BPB i #ioro oHTOreHeTH4H1 3MiHH B OKPEMHUX
YacTHMHaX CTeOna ICTOTHO pisHuBCA (puc. 3).
KopoTkocTpokoBa mocyxa iCTOTHO BIUIMBaja Ha
3MiHM HIOKa3HHKA.

HaiiBumii 3HavenHs nutomoro Bmicty BPB B
ycix cermeHTax cteOna ¢ikcyBamics Ha 14-Ty o0y
BiJl mouarky mBiTIHHA y a3y ¢dopMyBaHHS
sepHiBkn (BBCH 71), micns d4oro piBeHb
MOCTYIIOBO  3MEHIIyBaBcs 110 (a3d  IOBHOI
CTUIJIOCTI ~ 3€pHA  BHACHIJOK  peMoOimizarlii
ACUMIIATIB A PO3BUTKY 3CpHIBKH. Y Tmepion
MaKCHMAJbHOTO  HAKOMWYEHHS  HAHOUIBIIUMH
3HaYeHHSIME TTUTOMOro BMicTy BPB Bim3Hawammcs
TpeTe 1 Apyre MiXBY3Is cTeOna (paxyrodn 3BEpXy)
3a 000X PEXUMIB MOJMBY B YCIX HOCIHiHKEHUX
TEHOTHUTIB. Y IJIMCTKOBUX TIXBaX CIIOCTEPIiraBcs
Halimentmii BMicT BPB, skuit y cepemabomy OyB
NpUOIM3HO B JiBa pa3ud MCHIIUM 3a BiAMOBIIHI
3HaYEHHS y TPeTbOMY MDKBY3Ml  SIK 7S
KOHTPOJILHUX, TaK 1 JOCHIIHUX pOCIHUH. PiBeHb
HakonmueHHs BPB y  werBepTOoMy—I1’siTomMy
MDKBY3IISIX OyB B CEpeHBOMY JIOBOJIi BHCOKHM 1
mume Ha 10,6 1 13,3% HIWKYMM BiJ ITOKAa3HUKIB
TPETHOTO MIDKBY3JII Y POCJIUH KOHTPOJILHOTO i
JIOCJTIIHOTO  BapiaHTiB, BignoBimHO. BepxHe
MDKBY3JII ~ XapaKTepH3yBaloCsS  MPOMDKHUMHU
3Ha4YeHHsIMH TTOMOTO BMicty BPB, sixi Oymu B
CepeTHbOMY MEHIIIMMH, HIXK B TPETHOMY MIXBY3Ii,
Ha 34,5% B KOHTpOJBHUX pociuH i Ha 27,8% B
POCIIMH JOCIITHOTO BapiaHTy

3a  JaHUMH  JMCIEPCIMHOTO  aHaJi3y
JIOCJIDKEH] T€HOTUIIU 3arajioM 1ICTOTHO
BIIIPI3HSUIMCS 332 MAaKCUMAaJIbHUM PIBHEM BMICTY
BPB B okpemux cermeHtax cteOna. 3HaueHHS P
JUTSL BITMIHHOCTEH MiXK COpTaMH B IIIJIOMY 3a BCiMa
yacTuHamMu cteOna  popiBHioBain  0,0449  3a
ontumaineHoro nonuBy i 0,00001 3a xii mocyxw.
Copr Ilomonsnka map Haiipuii, a JiHia YK 065
HalHMX4l piBHI nmToMoro Bmicty BPB sax B
YMOBaxX ONTHMAJIBHOTO, TaK i 0OMEKEHOTO TIOJIUBY.
Bomnouac, y copry Ilomineceka HuBa Oynu
BUSBIICHI ICTOTHO BHWII[I TOPIBHSHO 3 IHIIUMHU
TEeHOTUIIAMH 3Ha4eHHs nuTtoMoro Bmicty BPB B
OKpeMHUX 4acTHHaX cTeOna y ¢asi nBiTiHHSL

OOMeXeHHS TONHMBY Ha II0YAaTKy HaJHBY
3epHIBOK  3MIHIOBAJIO  piBEHb 1  JMHAMIKY
HakonuueHHs BPB y cTe0mi, 0coOnuBo icTOTHO B
copry Haramka i mimii YK 065. IlpunuHeHHs
MOJIUBY JOCTIAHUX POCIHH BIPOIOBXK TPHOX [0
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The time profiles of the specific content of
WSC per unit of dry matter weight in the stem
segments during the reproductive development
of plants of the studied wheat genotypes were
generally similar; however, the WSC content and
its ontogenetic changes in separate parts of the
stem differed significantly (Fig. 3). Short-term
drought had a considerable effect on the profile
of this parameter.

The highest specific content of WSC in all
segments of the stem was recorded on day 14
after the anthesis onset, at the grain watery ripe
stage (BBCH 71), then the WSC level gradually
decreased to the complete grain ripeness stage
due to the remobilization of assimilates for the
grain  development. During maximum
accumulation, the third and second internodes of
the stem (counted from the top) showed the
highest specific content of WSC under both
watering modes in all studied genotypes. Leaf
sheaths had the lowest content of WSC, which
on average was about two-fold lower than the
corresponding values in the third internode in
both control and treated plants. The fourth—fifth
internodes accumulated WSC quite intensively:
the mean WSC content in these internodes was
only 10.6 and 13.3% lower than that in the third
internode in control and treated plants,
respectively. The uppermost internode was
characterized by intermediate specific content of
WSC, which was lower on average by 34.5%
and 27.8% than that in the third internode of
control and treated plants, respectively.

ANOVA showed that the studied
genotypes differed significantly in the maximum
levels of WSC in the stem segments. P-values
for the inter-cultivar differences were 0.0449 for
all stem parts under optimal watering and
0.00001 under drought. Cv. 'Podolianka’ had the
highest specific content of WSC and line 'UK
065' had the lowest specific content of WSC
both under optimal and limited watering. At the
same time, the specific content of WSC in some
stem parts during anthesis was found to be
significantly higher in cv. 'Podilska Nyva' than in
the other genotypes.

Limited watering at the beginning of grain
filling changed the level and time profile of
WSC accumulation in the stem; these changes
were especially conspicuous in cv. ‘Natalka' and
line 'UK 065'. The 3-day cessation of watering to
reduce soil moisture to 30% FC decreased the
WSC content in stem parts on average by 10.8,
7.9, 20.5, and 23.8% related to the control in cvs.
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JUI 3HWKEHHS BOJIOTOCTI IpyHTY 1o piBHS 30 %
[1B npuzBoauno no 3menuieHHs: BMicty BPB B
yacTHHax ctelna B cepeaubomy Ha 10,8, 7,9, 20,5 i
23,8 % BIIHOCHO KOHTpOIO y copTiB [TomomnsiHka,
IMominechka ©HuBa, Haramka 1 mail YK 065,
BIIIOBIAHO.

YpomoBxk Tmepiogy OOMEKEHOTO IOJUBY
nociaigaux pociud (3 11-1 mo 22-ry noly micis
MOYaTKy MBITIHHSA) muTomMuid BMmicT BPB y
CerMeHTax cTeOlia 3HMKYBaBCA SK Y IOCIIIHMX,
TaKk 1 y KOHTPOJBHHUX POCIWH, OJHAK Pi3HOIO
Miporo. 3a ONTUMAJILHOTO TOJIUBY MaAiHHS PiBHSA
BPB B cepemHboMy ISl JIOCIHiDKEHUX YacCTHH
ctebnma craHoBwio y copriB  [logonsHka,
IMominechka ©HuBa, Haramka 1 mail YK 065,
Bigmosiguo, 25,7, 40,3, 44,4 i 33,2%, a 3a mii
MOCYXH 3HWKCHHS ICTOTHO TMOCHIIIOBAJIOCS 1
cranosuiio 56,3, 71,8, 71,7 i 65,0%, BiAMOBIiAHO.
ToOTO, 32 HEZOCTATHHOTO 3BOJIOYKEHHS HIBHIKICTDH
3HWKEHHSI BMICTY JICIOHOBaHUX Yy  creOmi
BYIJICBOZIB HAa paHHIX eTamax HaJlWBy 3€pHa
3pOCTaJo MaifKe BIBIYI.

VY nopanbioMy B XOJi J03piBaHHS 3€PHIBKU
nuTomuid BMicT BPB 3HmKyBaBcs 10 MiHIManbHUX
3HAUCHb, MMPAKTHYHO OJHAKOBUX JUIS PI3HUX YaCTHH
credna, y PpOCIMH OUIBIIOCTI  JIOCIHIiHKEHUX
reHoTuniB. HexapakTepHO BHINNI 3HAYCHHS I[HOTO
MOKa3HUKa 3a(iKCOBaHI B HI)KHIX MDKBY3JSX 1
JUCTKOBUX TIXBaX KOHTPOJBHOTO BapiaHTa IiHIi
YK 065.

ITocyxa He 3MiHIOBaJAa  3aJMIIKOBUI
nutomuid Bmict BPB y ¢a3y nosHoi cturnocti B
yacTuHax ctebna pocnuH copty [lomonsmHka (B
cepenaboMy 4,38% y KOHTPOJBHHMX POCIHH 1
4,50% y nmocHimHUX), MPOTE 3arajioM 3HIDKYBalla B
copriB Iominbchka HUBa Ta Haranka (4,50 i 2,30%
ta 5,43 1 3,87%, BiANOBIIHO), a2 TAKOX y HIKHIX
MDKBY3JISIX 1 IMCTKOBUX TixBax JiiHiT YK 065.

OTtpumaHi HAMH pe3yNbTaTH MO0 AWHAMIKH
Bmicty BPB B cermeHrax crteOma miieHuIl 3a
ONTHMAJIGHOTO 3BOJIOXKEHHS 1 [l TOCYXH Ha
no4aTKy (OpMyBaHHS 3€pHIBOK B OCHOBHHUX prcax
30iraroThCsl 3 JAHUMH IHIMUX aBropiB [12, 25] i
HAIUX JIOCII/DKCHb, B SIKMX POCIUHH ITiJIaBaJIHCs
nii mocyxw B niepiox 1BitiHHSA [40]. ITocyxa icToTHO
3MEHIIyBaJla. MAKCUMAJIbHUI PiBEHb HAKOMYEHHS
PE3EpBHUX BYIJIEBOIB y cTeOlli 1 MPUIIBHUITYBajIa
OHTOTCHETUYHE 3HW)KCHHS iX BMICTy BHACIIIOK
pemoOinmizauii. Ilpore y maHomy mocnmimi, Ha
BiJIMiHY BiJl 3a3HAUCHHX Mpallb, BMICT BYIJICBOJIB
HE MIJBUIIYBABCS HA TOYATKY MEPIOAY MOCYXH, IO
BiZI3HAYA€THCSl AK TUIOBA AJalTHBHA pPEaKLis
pociuH [9, 10]. lle MO)XHA TIOSICHUTH THM, IO B
JAHOMY JTOCIii Mepiof MOCYXH PO3MOYMHABCS Ha
Olmpmr  mi3Hi  ¢a3i  po3BuTKy (hopMmyBaHHS

'Podolianka’, 'Podilska Nyva', and 'Natalka' and
line 'UK 065, respectively.

During the limited watering period (from
day 11 to day 22 after the anthesis onset), the
specific content of WSC in stem segments
decreased in both treated and control plants, but
to a different extent. Under optimal watering, the
mean decline in the WSC levels in the studied
parts of the stem was 25.7, 40.3, 44.4, and
33.2% in cvs. 'Podolianka’, 'Podilska Nyva', and
'‘Natalka' and line 'UK 065', respectively; the
decline was significantly greater under drought,
amounting to 56.3, 71.8, 71.7 and 65.0%,
respectively. Hence, the rate of decline in the
stem-deposited carbohydrate content at the early
stages of grain filling increased almost twice
under insufficient watering.

Later, during the grain ripening, the
specific content of WSC decreased to minimum
values, which were very similar in different parts
of the stem in plants of most of the studied
genotypes. Unusually higher values of this
parameter were recorded in the lower internodes
and leaf sheaths in line 'UK 065" in the control.

Drought did not change the residual
specific content of WSC at the complete ripeness
stage in stem parts of cv. 'Podolianka’ plants (on
average 4.38% in the control plants and 4.50%
in the treated ones), but reduced it in cvs.
'Podilska Nyva' and 'Natalka' (4.50 vs. 2.30%
and 5.43 vs. 3.87%, respectively); the same
pattern was observed for the lower internodes
and leaf sheaths in line 'UK 065'".

Our results on the WSC content over time
in wheat stem segments under optimal watering
and drought at the beginning of the grain
formation mainly agree with other authors' data
[12, 25] and our findings, where plants were
exposed to drought during anthesis [40].
Drought significantly reduced the maximum
accumulation of reserve carbohydrates in the
stem and accelerated the remobilization-caused
ontogenetic decline in their content. However, in
this experiment, unlike the above-mentioned
studies, the carbohydrate content did not
increase at the beginning of the drought period,
which is considered as a typical adaptive
response of plants [9, 10]. This can be explained
by the fact that in this experiment drought was
initiated at a later stage of development (grain
watery ripe) when the WSC content in stem
segments was already  high  enough
(approximately two-fold higher than in the
experiment described in [40]) .

The time profile of the total amount of
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3epHiBKH), konu BMicT BPB B cermenTax crebma
OyB YK€ OCTaTHbO BHUCOKHMM (IIpUONM3HO B JBa
pasu BUILUM, HIX B JOCIifl, OMMCAHOMY B POOOTI
[40]).

Junamika BanoBoi kinekocTi BPB y ctebmi 1
fioro OKPEeMHX YacTUHAX BIIPOZIOBXK
JIOCHTIKYBAaHOTO TICPiONy BHU3HA4YaJlacs 3MiHAMHU
nutomoro Bmicty BPB i macu cyxoi pedoBuHH

(puc. 4).

600

WSC in the stem and its parts during the studied
period was determined by changes in the specific
content of WSC and dry matter weight (Fig. 4).
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Puc. 4. Tunamika kinpkocTi BPB y MixkBYy3151X cTe61a 1 TUCTKOBUX MiXBaX POCIHH Pi3HUX TCHOTHITIB 03UMOT
MIIeHHI 3a onTUMaIbHoTO 3BostoxkeHH: (K) 1 mif kopoTkowacHOT mocyxu B mepion (hopMyBaHHSA—TIOYaTOK HAIUBY
sepuiBku (BBCH 71-75) ().

Fig. 4. Time profiles of the WSC amount in the stem internodes and leaf sheaths of winter wheat plants of
different genotypes under optimal moisture (K) and short-term drought () during the “grain watery ripe —
medium milk" period (BBCH 71-75). X axis — Day after the anthesis onset, Ontogenic stage; Y axis — WSC
amount, mg. Other designations are as in Fig. 3.

Y Bcix reHotumiB 3a 000X PEXHUMIB IOJIHBY
KiTbKicTh BPB nocsrana mMakcumaibHOTO piBHS Ha
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In all genotypes, the WSC amount reached its
maximum on day 14 after the anthesis onset and
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14 noOy micns mo4yaTKy LBITIHHS, @ MICJsA LBOTO
pi3k0 3HMXKyBajlacs, BiIOOpaXaro4M AaKTHBHICTb
pemoOinizaiii BPB mis HanuBy 3epHIBOK.

Brpomopx 14 mi0 Bix movarky IBITIHHS 3a
ONTUMAJIFHOTO IIOJNMBY BajnoBa KuibKicTh BPB B
creOm 3aranmoMm 3pociia B coptiB [lomonsHka i
Haranka mnpubnuzHo B 3 pa3u, a y CcOpTy
[Tominechka HuBa 1 JiHii YK 065 — B 2,6 paza.
HaiiOumpmi  MakcMManbHI  3HAYEHHS  BaJIOBOTO
BMmicTy BPB B cTe0ui B 11inomy Oynu 3adikcoBani y
coptiB Ilomonsuka i Ilominbchbka HUBA, y COpPTY
Haranka 3HaueHHS TIOKa3HWKAa Oylio MEHIIHM
npubnuzHo Ha 10%, a y ninii YK 065 —Ha 20%.

3a Bkazanmid mepion y copty llomonsHka
kinpkicte BPB Haiibinbe 3pocrana B Apyromy i
TpethoMy MiKBY3IsIX (y 4,5 1 3,9 pasa,
BIJIMOBIIHO), TPUPICT B IHIIMX YacTUHAX cTeOna
OyB meHmmM (mpubnusHo B 2,5 paza). Y copry
[Mominbchka HwuBa pmemo  Oinmbre  3pocTaHHS
kimekocti  BPB  (mpubnusno B 3,3 paza)
BiZI3HAYaJI0Cs y TPEThOro i 4-5-T0 MIXKBY3MiB, TOII
SK Y TEpIIOro i Ipyroro BOHO CTAHOBUJIO ONM3BKO
2,8 paza. Y copry Haranka kinmbkicte BPB Tex
Jietno Oinblie 3pocTana B HIDKHIX MDKBY3IIsIX (B 3,7
pasa) i HaliMeHIIle — B IiKOJIOCOBOMY MiXKBY3i (B
3,1 paza). Jus nminii YK 065 3HauHo OLibImid
npupict kiiekocti BPB BigszHaueno y npyromy
MDKBY3I (B 4,4 pa3a), MOPiBHSIHO 3 IPHOIU3HO 2,6
pasza B IHmMMX MDKBY3JsX. HaiimeHre 3pocTaHHS
kimekocTi BPB y Bcix copTiB Oynmo XapakTepHUM
JUTSI JINCTKOBUX MixB — Bix 1,5 mo 2,3 pa3a.

3a ONTHMaNBbHOIO TIOJIUBY B  IEpiof
MaKCUMaJbHUX 3HaueHb HAHOUIbIIA YacTHHA
3aranbHOi KibkocTi BPB cTeOna HakonmuyBasacs
B CepelHIX MIXBY3/X. YacTka APyroro MixBy3Js
31e0ibioro Oyna HANBUINO 1 BapitoBaia Bij
30,2 % y ainii YK 065 no 24,9% y copty Haranxka,
YacTKa TPEThOro Oyna Jemo Hk4or — Bix 28,5%
y lloninecekoi HuBM mo 21,1 y copry Haranxa.
Haiimenmni  3HayeHHss Oynu  3adikcoBaHi  JIs
BEPXHBOTO MiXKBY3Js1 — Bif 12,1% y [lomonsuku, 1o
18,2% y Haranku, a Takox JNHCTKOBUX ITiXB — BiJl
13,3% y Haranku mo 16,1% y [Homonstaku. st 4—
5 MiKBY37iB OynM XapakTepHUMH HPOMiDKHI
3HaueHHs B Mexax 15,6 % y ninii YK 065 122,5%

y copty Haranka.
Chin BiI3HAYUTH, IO B IPYTOMY i TPETHOMY
MDKBY3JISIX ~ CyMapHO  JIENOHYBajocs  Oiniblue

MOJIOBUHM 3arajibHoi KiumbkocTi BPB crtebnma y
POCIIMH yCiX T€HOTUHIB, KpiM copTy Haramka, y
SIKOTO IIeH TOKa3HUK cTaHOBUB 46%. Jlms mporo
COpTY, Ha BiIMIHY BiA IHIIMX, YacTKU BCIX
MDKBY3IIIB y 3arajibHii Kinbkocti BPB cTetna Oymu
JOCHUTH OIIN3bKUMM.

[locyxa BmnmBajma Ha 3arajbHy KUIBKICTh

then sharply decreased, reflecting intensive
remobilization of WSC for grain filling under
both watering modes.

Within 14 days from the anthesis onset,
under optimal watering, the total amount of
WSC in the stem increased by approximately 3
times in cvs. 'Podolianka’ and 'Natalka' and by
2.6 times in cv. 'Podilska Nyva' and line 'UK
065'. The highest values of the total content of
WSC in the stem were recorded for cvs.
'Podolianka’ and 'Podilska Nyva'; this parameter
was approximately 10% lower in cv. 'Natalka'
and 20% lower in line 'UK 065'.

During the specified period, the WSC
amount increased the most in the second and
third internodes (4.5- and 3.9-fold, respectively)
in cv. 'Podolianka’; the increase in other parts of
the stem was smaller (approximately 2.5-fold).
In cv. 'Podilska Nyva', a slightly greater increase
in the WSC amount (approximately 3.3-fold)
was noted in the third and fourth—fifth
internodes, while it was about 2.8-fold in the
first and second ones. In cv. 'Natalka', the WSC
amount also increased slightly greater in the
lower internodes (3.7-fold) and the least in the
peduncle (3.1-fold). As to line 'UK 065, there
was a significantly greater increase in the WSC
content in the second internode (4.4-fold)
compared to an approximately 2.6-fold increase
in the other internodes. The smallest increase in
the WSC amount (1.5- to 2.3-fold) was noted in
leaf sheaths of all cultivars.

Under optimal watering during the period
of maximum values, the largest portion of the
total amount of WSC in the stem was
accumulated in the middle internodes. The share
of the second internode was mostly the highest,
varying from 30.2% in line 'UK 065' to 24.9% in
cv. 'Natalka'; the share of the third internode was
somewhat lower, varying from 28.5% in cv.
'Podilska Nyva' to 21.1% in cv. 'Natalka'. The
lowest values were recorded for the uppermost
internode (from 12.1% in cv. 'Podolianka’ to
18.2% in cv. 'Natalka') and for leaf sheaths (from
13.3% in cv. 'Natalka’ to 16.1% in cv.
'Podolianka’. Intermediate values of 15.6% in
line 'UK 065' and 22.5% in cv. 'Natalka' were
characteristic for 4-5 internodes.

It should be noted that the second and
third internodes deposited more than half of the
total amount of stem WSC in all genotypes,
except for cv. 'Natalka', in which this parameter
was 46%. In this cultivar, unlike the others, the
shares of all internodes in the total amount of
stem WSC were quite similar.
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mermoHoBaHux B crebni BPB. MakcuManbHui
piBens HakonuueHHs BPB y crteOni B minomy y
copriB [Tomonsuka i Iloginschka HuBa 3HM3MBCS Ha
15 %, B copty Haranka — Ha 24%, a y copty YK
065 — ma 25%. XapaktepHo, IO B YCiX
JOCJTI/PKEHUX TEHOTHITIB HAKOIMMYEHHS PE3ePBHUX
BPB 3a nii mocyxu HalicuJbHiIIE 3MEHIITYBAJIOCS B

HWKHIX ~ 4-5  wmbkBy3msax.  Hazaran s
JIOCITITPKEHUX TeHOTHITIB PO CTEKYBAIACS
TEHJICHIII 3MEHIUCHHS HEraTMBHOTO  BIUJIMBY

BOAHOrO Jedinuty Ha KinbkicTe BPB y MixkBy3ms1X
13 MmigBHILEHHAM sipycy. [is mocyxu Ha KinbKiCTh
BPB y nucTkoBUX mixBax Oysia MEHIII BUPAXKEHOIO 1
HEoAHO3HaYHOI0, y copTiB [lomonsuka 1 Haramka
Bi/I3HAUCHO HEBCIIMKE 3HWKCHHSI, a B COPTY
IMominbcbka HuBa 1 minil YK 065 mnigBuiieHHs
JIAHOTO MTOKa3HUKa.

3HaYHO MOMITHIIIMM OyB BIUTUB MOCYXH Ha
mBUAKICTE pemoOimizamii BPB i3 crebma. Tak,
SKIIO 3a ONTUMAQJBHOTO TIOJMBY 3MEHIIEHHS
BaJioBoi KinbkocTi BPB y cTebni 3a nepion Big 14-1
no6u micas nmouyarky usitinas (BBCH 71) no 22-1
(BBCH 75) y coprie Ilomonsuka, Ilominbceka
HuBa, Haranka i minii YK 065 cTaHOBHIO OIHU3BKO
48, 63, 53 1 49 %, To 3a mii mocyxu — 80, 82, 78 i
75%, BigmosigmHo. To0To, 3a HEZOCTATHHOIO
3BOJIOYKEHHS [IBUIKICTB pemoobiizarii
JETIOHOBAHUX y CTeOm BYIVIEBOAIB Ha paHHIX
eTanax HaJMBY 3¢pHA y POCIMH IIIEHHUIIl 3pocTala
npubnu3Ho B 1,5 pasa, i mpu 1pOMY 3a KOPOTKHI
nepiol BHKOPUCTOBYBajiacs MEpEBakHa YaCTHUHA
JIETIOHOBAHOTO pe3epBy BymieBoAiB. Lle cBimunTh
OpOo  3pOCTaHHA  BAKJIMBOCTI  BHUKOPHCTaHHS
JIETIOHOBAHKX BYTJICBOJIB JJIsl PO3BUTKY 3€PHIBOK i
(hopMyBaHHS BpOXKAIO 32 CTPECOBUX YMOB Ha (hOHI
3HIDKCHHS MPOIYKTHBHOCTI MOTOYHOTO
(dhoTOCHHTE3Y.

3anumkoBa Kinekicte BPB  manpukinmi
BererTauii B OKpPEMUX CErMEHTax Iarosa i creOii B
uinomy y coptiB Ilomonsaka i Ilominbcbka HUBa
Oyna meHmIoro, HiX y copty Haranka i minii YK
065. Oco6mnuBo HU3bKHMH 3HAYEHHSIMHU
BUPI3HSUTUCST POCTMHHU JIOCJITHOTO BapiaHTa COPTY
[Tominbchka HuBa. Kinbkicts BPB B misomy cre6mi
y JAOCHIJHMX POCIMH IIbOTO COPTYy  MICHA
3aBepIeHHs] BereTamii ctaHoBwia 21 mr i Oyna
MPUONU3HO BIBiYI MEHIIOK, HDK Y BiAMOBITHOMY
BapianTi coptiB [logomnsaka, Haranka ta minii YK
065.

KpiMm Toro, okpemi uactuHm cTeOna
BIZIPI3HSUIMCST 332 CTYNEHEM 3HMKEHHS KiJIbKOCTi
BPB. Bignocuno MaKCHMaJbHUX  3HAYCHb
3ajgumkoBa  Kinbkicte  BPB  ctanoBmma B
CEepeIHBOMY Il KOHTPOJBHHX 1 JOCHIIHUX
pociuH, BiAmoBigHO, 9,5 1 8,9% Mg BepxXHBOTO
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Drought affected the total amount of WSC
deposited in the stem. The maximum WSC
accumulation in the entire stem decreased by
15% in cvs. 'Podolianka’ and 'Podilska Nyva', by
24% in cv. 'Natalka', and by 25% in line 'UK
065'. Characteristically, in all studied genotypes,
the drought-affected accumulation of reserve
WSC decreased the most in the lower (fourth-
fifth) internodes. In general, there was a
downward trend in the negative impact of water
deficit on the WSC amount in upper internodes
in the studied genotypes. The effect of drought
on the WSC amount in leaf sheaths was less
pronounced and ambiguous: there was a slight
decrease in cvs. 'Podolyanka’ and 'Natalka' and
an increase in cv. 'Podilska Nyva' and line 'UK
065'.

The effect of drought on the WSC
remobilization rate from the stem was much
more noticeable. Under optimal watering, the
reduction of the total amount of WSC in the
stem over the period from day 14 after the
anthesis onset (BBCH 71) to day 22 (BBCH 75)
was about 48, 63, 53, and 49% in cvs.
'Podolianka, 'Podilska Nyva', and 'Natalka' and
line 'UK 065, respectively, while under drought,
it was 80, 82, 78 and 75%, respectively. That is,
under insufficient watering, the remobilization
rate of stem-deposited carbohydrates at the early
stages of grain filling in wheat plants increased
by approximately 1.5 times and the bulk of the
deposited reserve carbohydrates was used within
a short period. This indicates the growing
importance of using deposited carbohydrates for
grain development and yield formation on
decreased productivity of current photosynthesis
under stressful conditions.

At the end of the growing period, the
residual amount of WSC in some segments of
the shoot and in the entire stem of cvs.
'Podolianka’ and 'Podilska Niva' was lower than
that in cv. 'Natalka' and line 'UK 065'. The
treated cv. 'Podilska Nyva' plants were
distinguished by particularly low values. The
WSC amount in the entire stem in treated plants
of this cultivar at the end of the growing period
was 21 mg or approximately half as much as in
cvs. 'Podolyanka’ and 'Natalka’ and line 'UK
065'.

In addition, stem parts differed in the
degree of reduction in the WSC amount. Related
to the peak values, the mean residual amount of
WSC was 9.5 and 8.9% in the uppermost
internode of control and treated plants,
respectively; 6.1 and 5.3% in the second
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MixkBYy37s, 6,1 1 5,3% mns npyroro MixBy3is, 6,2 i
5,4% nna tpetporo MikBy3ma, 9,3 1 10,2% mus
HWKHIX MIDKBY3JIB, MPOTE iCTOTHO BHIIi 3HAYECHHS
— 31,41 19,7% — cnoctepiraiucs s JUCTKOBUX
mxB. buipln BIZHOCHI 3HAYEHHS 3aJIMIIKOBOL
kipkocTi BPB cBiquats mpo ripiry edekTuBHICTh
pemMoOimi3anii acUMiNATIB 13 IUX 4YacTWH cTeOna
MOPIBHSHO 3 APYTUM 1 TPETIM MiXKBY3IISMHU.

3a pi3HHICI0 MK MAaKCUMallbHUMHU PiBHSIMH
BajoBoi  Kimbkocti BPB 1 3anummkoBumn
3HaueHHsMH B (a3l TOBHOI CTUIIIOCTI 3epHa
OLIIHIOBAJIM KUMBbKiCTh pemobinizoBanux BPB 3
OKpEeMHUX CErMEHTIB cTeOna IiJi 4ac HaJMBY 3epHa
(puc. 5). 3a onTUManbHOTrO MOJIMBY HaWOiNbINa
KUIBKICTh pemoOinizoBannx BPB i3 crebma B
oMy BusiBlieHa y copty [lononsaka. [Toka3nuk
OyB Oinbmmm Ha 10,6%, HiX y copTy Ilominabcbka
HuUBa, Ha 20,5% — Hix y copty Hatanka i Ha 42,6%
— mibk y maii YK 065, xoua BimMiHHOCTI Oynn
CTaTUCTHYHO BiporimHumu jwmmie mono JiHii YK
065. ITocyxa 3MEHIIyBaja KUTBKICTB
pemoOinizoBarnx BPB na 18,6, 11,0, 23,9 1 24,9%
y copriB [Tomonsmka, [Tominscbka HUBa, Haranka i
ninii YKO065, BignoBigHo. Y IOCHIIHOMY BapiaHTi
3arajibHa KUIbKiCTh pemoOimizoBanux BPB i3
crebna B 11ioMy y copriB [lomonsaka i [Tominabcbka
HuBa Oyra MaiiKe OJIHAKOBOIO 1 TepeBHIIyBaia
MOKa3HUK y copTy Hatanka na 22,5 %, a y ninii YK
065 —na 35,3%.

600
B [MoponsaHka K
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R Hatanka K
_ 400 YK 065K
=
300
200
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BepxHe Opvre

internode; 6.2 and 5.4% in the third internode;
9.3 and 10.2% in the lower internodes, but
significantly higher, 31.4 and 19.7%, in leaf
sheaths. Larger relative values of the residual
amount of WSC indicate a worse efficiency of
remobilization of assimilates from these parts of
the stem compared to the second and third
internodes.

Based on the difference between the
maximum levels of the total amount of WSC and
the residual amount at the full grain ripeness
stage, the amount of WSC remobilized from
different segments of the stem during grain
filling was estimated (Fig. 5). Under optimal
watering, the largest amount of WSC
remobilized from the entire stem was recorded
for cv. 'Podolianka’. It was higher by 10.6% than
in cv. 'Podilska Nyva', by 20.5% than in cv.
'Natalka', and by 42.6% than in line 'UK 065,
although the differences were statistically
significant only for line 'UK 065. Drought
reduced the remobilized WSC amount by 18.6,
11.0, 23.9, and 24.9% in cvs. 'Podolianka’,
'Podilska Nyva', and 'Natalka' and line 'UK 065’
respectively. In the treated plants, the total
amounts of WSC remobilized from the entire
stem in cvs. 'Podolianka’ and 'Podilska Niva'
were very similar, exceeding the corresponding
values by 22.5% and 35.3% in cv. 'Natalka' and
line 'UK 065'".

OMoponsHka [
BTloginbcbka HMBa [

OHaTanka [
ayKoes [

HWwKHi MixBn 3aranom

Puc. 5. Kinbkicts pemo06inizoBanux BPB (Mr) 3 okpemux cermMeHTiB i cTebiia B [IUJIOMY Y COPTIB 03UMOT
MIIeHHN] 3a onTuMaiabHoTo 3BostokeHH: (K) 1 xif kopoTkogacHOT mocyxu B mepion (hopMyBaHHSA—TIOYaTOK HATUBY
sepuiBku (BBCH 71-75) (1).

Fig. 5. The amount (mg) of WSC remobilized from individual segments and the entire stem in winter wheat
under optimal moisture (K) and short-term drought ([) during the "grain watery ripe — medium milk" period
(BBCH 71-75). X axis: Bepxue mixBy3inst — Uppermost internode (peduncle), Mixxsy3nst — Internode, ITixBu —
Leaf sheaths, 3aramom — Total. Y axis: mr — mg. Other designations are as in Fig. 3.
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Haiibinpma KUTBKICTB BPB Oymna
pemMoOiTizoBaHa 3 JPyroro Mi>KBY3JIs 1 CTAHOBUJIA B
cepeHbOMY Onm3bko 28 % Bl 3araibHOi y
KOHTpOJBHUX pocyuH 1 30% y mocnigaux (puc. 6).
[ns coptiB Bin3HayeHa TEHIACHLIS 30UIbIICHHS
YaCTKH I[LOTO MIXKBY3JIA 32 Jii mocyx, a y niHii YK
065 — 3meHmeHHs. YacTka TPETHOTO MiKBY3JIA
CTaHOBWJIA B cepeaHboMy 24% 3a 000X peKUMiB
MONIUBY, clHab0 pi3HWIACS MDK BapiaHTaMu JUIs
OULTBIIOCTI JIOCHIDKEHUX TEHOTHIIIB, KPIM COpTY
[Moxminbcpka HUBA, y SKOTO Y JOCHITHUX POCIHH
Oysa MEHIIIOIO TOPIBHSAHO 3 KOHTposieM. KiinbKicTh
pemoo6inizoanux BPB cymapHo 3 4-to i 5-ro
MDKBY3JiB OyJla MEHIIOIO TOPIBHSHO 3 OKPEMO
B3ATUMH JIPYT'MM Yd TPETIM Ta y BCIX I€HOTHIIIB
ICTOTHO 3MEHIIyBanacsi 3a Jii mocyxu. Brumms
nocyxu OyB 3yMOBJICHHI B MIEPIIy Yepry 3rajaHuM
BUILIC 3MCHIICHHSIM HakonuyeHHs BPB, xouda
3anumKoBa Kutbkicte BPB  mposBisiza  meBHy
TEHJICHITIIO JIO MiJBUINEHHS. Y CepeIHhOMY YacTKa
HIDKHIX MDKBY31TiB cTaHoBHia Onmuspko 20 % 3a
ONTUMAJIHOTO MONUBY 1 Tpoxu MeHie 14% 3a nii
MOCYXH. Haiimenma KUIbKICTB BPB
peMoOiTi3yBajacs 3 IiJKOJIOCOBOIO MIXKBY3JIS Ta
JUCTKOBUX MiXB — B cepenHboMy mpubmuzHo 11 i
14 Ta 11 i 16% B KOHTPOJNBHUX 1 MJOCITITHHX
POCIIMH, BiAMOBIIHO.

The largest amount of WSC was
remobilized from the second internode,
averaging about 28% of the total in control
plants and 30% in treated ones (Fig. 6). There
was an upward trend in the share of this
internode in the cultivars and a downward trend
in line 'UK 065" under drought. The share of the
third internode averaged 24% under both
watering modes; it differed slightly between the
variants in most of the studied genotypes, except
for cv. 'Podilska Nyva', in which it was smaller
in the treated plants compared to the control
ones. The total amount of WSC remobilized
from the fourth and fifth internodes was smaller
compared to that from the second or third
internode taken separately and significantly
decreased under drought in all genotypes. The
drought impact was manifested primarily as the
above-described decrease in the WSC
accumulation, although a certain upward trend in
the residual amount of WSC was observed. On
average, the share of the lower internodes was
about 20% under optimal watering and slightly
less than 14% under drought. The smallest
amount of WSC was remobilized from the
peduncle and leaf sheaths: on average,
approximately 11 and 14 vs. 11 and 16% in
control and treated plants, respectively.

40
35
30
25
20
15

10

% 3aranbHoOi KinbkocTti BPB

r H [TogonsiHka K OTlMogonsHka [
A [Moginbcbka HMBa K OTMoginbceka HyBa [
& Hatanka K ®MHatanka [

M- YK 065 K oYK 065 [

BepxHe

Opyre Tpete HwxHi Mixsun

Puc. 6. Yactka okpemux gactut (%) y 3aranbHii KitbkocTi pemoOutizoBanux BPB i3 cre6na B pocnun
03UMOI MIICHHUII PI3HUX TSHOTHUIIIB 32 ONTHUMAIBHOTO 3BoNoXkeHHs (K) 1 1ii KOpOTKOUACHOT TOCYXH B MEPio]
(opmyBaHHI—TI09aTOK HanuBy 3epHiBkH (BBCH 71-75) (/). BigmiaHOCTI MiXk OKpeMHUMH YacTHHAMH cTebIa

Biporiani 3a p < 0,05.

Fig. 6. Shares of separate stem parts (%) in the total amount of WSC remobilized from the stem in winter
wheat plants of different genotypes under optimal watering (C) and short-term drought (D) during the "grain
watery ripe — medium milk" period (BBCH 71-75). Y axis: % 3aransHoi kizbkocti BPB — % of the total amount
of WSC. Differences between separate parts of the stem are significant at p < 0.05. Other designations are as in

EdextuBnicts pemobinizanii BPB i3 crebna,
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Fig. 5.

The efficiency of WSC remobilization
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AK 1 B Jocmiai 3 mocyxoro B ¢a3zi 1BiTiHHS, Oyna
BHCOKOIO 1 ONM3BKOIO B YCiX cCOpTiB 3a 000X
pexxuMiB monuBy (puc. 7). Bona mpaktudHO He
BIIpI3HSIACH Y  POCIMH  KOHTPOJIBHOTO  Ta
JOCJIIHOTO BapiaHTiB. B KOHTpoibHOMY BapiaHTi
Jienmo Bua e(eKTHUBHICTH peMobimizamii Oyna
BigzHauyeHa y coptiB [lomonsnka i Iloainbcbka HUBa
- 9233 i 90,1 %, simnoBimHo. Tpoxu HIDKYI
3HAQUeHHs TIOKa3HWKa Oymu copry Haramka i
cenekuiaol minii YK 065 — maibke 87,2 1 80,4 %,
BignmoBimHO. 3a mil  mocyxu  e(eKTUBHICTh
pemoO6inizanii BPB mnposBisima TeHaeHuioo Ao
nigBuiieHHs y copty [loginberka HuBa (95,1 %) Ta
ninii YK 065 (87,8 %), HE3HAYHOTO 3HMKCHHS Y
copty llogonsaka (90,1 %) 1 He 3MiHIOBamacs y
copry Haranka (87,4 %). Lli He3nauHi 3MiHH,
3arajioM, Y3TO/KYBaJWCSl i3 3a3HaYCHUMH BHIIE
BIAMIHHOCTSAMH B 3aJHIIKOBiii Kinbkocti BPB B
crebmnax (puc. 4).
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from the stem, like in the drought experiment
during anthesis, was high and similar in all
cultivars under both watering modes (Fig. 7). It
almost did not differ between control and treated
plants. In the control, a slightly higher
remobilization efficiency was noted in cvs.
'Podolianka’ and 'Podilska Nyva': 92.33 and
90.1%, respectively. Cv. 'Natalka' and line 'UK
065' had slightly lower values of the parameter:
87.2 and 80.4%, respectively. Under drought,
there was an upward trend in the efficiency of
WSC remobilization in cv. 'Podilska Nyva'
(95.1%) and line 'UK 065 (87.8%), a slight
decrease in this parameter in cv. 'Podolianka’
(90.1%), and no change in cv. 'Natalka’
(87.4 %). These minor changes, in general, were
consistent with the above-mentioned differences
in the residual amount of WSC in the stem (Fig.
4).

O focnia

Moponanka lMopinbcbkaHmBa Hatanka

YK 065

Puc. 7. EpexruBnicts pemoOiunizanii qenoHoBanux y credni BPB y pocnun 03umoi nieHuti pisHux
TCHOTHIIIB 32 ONTHMAIBHOTO 3BOJIOKEHHS (KOHTPOJIHB) 1 Aii KOPOTKOYACHOT MOCYXH B mepiox GpopMyBaHHI—
noyarok HaymBy 3epHiBkH (BBCH 71-75) (mocmin). [Ipencrarieni ycepenHeHi sl BCiX YacTHH cTeOra

3HAUYCHHA.

Fig. 7. Stem-deposited WSC remobilization efficiency in winter wheat plants of different genotypes under
optimal moisture (control) and short-term drought during the "grain watery ripe — medium milk™ period (BBCH
71-75). Mean values for all parts of the stem are presented. X axis: E¢exrusnicts pemo6inizanii , % —
Remobilization efficiency, %. Koutpons — Control, Jociig — Drought.

PemoOinizoBani i3 crebnma BPB Oy
ICTOTHUM JDKEPEJIOM aCUMUIATIB TSl HAIUBY 3€pHA
(puc. 8). BHecox [enOHOBaHMX AaCUMIIATIB Yy
3epHOBY TMPONYKTUBHICTH 32 000X PEKHUMIB
3BOJIOKCHHS OYB HAWOUIBIIMM B  E€KOJIOT'IYHO
mnactuyHoro copry llomomsituka — 32 % B
KOHTpPOJNBHOMY BapiaTi Ta 28,3 % B mociimHOMY
BapianTi. HaliMeHIIa yacTka pe3epBHUX BYIJICBOJIIB
B 3CPHOBIi  TPOAYKTUBHOCTI  BUSBICHA Y
BUCOKOIPOAYKTUBHUX TeHOTHITIB! copty

WSC remobilized from the stem were a
significant source of assimilates for grain filling
(Fig. 8). The contribution of deposited
assimilates to grain productivity under both
watering modes was the largest in the
environmentally plastic cultivar, 'Podolianka’:
32% in the control and 28.3% under drought.
The smallest share of reserve carbohydrates in
grain productivity was detected in high-yielding:
cv. 'Podilska Nyva' (21.3% and 24.6%,
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Ioninscerka HuBa (21,3 % 1a 24,6 %) i ninii YK065
(18,2 % Ta 224 %). Y copry Haraika nei
MOKa3HUK cTaHoBuB 27,4 % 3a HOPMaJILHOTO
pexxuMy 3BoniokeHHs Ta 24,3 % 3a 1ii mocyxu.
IixaBo BiJ[3HAYHTH, o y
BUCOKOTIPOJYKTHBHUX T'CHOTHITIB, $IKi CHJIBHIIIE
3HWDKYBAJIU 3€pPHOBY TPOIYKTUBHICTB 3a JIiT IIOCYXH
— TIlominecekoi mHuBu 1 mHIT YKO065, yactka
nenonoBannx BPB B maci 3epHa kosoca 3a fii
CTpecopa Jelo 3pocTasia HOPIBHAHO 3 KOHTPOJIEM,
1 HaBMmakW, Yy MEHII MPOAYKTHBHUX COpPTIB 3
MEHIIMMH BTPAaTaMH 3E€PHOBOI MPOIYKTUBHOCTI —
IMomonssuku 1 Haranku BHecok pesepBHux BPB
TPOXU 3HWXKyBaBcs. OYEBHIHO, pi3HA TEHACHIIIS
3MiH 4acTKu paenoHoBanux BPB y wmaci 3epna
KOJIOCa  3yMOBJICHA  KpaldM  BiJHOBJICHHIM
AKTUBHOCTI (POTOCHHTETHYHOTO amapary Micis il
ctpecy y copty llomonsiHka Ta OinbIl iCTOTHUM
BIUIMBOM TIOCYXH HAa KUIBKICTh HAKOMMYCHHX 1
pemo6inizoBanux BPB y copry Haranka.

respectively) and line 'UKO065 (18.2% and
22.4%). In cv. 'Natalka', this parameter was
27.4% under optimal watering and 24.3% under
drought.

It is interesting to note that in the high-
yielding genotypes, which stronglier reduced
grain productivity under drought, cv. 'Podilska
Nyva' and line 'UK 065", the share of deposited
WSC in the grain weight per spike was slightly
increased under the drought compared to the
control, and vice versa, in the less productive
cultivars  with  smaller losses of grain
productivity, cvs. 'Podolianka’ and 'Natalka', the
contribution of the reserve WSC decreased
slightly. It is obvious that the different trends of
changes in the share of deposited WSC in the
grain weight per spike can be attributed to better
restoration of the photosynthetic activity after
stress in cv. 'Podolianka’ and a more pronounced
impact of drought on the amount of accumulated
and remobilized WSC in cv. 'Natalka'.
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Puc. 8. Yactka (%) nenonoBanux y creoni BPB y maci 3epHa koJ10ca roJJOBHOTO TTaroHa POCIUH 03UMO]

TMIICHHIT] PI3HUX TCHOTHUIIIB 332 ONTHMAITHHOTO 3BOJIOKEHHS (KOHTPOJIb) 1 JiT KOPOTKOYACHOT ITOCYXH B MEPioT

¢dopmyBaHHs—TI049aToK HanuBy 3epHiBkH (BBCH 71-75) (nocxuin). BigMiHHOCTI MK cOpTaM¥ CTarHCTUYHO
Biporiani 3a p = 0,045, BB mocyxu — 3a p = 0,095.

Fig. 8. Shares (%) of the stem-deposited WSC in the grain weight in the spike of the main shoot of winter
wheat plants of different genotypes under optimal watering (control) and short-term drought during the "grain
watery ripe — medium milk" period (BBCH 71-75). The inter-cultivar differences are statistically significant at p
= 0.045; the "drought-control" difference is significant at p = 0.095. Other designations are as in Fig. 7.

Hdna 3'scyBaHHS 3B’A3Ky JETOHYBaJbHOI
3aTHOCTI cTebla 3 MPOMYKTUBHICTIO, a TaKOX
IMUTaHHA, Y1 MOXYTb ITOKa3HUKHU ,Z[eHOHyBa.HBHO'I.
€MHOCTI OKPEMHUX MDKBY3JIB pENpe3eHTyBaTH
JIETIOHYBaJIbHy €MHICTh BCHOTO CTeOla 1 CIIyTyBaTH
MapKepoM 3€pHOBOi MPOAYKTHBHOCTI TEHOTHITY,
OyB IIPOBEICHUH aHATi3 KOPEIAIHHUX 3B'SI3KIB [TUX
xapaktepuctuk (tabnm.  2). TicHa mMO3UTHBHA
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To clarify the relationship between the
storage capacity of the stem and productivity
and answer the question of whether the storage
capacity parameters of individual internodes can
represent the storage capacity of the entire stem
and serve as a marker of the grain productivity
of a genotype, we analyzed the correlations
between these characteristics (Table 2). There
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KOpeJsLis 3 ACTIOHYBaJIbHOIO EMHICTIO (3arajibHOIO
KimpKicTIO pemoOimizoBannx BPB) crtebma Oyma
BiZ;3HaueHa sl BMicTy i kimekocTi BPB y Bcix
MDKBY3JIB 1 JMCTKOBHUX IiXOB, KpPIM BEPXHHOTO
MiKOIOCOBOTO MikBy3ms. [likaBo, mo 3HaueHHS
KoeiIieHTIB KOpelsIii yis mutoMoro Bmicty BPB
B MIKBY3ISIX Oylnd TpPOXWM BUIIMMH, HDK JUIs
kimekocti BPB B MDKBY3msIX, 1 NIpakTHYHO
CHIBMIpHUMH 13 3HaYeHHsAM Koe(illieHTa JyIs
3aranpHOI KijibkocTi BPB B 11inomy cte6mi.

BonmHouac, i3 3epHOBOIO MPOAYKTHBHICTIO
JUTsI OITBIIIOCT] YaCTHH CcTeONa TICHIIIE KOpeTroBaa
KIIBKICTE AenoHoBanux BPB, HiX 1X nuToMuid
BMicT. [Ipu npoMy HaiiBUIII 3HaYeHHS Koe(illieHTa
KopeJsiLii Oyny Bif3HAYeHi W1t APYTOro i TpeTbOro
MDKBY3JIIB, & KOPEJISIlsl 3araJibHOTO  BMICTY
nenoHoBanux y ctedm BPB 3 macoro 3epHa Oyna
nemo Huwx4oro. CepenHiil cTyniHb KOpenmsimii mux
MOKA3HWKIB BHSBICHUI I HIDKHIX MIXBY3MIB i
JUCTKOBHUX TIXOB, 1 BIJICYTHICTh KOPENSIl — JIst
MiIKOJIOCOBOTO  MDKBY3JIA.  3B'SI30K  IUTOMOTO
Bmicry BPB 3 wmacoro 3epHa 3 pociauHH OyB
CepelHIM Uil JPYyroro, TPeThOTO 1 HWKHIX
MIXKBY3JIIB 1 CJTAOKHMM JUTSI ITiJIKOJI0COBOTO MIKBY3JIs
1 TUCTKOBUX ITiXOB.

was a close positive correlation between the
storage capacity (the total amount of
remobilized WSC) of the stem and the WSC
content and amount in all internodes and leaf
sheaths, except for the peduncle. It is interesting
that the correlation coefficient for the specific
content of WSC in the internodes was slightly
higher than that for the WSC amount in the
internodes and commensurate  with  the
correlation coefficient for the total amount of
WSC in the entire stem.

At the same time, for most parts of the
stem, the grain productivity was more closely
correlated with the amount of deposited WSC
than with the specific content. The highest
correlations were obtained for the second and
third internodes, while the correlation between
the total content of stem-deposited WSC and the
grain weight was somewhat weaker. There was a
moderate correlation between these parameters
for the lower internodes and leaf sheaths and no
correlation for the peduncle. The correlations
between the specific content of WSC and the
grain weight per plant were found to be
moderate for the second, third, and lower
internodes and weak for the peduncle and leaf
sheaths.

Ta6auusa 2. KoedinieHTn niniifHOT Kopensuii TOKa3HUKIB JETOHYBAIBHOI 37JaTHOCTI OKPEMHUX CETMEHTIB cTebna
3 JIETIOHYBAIBHOIO €MHICTIO CTeONla B HIUIOMY Ta IOKa3HWKAaMH 3EPHOBOi TNPOAYKTHBHOCTI POCIWH O3MMOI

HH.ICHI/ILIi 3a pi3HI/IX YMOB 3BOJIOKCHHS.

Table 2. Coefficients of linear correlation between the storage capacity of individual stem segments and the
entire stem and grain productivity in winter wheat plants under various watering conditions.

26

soluble carbohydrate
content

IMokazauk/Parameter CermenT naroHa / JlenoHyBajIbHA €MHICTD Maca/Weight
Segment crebna/ S_ttorage 3epua / grain | 1000 3epen/
capacity per spike 1,000 grain
Bwmict Bogopo3unHHEX | 1-m1e MikBY37Is/
ByriieBoniB / Water- Internode 1 (peduncle) D2 2 02

2-re MiKBY37Is /
Internode 2

3-Te MikBY31s /
Internode 3

4-5 mixBy31sa /
Internodes 4 and 5

ITixBu / Leaf sheaths

Kinpkicth
BOZIOPO3YMHHHX
ByrieBonis / Water-

1-1e mMixBy 3151 /
Internode 1 (peduncle)

2-re MiKBY3JIs /

soluble carbohydrate Internode 2
amount 3-Te MixBy31 /
Internode 3

4-5 mixBy3ns /
Internodes 4 and 5

ITixu / Leaf sheaths

Crebno / Stem

* — xopensuis Biporiana 3a p < 0,05; * — correlation is significant at p < 0.05

ISSN 1026-9959. Plant Breeding and Seed Production. 2024. 125



[Toka3HHKM HAKOMHMYEHHS BOIOPO3YMHHUX
BYIJICBOLIB Yy  dYacTMHax cTeOnma  TicHimie
kopemoBanu 3 Macoro 1000 3epeH, HiX 3 Macorw
3epHa 3 KOjlOca, IO  MiJKPECIIoe  poiib
nenoHoBannx BPB y HanuBaHHI  3epHIBOK.
CraTUCTHYHO  BIpOTiJIHA  TiCHA  KOPEJSIIis
BiJ[3HAYCHA JUII TUTOMOTO BMicTy 1 KilbkocTi BPB
y Ipyromy, TpeTbOMY, HIDKHIX MDKBY3JISIX 1 BaJOBOI
kimekocTi BPB y minomy cre6mi. Kopensifiamii
3B'30K I[MX MOKa3HWKIB [UIS  ITIJKOJIOCOBOTO
MDKBY3/IL 1 JIMCTKOBHX IIiXOB OyB iCTOTHO
cialmum. BapTo Takox BiI3HAYMTH, 110 KOPEISLIs
MOKA3HUKIB JICTIOHYBaJbHOI 3JaTHOCTI OKPEMHUX
JacTUH cTebna i KUTBKOCTI 3epeH 3 pociuHH (Y
TabNMLI He MpeACTaBlIeHa) TaKoK Oylia c1abKolo 13
3HAYCHHSAMH KOe(II[ieHTa KOpeIsIiii B Mexkax BijJ —
0,091 (mns nmuctkoBux mixoB) mo +0,474 (ms
JPYTOTO MIXBY3JIs1).

OtpumaHi HaMH pe3yabTaTH CBIMYATh, IO Y
pOCIIMH  MINeHWIli 3HauHa  vactTuHa  BPB
JETIOHY€EThCS B CTEOMi MiCJ MOYaTKy IBITiHHS.
3pocTaHHSl PiBHS PE3EPBHUX BYIVIEBOJIB IICIIA
[BITIHHS 10 TOYaTKy aKTMBHOTO HaJMBaHHS
3CpHIBKM BIJI3HAYEHO B HM3I[ JOCIIKCHb 3
pi3HUMHM CcOpTaMHM MIICHUIl, NPOBEAECHUX Yy
monboBux ymoBax [12, 25, 41]. Tomy mocyxa y
¢a3i hopMyBaHHS 3CPHIBKM NIEBHOIO MipOI0O, X0Ua i
ciabmre, HiX y ¢a3i usitinag [40], 3MeHITYBaNa
MaKCHMaJIbHy BaJIOBY KUTBKICTH JETIOHOBAaHHX B
creomi BPB Ta ictotHO mnpumBmantyBana ix
pemoObiizariio. BpaxoBytoun BILIMB
HECHPUSTIMBUX YUHHUKIB Ha JUHAMIKY BMICTY
BPB B crebm, o4YeBHAHO, IO OCOOIHMBOCTI
nuHaMiku HakonuueHHs BPB, a Takoxk mepion mii
CTPECOBUX YMHHHKIB € BAXKJIMBUMH TIPH BiIOOpi
3paskiB Ui OIHKU JICTIOHYBallbHOT 3/IaTHOCTI
cTeOna MIIeHHUIi B TOJIbOBUX YMOBAX.

Haii6inpmry penoHyBajbHY €MHICTH Malld
MDKBY3JISL CEpelHbOi YacTMHM cTebna — apyre i
TpeTE 3BEpXy. 3HAUYCHHS KOS(DIIIEHTIB KOpeJsIii
MDK BpOXKaeM 1 KilbKicTio pesepBHux BPB y
JpyroMy 4Yd TPEeTbOMY MIKBY3JISIX 32 TICHOTOIO 1
CTaOUIBHICTIO OyJIM MPAaKTUYHO TAKUMH K SIK 1 JUIs
1ijoro credma. Cxoxi pesynbraT OyJivd OTpUMaHi B
MTOJIbOBUX JOCTIIKEHHSIX pi3HMX  COpTIB
YKpalHChKOi CeJeKIlii 32 YMOB HEJIOCTATHHOTO
npupoaHoro 3BosiokeHHs [41]. Lle mae mincTaBu
PEKOMEHIyBaTH MOKa3HUK KinbkocTi BPB B mmx
MDKBY3JIAX SIK XapaKTEPUCTHKY JIETIOHYBAIbHOI
3MaTHOCTI cTeOlia B IUJIOMY 1 MapkKep BHCOKOI
MPONYKTUBHOCTI TeHOTHIy. JlaHa ocoOmmBicTh €
Iy’Xe IIKaBOIO 1 BaKJIMBOIO, OCKUIBKH [O3BOJISIE
po3poOuTH  HaOararo  MmPOCTImy 1  MEHII
YaCOBUTPATHY METOAMKY OI[IHKH JETIOHYBATbHOL
€MHOCTI cTeOma 71 CeNIEKUIMHNUX 10 CITIMKEHD.
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The indices of water-soluble carbohydrate
accumulation in the stem parts were correlated
with thousand grain weight more closely than
with grain weight per spike, emphasizing the
role of deposited WSC in grain filling. There
were statistically significant strong correlations
between the specific content and amount of
WSC in the second, third, and lower internodes
and the total amount of WSC in the entire stem.
The correlations between the specific content
and amount of WSC in the peduncle and leaf
sheaths and the total amount of WSC in the
entire stem were much weaker. It is also worth
noting that the correlations between the storage
capacity of individual parts of the stem and the
number of grains per plant (not presented in the
table) were also weak, with correlation
coefficients ranging from -0.091 (for leaf
sheaths) to +0.474 (for the second internode).

Our results showed that, in wheat, a
significant proportion of WSC was deposited in
the stem after the anthesis onset. An increase in
levels of reserve carbohydrates between anthesis
and intensive grain filling onset was noted in
several field studies on different wheat cultivars
[12, 25, 41]. Hence, drought during grain
formation reduced, although to a smaller extent
than during anthesis [40], the maximum total
amount of WSC deposited in the stem and
significantly accelerated their remobilization.
Taking into account the impact of adverse
factors on the time profile of the WSC content
in the stem, it is obvious that peculiarities of the
WSC accumulation over time as well as stages
of exposure to stressors are important when
sampling to assess the storage capacity of wheat
stems in the field.

The middle internodes, the second and
third from the top, were noticeable for the
greatest storage capacity. The correlations
between the yield and the amount of reserve
WSC in the second or third internodes were as
almost strong and stable as those between the
yield and the amount of reserve WSC in the
entire stem. Similar findings were obtained in
field studies of different Ukrainian cultivars
grown under insufficient natural moisture [41].
This gives reason to recommend the amount of
WSC in these internodes as a characteristic of
the storage capacity of the entire stem and a
marker of high performance of a genotype. This
feature is very interesting and important, as it
allows one to develop a much simpler and less
time-consuming method of estimating the
storage capacity of stems for breeding studies.
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IlikaBo  Bif3HAYUTH, IO B  HAIKX
JOCJIDKEHHSIX T€HOTHUIIM O3UMO] IIIEHHUIl 1ICTOTHO
BZIpi3HSUIMCS 32  pIBHEM  MaKCHMalbHOTO
HakonuueHHs BPB y crebmi — B 1,3 pasa 3a
onTuMalbHUX YMOB 1 B 1,5 pasa 3a aii mocyxu,
npoTe ePEeKTUBHICTL peMoOiTizalii JeOHOBAHHX Y
ctebni BPB Oyna Bucokoto i Onusbkoro (84-96%) y
POCIMH BCiX JOCHiPKCHUX HAMH TCHOTHIIIB
HE3aJIe)KHO BiJI YMOB  BOJIOT03a0€3MEUeHOCTI.
3BificM  BHIIIMBA€, IO  BIAMIHHOCTI  MDK
TEHOTUIAMH O3MMOI TIICHUII 32 JICTIOHYBATBHOO
€MHICTIO BU3HAYAIOTECS, TOJIOBHUM YHHOM, piBHEM
makonuuyendss BPB, 1 T HeMOXIMBO ICTOTHO
MOJIIMIIIUTH MIABUILEHHIM e(heKTUBHOCTI
pemoObiizanii.

KpiMm Toro BaxxiIMBO BIJ3HAYWTH, IO
MOCYXOCTIHKHMI  EKOJIOTIYHO IUIACTHYHUI COpPT
[lononsinka, sxuii ¢opmye cTaOlIbHI Bpoxai 3a
PI3HUX yMOB BHPOIIyBaHHS B PI3HUX E€KOJOTIYHHX
30Hax [27], pOsIBUB y JIAaHOMY JIOCITiJ, & TAaKOX B
MOTIEPE/IHIX HAMMX JOCHipkeHHsX [40], Buiry
MOPIBHSHO 3 IHIIMMH TEHOTHUIAMH 3JaTHICTb
3armacati BPB i pemoOinizyBatu iX s HaiuBy
3epHa SK 32 ONTHMAJbHUX YMOB TOJIUBY, TaK 1 3a
nii mocyxu. JIOriyHO mNPHUIYCTUTH, IO BHCOKA
JIeTIOHyBaJbHA 3JIaTHICTh CTeONa € OJHUM 13
(akTOpiB  3a0€3MEUCHHS BUCOKOI  EKOJIOTTYHOI
TUIACTUYHOCTI IBOTO COPTY. 3a HECHPUSITINBUX
YMOB y Tepiofg HalWBy, $Ki MPUTHIIYIOTh
(OTOCHHTETHYHY aKTHBHICTb, JISTIOHOBAaHI B CTEOMI
BPB BucTynarmoTh y poiii JOJATKOBOIO JDKEpena
ACUMIIIATIB Ui (dopmyBaHHs BpOXKaro,
KOMITCHCYIOUH ~ JIeillUT TPOAYKTIB MOTOYHOTO
¢dotocunTedy. Kpim  Toro, BusBIEGHO, IO
HakornmueHHs BPB y creOmi mmenwmi mominiurye
TiIpaBIIiYHI XapaKTEPUCTUKY KCHIIEMHU 1 TPAHCIIOPT
BOAM 3a yMOB mocyxu [42]. HenaBHimu
JNOCTIDKEHHSIMH ~ TIOKa3aHO, 110 HAKOIMYEHHS
3HaYHUX NymiB pe3epBHuX BPB y crebm €
OCHOBHHM YMHHHMKOM, III0 BU3HAYAE€ BiAMIHHOCTI 3a
CTaOUTBHICTIO BpOXaiB y CKOPOCTHINIUX COPTIB
pucy [43].

OTxe BCTAaHOBICHO, IO KOPOTKOTpHBAJIA
nocyxa y a3l QopmyBaHHS 3€pHIBKH JeII0
3MCHINYBaJla BMICT Ta MAaKCUMaJIbHY BaJlOBY
KUTBKICTh JieToHOBaHuX y cteOm BPB Ta ictoTHO
NPUINBHIIYBaNA ixX  pemoOumi3aiir. 3HauyHa
YaCTUHA PE3ePBHHUX BYIJICBOIIB HAKOMUYYyBaiacs B
cTebnax ITicisl MBITIHHSA, MAKCHMYM HaKOTIMYEHHS
BiJ[3HAYC€HO Ha 14-i JIeHb IMiCJIs MOYaTKy LBITIHHS.
Haii6inpmmii muToMuii BMICT 1 BaJlOBY KilBbKIiCTh
BOJJOPO3YMHHUX BYIJICBOZIB BUSIBICHO y APYIOMY i
TPETHOMY MDKBY3JISIX. Y POCIIHMH BCIX JIOCIIPKEHUX
TCHOTHIIIB y IHUX MDKBY3JISIX HAKOIUYyBaIacs
HaWOIpIIa YacTKa JernmoHoBaHuMX y crebmi BPB.

It is noteworthy that in our study the
winter wheat genotypes differed significantly in
the maximum accumulation of WSC in the
stem: a 1.3-fold difference under optimal
conditions and a 1.5-fold difference under
drought, but the efficiency of remobilization of
WSC deposited in the stem was high and similar
(84-96%) in all studied genotypes, regardless of
watering mode. Therefore, the differences in the
storage capacity between the winter wheat
genotypes are mainly determined by WSC
accumulation and the storage capacity cannot be
considerably improved by increasing
remobilization efficiency.

In addition, it is important to note that the
drought-tolerant, environmentally plastic
cultivar, 'Podolianka’, which yields are stable
under various growing conditions in different
environments [27], showed a higher ability to
store WSC and remobilize them for grain filling
under both optimal watering and drought
compared to the other genotypes in this
experiment, like in our previous studies [40]. It
is logical to assume that the high storage
capacity of the stem is one of the factors
ensuring the high environmental plasticity of
this cultivar. Under unfavorable conditions
during grain filling, which suppress the
photosynthetic activity, the stem-deposited WSC
act as an additional source of assimilates for
yield formation, compensating for the deficit of
current photosynthesis products. In addition, it
was found that the accumulation of WSC in the
wheat stem  improved the  hydraulic
characteristics of the xylem and water transport
under arid conditions [42]. Recent studies
showed that the accumulation of big pools of
reserve WSC in the stem was the predominant
factor determining the differences in vyield
stability in early-ripening rice cultivars [43].

Thus, it was revealed that a short-term
drought during grain formation slightly reduced
the content and maximum total amount of stem-
deposited WSC and significantly accelerated
their remobilization. A significant proportion of
reserve carbohydrates was accumulated in the
stem after anthesis; the maximum accumulation
was noted on day 14 after the anthesis onset.
The highest specific contents and total amounts
of water-soluble carbohydrates were detected in
the second and third internodes. In all studied
genotypes, these internodes accumulated the
largest shares of WSC deposited in the stem.
Drought did not significantly affect the share of
a separate segment in the total storage capacity
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ITocyxa icTOTHO He BIUIMBAjIa Ha YacTKy OKPEMOTO
CEerMEHTy Y 3arajbHid JCNOHYBaJlbHIM €MHOCTI
ctebna.

BMmicT Ta BamoBa KiNBKICTh pE3epBHHUX
BYIJICBOLIB Yy JAPYIOMY 1 TPETbOMY MIDKBY3JISAX

HaHTICHIIIE MTO3UTHBHO KOPEITIOBAIN 3
MOKAa3HUKAMH  3€PHOBOI  MPOAYKTHBHOCTI, IO
JIO3BOJISIE BBa)KaTU ix HaOUIBII

pETPe3eHTaTUBHUMHU [UISl OIIHKH JIeTIOHYBAJIbHOI
30aTHOCTI cTeOla Ta  BHKOPHCTOBYBaTH  SIK
¢izionoriyHuii MapKep NPOAYKTHBHOCTI T€HOTHIIIB

of the stem.

The contents and total amounts of reserve
carbohydrates in the second and third internodes
were most closely positively correlated with
grain  productivity indices, which allows
considering them as the most representative
parameters for assessing the storage capacity of
stems and using them as physiological markers
of the performance of winter wheat genotypes.
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Pedepar: Meta poOOTH — BCTaHOBHTH AU(EPEHITIAIiI0 KOMIUICKCHO-IIIHHUX 3pa3KiB TPUTHKAJIC 32
pIBHEM TBEPJIO3EPHOCTI cepel] CeleKIliifHoro Marepiany [HctutyTy pocnmmuuunTBa iM. B.f. FOp’eBa;
OILIIHUTH PiBEHb MIHJIMBOCTI 32 POKAMH JOCIIDKEHb Ta BUPIBHSHOCTI 3pa3KiB TPUTHKAJIE 32 O3HAKOIO
TBEPAO3EPHICTh; BUAUTUTH TCHOTHIM 3 TMiABHIECHOI TBEPAICTIO 3€pHA SK BUXIJHOTO Marepiary yis
MPOJIOBOJIKIOTO HANPSMKY CeNeKIii TpuTukaine. JlochimkeHHs poBOIMIM Y cxiiHii dacTuHi Jlicoctemy
VYkpainu. BusHauanu TBepicTh 3epHa 46 KOMIUIEKCHO I[IHHMX JIiHiN TpuTHKae siporo y 2021 ta 2023 pp.,
a takox 330 miHiil TpuTHKane siporo Ta 220 miHii TpuTHKaie o3umoro y 2023 p. PiBenb TBepHOCTi 3epHa
BU3HayasM Ha TBepromipi mpsamoi aii YPD-300D. BusnaueHHs CyTTEBOCTI Ta BIPOTiIHOCTI pi3HMILIb, a
TakoX BIUIMBY (DaKTOpiB TPOBONMIA 3 BUKOPUCTAHHSM OararoakTopHOro Ta OmHOGAKTOPHOTO
JqucrepciiHoro aHamilzy. Poku mocnikeHp 3HAYHO PI3HWIKMCH 32 TMOTOJHMMH YMOBaMH, HIO JIO3BOJIMIIO
00’€KTUBHO OLIHUTH BIUIMB YMOB HA MPOSIB TBEPAO3EPHOCTI. Y CEPEAHBOMY 3a JBa POKU IOCIHIIKEHb
piBEHB TBEPIO3EPHOCTI Yy 46 3paskiB Aporo TpuTHKaie BapitoBas Bia 110 no 183 H, mo Biamosinae rpymam
M’SIKO3EPHI, CepelIHbOM SIKO3EPHI Ta HAMiBTBEPJO3€pHi. BiibLIiCTh 3pa3KiB TPUTHKAIE SPOro 3a piBHEM
TBEPAOCTI 3epHA HaJIEXKAJIO JI0 TPYITU M SKO3EPHI Ta CEPEAHBOM IKO3epHi, AJie B OKpeMi POKH BUALISIIACH
Jly’e M’ SKO3epHI Ta TBep03epHi 3pa3ku. HaitOinbiy yacTky BHECKY Y 3arajibHy MIiHJIHMBICT O3HAKH MaB
(dakTop TeHOTUI Ta YMOBHU cepefoBuina — 29,9 ta 18,6 % BianoBigHO. 3HAYHO MEHIIWH, aje BipOTiIHO
ICTOTHMH BIUIMB Malla B3aeMmogis ¢aktopiB reHotun-cepenosume — 8,1 %. BusBreHo 3HauHy
JudepeHIialio 3pa3KiB 32 BUPIBHAHICTIO BEJIMYMH TBEPAO3EPHOCTI B Mexkax 3pa3ka. KoedimieHnT Bapianii
B Meax OfHOro 3paska cranoBuB 3—50 %. Bumineno 3pasku 3 Bucokum (V < 10 %), cepennim (V = 10—
20 %) Ta Hu3bKUM (V > 20 %) CTyIeHeM OIHOPITHOCTI 332 03HAKOIO TBEPJIICTh 3¢pHA. HaiOiibly MiHHICTH
AK JpKepeJia TIeBHOTO PiBHSA TBEPIOCTI 3epHA CTAHOBJIATH 3pa3Kd, CTAOUIBHI 32 POKAMH Ta OXHODIOHI 3a
€0 03HAKOI. BusBIIeHO OLTBIN cTAOUTBRHI 3pa3Kd 3a TPhOMa TPYNaMH TBEPJOCTI 3epHA: M’ SIKO3EPHI —
ATX 102-23 (V =4%), ATX 18-23 (V= 6%), ATX 40-23 (V=7 %), cepeansom’siko3epHi — ATX 132-23
(V=3%), ATX 11-23 (V=7 %), ATX 15-23 (V = 10 %) ta nanistBepao3epHi — ATX 108-23 (V=10 %),
ATX 99-23 (V = 13 %). Bunineno 3pas3ku 3 MiABUIICHUM PiBHEM TBEPIOCTI 3e€pHA Ta OLTBII CTA0ITEHIM
piBHAMH 11 TIPOsIBY, sIKI MOXYTh OyTH BHKOPHCTaHI B CeJIEKIIi sIK JpKepesa Ii€l o3Haku. Takox 3pasku 3i
CTaOUTLHUM TPOSBOM TBEPJO3CPHOCTI MOXKYTh BHKOPHUCTOBYBATHCH SK €TAJIOHH B MEXaX PI3HHX TPYII
TBepaocTi. JIJisl MOIIyKy HOBUX TEHOTHINIB 3 BHCOKHMM TIOTEHIiaIoM TBepnoro 3epHa y 2023 p. Oyno
JIOMIATKOBO JIOCIIPKEHO PiBEHb TBEPJOCTI 3epHA HA 3HAYHO MUpIIoMy Habopi reHoTurmiB: 330 spux ta 220
3pa3KiB 03UMHX TpUTHKaNE. Po3noain 3paskiB 3a rpynamu TBepA0CTi OyB MOAIOHNM cepel IPUX Ta O3UMHUX
¢opm. binbmry "acTKy ckianaroTh M SKO3E€pHI Ta cepenHboM sikozepHi reHotunu (78—80 %). Yactka
TBEPAO3CPHUX 3pa3KiB cTaHOBWIA 3 %, SIK y ApHX Tak 1 y o3uMux (Gopm. Y 2023 p., COpUSTIMBOMY UIS
(opMyBaHHSI BUCOKOI TBEPJOCTi, HAWBUIILY TBEPJO3EPHICTh cepell sipux 3paskiB mamm ATX 456-23 (247
H), ATX 139-23 (208 H), ATX 437-23 (207 H) ta AATX 565-23 (206 H) ta ATX 382-23 (201 H), a cepen
o3umux — TX3 883-23 (247 H), TX3 487-23 (212 H), TX3 406-23 (207 H), TX3 736-23 (205 H) Ta TX3
178-23 (202 H), mo BiAmoBizae piBHIO €TAIOHIB MIIEHUII TBEpI0oi a00 mepeBuuIye ix. Yci 3pa3ku rpymnu
TBEPJI03EPHI MOKA3aJIl BUCOKY 200 cepeiHIO ONHOPIAHICTD B MeKaX reHOTHITy (KoedilieHT Bapiamii V = 5—
20 %). BupineHi 3pa3ky, 3Ba)karoud Ha JOCUTHh BHCOKI PiBHI TBEPIOCTI 3€pHA Ta BUPIBHAHICTH 32 ILII€IO
03HAKOI0, CTAHOBIIATH 3HAYHY CEJEKIHHY IIHHICTh, aje MOTPeOyIOTh MOAABIINX JOCHI/PKEHb IO
CTaOUIBHOCTI MPOSIBY 03HAKY 32 Pi3HUX YMOB CEPEIOBUIIIA.

KurouoBi ciioBa: Tputukanie, TBEpAO3E€PHICTD, [DKEPETI0, TEHOTHUII, CTa0lIBHICTD
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Abstract: Goal of the work - to differentiate comprehensively valuable triticale accessions by kernel
hardness in the breeding material of the Yuriev Plant Production Institute; to evaluate the year-to-year
variability and uniformity of triticale accessions by the hardness trait; to select genotypes with increased
kernel hardness as starting materials for food triticale breeding. The study was conducted in the Eastern
Forest-Steppe of Ukraine. The kernel hardness of 46 comprehensively valuable spring triticale lines was
determined in 2021 and 2023; in addition, the kernel hardness of 330 spring triticale lines and 220 winter
triticale lines was determined in 2023. The kernel hardness was measured on a YPD-300D direct-acting
hardness tester. The significance of differences and contributions of factors were assessed by one-way and
multi-way ANOVA. The weather in the study years differed significantly, allowing for objective
assessments of the condition effects on hardness. On average for two study years, the hardness of 46 spring
triticale accessions varied from 110 N to 183 N, meaning that there were soft, medium-soft, and semi-hard
accessions in the sample. Most spring triticale accessions had soft or medium-soft kernels; however, very
soft- and hard-kemelled accessions were detected in some years. The genotype and environmental
conditions were the factors that made the greatest contributions to the total variability of the trait - 29.9 and
18.6%, respectively. The genotype-environment interaction exerted a much weaker but statistically
significant effect of 8.1%. The accessions differed significantly in intra-accession hardness uniformity. The
coefficient of intra-accession variation was 3—50%. Accessions with a high (CV <10 %), medium (CV =
10-20 %), and low (CV> 20 %) uniformity of kernel hardness were selected. The most stable and uniform
across the years accessions are most valuable as sources of certain levels of kernel hardness. The most
stable accessions were identified in three groups of kernel hardness: soft - YaTKh 102-23 (CV = 4%),
YaTKh 18-23 (CV = 6%), and YaTKh 40-23 (CV = 7%); medium-soft — YaTKh 132-23 (CV = 3%),
YaTKh 11-23 (CV = 7%), and YaTKh 15-23 (V = 10%); semi-hard — YaTKh 108-23 (CV = 10%) and
YaTKh 99- 23 (CV = 13%). Accessions with increased and more stable hardness of kernels were selected;
they can be used in breeding as sources of this trait. In addition, accessions with stable hardness can be
used as references within different hardness groups. To find new genotypes with high potentials of kernel
hardness, kernel hardness was additionally evaluated in a much bigger sample of genotypes in 2023: 330
spring and 220 winter triticale accessions. The distribution of the accessions by hardness groups was
similar for spring and winter forms. Soft- and medium-soft-kernelled genotypes accounted for a larger
share (78—80%). The share of hard-kernelled accessions was 3%, both among the spring and winter forms.
In 2023, which was a favorable year for high hardness, the highest kernel hardness was recorded for the
following spring accessions: YaTKh 456-23 (247 N), YaTKh 139-23 (208 N), YaTKh 437-23 (207 N),
YaTKh 565-23 (206 N), and YaTKh 382-23 (201 N). As to winter triticale, the highest kernel hardness
was recorded for TKhZ 883-23 (247 N), TKhZ 487-23 (212 N), TKhZ 406-23 (207 N), TKhZ 736-23 (205
N), and TKhZ 178-23 (202 N). These values correspond to durum wheat standards or exceed them. All
accessions of the hard group showed high or medium intra-accession uniformity (coefficient of variation
CV = 5-20%). The selected accessions, considering rather high and uniform hardness of kernels, are of
considerable breeding value but require further evaluations of the stability of this characteristic under
different environmental conditions.

Key words: triticale, hardness, source, genotype, stability

Beryn Introduction

Tputukane — amdiaumuoinHuii  riOpHUI
NIICHAIIl Ta JKUTa, IO TOEIHYE ANaNTUBHI Ta
TOCIIOJIAPCHKI  BJIIACTHBOCTI 000X  0OaThKiBCHKUX
BU/IB. 3HayHa IIHHICT, TPUTHKAIC TOJSITAE Y
MEHIIIA BHOAIMBOCTI W€l KyIbTYpd OO YMOB
BUPOIIYBaHHA 1 BHCOKiA Ol0JOTIUHIN LiHHOCTI
3epHa Ta 3ejeHol mMacu. Ha jganuii yac Tpurtukane

Triticale is an amphidiploid hybrid of
wheat and rye, which combines the adaptive and
economic features of both parental species.
Triticale is valued because it is a low-
maintenance crop with grain and green mass of
high biological value. Currently, triticale is

BUPOOJISIETHCS HA BCIX KOHTHMHEHTAX, MPUIATHUX 0
CLIIBCHKOTOCIIOAAPCHKOr0  BHUpOOHMITBA. CBiTOBE
BUPOOHUIITBO TPUTHKANE CKiamae 15,3 mMimH. T. Ha
PiK, KyJIETypa BHUPOIIY€EThCS Ha IO Oy3bKo 3,8
miH. Tta [1]. OcHOBHUM (aKkTOpoM 3pOCTaHHSI
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grown on all continents suitable for agricultural
production. The annual world production of
triticale is 15.3 million tons; the crop is grown on
about 3.8 million hectares [1]. The main factors
in the triticale production growth are its
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o0csriB  BUPOOHMIITBA TpUTHKANIE €  HOro
HEBUOATIIUBICTD bi (o) IPYHTOBHUX YMOB,
MOCYXOCTIHKICTB, BUCOKHUI OTEHIIa

YPOXKaWHOCTI Ta MOXJIMBICTh BHUKOPHCTAHHS B
opraniuHoMmy 3emiiepoOctBi. Lle mae 3mory
BUPOIIYBaTH HOTO B yMOBaX, HENPHIATHUX I
BUPOIIYBaHHS MIIeHUI [2].

[TepeBa)kHO TPUTHKAJIE BAKOPHCTOBYETHCS SIK
KOpMOBa KyIbTypa — Ha 3epHO(ypax Ta 3eIeHHH
KOpM, OCKUIBKM Ma€ BHCOKMH BMICT Ollka 3
ONTHMAJIBGHO  30aJIAHCOBaHMM  aMIHOKHCJIIOTHHM
ckiazoM. JIoCHTh TEpCIeKTHBHHM HANpsIMOM €
IPOJOBOJIEIEC BUKOPUCTAHHA TPUTHUKANE. 3aBISKH
IIMPOKOMY  PI3HOMAHITTIO ~ OIOJOTIYHO  I[IHHHX
CHONYK y 3€pHI TpPHTHKaJie, BOHO Ma€ BEIIUKHIA
MOTEHINIAN JIi BAPOOHUIITBA XapUOBUX MPOIYKTIB
Ta HaroiB.

OcraHHIM 4acoM PO3LIMPUIIOCH
BUKOPUCTAHHS TPUTHKAJIE B XapyoBiit
MPOMHUCIIOBOCTI. X0 3 TpUTHKale TepeBepIIye
NICHUYHUI 32 TIOKUBHOKO IIHHICTIO. 3aBISKH
BACOKOMY BMICTy 1 30aTaHCOBAHOCTI I[IHHUX
XIMIYHHX  CIONYK TIPOAYKTH 3  TpPUTHKAJe
BIZIIrpatOTh  YHIKaJbHY POJb Y  JIETUYHOMY
XapuyBaHHI Jiogedl 3 TOpYLIEHHSM OOMiHY
pPEYOBHH. 3epHO TPUTHKAJIE MICTHTh 3HAYHY
KUTBKICTh ()CHONBHUX 1 (DIaBOHOINHMX CHOJIK,
BiTaMiHiB, MaKpo- Ta MikpoeJieMeHTiB. OcoOIMBY
IIHHICTH MA€ IUTBPHO3EPHOBE OOPOITHO TPUTHKAJIE
[3]. BuciBku € OaratuMm mxepenoM (pyKTaHiB,
LENION03M, TEeMIlEIoNo3U, JIrHiHY, [-TIOKaHy,
Oinka, BitramiHiB B 1 E, wminepaniB, deHombHHX
CIONYK Ta  ajKiapu3opuuHONiB.  EHjocmepm
MIiCTHTE KpOXMaJib, O11I0K, LICJTFOJIO03Y,
reMiremonosy, apabiHOKCWiIaHW, BiramiH B Ta
3a1i30. Y 3apojiKy 30cepepkeHi (hpyKTaHu, JTHIH,
xupy, Bitaminu B i E, minepanbHi peuoBunu [4].
OcranHiM YacoM Oyno pPO3po0IeHO TEXHOJOTril
BUpOOHMUTBAa XxJi0a, I€eYnBa, MaKapOHHUX Ta
KOHJMTEPCHKUX BHUPOOIB i3 OOpOIHA TpPUTHKAJE
[5]. v XJTIOOTIEKaPChKii MTPOMHUCJIOBOCTI
HAHOIBIIOrO MOLIUPEHHA 37400yJIM TEXHOJOril 3
BUKOPUCTAHHAM  CyMilledl  NIICHUYHOTO  Ta
TpUTHKaIeBOro OopoiHa [6, 7].

TexcTypa 3epHa TOJOBHHM YHHOM BILIMBAE
Ha BOJIONOIIMHAHHS, BHXiJ OOpoIHa 1 SKICTh
MOMEJTyY, 3yMOBIIOIOUM PO3MIp YaCTHHOK OOpOIIHa
Ta YacTKy MOIIKOLKEHOTO KpoxmMaito. Bigomo, 1o
OlMpIIICTE COPTIB TPUTHKAJE MAalOTh M AKY
TEKCTypy EHAOCIEpMY, a TICTO TIOCTYIA€ThCS
MIICHUIHOMY 3a TEXHOJIOTTYHUMH Ta
peosnoriyuHuMu  BiracTuBocTsMH. Lle  oOmexye
MOIUT Ha XJII000yI04YHEe BUPOOHUIITBO 13 OOpOITHA
TPHUTHUKAJIC Y YACTOMY BHIVISII.

3HAYHOr0 MIABUINEHHS SKICHHX MOKA3HUKIB

unpretentiousness to soils, drought tolerance,
high yield capacity, and suitability for organic
farming. Hence, triticale can be grown in
locations where wheat growing is impossible [2].

Triticale is mainly used as a fodder crop,
for grain fodder and green fodder, as it is rich in
protein with an optimally balanced amino acid
composition. Food triticale seems quite
promising. Due to different biologically valuable
compounds in ftriticale grain, it has a great
potential for food and beverage industries.

Recently, the use of ftriticale in food
industry has been expanded. Triticale bread is
superior to wheat bread in terms of nutritional
value. Due to high and balanced contents of
valuable chemical compounds, triticale products
play a unique role in diets for people with
metabolic disorders. Triticale grain contains
significant amounts of phenolic and flavonoid
compounds, vitamins, macro- and
micronitrientss. Whole triticale flour is of
particular value [3]. Triticale bran is a rich source
of fructans, cellulose, hemicellulose, lignin, f-
glucan, protein, vitamins B and E, minerals,
phenolic compounds, and alkyl resorcinols.
Triticale endosperm contains starch, protein,
cellulose, hemicellulose, arabinoxylans, vitamin
B, and iron. Fructans, lignin, fats, vitamins B and
E, and minerals are concentrated in the germ [4].
Recently, technologies for manufacturing bread,
cookies, pasta, and confectionery products from
triticale flour have been developed [5].
Technologies wusing wheat - triticale flour
mixtures have become the most widespread in
baking industry [6, 7].

Grain texture mainly affects water
absorption, flour output, and milling quality,
determining the size of flour particles and the
proportion of damaged starch. It is known that
most triticale cultivars have a soft endosperm,
and triticale dough is inferior to wheat dough in
terms of technological and rheological
properties. This limits the demand for bakery
products from pure triticale flour.

Triticale  quality = was  significantly
improved via creating substituted triticale, in
which some chromosomes of the A, B, and R
genomes are partially replaced by the
corresponding chromosomes of the D genome of
bread wheat. This was achieved through direct-
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TPHUTHKAJIC BIAJIOCS JOCSTTH MUIIXOM CTBOPSHHS
3aMIiIEHUX TPUTHKale, Yy SAKHX XPOMOCOMH
resomiB A, B 1 R wuacTtkoBOo 3amiHeHI Ha
xpomocomu reHomMy D wm’skoi mmenumi. Lle
JOCATAETHCS. TPOBEACHHAM NPSMHUX 1 3BOPOTHHX
CXpellyBaHb MDK NEpPBHHHHMH  OKTO-  Ta
reKcaruioiiaMi, BTOPUHHUMH  TpPUTHKalle Ta
TPUTHKaJe 3 TNIIEHHUIE. 3aMillleHi TpHUTUKae
MOKA3yloTh ~ 3HAauHe  30UTbIICHHS  MMOKAa3HHKA
celMMeHTaiii, sKuid ~ OOyMOBIIOE  MIIHICTh
KJICHKOBHHH Ta MOKpaIlye skicTh Ticta [§]. [HImor0
npobnemoro, sika TOTpeOye  BUPIICHHS, €
MIJBHUIICHHS TBEPIOCTI 3epHA.

Bimomo, 1o y mimeHMIn CTymiHb TBEPAOCTI
€HJOCHEepPMY BH3HAYAETHCS KOMIUIEKCOM OUIKiB
¢piabuTiHIB, SIKMA  CKJAJaeThcsi 3 OUIKIB
nypoingonid-a (PINA) ta mypoingonin-B (PINB).
HasBHicTh 1mmMx OUIKIB  3yMOBIIOE M SIKUH
eHpocriepM. [eHeTWYHWIA KOHTPOJNHh HAsBHOCTI
MYPOIHJIONIHOBHUX OINKIB y M’SKO1 MIICHUII HECYTh
rean Pina Ta Pinb, mo po3ramoBaHi B JOKYyCi
tBepaocti (Ha) ma xpomocomi 5D. Bimbmricts
TeHOTHUITIB M’SIKOT TIICHUIII € M SIKO3EPHUMH, aje
SKIio0 xoua O omuH 3 OuikiB PIN BigcyTHidi uum
MYTOBaHHH, TEKCTypa €HAOCIEpPMY  TBEpAa.
[TonibHI TeHW KOHTPOIIIO MYPOIHIOMIHOTOMIOHUX
OinkiB Oynu ieHTH(IKOBaHI y KUTA HA XPOMOCOMI
5R i mHasBani cekanoinmoiiHom (Sina, Sinb).
BBaxaerbcs, MmO camMe BOHH 3YMOBIIOIOTH
M’SIKO3EPHICTh Y OUTBIIOCTI TEHOTHITIB TPUTHUKAJIE.
[9]. Ane iHmN mOCHimKEHHS IOKA3alu, IO CTaH
rexiB Sina ta Sinb He BIiMBa€ Ha 3MiHY TBEPIOCTI
3epHa TpPUTUKaJE, SK I€ CIOCTEPIraeThCsl Y
mennni  [10]. Takok icHye iH(oOpMaris, 110
HasIBHICTh y TpUTHKase (piabeiiHiB Ha rpaHynax
KpOXMaJll0 He Majia iCTOTHOTO 3B’S3KY 3 TBEPJICTIO
3epHa, ajie BIUIMBAJIa Ha IMOKAa3HUK CETUMEHTAIlil
[11].

IIepeBaxna OLTBIIICTD 3aMiIIEHUX
tputukane (AABBDR) warote 3amimeny 2R
xpomocomy Ha 2D [12], mo 3Ha4HO MOKpaIrye
AKICTh KJICHIKOBHHH, ajie¢ HE BILUIMBAE HA TBEPHICTh
3epHa. ToMy JOCHTH aKTyaJbHHUM € IOLIYK CEpen
TEHETUYHOTO  PI3HOMAHITT  Ta  CTBOPEHHS
TPUTHKaJE 3 TBEpAUM eHjocrnepmoM. Lle HeoOxinHa
YMOBa Uil TOKPAILIEHHS MOMONY, IO CIPUSTHME
MIMPOKOMY  BOPOBA/UKCHHIO  TPUTHKAIE Y
XJ1I00NIEKaPChKY TPOMHUCIIOBICTE.

BcTranoBneno, 1m0 TepBUHHI OKTOIUIOIMHI
TPUTHKAJIE MAIOTh M SIKy TEKCTypYy €HIOCIIepMY, a
cepell BTOPUHHUX Ta 3aMillleHUX CIOCTEPiraeThCs
mmpiinid - gianasoH  TtBeppocti  [13].  IcHyroua
MIHJIUBICTh TPUTHKAIE 32 PIBHEM TBEPJO3EPHOCTI
BU3HAYAETHCS TCHOTHIIOM COPTY, YHHHHKAMH
HABKOJMIIHBOTO CEPEAOBHUIIA Ta iX B3AEMOIIEIO
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and back-crosses between primary octo- and
hexaploids, secondary triticale, and triticale with
wheat. Substituted triticale has significantly
increased  sedimentation  indices,  which
determine gluten strength and mean improved
dough quality [8]. Another problem to be solved
is increased kernel hardness.

It is known that wheat endosperm hardness
is determined by the friabilin protein complex,
consisting of puroindoline a (PINA) and
puroindoline b (PINB). These proteins make the
endosperm soft. In bread wheat, puroindolines
are encoded by the Pina and Pinb genes located
in the hardness locus (Ha) on chromosome 5D.
Most bread wheat genotypes are soft, but if at
least one of the PIN proteins is missing or
mutated, the endosperm becomes hard. Similar
genes for puroindoline-like proteins were
identified in rye on chromosome 5R and named
secaloindoline (Sina, Sinb). It is believed that
they are responsible for soft kernels in most
triticale genotypes. [9]. Nevertheless, other
studies showed that the Sina and Sinb genes did
not affect triticale kernel hardness, unlike similar
genes in wheat [10]. There is also information
that triticale friabilins on starch granules were
not associated with kernel hardness, but
influenced the sedimentation index [11].

In the vast majority of substituted triticale
(AABBDR), chromosome 2R is replaced by 2D
[12], which significantly improves gluten quality
but does not affect kernel hardness. Therefore,
the search among genetic diversity for and the
creation of triticale with hard endosperm are
quite relevant. This is a prerequisite for improved
milling, which will contribute to the widespread
introduction of triticale into bakery industry.

Primary octoploid triticales were revealed
to have a soft endosperm, and a wider range of
hardness was observed among secondary and
substituted ones [13]. The existing variability of
triticale kernel hardness is determined by the
genotype of a cultivar, environmental factors,
and their interaction [14]. The kernel hardness
issue was studied in small samples of genotypes,
so it requires more detailed research.

Our purpose was to differentiate
comprehensively valuable triticale accessions by
kernel hardness in the breeding material of the
Yuriev Plant Production Institute of NAAS of
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[14]. IluranHs TBepAOCTI 3€pHA NOCIIHKEHE Ha
MaJoMy HabOpi reHOTHUIIIB, TOMY HOTpeOye OibIn
JACTAJIbHOI'O BUBYUYCHHS.

Mertoto Hamioi poOoTi Oyllo BCTaHOBIICHHSI
mudepeHmianii  KOMIUIEKCHO-IIIHHUX — 3pasKiB
TPUTHKale 3a PIBHEM TBEPJO3EPHOCTI cepen
CeJISKIIHOTO MaTepiany [HCTUTYTy pOCIMHHHIITBA
im. B.A. IOp’eBa HAAH Vkpainun. Takox
OIIHIOBAallM  PiBEHb MIHJMBOCTI 32  POKaMHU
JOCJIIDKEHb Ta BUPIBHAHICTH 3pa3KiB 3a O03HAKOIO
TBEPAO3CPHICTh JUIi BUJAUICHHS TCHOTHUIIIB 3
MiJBUIICHOI0 TBEPMAICTIO 3€pHA SK BHUXIiTHOTO
Marepiany JUisi TPOIOBOJILYOTO HAMPSIMY CEJNeKITil
TPHUTHKAJIC.

Marepiaj Ta yMOBH A0CTiTKeHb

Hocnimxenns npooaunu y 2021 ta 2023 pp.
Ha CeNeKIiiHii 0a3i [HCTUTYTy pOCTMHHHIITBA M.
B.A. Op’esa HAAH, sika po3ramioBaHa y cxXimHii
gactuni Jlicoctemy VYkpainum (XapkiBcbka OOIL,
XapkiBcbkuil p-H). Kiimar y 30HI mpoBeneHHs
JIOCITI/PKEHb MOMipHO-KOHTHHEHTAITLHHAM.
CepenHbopiuHa TeMmmeparypa TOBITPS CTaHOBUTh
6°C. JlitTHi MicsAll XapakTepU3yIOTbCS OOCHUTDH
BHCOKOIO  TEMIIEpaTypor0  MOBITpS:  CepemHs
OaraTopiuHa TemImeparypa B YEPBHI CTAaHOBUTh
19,1°C, nunni 21,0°C, cepmui 19,7°C. IpynToBuii
NOKPUB  NPEACTABICHHH  MOTY)KHHUM  clabo
BIUIyTYBaHMM  YOPHO3EMOM  Ha  IIMJIOBATO-
CYDIMHUCTOMY JIECi 3 TOBIIMHOIO TyMYCOBOTO HIapy
75 cm i Oimpie mpu BMIcTi rymycy 5,5-7,3 %;
XapaKTepH3YEThCSI arPOHOMIYHO I[IHHOKO TPYAKOBO-
3epHUCTOI0 CTPYKTYpOIO, BEJIMKHUMH 3aracaMu
JNOCTYIIHUX  TOXKUBHUX  peYoBHH.  Peaxiis
IPYHTOBOIO po3urHy cnadbokucna (pH=>5,7-6,0).

Jns BU3HA4YEHHsI PiBHS TBEPAO3EPHOCTI Ta
OI[IHKMA MIHJIMBOCTI ITi€] O3HAKA MPOTSITOM JBOX
POKIB BHU3Ha4Yalu TBEPAICTb 3epHa 46 KOMIUICKCHO
LIHHUX JIHIA TPUTHKAJC SPOro y KOHKYPCHOMY
COpTOBHUIIPOOYBaHHI. Takox  mWisi  OOLIYKY
TBepro3epHUX reHotumie y 2023 p. Oyno
JIOMIATKOBO TIPOAHAi30BaHO TBEPAICTh 3epHa 330
JiHIM Tputhkane sporo Ta 220 miHIM TpuUTHKaie
03MMOTO TIONEPEAHBOTO COPTOBUIIPOOYBaHHS.

TBepmicTh 3epHa BH3HAYaIM Ha TBEPJOMIpi
npsamoi aii YPD-300D 3a MeTonukoro, sika IoJisrae
y  BUMIPDIOBaHHI ~ MaKCUMAaJbHOTO  3yCHILIS,
HE0OX1AHOTO Ul pyHHYBaHHA  TEKCTypH
eHjocnepMy IULIXOM (i3uuHOT Aii Ha OKpemy
3epHiBKY, Ta BU3HauaeThecsi y Hetoronax (H) [15].
s MeToauka TICHO KOPETIOE 3 IHIIMMHU METONAMHU
OIIIHKK TBEPJO3EPHOCTI (32 1HJEKCOM pPO3MIpy
YaCTOK [TOMEITY, 3aTparaMy €Heprii Ha MoApiOHeHHS
1 r 3epHa, maHMMHU iH(padepBOHOI CIIEKTPOMETPil

Ukraine. We also evaluated the year-to-year
variability and uniformity of kernel hardness in
accessions to select genotypes with increased
kernel hardness as starting materials for food
triticale breeding,

Materials and Conditions

The study was carried out at the Breeding
Center of the Yuriev Plant Production Institute of
NAAS, which is located in the Eastern Forest-
Steppe  of Ukraine (Kharkivska Oblast,
Kharkivskyi District), in 2021 and 2023. The
climate in the study location is temperate-
continental. The mean annual air temperature is
6°C. The summer months are characterized by
rather high air temperature: the mean long-term
temperature is 19.1°C in June, 21.0°C in July,
and 19.7°C in August. The soil is thick weakly
leached chernozem on dusty loamy loess with a
humus layer thickness of >75 cm and a humus
content of 5.5-7.3%; it has an agronomically
valuable lumpy-granular structure and large
reserves of available nutrients. The soil solution
reaction is weakly acidic (pH=5.7-6.0).

To determine kernel hardness and assess
the variability of this characteristic, the kernel
hardness of 46 comprehensively valuable spring
triticale lines was determined in a two-year
competitive variety trial. In addition, to search
for genotypes with hard kernels, the kernel
hardness of 330 spring ftriticale lines and 220
winter triticale lines was additionally analyzed in
a preliminary variety trial in 2023.

Kernel hardness was measured on a YPD-
300D direct-acting hardness tester. In this
method, the maximum physical force required to
crush the endosperm of an individual kernel is
measured in Newtons (N) [15]. This technique is
closely correlated with other methods for kernel
hardness assessments (by milled particle size,
energy consumption for milling 1 g of grain,
infrared spectrometry data, etc.) [16, 17, 18]. Ten
kernels were evaluated for each accession. The
uniformity of the accessions in terms of kernel
hardness was assessed by coefficient of variation
for replications within an accession. The
accessions were categorized into hardness groups
using a scale for bread wheat: hard (> 190 N),
semi-hard (162—190 N), medium-soft (133-161
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Ta iH.) [16, 17, 18]. 3a KOXKHUM 3pa3KOM OIIHIOBAJIH
10 3epen. BupiBHAHICTH 3pa3KiB 3a O03HAKOIO
TBEPIIO3CPHICTh  OIiHIOBaIM 332  Koe(illieHTOM
Bapiallii 3HaueHb 3a TIOBTOPEHHSIMH B MeEXax
3pa3ka.  Posmomin  3paskiB  3a  rpymamu
TBEPAO3CPHOCTI IMPOBEJCHO 32 IMIKAJOK I
miieHuIi  Mskoi:  TBephozepHi (> 190 H),
HAaITiBTBEPI03€PHI (162-190 H),
cepenabom’sikozepri  (133-161 H), ™’ sxo3epHi
(104-132 H), nyxe m’sikozepHi (<104 H). Etanonu
— coptH mueHuni M’sikoi sipoi XapkiBceka 30 Ta
o3umoi bormana, a TakoX TIMIIEHUII TBEPAOi Spoi
XapkiBcbka 39 ta o3umoi LlynuHiHKa.
BusHaueHHsT BIpOTigHOCTI Pi3HUILb, BIUIMBY
(hakTOpiB  «ICHOTHI», «CEPEHOBHIIE» Ta  iX
B3Aa€EMOZii Ha TPOSB O3HAKM NPOBOAWIH 3
BUKOPHUCTAHHSIM OararohakTOpHOTO Ta
0HO(AKTOPHOTO AUCTIepciitHoro aHamizy [19].
[Toromui ymoBu mepmoi momoBuau 2021 p.
OyaM CHOPUSTIMBAMH JJISi POCTY 1 PO3BUTKY
poCIMH. 3amac BOJOTM B IPYHTI Ta JOCTaTHE
BOJIOT03a0€3MeUeHHs] i  Yac  MPOpPOCTaHHS
HACIHHS CIIPHSUIM PIBHOMIPHIN Ta CBO€YACHIH MOsIBI
cxomiB. BaxnmuBi eram pPO3BUTKY pOCIMH —
KyOICHHS Ta  KOJOCIHHS  CYHpPOBOKYBAJIHChH
PIBHOMIDHUMH  ONaJaMH 3  [EPECBHINCHHSIM
cepeqHbOOAraTopiuHUX  piBHIB. Ase  mepiox
¢dopMyBaHHS Ta HaJMBY 3epHa CYHPOBOKYBABCS
3HAYHOIO TIOCYXOI0 Ta BHUCOKHMH TEeMIIEpaTypaMH
MOBITPS, MO0 HETATHBHO BILTMHYJIO HA KPYIHICTb,
BUIIOBHEHICTh 3€pHA Ta TMOKA3HUKH HOTO SIKOCTI.
YmoBu 2023 p. Oymu Onbll CHOPUSTIMBUMH IS
pocty i po3BUTKY Tputhkane. [lepion Bererarii
pocimH CYTIPOBOJIXKYBaBCS HIepioTUYHIUMHU
HETPHBAIUMH TIOCYXaMH, ajeé Yy CEepeaHbOMY
KUTBKICTh OMAiB Ta TeMIleparypa TOBITps Oyiu
OJIM3BKUMH JIO CepeaHboOaraTopiuHux piBHIB. Lle
cnpusiio  OpMyBaHHIO KPYMHOIO 3€pHa Ta
MO3UTUBHO BIUIMHYJIO Ha Horo skicTe. Takum
YHHOM, POKH JOCHIPKEHb 3HAYHO PI3HWINCS 3a
MOTOAHUMH yYMOBaMH, IO JIO3BOJIMJIO 00’ €KTHBHO
OLIIHUTH BIUIMB YMOB Ha MPOSIB TBEPAO3EPHOCTI.

Pe3yabTaru Ta 00roBOpeHHA

VY cepemHpOoMy 3a J1BA POKH JIOCTI/DKCHb
piBEHb TBEPIO3CPHOCTI y 46 3pa3kiB sporo
TputHkaie BapitroBaB Big 110 mo 183 H, mo
BifIMOBiTa€e rpynam M’ SIKO3EpHI,
CepeIHbOM SIKO3EPHI Ta HaIIBTBEP03CPHI.
BongHouac B okpeMi poOKH criocTepiraBcsi piBeHb
MPOSIBY BiJl Ay>K€ M SIKO3EPHUX 10 TBEpAO3epHUX. B
ymoBax 2021 p., sikuii OyB HECIPUSATIUBUM ITiJ] 4ac
HAJIMBY 3€pHA, CepelnHiil piBeHb TBEpAOCTI OyB
HkunM (Bix 84 mo 163 H) mopiBHSHO 3 ymMOBaMu
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N), soft (104-132 N), and very soft (<104 N).
Spring bread wheat cv's. 'Kharkivska 30', winter
bread cv. 'Bohdana’, spring pasta wheat cv.
'Kharkivska 39', and winter pasta wheat
'Shulyndinka' were taken as references.

Significance of  differences and
contributions of the "genotype", "environment"
and "genotype-environment interaction" factors
to this characteristic were evaluated by one-way
and multi-way ANOVA [19].

The weather in the first half of 2021 was
favorable for plant growth and development. A
moisture reserve in the soil and sufficient wetting
during seed germination provided uniform and
timely emergence of seedlings. The important
stages of plant development, tillering and earing,
were accompanied by uniform precipitation
exceeding the mean long-term values. However,
grain setting and filling occurred under a
significant drought and at high air temperatures,
which negatively affected the grain size,
plumpness, and quality. 2023 was more favorable
for the growth and development of triticale. The
plant vegetation was accompanied by periodic
short droughts, but the mean amount of
precipitation and air temperature were close to
the mean long-term values. This contributed to
the formation of large kernels and had a positive
effect on grain quality. Thus, the study years
differed significantly in terms of weather
conditions, which allowed us to objectively
assess the impact of conditions on kernel
hardness.

Results and Discussion

On average for the two study years, the
kernel hardness in 46 spring triticale accessions
varied from 110 N to 183 N, corresponding to the
soft, medium-soft, and semi-hard groups. At the
same time, in some years, accessions with very
soft and hard kernels were detected. In 2021,
which had an unfavorable period during grain
filling, the mean hardness was lower (from 84 N
to 163 N) than in 2023, when the kernel hardness
varied from 135 N to 202 N (Fig. 1). In 2023, the
highest hardness was recorded for the following
accessions: YaTKh 121-23 (214 N), YaTKh 105-
23 (203 N), YaTKh 163-23 (202 N), YaTKh 147-
23 (201 N), and YaTKh 99-23 (196 N). YaTKh
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2023 p., KonM TBEpAO3EpHICTh BapitoBana Big 135
no 202 H (puc. 1). HaliBummii piBeHb TBEpAOCTI
mamu 3pazku ATX 121-23 (214 H), ATX 105-23
(203 H), ATX 163-23 (202 H), ATX 147-23 (201
H) ta ATX 99-23 (196 H) y 2023 p. Haiim’sikime
3epHo mamm 3pasku ATX 121-23 (84 H), ATX 131-
23 (85 H), ATX 13-23 (94 H) ta ATX 40-23 (100
H)y 2021 p.

121-23 (84 N), YaTKh 131-23 (85 N), YaTKh
13-23 (94 N), and YaTKh 40-23 (100 N) had the
softest kernels in 2021.
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Puc. 1. Po3nonis 3pa3kiB TPUTHKAJE IPOTO 3a PiBHEM TBEPIO3EPHOCTI 3aJI€KHO BiJl yMOB POKY: JTyKe
M’siko3epHi (JIM), M’ saxo3epHi (M), cepearnom’sikozepHi (CM), nHanisrBepao3epHi (HT), tBepmosepHi (T).
Fig. 1. Distribution of the spring triticale accessions by kernel hardness depending on the year conditions:
very soft (JIM), soft (M), medium-soft (CM), semi-hard (HT), hard (T). X axis - Hardness group; Y axis -
Number of accessions.
Note. Cepenne - Mean

Jucniepciiinmii  aHami3
HANROUTBIIHIA BILJIUB Ha dhopmyBaHHs
TBEpAO3CPHOCTI MaB TCHOTUI Ta  YMOBH
cepenoBuiia. DakTop TEHOTHII MaB HaWOULIBITY
YacTKy BHECKY Y 3arajlbHy MIHJIHMBICTb O3HaKH —
29,9 %, yMOBHU CepeIOBUINA TAKOK Mald 3HAYHUMI
BILTUB — 18,6 %. 3HauHO MEHIIHIA, asie BipOTiaHUN

[OKa3aB, IO

BIUIMB Majla B3aeMofis (aKTOpiB TEHOTHII-
cepenosuiie — 8,1 %. [lonibui pesynbratu Oynu
nokasaHi B gocmimkeHHsax — Kselikova i1

CITIBABTOPIB HA YECHKUX 3pa3kax TPUTHKAJE, Jic
HAWOUIBIINIA BIUIMB HAa MIHJIMBICTH TBEPIOCTI
3epHa MaJld YMOBH POKY Ta reHoTw [ 14].
Binprricte 3paskiB  TPUTHKAJE SPOTO 32
piBHEM TBEpJIOCTI 3epHA Halexkala JO TpYyIu
M’SIKO3€pHI  Ta  cepenHboM’siko3epHi.  Lle
CIOCTEPIraJioch SK y CepelHbOMY 3a JIBa POKH,
TaK 1 OKpEeMO 3a poKaMHu. Y CEepelIHbOMY DPiBEHb
TBEPIO3EPHOCTI Yy  JOCHIKYBaHMX  3pa3KiB
BIZINIOBiAaB YOTHPHOM TIpyIlaM TBEPAOCTI: IyKe
M’siko3epHi — 1 3paszok (2 %), m’sko3epHi — 18
3paskiB (39 %), cepenHbpoM’sK03epHi — 21 3pa3ok
(46 %) Ta mamiBTBepmo3epHi — 6 3pa3kiB (13 %).
3BakalouM Ha 3HAYHWI BIUTMB YMOB CEpEIOBHIIA
Ha (opMyBaHHS TBEPIOCTI 3epHA, JOCUTh IIIHHUM
€ BUIUICHHS 3pa3KiB, SKi MamTh OUIBII

ANOVA showed that the genotype and
environmental conditions had the greatest
effects on kernel hardness. The "genotype"
factor made the largest contribution to the total
variability of the characteristics (29.9%);
environmental conditions also had a significant
effect (18.6%). The '"genotype-environment
interaction" factor had a much smaller, but still
significant effect (8.1%). Similar results were
obtained by Kselikova and her co-authors on
Czech ftriticale accessions: the year conditions
and genotype had the greatest influence on the
variability of kernel hardness [14].

Most spring triticale accessions were in
the soft or medium-soft group. This pattern was
traced both for the mean value for the two
study years and for separate years. On average,
the kernel hardness in the studied accessions
corresponded to four groups of hardness: very
soft - 1 accession (2%), soft - 18 accessions
(39%), medium-soft - 21 accessions (46%), and
semi-hard - 6 accessions (13 %). Given the
significant  influence of  environmental
conditions on kernel hardness, it is quite
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CTabiIbHUM TPOSB Wi€l O3HAKH 32 POKAMH.
Haii6inbiry miHHICTB K HKepeia IEeBHOTO PiBHS
TBEPAOCTI 3¢pHAa CTAHOBIATH 3pa3KH, OUIBII
cTabibHI Ta OMHOPIAHI 3a i€t o3Hakow. bymo
BUJIJICHO HalOUIbII CTAOUIBHI 3pa3Kd 3a TPhOMa
rpynaMd  TBEpJOCTI  3epHa: M’SIKO3€pHI,
CepeIHbOM SIKO3EPHI Ta HaIlIBTBEpAO3epHi (Tal.

1.

important to select accessions with a more
stable manifestation of this characteristic over
the years. Accessions that are more stable and
uniform in this respect are the most valuable
sources of certain levels of kernel hardness.
The most stable accessions were selected in
three hardness groups: soft, medium-soft, and
semi-hard (Table 1).

Taéauus 1. 3pas3ku Aporo TPUTHKAIIE 31 CTAO UTBHUM MPOSBOM PiBHS TBEPIA03EPHOCTI
Table 1. Spring triticale accessions with stable hardness of kernels

KoedinienT Bapianii, V, %
Teepaicts, H (Hardness, N) (Coefticient of variation,
CV, %)
Hasga 3paska (Accession) y MeXax
3a poKamu 3paska
2021 p. (2021) | 2023 p. (2023) |cepenns (Mean) (Year-to-year) (Intra-
accession)
M’siko3epHi (Soft)
SATX (YaTKh) 40-23 100 110 105 16 7
ATX (YaTKh) 21-23 102 126 114 16 15
ATX (YaTKh) 124-23 105 144 124 9 22
ATX (YaTKh) 102-23 129 122 126 16 4
ATX (YaTKh) 18-23 132 122 127 17 6
ATX (YaTKh) 46-23 118 138 128 15 11
ATX (YaTKh) 62-23 147 113 130 19 19
cepeanboM’sikosepHi (Medium-soft)
ATX (YaTKh) 132-23 141 135 138 15 3
ATX (YaTKh) 16-23 122 158 140 16 18
ATX (YaTKh) 156-23 122 159 141 10 19
ATX (YaTKh) 15-23 132 151 141 15 10
ATX (YaTKh) 105-23 130 153 142 11 11
ATX (YaTKh) 11-23 151 137 144 18 7
ATX (YaTKh) 43-23 134 177 155 15 20
HamiBTBepa03epHi (Semi-hard)
ATX (YaTKh) 108-23 155 178 167 16 10
SATX (YaTKh) 99-23 160 196 178 14 13
ATX (YaTKh) 147-23 147 201 174 17 22
ATX (YaTKh) 135-23 163 202 183 10 15
HIP os 3aramsaa (LSDos total) — - 6 - -
HIP 05 3a hakropom renorun
(LSDos for the "genotype" factor) - — 14 - -
HIP o5 3a paxropom pix (LSDos for
the "year" factor) - — 15 - -

Y 2021 p. posmofin 3pas3kiB 3a rpynamu
TBeprocTi OyB TakuM: Oyke M siko3epHi — 15 %,
M’sko3epHi — 57 %, cepenHbom’siko3epHi — 24 %,
HamiBTBepao3epHi — 4 %, TBEeplO3epHI — HE
BusiBiieHO. Y 2023 p., B yMOBaX SIKOrO BCi 3pa3ku
Manyd BHWIIY TBEPHICT 3€pHA, pO3MOAin OyB
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In 2021, the distribution of the
accessions by hardness groups was as follows:
very soft - 15%, soft - 57%, medium-soft -
24%, semi-hard - 4%, hard - not detected. In
2023, all accessions formed harder kernels and
the distribution was as follows: very soft - not
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HACTYITHUM: Jy)K€ M SKO3epHI — HE BHSBICHO,
M’siko3epHi — 20 %, cepeaHboM’ siko3epHI — 52 %,
HaniBTBepa03epHi — 17 %, TBepmo3epHi — 11 %.

KoedirmienT Bapialiii 3a pokaMu J0CiHKEHb
BapitoBaB Bim 2 g0 36 %. Kpim Toro, meton
BUMIDIOBaHHS OKPEMHX 3€PHIBOK  JIO3BOJIUB
OI[IHUTH BUPIBHAHICTh O3HAKW TBEPHICTh 3€PHA Y
MeKaxX KOKHOTO 3paska. BusBIeHO 3Ha4YHYy
JUQEepeHITialito 3pa3KiB 3a BHPIBHSIHICTIO PIBHS
TBEPAO3EPHOCTI B Mekax 3paska. KoedimieHT
Bapiallii B MeXax OJHOTO 3pa3ka CTAaHOBHUB 3—
50 %. bynu Bupineni 3pasku 3 BUCOKUM (V <
10 %), cepeanim (V = 10-20 %) ta HU3bKUM (V >
20 %) cTymeHeM OJHOPITHOCTI 3a O3HAKOIO
TBEPIICTH 3€pHA.

Cepen Tpynu M’ SIKO3CpHHX  HaWOUIBII
BUPIBHSHUMHU 3a PIBHEM TBEPIOCTI 3¢pHa Oyiu
3pazku ATX 102-23 (V = 4%), ATX 18-23 (V =
6%) ta ATX 40-23 (V = 7 %). Yci BoHM Mmamu

CepelHiii  piBeHb  MIHJMBOCTI 32  pPOKAMH
JOCITiKEHb.
Cepen Tpynu CePETHHOM SIKO3EPHHIX

HAWOIIBII BUPIBHAHUI TOKa3HUK TBEPAOCTI B
meskax 3paska maim ATX 132-23 (V=3 %), ATX
11-23 (V=17 %) Ta ATX 15-23 (V =10 %). Iin
BIUTUBOM (DaKTOpiB HABKOJIMIIHHOTO CEpEJOBHIIA
HaNOLIBbI cTabinpHuMuy Oyiu 3pasku ATX 156-23
ta ATX 105-23.

Cepen rpyIi HaIiBTBEPIO3CPHUX HAWOUITHIIT
ofHOpigHUMH 3a TBepaicTio oymu ATX 108-23 (V
= 10 %) ta ATX 99-23 (V = 13 %). Pisenb
MIHJIMBOCTI 32 pokamu OyB cepeniM. Haibinbm
CTabOITbHAM 32 POKaMHM JIOCII/KEHb cepell TPYIH
HaIiBTBEp103epHUX OYB 3pazok ATX 135-23.

Bunineni 3pa3ku 3 TiABUINEHUM piBHEM
TBEPJIOCTI 3epHA Ta OUIBII CTAOLTLHUM i1 IPOSIBOM
MOXYTh OyTH BUKOPHCTaHI B CEJIEKIIil sIK pKeperia
uiei o3Haku. Takoxk 3pa3ku 31 cTabUIbHUM
IPOSIBOM TBEPI03EPHOCTI MOXYTh
BUKOPUCTOBYBATUCh SIK €TAJIOHU B MEXaX PI3HUX
TPy TBEPAOCTI.

3pa3kiB, sKi [OpoTIroM 000X  POKiB
HAJISKAJIM JI0 TPYIH TBEPAO3EPHUX, BHSBICHO HE
Oyso. JIyis mOITyKy HOBHX TCHOTHITIB 3 BHCOKHUM
MOTEHITiaJloM TBepjoro 3epHa y 2023 p. Oymno
JIOMIATKOBO JIOCITI/DKEHO PIBeHb TBEPAOCTI 3epHA
Ha 3HAYHO HmMpHIoMy Habopi reHoTHIiB: 330 spux
Ta 220 3pa3KiB 03UMHUX TPUTHUKAIIE.

Po3nonin 3pa3kiB 3a rpynaMu TBEpIOCTi OyB
MOMIOHUM cepell Apux Ta o3uMux (opM. binblry
YaCTKY CTaHOBUIIU M’ SIKO3epHI Ta
CepeIHBOM SIKO3EPHI T€HOTHIH (pHuC. 2).

detected, soft - 20%, medium-soft - 52%, semi-
hard - 17%, hard - 11% .

The coefficient of year-to-year variation
ranged from 2 to 36%. In addition, the method
for evaluating individual kernels made it
possible to assess the kernel hardness
uniformity within each accession. The
accessions differed significantly in intra-
accession variability of kernel hardness. The
coefficient of intra-accession variation was 3—
50%. Accessions with high (CV < 10 %),
medium (CV = 10-20 %), and low (CV >
20 %) uniformity of kernel hardness were
distinguished.

In the soft group, YaTKh 102-23 (CV =
4%), YaTKh 18-23 (CV = 6%), and YaTKh 40-
23 (CV = 7%) were the most uniform
accessions in terms of kernel hardness. All of
them showed a moderate year-to-year
variability.

In the medium-soft group, YaTKh 132-
23 (CV = 3%), YaTKh 11-23 (CV = 7%), and
YaTKh 15-23 (CV = 10%) showed the lowest
intra-accession variability. YaTKh 156-23 and
YaTKh 105-23 were the most stable accessions
under the influence of environmental factors.

In the semi-hard group, YaTKh 108-23
(CV = 10%) and YaTKh 99-23 (CV = 13%)
were the most uniform accessions in terms of
kernel hardness. The year-to-year variability
was moderate. YaTKh 135-23 was the most
stable accession over the study years in the
semi-hard group.

The selected accessions with increased
kernel hardness and a more stable
manifestation of this characteristic can be used
in breeding as sources of this trait. In addition,
accessions with stable hardness can be used as
references within different hardness groups.

There were no accessions that would
form hard kernels for two years in succession.
To identify new genotypes with high potential
for kernel hardness, we additionally
investigated kernel hardness in a much bigger
sample of genotypes in 2023: 330 spring and
220 winter triticale accessions.

The accession distribution by hardness
groups was similar among spring and winter
forms. Soft- and medium-soft-kernelled
genotypes made up larger shares (Fig. 2).
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Puc. 2. Po3mozin 3pa3kiB TpUTHKAJIE IPOTO Ta O3MMOTO 3a piBHEM TBEpAOCTI 3epHa, 2023 p., %: dyxe M’ IKo3epHi
(AM), m’siko3epHi (M), cepenuaboM’sikosepri (CM), HanisrBepaosepHi (HT), Tepnosepni (T).

Fig. 2. Distribution of the spring and winter triticale accessions by kernel hardness in 2023, %: very soft (JIM), soft
(M), medium-soft (CM), semi-hard (HT), hard (T).

Note. Tpuruxaine sipe - Spring triticale; Tpurukane o3ume - Winter triticale.

Y ImochimKeHHSX IHIIMX aBTOPIB TaKOX
MOBIJIOMJISIETBCSI, IO PIBEHb TBEPIO3EPHOCTI Y
TPUTHKAJIC  PENpEe3eHTYE TOBHHMU  Jiana3oH
TBEPAOCTI: BiJl Jy)K€ M SIKOTO JO Jy’€ TBEPIOTO,
ajie Tpy [bOMY TepeBakKHA OLTBIIICTh TCHOTHITIB
nepeOyBae Ha PiBHI Bifl JyXKe M’ SKO3EPHHX JIO
cepenHboM siko3epHuX [8, 9]. Cepen 11 yropcbkux
COPTIB TPUTHKAJE, TOCHTIHKeHNX Bona i CriBaBT.,
yCcl 3pa3Kd Majd CepelHi piBeHb TBEPIOCTI
3€pHa, aJie BUIUIMBCS OJMH COPT SPOro TPUTHKAJIS
GK Idus 3 TBepauM 3epHOM 3 XapaKTEPHUCTHKAMU,
Onmu3bkuMH 10 TBepaoi mmenumi [20]. 3pasku
03UMOTO TPUTHKAJIC OflechKoi cenekitii (YkpaiHa),
ak mnoBigomisitore O. Pubanka i crnBaBTOpH,
BUSIBHJIMCSL JTy’)K€ M SIKO3epHMMH. [lpu 10My
JIOCITIJKYBaH1 3pa3ku B CBOIX POJOBOJAX MICTHIIN
CHAJKOBHH Marepiall XpPOMOCOMHO 3aMIIIEHOTO
(5B)5SR tpurtukane ta menuni Bakci [21]. Ilpore,
B JociimkeHHsx Watanabe Ta iH., piBEeHb
TBEpAOCTI  3epHa  BOCBMH  JIOCJIJDKYBaHHX
Opa3uibCbKUX  3pa3KiB  TpPUTHKAJe,  SKUH
BU3HAYABCS 32 PO3MIPOM YaCTOYOK OOpOIIHA MPU
MOMEJTi, HAOMMKaBCsl 70 ITOKa3HUKIB TBEPIOL
meHnmi [22]. Taki BiAMIHHOCTI y pe3ynbrarax
JIOCIII/PKEHh ~ WMOBIPHO  3YMOBIICHI  IIHPOKUAM
PI3HOMAHITTSIM 3pa3KiB TPUTHKAIIE 3a
MOXO/DKCHHSIM Ta METOJaMHU CTBOPCHHS, a TaKOX
3aJIeKaTh BiJl 00CATY TOCIHIKYBAaHOTO MaTepiaiy.

Y Hammx npocnipkeHHsx ymoBu 2023 p.
crpusuii  (OpPMyBaHHIO TBEPIOIO 3¢pHA Y
TEHOTHIIIB, IO MAalOTh HOTEHLIAl A0 BHUCOKOTO
piBHS MPOsBY 1€l 03HAaKU. Bynu BuICHI 3pa3KH,
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Other authors also reported that triticale
kernel hardness covered the full hardness
range: from very soft to very hard, but most
genotypes had very soft to medium-soft
kernels [8, 9]. All 11 Hungarian ftriticale
cultivars studied by Bona et al. showed a
medium level of kernel hardness; however, one
spring triticale cultivar, 'GK Idus' stood out
with hard kernels with characteristics close to
those of durum wheat [20]. Winter triticale
cultivars bred in Odesa (Ukraine), as reported
by O. Rybalka et al.,, turned out to have very
soft kernels. At the same time, the studied
accessions contained genetic material of
chromosomally substituted (5B)SR ftriticale
and waxy wheat in their pedigrees [21].
Nevertheless, in a study by Watanabe et al., the
kernel hardness of eight Brazilian triticale
accessions, which was determined by milled
flour particle size, was close to that of durum
wheat [22]. Such discrepancies in research
findings are probably caused by wide diversity
of origins and breeding methods of triticale
accessions and also depend on sizes of tested
samples.

In our study, the conditions of 2023
contributed to the formation of hard kernels in
genotypes with a potential for strong
expression of this trait. We selected accessions
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3maTHi (hOpMYyBaTH TBEPHAICTh HA PIBHI MIICHUITI capable of forming hard kernels at the level of

TBEpAOi Ta TIIEPEBUILYyBaTH 1.

Cepen  spux durum wheat or better. Twelve spring triticale

TPUTHKANE BHAUICHO 12 TBepAO3epHHUX 3pasKis, and seven winter triticale accessions with hard

cepen 03UMHEX — ciM (Taou. 2).

kernels were selected (Table 2).

Taonanus 2. Teepro3epHi JiHIT TPUTHKAJIE IPOTO Ta 03UMoro, 2023 p.
Table 2. Hard-kernelled spring and winter triticale lines, 2023.

Hasga 3paska (Accession)

KoediuienT Bapiamii
Teepaictb 3epHa, H (Kernel hardness, N) B Mexkax 3paska, V, % (Coefficient of
intra-accession variability, CV, %)

TpuTHKae sipe (Spring triticale)

SITX (YaTKh) 456-23 214 14
SATX (YaTKh) 139-23 208 5
SITX (YaTKh) 437-23 207 12
SITX (YaTKh) 565-23 206 12
SITX (YaTKh) 382-23 201 6
SITX (YaTKh) 140-23 199 5
STX (YaTKh) 368-23 199 17
SITX (YaTKh) 227-23 197 9
SATX (YaTKh) 216-23 194 11
SITX (YaTKh) 99-23 190 6
SITX (YaTKh) 782-23 190 12
SITX (YaTKh) 50-23 190 15

eranonu (References)

XapkiBcbka 39,

IIISHUI TBepAa sipa (Spring pasta wheat cv) 192 12
'Kharkivska 39")

Xapkiscbka 30,

mIeHuns M’ska sipa (Spring bread wheat cv 160 10
'Kharkivska 30"

HIP o5 (LSD 05) 11 -

TputHukane ozume (Winter triticale)

TX3 (TKhZ) 883-23 247 20

TX3 (TKhZ) 487-23 212 20

TX3 (TKhZ) 406-23 207 15

TX3 (TKhZ) 736-23 205 7

TX3 (TKhZ) 178-23 202 9

TX3 (TKhZ) 884-23 199 16

TX3 (TKhZ) 516-23 194 10

erasonu (References)

Ulynuuninka,
mieHuis tBepaa ozuma (Winter pasta wheat
cv. 'Shulyndinka')

195 13

Bormana,
e M sika o3uma (Winter bread wheat cv,
'Bohdana’)

142 12

HIP 05 (LSD o5)

HaiiBumy —TBepo3epHicTh
3paskiB Manu ATX 456-23 (247 H),
(208 H), ATX 437-23 (207 H) Ta

cepen  sApUX Among the spring accessions, the highest
ATX 139-23 hardness of kernels was recorded for YaTKh
ATX 565-23 456-23 (247 N), YaTKh 139-23 (208 N),

(206 H) Ta SATX 382-23 (201 H). Cepen o3umux YaTKh 437-23 (207 N), YaTKh 565-23 (206
HaWBHII PiBHI TBEPAOCTI Manu 3pa3ku TX3 883- N), and YaTKh 382-23 (201 N). Among the
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23 (247 H), TX3 487-23 (212 H), TX3 406-23
(207 H), TX3 736-23 (205 H) ta TX3 178-23
(202 H). TBepmo3epHi 3pa3ku TAKOXK BiJPi3HAINCH
MOPGOJIOTrivHO 32 OLIBII CKIOBUAHOIO TEKCTYPOIO

eHaocriepmy (puc. 3).

winter cultivars, TKhZ 883-23 (247 N), TKhZ
487-23 (212 N), TKhZ 406-23 (207 N), TKhZ
736-23 (205 N), and TKhZ 178-23 (202 N) had
the hardest kernels. The hard-kernelled
accessions also differed morphologically: their
endosperms looked more vitreous (Fig. 3).

Puc. 3. Bumsan ennocrepMy npu MOTIEPETHOMY 3pi3i 3epHA Y TBEpI03epHOTO 3paska Tpurukane ATX 437-23
(niBpopy4) Ta cepenHboM’ siko3epHOro 3paska ATX 132-23 (mpaBopyy).

Fig. 3. Appearance of the endosperm on kernel cross-sections of a hard-kernelled triticale accession (YaTKh 437-23)

(left) and a medium-soft-kernelled accession (YaTKh 132-23) (right).

Sk Bimomo, y MIIEHWINI TBEPAICTh 3epHA
TICHO KOPENIOE 3 piBHEM CKJIOBHUIHOCTI, TOMY
TBEPAO3CPHI 3pa3Ku TEPEeBaKHO MAKOTh OLIBII
CKJIOBUJIHY TEKCTypy eHpocnepmy. [lomiOHui
3B’s130K BcTaHoBuiM Warechowska Ta criBaBTOpH
1 Ha TpuTHKane [23].

VYci 3pasku rpymu TBEpAO3EpHI MOKa3alm
BUCOKYy a00 CepeIHi0 OMHOPITHICTE B MeXax
3pa3ka (xoediumient Bapiamii V = 5-20 %).
Bunmineni 3pa3ku, 3Ba)kalouu Ha JOCUTh BHUCOKI
piBHI TBEpJOCTiI 3€pHA Ta BUPIBHSAHICTH 3a IIMM
MOKAa3HUKOM, MAIOTh 3HAUHY CEJICKIIHY IIHHICTb,
aje MoTpeOyITh MOJAIBIINX JOCHTIDKEHb 00
cTabiIBbHOCTI MpPOSIBYy O3HAKM 3a PI3HUX YMOB
CepeIOBHIIIA.

BucHoBknu

Cepen JOCJTIJKYBaHOTO Marepiany
BU3HAYCHO 3HAYHY IH(EpeHINialifo 3a MPOosSBOM
TBEPIOCTI 3epHa: Bif ayxke M’ sikozepHux (84 H)
JI0 TBepao3epHux (246 H).

Spi ta o3umi (OpMH TPUTHKAJIC MaJH
noAiOHM  po3moAil  3pasKiB 32 IpyHaMu
TBEPJOCTI. BijbIlly YacTKy CTAHOBWIIH M’ SIKO3EPHI
Ta cepeHbOM SKO3EpHI TeHOTHITH (BiAMoBiTHO 36
Ta 42 % y sipux, 37 ta 43 % y 03UMHX).

VcTaHOBIEHO, IO HAHOINBINMK BIIMB HA
3araNbHy MIHJMBICTh O3HAaKW TBEPAO3CPHICTH
Maiu Qakropu rerotut (29,9 %) Ta cepenoBuiie
(18,6 %), TOoMy 3pa3ku TIPOSBISIIN 3HAYHY
MIHJIUBICTh PIBHS TBEPIO3EPHOCTI 332 POKAMH
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In wheat, kernel hardness is known to be
closely correlated with vitreousness; hence,
hard-kernelled accessions mostly have a more
vitreous endosperm texture. A similar pattern
was demonstrated by Warechowska and her co-
authors on triticale [23].

All accessions of the hard group showed
high or moderate intra-accession uniformity
(coefficient of variation CV = 5-20%). Given
the rather high levels of kernel hardness and
uniformity of this characteristic, the selected
accessions are of significant breeding value,
but require further research into the expression

stability of this trait under different
environmental conditions.

Conclusions

The studied material significantly

differed in kernel hardness: from very soft-
kernelled accessions (84 N) to hard-kernelled
ones (246 N).

Spring and winter triticale forms showed
similar distributions by hardness groups. Soft-
kernelled and medium-soft-kernelled
genotypes made up larger shares (36 and 42%
in spring triticale, respectively, and 37 and 43%
in winter, respectively).

It was found that the "genotype" (29.9%)
and "environment" (18.6%) factors made the
greatest contributions to the total variability of
the "kernel hardness" trait; hence, the
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JIOCIipKeHb. BopHoyac B Mekax KOXKHOI Tpymnu
TBEPIOCTI BUAUICHO 3pa3KH 31 CTAaOUILHUM piBHEM
TBEPJIOCTI 3epHA 32 POKAMH.

Bupineno 3pasku 3 BUCOKOIO OJHOPIJHICTIO
Ta cTaOUIbHUM 3a POKAMU IPOSBOM ITOKa3HHUKA
TBEPJIO3EPHOCTI B MEXKaX PI3HUX TPYI TBEPIOCTI:
HamiBTBepao3epHi — ATX 99-23, ATX 108-23,
cepenubom sikozepri — ATX 132-23, ATX 11-23,
M’ axo3epHi — ATX 102-23, AATX 18-23, ATX 40-
23. BoHu MOXyTh OyTH BHKOPHCTaHI B CENEKIil
K pkepena wiel o3HakW. Takoxk 3pasku  3i
CTaOUIbHUM TIPOSIBOM TBEPAO3EPHOCTI MOXYTh
BHUKOPHCTOBYBATUCh SK €TAJIOHH B MEXax PI3HHX
TPy TBEPAOCTI.
BugineHo reHOTMIM 3 BHCOKHM IIOTEHIIAJIOM
TBEPIOCTI 3epHA. 3a cnpusTIUBUX ymMoB 2023 p.
BOHM (DOpMyBaJld TBEPAICT, HA PIiBHI IIICHUIII
TBepoi abo nepepepuryBanu ii. Cepen apux Gpopm
BUIUIEHO 12 TBepAO3epHUX 3pa3KiB, cepen
03UMHX — ciM. HaliBuiny TBeplO3epHICTH cepen
apux 3paskiB Mamu ATX 456-23 (247 H), ATX
139-23 (208 H), ATX 437-23 (207 H), ATX 565-
23 (206 H) Ta ATX 382-23 (201 H). Cepen
03MMHUX HAWBUILI PiBHI TBEPIOCTI Maju 3pa3Ku
TX3 883-23 (247 H), TX3 487-23 (212 H), TX3
406-23 (207 H), TX3 736-23 (205 H) ta TX3
178-23 (202 H). Yci 3pa3ku rpymu TBEpAO3epHi
MoKa3ajiM BUCOKY a00 CEpeaHIO OJHOPITHICTh B
Mekax TeHoTuny (koedimieHT Bapiamii V = 5-
20 %).

accessions' kernel hardness was quite variable
across the study years. At the same time,
accessions with stable year-to-year hardness of
kernels were selected in each hardness group.

We selected highly uniform accessions
with stable hardness of kernels over the years
within different hardness groups: semi-hard -
YaTKh 99-23 and YaTKh 108-23; medium-soft
- YaTKh 132-23 and YaTKh 11-23; soft -
YaTKh 102 -23, YaTKh 18-23, and YaTKh 40-
23. They can be used in breeding as sources of
this trait. In addition, accessions with stable
hardness can be used as references within
different hardness groups.

Genotypes with a high potential for
kernel hardness were identified. Under
favorable  conditions in 2023, they
demonstrated kernel hardness at the level of
durum wheat or better. Twelve spring triticale
and seven winter triticale accessions with hard
kernels were selected. The following spring
accessions had the hardest kernels: YaTKh
456-23 (247 N), YaTKh 139-23 (208 N),
YaTKh 437-23 (207 N), YaTKh 565-23 (206
N), and YaTKh 382-23 (201 N). As to winter
triticale, the following cultivars formed the
hardest kernels: TKhZ 883-23 (247 N), TKhZ
487-23 (212 N), TKhZ 406-23 (207 N), TKhZ
736-23 (205 N), and TKhZ 178-23 (202 N). All
accessions of the hard group showed high or
moderate intra-accession uniformity
(coefficient of variation CV = 5-20%).
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Pedepar:CTBOpEHO HOBMI €KOJOTIYHO IUIACTHYHHIA, BUCOKOMPOAYKTHBHUN COPT MINEHHUII M SIKOT
o3umoi HociBouka. B cTarTi HaBegeHo xapakTepucTuky copTy HociBouka 3a MOpGOIOTiYHUMH O3HAKaMH,
arpoeKoJIOTTYHUMH 1 OIOJIONYHUMH BIIACTHBOCTSIMU, BiJ3HAUCHO BHCOKI EKOJIOTYHY IUIACTHYHICTS,
MPOMYKTHBHICTh 1 TIOKA3HUKH SIKOCTI 3epHa Ta OopommHa. [lokazaHo, 110 HOBHI cOpT QOpPMYy€E BHCOKHUIT
O0l0THYHMI TOTEHIIiaJl B YMOBaX IMOJICHKOTO-JIICOCTETIOBOTO 1 JIICOCTEMOBOTrO €KOTOMIB. 3a €KOJOri4HOTO
BunpoOysauHs (Brupomorx 2001-2006 pp. 2008—2022 pp. B yMOBax MOMICHKO-JIiCOCTENIOBOTO €KOTOIY
(Yepnirieceka 06m.) i 20072014 pp. — micocrenoBoro exorony (KuiBchbka 0011.) HOBHIT copT GopMyBaB
BUCOKY 1 CEpellHIO ypOKahHICTh 3epHa, 30kpema 6,54-9,11 Tta 5,72-7,74 t/ra, BignosigHo. CopT
HociBouka MO)XKHa BiJHECTH JO BHCOKOIHTCHCHUBHHX, BIH XapaKTEPU3YETHCS  MOJIMICHUMHI
MOP(}OIOriYHUMH 1 arpoOiONIOTTYHIME BIACTHBOCTSIMH, IIMPOKO0 HOPMOIO Peakilii 3a onTuMizaiii yMoB
BUPOIIYBAaHHS, Ma€ MOTOBIICHY COJIOMHHY. Bce 11e 3yMOBIIIO€ JOCUTh BUCOKY CTIHKICTh JI0 HECIIPHSATIIMBUX
a0loTHYHKX 1 OIOTMYHMX YMHHHKIB 1 3[IaTHICTh POCIIMH 3aCBOIOBATH BUCOKI /103U a30THUX MiHEpaJbHUX
no0OpuB, moOpe pearyBaTy Ha CBOEYACHHH 0OPOOITOK IPYHTY (OpaHKy) Ta MICISAIII0 OPTaHIYHUX TOOPHB.

KurouoBi ciioBa: nieHuIs M’sika 03UMa, ypOKaWHICTh, €KOJIOT1YHA TUIACTHYHICTb, SKICTh 3epHA.

Abstract: A new environmentally plastic, highly productive winter bread wheat cultivar
'‘Nosivochka' has been created. The article describes morphological, agroecological, and biological
characteristics of cv. 'Nosivochka'. High environmental plasticity, productivity, and grain and flour quality
are highlighted. It was shown that the new cultivar had a high biotic potential in the woodlands-forest-
steppe and forest-steppe ecotopes. During environmental trials (in 2001-2006, 2008-2022, in the
woodlands-forest-steppe ecotope (Chernihivska Oblast) region) and in 2007-2014, in the forest-steppe
ecotope (Kyivska Oblast)), the new cultivar gave a high mean yield of grain: 6.54-9.11 and 5.72—7.74 t/ha,
respectively. Cv. 'Nosivochka' is highly intensive. It has improved morphological and agrobiological
features, a wide norm of reaction under optimized growing conditions, and thickened straw. All these
features make it fairly highly resistant to adverse abiotic and biotic factors, be able to assimilate high doses
of nitrogen mineral fertilizers, and respond well to timely soil cultivation (plowing) and after-effects of
organic fertilizers.

Key words: winter bread wheat, yield, environmental plasticity, grain quality
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Beryn

OmHUM 13 HUISXIB 3MEHIIEHHS HEraTUuBHOI'O
BIUIMBy Ha arpoeKOCUCTEMH, 30epeKeHHs ¢
30UIbLIeHHS O10pI3HOMAHITTS € CTBOPEHHS ¢
THTPOAYKIIiSl CTIMKHX 1 aJIANTUBHUX COPTIB POCIHH
[1], sxi 3matHi OUIBIIO MIpOI MPOTUCTOSITH
HETaTUBHUM YMHHHKaM JOBKULIL. CTBOpPEHI COPTH
3 YacoM BTpPavyarOTh CBi OiOMOTEHINiA)N, y T.4.
MPHUCTOCYBAJIbHI MOXJIMBOCTI, yepes IO
TIOTIOBHEHHSI arpoeKOCHUCTEM HOBUM aJallTHBHHM
ACOPTHMEHTOM 3€PHOBHUX KYJIBTYp € aKTyaJIbHAM.

OpmHiero 3 HaWOUIBII IIHHHUX 3CPHOBHUX
OPOJOBOJKIMX  KYJIBTYp € TIICHULS  M’sKa
(Triticum aestivumL.). Ii saransna cpiTopa mioma
cTaHoBHTH 224 MiH ra, abo 32 % Binm ycix
3epHOBUX KynbTyp. HaifOimpmii turomi mij Imiero
KyJbTypoto 3ocepemkeni B Kutai — 31 mumn, [aaii —
26, CIIA - 24, Kanani Ta ABctpanii — 11 miH ra.
He BHmankoBo BOHa € OCHOBHUM CHPOBHHHHM
peCypcoM Il HACEJICHHS ONU3BKO 2 MIIpJ OCi0 y
43 xpaiHax cBITY, y T.4. B YKpaii [2, 3].

B ymoBax cyuyacHuX 3MiH KJiMaTy TpPOBIIHY
poJib  Bimirpa€ CcoOpT Ta TEXHOJIOTiIS  HOTO
BHPOIIyBaHH, SIK ¢aktop peamizamii
010TIOTEHITIAy TEHOTHITY, YPOXKAHHOCTI Ta SKOCTI
3epHa. OcoOnuBO 3pocTae poib COPTy 3a
IHTGHCUBHOI ¥  iHTErpoBaHOT TEXHOJOT11
BUPOIIYBaHHS B YMOBax Ae(iluTy BOJOTH Y
BECHSHO-JIITHIH nepion [4]. IToTeHiian
MPOAYKTUBHOCTI  BITYM3HSHUX COPTIB  O3MMOI
mmeHnii  csrae nonany 10 T/ra, omHaK |y
BUPOOHUYMX YMOBaxX BIH peanizyeTbcst HA 1/2, a B
nesxkux sBunagkax Jmmimae #Ha 30 %. TomnoBHa
MpUYMHA HeTO0OOPiB YPOXKalo — 1€ HEBIAMOBIAHICTh
TEXHOJIOTTYHIX MPHUIOMIB OilomorivHUM
0COOIMBOCTSM COPTY U IPYHTOBO-KIIMAaTHIHOMY
MTOTEHITiaTYy. 3MiHHn KITimMary BUMAaralTh
BUPOIIYBaHHS BHCOKOIIPOTYKTHBHUX i
MOCYXOCTIHKUX copTiB. ToMy CTBOpEHHS COpPTIB 3
BUCOKMM TOMEOCTAaTHYHUM  IMOTEHLIaJIOM  Ta
po3po0Ka 1 BIPOBAKEHHSI HAYKOBO OOIPYHTOBaHOT
COPTOBOi  arpoTeXHIKM 1X  BHUPOIIYBaHHS €
AKTyaIbHUMU MUTAHHSMU ChOTOAEHHS [5]. OmaHum
3 HampsMIB BHPIMIGHHS IHOTO 3aBIAHHA €
IIeCTIPSIMOBAHA CEJICKIIiS Ha TTOEHAHHS B OJTHOMY
COpTI BHCOKOTO TMOTEHIialy BPOXKAWMHOCTI 3
MOJIMIICHUMH TEXHOJIOTIYHHUMHU  BJIACTHBOCTSMH
3epHa 1 OOpOIIHA, CTIMKOCTI MPOTH KOMIIEKCY
HECNPHUATIMBUX OIOTUYHUX 1 a010THYHUX YNHHHKIB
[2].

[Mmennnss M’ska o3uMa — 1€ OCHOBHA
3€pHOBA KYJIbTypa YKpaiHHW, 3pOCTaHHS BaJIOBUX
300piB  sKOI B YMOBax Cyd4acHOTO CiJIbCHKOTO
rocrojapcTsa  BigOyBaeTbCs — Hacammepen — 3a
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Introduction

The creation and introduction of resistant
and adaptable plant cultivars [1], which are more
able to resist negative environmental factors, is a
way to reduce the negative impact on
agroecosystems and preserve and expand
biodiversity. Cultivars lose their biopotential over
time, including adaptability; therefore,
agroecosystems should be replenished with new,
adaptable, and diverse cereal cultivars.

Common wheat (Triticum aestivum L.). is
one of the most valuable food cereals. Its total
acreage is 224 million hectares around the world
or 32% of all cereals. The largest areas of this
crop are concentrated in China (31 million
hectares), India (26), the US (24), Canada and
Australia (11 million hectares in each). It is not
fortuitous that it is the main raw material
resource for about 2 billion people in 43
countries worldwide, including Ukraine [2, 3].

Under current climatic changes, the
cultivar and cultivation technology, as a factor in
fulfilling the biopotential of a genotype for yield
and grain quality, play key roles. The cultivar's
role is especially growing with intensive and
integrated cultivation technologies under water
deficit in spring and summer [4]. The
productivity potential of Ukrainian winter wheat
cultivars exceeds 10 t/ha, but in production, it is
fulfilled by 1/2, and in some cases by only 30%.
Mismatches between farming techniques,
biological characteristics of a cultivar, and pedo-
climatic conditions are the main causes of yield
shortage in cropping. Climate changes require
the cultivation of highly productive and drought-
tolerant cultivars. Therefore, the creation of
cultivars with high homeostaticity and the
development and implementation of
scientifically justified, cultivar-oriented farming
techniques for their cultivation are relevant
issues at present [5]. Targeted breeding to
combine high yield capacity with improved
technological parameters of grain and flour and
increased tolerance to a complex of adverse
biotic and abiotic factors in one genotype is a
way to solve this problem [2].

Winter bread wheat is the major cereal in
Ukraine; in modern agriculture, its croppage is
growing primarily due to the implementation of
resource-saving technologies of its cultivation,
the most important constituent of which is
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paxyHOK  BIPOBAa/[DKCHHS y  BHUPOOHHUIITBO
pecypco30epiralouux TeXHOJIOTH i BUPOLTYBaHHS,
HAWBAKJIMBIIIMM €JICMEHTOM SIKMX € CiBOa COpTIB,
HAWOUIBII aJalTOBaHUX JO TIEBHUX TIPYHTOBO-
KJIIMarTi4HuX yMoB [6]. YV cydacHOMy BelEHHI
cemlekIli, Jo0ip BHCOKOSIKICHOTO  BHXIJHOTO
Marepially €  BaXJIMBUM  acleKToM s
3a0e3MeueHHs 3J0POBUX 1 MPOAYKTUBHUX JiHiH [7].
Bupimenns npoonemMn 3 i IBHIICHHS
aJIAlITUBHOCTI KYJIBTYPHHUX POCIIMH, B T.4U. 38pHOBUX
03MMHX KYIBTYp, MOJATA€ y 3aJTy4eHHI BUXITHUX
0aTbKIBCHKUX aJanTHBHUX (OPM 3 TOCHUICHUMH
PEKOMOIHAIIIHUMY TIPOIIECaMK B3a€MO]IIT T'€HIB.

Y redodoHai momymsAmii  3a  BIUIMBY
JIMITYI040r0 YHMHHUKa (200 KUIBKOX 13 HHX) Y
nporeci pekoMOiHAIlT MOXe BiJOyBaTHCS B3a€EMHE
NPUCTOCYBAaHHS PIi3HUX TEHIB, SKE Yy HH3KH
TEHOTHUITIB  MOXE 3YMOBIIIOBaTW OUIbII BUpa)KEHI
O3HAKH 1 BIACTUBOCTI TOPIBHSHO 3 0aThKiBCHKHMU
¢dbopmamu [8].

IlimBumenHs apuau3aiiii kiaimary, B T.4Y.
Jlicocreny Ta Ilomiccs VYkpainu, ne B OcCTaHHI
JIECATHIITTS CIIOCTEPITaeThCS 3pOCTaHHS
cepeHbopivHO1 Temmeparypu nositps (+ 2,3°C 3a
nepion 3 1989-2014 pp.); 3MeHIIEHHS piYHOI CyMH
oraJiiB; 30UTBIICHHS 3ar0CTPEHHUX TEPIOJIB T Yac
BereTallil MIICHUIl 03UMOi 3a BICYTHOCTI OMNaiiB
Ha (OHI BUCOKUX TeMIepaTyp MOBITPs (TPUBAIICTh
MBTOpa-ABa  MICSIll);  HASIBHICTb  BIpOTiTHOI
TEHJICHIIIT TIepepo3NoIily OMaJiB Ha OCIHHBO-
3MMOBI MICSIIi; 3MiHa TEMIIEPaTYPHOTO PEXHUMY B
3MMOBO-BECHSHUH TIEpiof, IO BHPAKAETHCA B
MOCWJIEHHI ~ po3Maxy KOJMBAHHS  TeMIeparyp
noiTpst (Big -20 °C 10 TpuBaiMX BiJUIMT, 4acTo 3
NPUTEPTUMUA  KPW)KAHMMHU  KipKamH);  BECHSHI
3aMOPO3KH ITiJ] Yac BereTallii B KBiTHI 1 TpaBHi, BCi
Il YMHHUKYA BHUCYBAaIOTh IMPOOJEMY ajamnTaiii Ta
CTIHKOCTI TIIIEHUIII 03UMOI Ha MPIOPUTETHE MICIIe
[9]. OcCKibKM COPTHUMEHT IMIIEHULI B YaCOBOMY
MPOCTOPI MOCTYTIOBO BUYCPITYE CBIi
afanTaliiHUM TOTEHIIaJ, [0 TPOSBIAETHCA Yy
MOCUJICHHI BIUIMBY Ha HUX CTPECOBHUX YWHHUKIB
a0loTHYHOI Ta OIOTUYHOI TIPUPOIM, 3HIDKCHHI
HAciHHEBOI MpOAYKTHBHOCTI Towlo [1], He BTpauae
CBO€l aKTYaJIbHOCTI TEOPETHYHE OOIPYHTYBaHHS,
CTBOPEHHSI Ta IHTPOMYKIIiS BHCOKOAJANTUBHUX U
IHTGHCUBHMX COPTIB SIKICHO HOBOTO THITY 3
MMABHILEHOIO €KOJIOT'IYHOIO IUIACTUYHICTIO
YHIBepCaJIbHOTO BUKOPHUCTAHHS ISl PI3HOTO PiBHS
arpoOHIiB Ta YWMHHMKIB JOBKULIA. 3HAYHOMY
MOIIUPEHHIO TEHOTHIIIB POCIMH 3 BHCOKHM
MOTEHITIAIOM nepeaye TeCTyBaHHS 1X 3a
napaMeTpaMu  aJanTUBHOCTI,  sKi  HaJIiHO
BUSIBIISIIOTHCS B yMOBax iNsitu.

Tak, pOCIMHM HamMiBKapJIUKOBOTO  THITY

cultivars most adapted to certain pedo-climatic
conditions [6 ]. In current breeding, the selection
of top-quality starting materials is an important
aspect to ensure healthy and productive lines [7].
Solutions to the problem of increased
adaptability of domestic plants, including winter
cereals, consist in the involvement of original
parental adaptable forms with enhanced
recombination capacity.

In the gene pool of a population affected
by a limiting factor (or several factors), mutual
adaptation of different genes can occur in the
process of recombination. Such adaptation can
lead to more expressed traits and features in
some genotypes compared to parents [8].

Enhancing aridization of the climate,
including in the forest-steppe and woodlands of
Ukraine, where in recent decades the mean
annual air temperature has increased (+ 2.3°C
from 1989 to 2014), the annual amount of
precipitation has decreased; unfavorable periods
of high air temperatures without precipitation
during winter wheat vegetation has extended (to
1.5-2 months), precipitation has been tending to
shift to autumn and winter months, and the
temperature profile in the winter-spring period
has changed, which is manifested as increased
fluctuations of air temperature (from -20 °C to
long thaws, often with ice crust on soil) and
spring frosts during the growing period in April
and May. All these factors push the problem of
winter wheat adaptation and tolerance to a
priority place [9]. Since the assortment of wheat
is gradually exhausting its adaptation potential
over time, which is manifested in the
strengthened impact of abiotic and biotic
stressors on cultivars, reduced seed productivity,
etc. [1], the theoretical justification, creation, and
introduction of highly adaptable, intensive and
game-changing  cultivars, with  increased
environmental plasticity, universal in use, for
various soil fertility and environments, remain
relevant. A wide dissemination of plants with
high potentials is preceded by testing them for
adaptability parameters that are reliably
evaluated in situ.

For example, the first-generation semi-
dwarf plants do not meet the requirements of
production in terms of stable seed productivity,
tolerance to adverse environments, and pathogen-
induced damage after a while; grain quality often
deteriorates [10].
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NEepUIOro TIOKOJIHHS 4Yepe3 TeBHUH dYac He
BIAIOBIAAIOTH BHUMOTaM BUPOOHUIITBA 3a
cTabiIbHOIO HACIHHEBOIO MPOIYKTUBHICTIO,
CTIHKICTIO 70 HECHPHUSTIMBHX JOBKULISI  Ta
YpaXEeHHSIM 30yAHUKAMH XBOpOO 4YacTo MaroTh
HEBUCOKI TIOKa3HUKHU sIKOCTi 3epHa [10].

Icaye mymka [3, 9, 11], 1m0 kopoTKOoCTEOMOBI
pPOCIMHM MOKHAQ BHPOILYBaTH TiTBKU 32 BHCOKHX
JI03 MiHEpaJIEHUX COJIeW Ta OpraHivyHOT PEYOBHHH,
OCKITBKM ~ BOHM  XapaKTEPHU3YIOTBCS  BY3bKOIO
€KOJIOT'1YHOIO JIOKAJTi3aIi€o, MO B CHIBHO
BapilOIOYMX AarpoKIIMaTHYHUX YMOBaxX YKpaiHu
3yMOBIIIOE  CITA0Ky ix amanToBaHicTh. Tomy
npoOJieMH CTBOPECHHS HOBUX BHCOKOYPOXKAHHUX
COpPTIB MIUEHMLII Ta TOWIYK YMOB 33
HaWMoOBHIMOT  peamizamii X  aJanTUBHOTO
MOTEHITIaMy 1 MOJAIbIIOl aApeCHOl HTPOMYKINI €
Ha/I3BUYalHO aKTyaJIbHUMH.

Pocnuan mimeHwii 1HTEHCHBHOTO THITY B
YMOBax YKpaiHH, SIK IIPaBUIJIO, XapaKTEPU3YHOThCS
KOPOTKOCTEONIOBICTIO;  CEpeIHBOI0 1  BHCOKOIO
¢doTOomepionMYHOI0  YYTIMBICTIO B YMOBax
Jlicocreny Ta [Ilomiccs, TpuBaIMM MeEpioioM
SIPOBHU3ALIIT; MIJBUIICHOK CTIMKICTIO 10 €HTOMO-
emigiTonapasuTiB; MOCYXOCTIHKICTIO; BUCOKOIO a00
3aJIOBUTLHOIO MOPO030-, 3MMOCTIHKICTIO, SKICTIO
3epHa — Ha PiBHI CHJIBHUX 1 IHHUX POCJWH COPTIB
mmennti [11, 12]. B Vkpaini 3 244 no3BojieHUX
Uit o(IIIHOrO BHPOIIYBaHHS COPTIB TIICHHMIT
M'sik0i 03UMOi, 65 % HaNeKUTh 0 IPYNH CUIbHHUX
meHnIb, 30 — 1o minaux, 10 — mo dinepis [13].

3a ocTaHHI AeCATUPIYYA B CEPEIHBOMY BMICT
Oinka 1 KJIEWKOBMHU B 3€pHi CTaHOBUTH — 12 % 1
23,9 %, BigmosigHo, mokasuuk BJIK — 94 (80-106).
VY 3B’A3Ky 3 IIM HArOJIONIYEThCS HA HEOOX1THOCTI
MiZICHJICHHST CEJICKIIHOT PO0OTH Ha SKIiCTh 3epHa
[2]. OcoOnuBicTIO y cenekiii Ha SKIiCTb €
MOETHAHHS B OJTHOMY T'€HOTHITI ITOKA3HUKIB SIKOCTI
3epHa, NPOAYKTHBHOCTI Ta CTIHKOCTI A0 HM3KH
HECNPHUATIMBUX CKOJOrYHMX YHHHHUKIB, M0 1
BU3HAUMJIO MeETy 1 3aBOaHHS Hamoi poOoTH —
CTBOPUTH T4 BHBUYHMTH BHCOKOMPOIAYKTHBHUI COPT
MIICHAII M’SIKOI O3MMOi, aJanTOBaHWUH JO YMOB
JCOCTENOBOTO 1 MOJICHKOTO EKOTOITIB.

Marepiajau Ta MeToan

HocnimxennsnpooanmmHacTaionapaxHoci
BCBKOiCEeNeKLiHHO-
JIOCITITHOICTAaHIIIMUPOHIBCHKOTOIHCTUTYTY IILICHH
miim. B. M. Pemecia HAAH VYkpaiau npotsrom
1998-2012 pp. ta 2020-2023 pp.). docnigae momne,
Jie TIPOBOIMUIN JOCII/DKEHHS, PO3MIIIEHO B MEXax
OKpPEeMOTo eKoTOHY JIHIMpoBChbKOi HW30BHHH, Y
cthepi BmBY ABOX (i3uKO-reorpadiuHuX 30H —
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There is an opinion [3, 9, 11] that short-
stemmed plants can be grown only at high doses
of mineral salts and organic compounds since
they are characterized by a narrow ecological
localization, meaning their weak adaptability in
the highly variable agro-climatic conditions of
Ukraine. Therefore, the problems of creating new
high-yielding wheat cultivars, finding conditions
for the most complete fulfillment of their
adaptive  potentials, and further targeted
introducing are extremely urgent.

In Ukraine, intensive wheat plants usually
have short stems, are moderately to highly
susceptible to photoperiod in the forest-steppe
and woodlands, require long vernalization, show
enhanced  resistance to  entomo-  and
epiphytoparasites and high or satisfactory frost
tolerance and winter hardiness, are drought-
tolerant, and produce grain with quality at the
level of strong and valuable wheats [11, 12]. In
Ukraine, of the 244 winter bread wheat cultivars
officially approved for cultivation, 65% are
strong wheats, 30 are valuable wheats, and 10 are
fillers [13].

Over the past decades, the mean contents
of protein and gluten in grain are 12% and
23.9%, respectively; the gluten deformation
index (GDI) is 94 (80-106). In this regard, the
need to strengthen breeding for grain quality is
emphasized [2]. A peculiarity of breeding for
quality is a combination of grain quality,
performance, and tolerance to  several
unfavorable environmental factors in one
genotype. This determined the purpose and
objectives of our study: to create and investigate
a highly productive winter bread wheat cultivar
adapted to the forest-steppe and woodlands
ecotopes .

Materials and Methods

The study was carried out in within the
stationary experiments at Nosivka Plant Breeding
Experimental Station of the V.M. Remeslo
Myronivka Institute of Wheat of NAAS of
Ukraine in 1998-2012 and 2020-2023. The
experimental field, where the study was
conducted, is located in a separate ecotone of the
Dnipro lowland, where two physiographic zones,
woodlands and forest-steppe, meet. It is clearly
divided into two halves: the southern - forest-
steppe and the northern - woodlands. The natural
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[Momiccs Ta Jlicoctemy, d4iTKO MOMIEHO Ha MBI
MOJIOBMHM: TiBAeHHY — JIicOCTENnoBy Ta MiBHIYHY —
[Tomicbky, mpupomHa Meka SKUX 30ira€rbes 3
[liBHIYHOIO MEXel CYIIIBHOTO TMOIIMPEHHS B
JlicoctenoBiii 30HI BepxHbOi Tepacu p. uimpa
(BOHa TPOXOMUTH IO JiHIT HACENCHUX ITyHKTIB:
Ko6uma, Hociska, Hixun). Ipydr mocmigsoi
IUISHKH — YOPHO3EM BUIIYTYBaHHWH MaJoOryMyCHUN

JIETKOCYIJIMHKOBHH.

XapakTepu3y€eTbCsd TAKUMHU

arpoxiMiYHMMHU Noka3Hukamu: pHcomboB. — 55,5,
rigpomitnyHa KuciIoTHICTE — 4,3 wmr-exs/100 T
IPYHTY, a30T, IO JIETKO TifpoizyeTbes, — 119 mr/kr
IPYHTY; HITpaTHHH Ta aMOHiHHMH a3oT — 14 Ta 26
MI/KT IpyHTY Bignosigno, P205 (3a UupikoBum) —
109 wmr/kr rpynry, K20 (3a YwupikoBum) — 75,5
MI/KT IpyHTY; Tymyc — 2,5%, cymMa NODIMHYTHX

OCHOB —

11,2 wmr-eks/100 T TpyHTY,
HACH4YE€HOCTI ocHOBaMHU — 72,4%.

CTYMiHb

Kmimar mepexigaoi Ilomiceko-Jlicoctemnosoi

30HM — TOMIPHO KOHTHHEHTAIHHUM, TETUMH,
M’ SIKUH, 3 JIOCTaTHIM 3BOJIOKCHHSIM.
XapakTepUCTUKy  MOTOMHO-KIIMATUYHUX  yYMOB

nepexiHoi HaBeAeHo B Ta0muii 1.

border between them coincides with the northern
border of the continuous upper terrace of the
Dnipro River in the forest-steppe zone (it runs
along the line of the following settlements:
Kobyshcha, Nosivka, Nizhyn). The soil in the
experimental site is leached low-humus light
loamy chernozem. It has the following
agrochemical parameters: pHsalt. = 5-5.5
hydrolytic acidity = 4.3 mg-eq/100 g of soil,
easily hydrolyzable nitrogen content = 119
mg/kg of soil, nitrate and ammonium nitrogen
content = 14 and 26 mg/kg of soil, respectively,
P205 content (determined by Chyrikov's
method) = 109 mg/kg of soil, K20 content
(determined by Chyrikov's method) = 75.5 mg/kg
of soil, humus content = 2.5%; absorbed base
amount = 11.2 mg-eq/100 g of soil, base
saturation = 72.4%.

The climate of the transitional woodlands-
forest-steppe band is moderately continental,
warm, and mild, with sufficient wetting. The
characteristics of the weather and climate of the
transitional band are summarized in Table 1.

Tabauus 1. XapakTepucTHKa NOrOIHO-KIIMAaTUYHUX YMOB PailOHIB JOCTiIXKEHb
Table 1. Characteristics of the weather and climate of the study location

IMoxasauku (Parameters)
cyMapHa
KUTBKICTB OIagiB, MM . pamiartis, cymapHa AP

Bona | (Precipitation amount, __TPHBATICTD, kkan/cm? (Total| 3a temmeparyp, MJIx/m?
(zone) mm) 20 (Length, days) ['TK (HTC)| radiation, (TotalFAR, MJ/m? at)

kcal/cm?)

o6 (gm)| dj’;‘”‘?g r\‘/ 0 B/1 (Vp) 6/m () >5°C > 10 °C

[1-JI
(W- 575 350-400 200-205 155-165 1,5-1,6 90-95 1610-1690 | 1430-1480
FS)

Hpumirka. [1-JI — [Moniccs—Jlicocrer; ¢/6 — cepenus OaraTopivuna, B/l — BereTaliiHuii nepioxa, 6/m

— 0e3 MOPO3HHMIA TIEPiofI.

Note. W-—FS — woodlands—forest-steppe; Ilg m — long-term mean, vp — vegetation period, ff — frost-

free period.

3arajgom

HOTrOAHO-KJIIMATAYH1

YMOBHU

MPOTSTOM POKIB JOCHIIKEHb OyllM CTPOKATHMH.
Haiibinpir aHOManpHMMHM 32 TiAPOTEPMIYHHUMU
nokasHukamMu Oymu 1999, 2003, 2008 pp.
Hanzeuuaitno mocyumusuM OyB xoBreHb 2008,
2013 Ta 2014 pp., mpotsiroMm sikux y Jlicoctemy
Bunano jume 6-15 mym, y Iomicci—Jlicocteny —
6-24 mwm omaxiB. Hanpuknaz, B ymosax [lomiccs—
Jlicocreny moromHi ymoBu oceni 2011 p.
BUJANVCA MEHII CHOPUSTINBAMU IS CiBOM

In general, the weather in the study years
was variegated. 1999, 2003, and 2008 were the
most anomalous years in terms of hydrothermal
parameters. October in 2008, 2013, and 2014
was extremely dry, with only 6-15 mm of
precipitation in the forest-steppe and 6-24 mm
in the woodlands-forest-steppe. For example, in
2011 in the woodlands-forest-steppe, the
weather in the autumn seemed less favorable
for sowing winter crops. The air temperature in
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03UMUX KyJbTyp. Temmeparypa moBitpsi y JiTHbO-
OCIHHIN nepion [IEPEBHIIyBalla
cepenHboOararopiuny Hopmy Ha 3-5°C. VY
MOEJHAHHI 3  CYXOBiIMH 33  TPUBAIUM
Oe3mowmoBuM nepionom (3a cepnierb Bumnano 50%
OMaJiB BiJi HOPMH) 1€ CIPHYUHIIO 3MCHIICHHS
BOJIOTOCTI ~ TOCIBHOTO  IIapy  IPYHTY Y
nepeanociBHuii  wac.  TpuBaJicTh  3MMOBOIO
nepiony Oynma pi3zHoro, Hampukian y 2018/2019
pp. BoHa crtaHoBwia 110 xi6, 2019/2020 — 100,
2020/2021 — 134, 2021/2022 — 112 ni6. Bapto
3a3HauMTH, MO 3uUMOBHUI mepiom 2022/2023 pp.
OyB CHOpPUATIUBUM JUIS TIEPE3UMIBII  O3UMOI
MIICHUI]], HE3BAKAIOUM Ha 3aTPUMaHHS CiBOM.
dakTHyHAa CyMa ONajaiB 3a 3UMOBMH IEpion
nepeBuIyBaia cepesiHbo Oaratopiuny (131 Mm)
mume npotsrom 2018/2019 pp. va 43 mm. B
UIOMY  TiAPOTEpMiYHI  YMOBH  TPOTSITOM
CeNeKiiHOoi poOOTH HaX COPTOM OyITi MIHIMBUMHU

MOPIBHSHO 3 cepeIHL00araTOpiTHUMH
nmokasHukamu (Tabm. 1), mo jgamo 3Mory
BHOKPEMHTH 0c0o0IMMBOCTI (dopmyBaHHS
€JIeMEeHTIB  MPOMYKTUBHOCTI 1  ypoXalHOCTI

HOBOTO COPTY IILICHHUIII.

3pazku muennni LPP 3300; LPP 3348; LPP
3386 i LPP 2667 B paMkax HayKoBOI CITiBITpaIli
HaJaHO YMaHChKUM HaIliOHAJTBHUM
YHIBEpCUTETOM caliBHHIITBA. BuxinHuii mMarepian
CTBOPIOBAM ~ METOZIOM  BHYTPIIIHHOBHUJIOBOI
(MDbKCOPTOBOI,  MDKJIIHIHHOI,  COPTONIHIHHOTY)
ribpuauzanii pocMHHUX (OPM MIIEHUI M’IKOi
pi3HOrO eKoJoro-reorpa)iyHOr0 MOXOMKEHHS 3
aJanTOBAHMMH  MiclleBUMH  ¢dopMamMH  Ta
MOJIAJIBIIUM IHIUBIAyaJbHUM J000poM (opm 3a
IIHHAMHU TOCTIONAPCHKUMH O3HaKaMH TiOpUIHHUX
MOMyNsAMiAx. [HAuMBigyaneHuid  100ip  emiTHUX
pociuH 3a kojiocoM B F2, moBropHo — B F3-F4 1a
F6-F12 mnpoBomwm 3a 3araJbHONPHIHSTOIO
Metonukoro [14]. 3arampHa IIIOMA O CITITHOL
IIISHKA cTaHoBmia 12 M2, o6mikoBa — 10 M2,

wioma BHPOOHMYMX JAUISHOK — TOHaa 2 ra;
PO3MILICHHS  JIUIAHOK  —  PEHAOMI30BaHE,
MOBTOPHICTh JoCiny - IeCTHPA30BA.

[MToneperHuKkamMy TIIEHHIT M’SIKOT 03UMOI  Oyin
OJHOPIYHI 3epHOBI Ta 3epHOOO00OBI, 30Kpema
MPOCO, TPEUKa, TOPOX i cosl Ha 3epHO. TeXHOJIOris
BUPOIIYBaHHS 3epHOBO1 KYJIBTYpH -
3araJpHONpUiHATa  ans1  ymoB  Jlicocremy.
MareMaTH4HO-CTaTUCTUYHE O0OpaxyBaHHS JaHUX
BUKOHYBaJM 32 JOINOMOIOI0  KOMII IOTEPHUX
nporpam — Excel i Statistica 6.0. Bmict Oinka B
3epHI  BU3HAUaJIM HA  aHaji3aropi  SIKOCTI
He30upanoro 3epHa Infratec TM Ha HociBebkiit
CeJeKIIHHO-IoCHiHIi cTaHii MUpOHIBCHKOTO
iHcTHTYTYy mmennui iM. B. M. Pemecma HAAH
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the summer-autumn was higher than the long-
term mean by 3-5°C. In combination with dry
winds following a long rainless period (50% of
the normal precipitation fell in August), this
reduced the pre-sowing moisture content of the
seeding layer of the soil. The winter period
length was different: for example, it was 110
days in 2018/2019, 134 days in 2020/2021, 100
days in 2019/2020, and 112 days in 2021/2022.
It is worth noting that the winter of 2022/2023
was favorable for overwintering winter wheat,
despite delayed sowing. The precipitation
amount in the winter exceeded the long-term
mean (131 mm) by 43 mm in 2018/2019 only.
In general, the hydrothermal profiles during the
breeding work on this cultivar were variable
compared to the long-term mean values (Table
1), allowing us to elucidate the peculiarities of
the formation of performance and vyield
constituents in the new wheat cultivar.

Wheat accessions 'LPP 3300', 'LPP 3348',
'LPP 3386', and 'LPP 2667 were kindly
provided by Uman National University of
Horticulture as part of scientific cooperation.
The starting material was created by
intraspecific (inter-cultivar, inter-line, cultivar-
line) hybridization of bread wheat plants of
different eco-geographical origins with adapted
local forms and subsequent individual selection
of forms with valuable economic characteristics
from hybrid populations. Based on spike
characteristics, elite plants were individually
selected in F2, later in F3-F4, and F6-F12 by
the traditional method [14]. The total area of
the experimental plot was 12 m2; the record
area was 10 m2; the production plots were
larger than 2 ha. The plots were randomly
arranged; the experiments were replicated six
times. The predecessors of winter bread wheat
were annual cereals or grain legumes, in
particular millet, buckwheat, pea, and grain
soybean. The farming technique was
conventional for the forest-steppe. Data were
statistically processed in Excel and Statistica
6.0. The protein content in grain was
determined on a Infratec TM analyzer of
unharvested grain quality at Nosivka Plant
Breeding Experimental Station of the V.M.
Remeslo Myronivka Institute of Wheat of
NAAS of Ukraine. The bread-making
properties were determined at the Yuriev Plant
Production Institute of NAAS of Ukraine.
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VYkpainu, xmibonekapchki BIaCTUBOCTI BU3HAYAIIN
B lHctuTyTi pocnuununTea imeni B. S. FOp’esa
HAAH Ykpainu.

PesyabTraru Ta 00roBopeHHst

Copt Hocisouka (3asBka Ne 200112043 Bix
20.11.2020 p., CBiEONTBO TIPO JCPKABHY
peectparnito Ne 230731 Bix 02.10.2023 p., mateHT
Ne230511 Big 02.10.2023 p.) € pe3yabTatoM
TpUBaJIOi CeNeKLiHHOT poOOTH, CIPSIMOBAaHOI Ha
TOJTIMIICHHS TeHETHYHUX XapaKTePHCTHK
MIICHUI] M SIKOT 03UMO1. 3a JIOTIOMOTOI0 METOIY
IHIUBIAyadbHOTO J000PY 3 TOCIBIB MIICHHUIT
M‘siko1 o3umoi JI 59-95 Oyno BimibpaHO 3pa3ok 3
BUCOKMMH YpPOXKAWHICTIO 3€pHA, CTIHKICTIO [0
30yIHUKIB XBOpOO, CTIHKICTIO JO BUJISTaHHS,
MOCYXO- 1 3UMOCTIHKICTIO Ta iH. JIiHitO0 TIIIeHHUIT
M‘skoi o3mumoi JI 59-95 3a pesympraramm 3-
piuHOrO BHUITPOOYBaHHS HalioHambHUM TEHTPOM
TeHeTUYHUX  pecypciB  pOCiaMH  YKpaiHu
(HLI'PPY) Bkmioueno g0 IenermuHoro OaHKy
pocima (HoMep peectpanii IR 14750W, HOMmep
HamioHampHOoro  karamory  UAO0108016). 3a
nmaaumu HLT'PPY, ypoxkaitnicTs 3epHa ninii JI 59-
95 B 2008 p. ckmanana 6,25 t/ra, maca 1000 3epen
— 442 1, ma copty Anbbarpoc oxecbkuit — 7,3
T/ra 1 34,8 T BINMOBIHO; B YMOBaX IEPEXiHOI
3ouu Jlicocten-Ilomiccst (YepHiriBcbka o0I.) B
cepenabomMy 3a  2005-2007 pp. ypoxaiHICTBb
3epHa 1€l JIiHii Oyna, Bumor Ha 11 % mopiBHIHO
3  TOKasHMKamMu  Juii  copry  JloHChka
HAIBKAPJIMKOBA.

KomriekcHI  JOCHIPKEHHsI, TPOBEACHI Ha
cramioHapax HOCIBCBKOI CeNeKIiiHO- 10 CJIiTHOT
craHiii MHPOHIBCHKOTO 1HCTUTYTY MIICHUI iM.
B.M. Pemecna HAAH VYkpainu (3 1999-2019 p. i
noHuHi),  bimouepkiBcbkoro  HaliOHAJIBHOTO
arpapHoro yHiBepcurety MOH VYkpainu (BHAY,
2007-2016  pp.) Ta IHcTUTyTy cCamiBHUITBA
HAAH Vkpainu (2017-2020 pp.) 103BOTHIM
BCTAHOBHTH, III0 HOBUI COPT IMO3UTHBHO pearye
Ha 1034 a30THHUX J00puB 90-120 xr a.p./ra, TUM
caMUM 301IbIIYIOYN TUIOLTY JIMCTKOBOI MOBEPXHI

pOCIMH  Ta, BIANOBIAHO, KOHKYpEHLIIO 3
Oyp'sHamu; 3a HOpMH BuCiBY — 4,5-5,0 wmiH.
CXO)KMX  HaciHuUH/Ta  3maTHUl  (opmyBaTu

BHUCOKOTIPOAYKTHBHI IIEHO3U IIIIESHUITI.
3a piBHEM IHTEHCHBHOCTI Ta TUTIOM BHUMOT
JI0 YMOB BHUpoIIyBaHHs copT HociBouka MoxHa

BiJTHECTMU [0  BHCOKOIHTCHCHBHHUX,  SKHUH
XapaKTepU3y€eThCS MOJTINIIEHUMH
MOP(OJIOT TYHUMH 1 arpo0ioNoTiYHIMHA

BJIACTUBOCTSIMH, IIMPOKOI0 HOPMOIO peakiii 3a
onTumizamii  yMoB BHUPOIIYBaHHS, Ma€

Results and Discussion

Cv. 'Nosivochka' (application  No.
200112043 dated November 20, 2020; state
registration certificate No. 230731 dated
October 2, 2023, patent No. 230511 dated
October 2, 2023) is a result of long-term
breeding aimed at improving the genetic
characteristics of winter bread wheat. By
individual selection from winter bread wheat L
59-95 fields, we obtained a high-yielding,
pathogen-resistant, lodging-resistant, drought-
tolerant, and winter-hardy accession. Winter
bread wheat line 'L 59-95' was included in the
Plant Genetic Bank (registration number IR
14750W; National Catalog number
UA0108016) based on the results of a 3-year
trial conducted by the National Center for Plant
Genetic Resources of Ukraine (NCPGRU).
According to the NCPGRU's data, line 'L 59-
95' yielded 6.25 t/ha of grain in 2008; the
thousand kernel weight (TKW) was 44.2 g. For
cv. 'Albatros Odeskyi', the figures were 7.3 t/ha
and 34.8 g, respectively. In 2005-2007 in the
woodlands-forest-steppe transition band
(Chernihivska Oblast), this line yielded on
average 11% more compared to cv. 'Donska
Napivkarlykova'.

Comprehensive studies conducted within
the stationary experiments at Nosivka Plant
Breeding Experimental Station of the V.M.
Remeslo Myronivka Institute of Wheat of
NAAS of Ukraine (from 1999-2019 till the
present), Bila Therkva National Agrarian
University of MES of Ukraine (BTNAU, 2007-
2016), and the Institute of Horticulture of
NAAS of Ukraine (2017-2020) demonstrated
that the new cultivar responded positively to
nitrogen fertilizers at doses of 90-120 kg of
Al/ha, thereby increasing the leaf surface and,
accordingly, facilitating competition with
weeds. At seeding rates of 4.5-5.0 million
germinable seeds/ha, the cultivar can form
highly productive wheat coenoses.

As to intensity level and requirements for
growing conditions, cv. 'Nosivochka' can be
classed as high-intensive. It is noticeable for
improved morphological and agrobiological
features, a wide norm of reaction under
optimized growing conditions, thickened straw,
conferring a fairly high resistance to lodging (8-
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MOTOBIICHY COJIOMHHY, IIO 3yMOBIIOE JOCHTH
BHUCOKY CTiHKicTh m0 BwisiraHHs (8-9 OaumiB) i
3MaTHICTh POCITMHAMH 3aCBOIOBATH  BHII JIO3U
A30THUX MIHEpPILHUX JOOPUB UM MICISAAII0
OpraHiyHMX. 30KpeMa, B yMOBax LEHTPaIbHOL
gactuan  [IpaBoOepexxnoro 1 IliBHiYHOTO
Jlicoctenny minis mmenuni JI 59-95  3partna
peani3oByBaTd MaKCUMaJIbHY ypOXaWHICTh 3epHa
— moHax 8,7 1/ra, a B yMoBax ekotoHy Jlicocrern-
[Momiccst — B Mexkax 9 1/ra. [Ipy upoMy B ymoBax
BUpOOHMIITBA, 32  JOTPUMAHHS  COPTOBOI
arpoTexXHIKH, CepeiHsl YPOKahHICTh 3epHa 3a
2008-2017 pp. ckianae 6,5 1/ra.

OCHOBHUM  JpKepesioM it J100opy
TeHOTHUIINIB 3 HIHHUMHU TOCTIONAPCHKUM O3HAKaMH €
TCeHeTUYHA MIHJIMBICTh, s5iKa (OPMY€ThCS B
ribpunanx nomynsisix. [Ipy cTBopeHHI HOBHX
riOpuiB 3 BUKOPHCTaHHSAM SIK OaThKiBCBKOI 1
MarepuHChKkoi ¢dopm miHiT JI 59-95, BiniOpano
nonymsii  (JI 59-95 / ApiiBka; JI 59-95 /
[Ipackor’s; IOBiBata 60 / JI 59-95; Illapaga / JI
59-95; Ky0yc / JI 59-95; JI 59-95 / JI 41/95; KC
22-05 / JI 59-95; LPP 3300 / JI 59-95; LPP 3348 /
JI 59-95; LPP 3386 / JI 59-95; LPP 2667 / JI 59-
95; JI 59-95 / Yopuobposa; Yopuobpona / JI 59-
95 Ta iH.), B SKHUX y JAPYrOMy 1 TpeThOMY
MOKOJIIHHAX  BHM3HAUCHI  IMO3WTHUBHI  CTyIEHI
TPAHCTPECHUBHUX PEKOMOIHAHTIB 3a KIJIBKICTIO
3€peH 1 Macoro 3epHa i3 TOJIOBHOTO Kosoca. Takox
3’COBAaHO, IO BimiOpaHi 3a KUIbKICHUMH
O3HaKaMH  pEKOMOIHAHTH  BUILE3a3HAYCHHX
MOMYJISILIA BUOKPEMITIOIOTBCS 1 32 SIKICTIO 3epHa

(puc. 1).

9 points), and the ability of plants to assimilate
higher doses of nitrogen mineral fertilizers or
better respond to after-effects of organic
fertilizers. In particular, in the Central Right-
Bank and North Forest-Steppe, wheat line 'L
59-95' was able to yield maximally: over 8.7
t/ha; in the forest-steppe-woodlands ecotone, it
yielded 9 t/ha. At the same time, under the
production conditions, provided compliance
with the cultivar-oriented farming techniques,
the mean yield of grain was 6.5 t/ha in 2008-
2017.

The main source for selecting genotypes
with valuable economic traits is genetic
variability in hybrid populations. When
creating new hybrids using line 'L 59-95' as
male and female forms, several populations
were selected ('L 59-95' / 'Ariivka’; 'L 59-95' /
'‘Praskovia’; "Yuvivata 60' / 'L 59-95'; 'Sharada’ /
L 59-95'; 'Kubus' / 'L 59-95'; 'L 59-95 / 'L41-
95'; 'KS 22-05' / 'L 59-95'; 'LPP 3300' / 'L 59-
95'; 'LPP 3348 / 'L 59-95'; 'LPP 3386' / 'L 59-
95 'LPP 2667' / 'L 59-95; 'L 59-95' /
‘Chornobrova’; 'Chornobrova’ / 'L 59-95, etc.).
In these populations, recombinants with
positive transgressions for kernel number and
weight from the primary spike were detected. It
was also found that these recombinants of the
above-mentioned populations, which were
selected according to quantitative traits, also
had grains of good quality (Fig. 1).

W binok
B KneikosrH:

B Kpoxmans

Puc. 1. SIxicHi noka3Huku 3epHa (%) TpaHCTPECHBHUX PEKOMOIHAHTIB MIIEHMIT M’ SIKOT 03UMOi, B CTBOPEHH1
SKUX 3aTydeHO MpoToTHI copTy HociBouka — Jriniro JI 59-95.
Fig. 1. Grain quality parameters (%) in the transgressive winter bread wheat recombinants derived from
the prototype - cv. 'Nosivochka' (line 'L 59-95").

Note: Blue color - protein, red color - gluten, green color — starch. Gentypes (from left to right):
Nosivochka (L59-95), L59-95 x L41/96, L59-95 x Nosshpa 100, Bunchuk x L59-95 , Nosshpa 100 x L59-95,
L59-95 x Nosshpa 100, L59-95 x Triticum barbarossa , L59-95 x KS14-05, Yuvivata 60 x L59-95 , L59-95 x
KS14-05, L59-95 x KS23-05, L59-95 x Myronivska 61, Yuvivata 60 x L59-95, L59-95 x Volodarka
Nosivshchyn

ISSN 1026-9959.Cenexuis 1 HacinaunTso. 2024. 125

53



Ha ocnoBi OararopiyHux pe3ysbTariB
JMOCTIDKCHD  BUINE3a3HAYCHY JIIHIIO  IMIICHHMII
M‘sikoi o3umMoi Oyio sik copt HociBouka B 2021 p.
nepenano Ha [lepxaBHe copToBunpoOyBaHHs (Ne
asBku  2001), a B 2023 p. BHeceHO [0
JepxaBHOrO peectpy COpTIB pocnuH,
PEKOMEH/IOBAHUX JI0 MOUIMPEHHS B YKpaiHi.

Omnuc copry HociBouka: ponosin [/loHCHKa
HamiBkapimkoBa X (Maris Madler x Pony) x
JloHcpka  HamiBKapiukoBa)|, IUIOIHICTE  —
TeKCaIlIOi; PI3HOBHIHICTD — erytrospermum; THIT
PO3BHTKY — O3MMHWIA; TPUBAIICTh BETETAI[iHOTO
nepiony — 265-293 nniB, MopdonoriuHi o3HaKu
— CepeIHbOPOCINH (90,4-91,7 cM),
IHTGHCUBHICTh ~ AHTOIIAHOBOTO  3a0apBICHHS
KOJICONITUJISI — BIJICYTHE abo Jyxe clia0Ke,
rabiTyc — HamiBIPSIMHN, KUIBKICTH BY3JTiB Ha
TOJIOBHOMY CTEOMII — 5 MIT., KUTBKICTh MIXKBY3ITIB —
5 T, Y T.4. JOBXKKHA 1-TO MiXBY311s1 — 7 €M, 2-TO
— 7-8 cm, 3-ro — 10,5-11,7 cm, 4-ro — 20-22 cm,
5-ro — 25,7-26,7 cM; KIABKICTH JHMCTKIB — 5 1T,
JIOBKHHA Tpanopiesoro ymctka — 13,2-20,5 cwm,
mmpuHa — 1,3-1,4 cM; KyT Haxuly IpanopieBoro
JIHCTKA Bij cTebna — 70; JOBKHWHA 2-TO JIUCTKA —
21-24,4 cm, mmpuna — 0,9-1 cM; Komip JMCTKIB —
CBITJIO-3€JICHMH, BiJCTaHb Big 1-To By3la [0
Konoca — 7-13 ¢cM, IHTEHCUBHICThL aHTOILIIAHOBOTO
3a0apBICHHS BYIIOK NPANOpPIEBOTO JIMCTKA —
BiZICYTHE a0 ayxe ciabke, BOCKOBHH HANIT Ha
MPanopreBoMy JIMCTKY — Jy’Ke€ CJIaOKUH, SI3UUOK —
HasIBHUM, 32 pO3MipaMu CepeliHil, BylllKa HasBHI,
3a (QOpPMOIO — TOCTpi, KINBKICTh POCIHH i3
3ICHYTUM TPANOPIEBUM JIUCTKOM — CEPE[IHS, dac
MOYaTKy KOJOCIHHA — paHHiH, BOCKOBHH HAJIT Ha
MiXB1 MPaNoOpIEBOTo JINCTKA — CIA0KHIA, BOCKOBUI
HAJIT Ha KOJOCI — BIJICYTHIH a00 JyXe ClIaOKwHii,
BOCKOBHM HaNiT Ha BEPXHbOMY MDKBY3II
COJIOMUHHM — CIAaOKHi, pOCIMHA 3a BHUCOTOI0 —
cepenHs (puc. 2), COJIOMUHA 32 BUIIOBHCHICTIO —
cnaboBumnoBHeHa, (popMa KoJIocy — mipaMifaibHa,

KOJIOC 32 IIUJIBHICTIO — CepeAHid, Kojoc 3a
JIOBKHHOIO — CEpe/Hil, OCTIOKM Ha KOJIOCI —
HasBHI, 3a0apBieHHs Koijoca — Oule abo

COJIOM’SIHO-3KOBTe (puC. 3), OIMyLICHHS OITYKJIOl
MOBEPXHI COJIOMHHM — HasiBHE, IUIEYe HIDKHBOT
KOJIOCKOBOI JIyCKM 3a IIMPHHOIO — CEpeiHeE, 3a
dbopMoI0 — cKollleHe, 3yOelnb 3a JOBKHHOK —
JOBruil 1 32 QOpMOI0 — CepelHbO3ITHYTHH, Kilb
HWKHBOT KBITKOBOT JTYCKH — BiJICYTHIH, OIMyIIeHHS
30BHIIIHBOI 1 BHYTPIIIHBOT TMOBEPXHI HHXKHBOT
KOJIOCKOBOT JIyCKH — cjabKe, 3epHiBKa — YEpPBOHA,
3epHIBKA 3a JOBXHHOIO — JIOBra 1 IIMPHHOI0 —
mUpoka, kpymHa (puc. 4), maca 1000 3epeH —
49,5-52,8 . Tum po3BUTKY COPTY — O3UMHUIL.

Based on the results of multi-year
research, the above-mentioned winter bread
wheat line was submitted as cv. 'Nosivochka' to
the State variety trials (application No. 2001) in
2021 and it was included in the State Register
of Plant Varieties recommended for
dissemintation in Ukraine in 2023 .

Description of cv. ‘Nosivochka': pedigree
['Donska Napivkarlukova' x (‘Maris Madler' x
'Pony") x 'Donska Napivkarlukova' )]; ploidy —
hexaploid; variety — erytrospermum; growth
habit — winter; growing period — 265-293
days; morphological features — medium-tall
(90.4-91.7 cm), anthocyanin pigmentation —
no or slight, habitus (bush shape) — semi-erect,
number of nodes on the primary stem — 5,
number of internodes — 5, length of the 1st
internode — 7 cm, length of the 2nd internode —
7-8 cm, length of the 3rd internode — 10.5-11.7
cm, length of 4th internode — 20-22 cm, length
of the 5th internode — 25.7-26.7 cm, number of
leaves — 5, flag leaf length — 13.2-20.5 cm,
flag leaf width — 1.3-1.4 cm, the angle of
declination of the flag leaf from the stem — 70;
length of the 2nd leaf — 21-24.4 cm, width of
the 2nd leaf — 0.9-1 cm, color of the leaves —
light-green, 1st node -spike distance — 7-13
cm, anthocyanin pigmentation of the flag leaf
auricle — no or slight, wax coating on the flag
leaf — slight, ligule — medium-sized, auricles
— sharply shaped, number of plants with bent
flag leaves — moderate, earing onset —early,
wax coating on the flag leaf sheath — slight,
wax coating on the spike — no or slight, wax
coating on the upper internode of the straw —
slight, plant height — medium-tall (Fig. 2),
straw — sparsely filled, spike shape —
pyramidal, spike density — medium, spike
length — medium, awns on the spike — yes,
spike color — white or stramineous (Fig. 3),
pubescence of the convex surface of the straw
— vyes, lower glume shoulder — medium-wide
and declivous, tooth — long and moderately
bent, lemma keel — no, pubescence on the
outer and inner surfaces of the lower glume —
slight, caryopsis — red, long, wide, and large
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(Fig. 4), thousand kernel weight — 49.5-52.8 g.

Puc. 2. Pocniuan nmenuti M’ sikoi o3umoi copty HociBouka
Fig. 2. Winter bread wheat cv. ‘'Nosivochka' plants
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Puc. 3. Konoc pociur copty HociBouka (138) mopiBHsHO 3 Kostocamu iHmmix coptiB (FOBiBara 60 (147);
Amnaior (145); Banencis (141); IOsiBara x JI 41/95 (102); Bonogapka Hocimunu (142)
Fig. 3. Spikes of cv. 'Nosivochka' plants (138) compared to spikes of other cultivars ("Yuvivata 60' (147);
‘Analoh’ (145); "Valensiia' (141); "Yuvivata' x 'L 41/95' (102); "Volodarka Nosivshchyny' (142)
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Puc. 4. 3epHo muennni M’ skoi o3umoi copty HociBouka
Fig. 4. Winter bread wheat cv. 'Nosivochka' grain

3a pe3yapTaramu Hep>xaBHOTO
copToBUNpPOOYyBaHHSI B cepenHboMy 3a 2022 pik
copr HociBouka 3a  ypoxkaWHICTIO 3epHa
MEPEeBHIIYBAB YMOBHUH CTaHAAPT B CEPEIHBOMY
Ha 0,65 1/ra, B T.4. Ha 0,78 1/ra B I1omicci, 0,81 — B
Jlicocreny 1 0,35 — B Creny Ykpainu (Tatum. 2).

According to the results of the State
variety trial in 2022, cv. 'Nosivochka' yielded
on average 0.65 t/ha of grain more than the
conventional check cultivar, including plus 0.78
t/ha in the woodlands, 0.81 in the forest-steppe,
and 0.35 in the steppe of Ukraine (Table 2).

Ta6anusa 2. XapakrepucTuka mueHuNi M’ skoi o3uMoi copty HociBouka 3a ypoxaiiHicTio 3epHa Ta Macoto 1000
3epHIBOK (32 JAHUMH Pe3yIbTaTiB MOJIHOBHUX O CHIHKEHb KBANi(iKaIlifHOT eKCIepPTH3H COPTY HA MPUAATHICTH 10
MOMINPEHHS YKPaiHCHKOTO IHCTHTYTY €KCHEPTH3H COPTIB pOCIUH MiHarponoIiTHKY Ta MPOOBOJIECTBA YKpaiHH,

nposeneHuMu B 2022 p.)

Table 2. Grain yield and thousand kernel weight in winter bread wheat cv. 'Nosivochka' (according to the results
of field studies conducted in 2022 within the qualification examination of varieties for suitability for
dissemination by the Ukrainian Institute for the Examination of Plant Varieties of the Ministry of Agriculture and

Food of Ukraine)

YMoBHMIA
[pupoaHO-KITiMaTHYHA . CTaHmapT |= Bix cranmapTy (+
3oHa (natural and climatic IMoxka3uuk (Parameter) (%(\)/pTN}(I)Z?\?(S)(():EIIg (Conventiona| to the conventional
zone) ' I check check cultivar)
cultivar)
YpomanﬂlcyTiZ Izept;:]aé)T/ra (Grain 6.8 6,02 0,78
[loxicea (Woodlands) Maca 1000 3epen, T (Thousand
: 48,9 47,9 0,1
kernel weight, g)
ypO)KaI/IHICy’l‘iI; Iz(.jept/};]aé)T/ra (Grain 757 6,76 0,81
Jlicocten (Forest-steppe) Maca 1000 3epen, t (Thousand
. 51,7 50,6 11
kernel weight, g)
YPO)KaI/IHICT.I) 3epHa, 1/ra (Grain 5,55 5.2 0,35
c St ) yield, t/ha)
Ten (Steppe Maca 1000 3epeH, r (Thousand
. 47,3 45,3 2,0
kernel weight, g)

3’sCcoBaHO, M0 YPOXKAHHICTH 3¢pHAa HOBOTO
copTy B obnactsax 30HU [lomiccst Taka: B yMOBax
PiBaencekoi — 7,78 Tt/ra, Bommucekoi — 7,4,
UYepmniriecekoi — 6,52 1/ra, nmpu maci 1000 3epen
52,7-55 . B ymoBax 3aximHoi VYkpaiHu

In the woodlands regions, the new
cultivar yielded as follows: in the Rivnenska
Oblast - 7.78 t/ha of grain, in the Volynska
Oblast - 7.4 t/ha, in the Chernihivska Oblast -
6.52 t/ha, with TKW of 52.7-55 g. In the West

56 ISSN 1026-9959.Plant Breeding and Seed Production. 2024. 125




BHOKpEMUJIACS TIOKa3HUKU ypOKaifHOCTI B IBaHO-
®pankisebkiil — 7,39 ta JIpBiBCHKIN 00OMacTIX —
6,07 1/ra, Tomi sSK B ymoBax 3akapmarts — 5,61
T/Ta.

B yMOBax Jlicocteny HaWBHUIIY
YpOXKalHICTh 3€pHAa HOBOTO COPTY OTPUMAHO B
XapkiBebkiit  — 10,62 T1/ra (maca 1000 3epeH,
MT3 - 59,3 r), Cymcekiit — 9,16 (MT3 -494 1) i
UYepkacwekiit — 9,01 t/ra (MT3 — 53,3 r) obnactsx.
Buma Bim cepeaHboi  ypoxaiHicTh  Oyna
oTpuMaHa B ymoBax Binaumpkoi obmacti — 7,0
t/ra (MT3 — 51,6 1), Teproninbcbkoi — 6,86
(MT3 — 48,2 1) i YUepHnisenpkoi obdmacti — 6,76
T/ra (MT3 — 62,4 1). HaliMmeHmi mNOKa3HUKH
ypoxkaiHocTi 3epHa (3,55 1/ra) i macu 1000 3epen
(37,1 1) omepx)aHO B yMOBax bBinorepkiBChbKOTO
pationy KuiBchkoi o0OmacTi.

B ymoBax Crenmy HaiiBHILy ypOXaWHICTh
3epHa otpuMaHo B KipoBorpanchkiii (8,18 T/ra) i
JuinporneTpoBebkii (7,95 T/ra) obnactsx.

Cnmig BiI3HAYMTH, IO 33 BMICTOM OiJIKka B
3epHi HOBUH copr OyB Ha piBHI abo [emio
MIEPEeBHIIYBAB YMOBHUHN CTAaHAAPT i CTAHOBHB IS
ymoB Creny — 12,45 %, Jlicoctemy — 13,13 i
[Momices — 12,5 %. 3a pganmMu YkpaiHCHKOTO
THCTHTYTy €KCIepTH3H COpTiB pociuH y 2023 p.
ypoxaiiHicth copTy HociBouka mepeBurye
YCEpeTHEHY YPOXKAHHICTh COPTIB, IO MPOMIILIN
JIEepKaBHY PEECTpAIlil0 32 OCTaHHI 5 POKIB ¥y
3oHax Cremy, Jlicocreny i [omices (puc. 5).

YpoxaiiHicTb 3epHa, T/ra

of Ukraine, the greatest yields were harvested
in the lvano-Frankivska (7.39 t/ha) and Lvivska
(6.07 t/na) Oblasts, while in the Transcarpathia,
5.61 t/ha was harvested.

In the forest-steppe, the new cultivar
produced the greatest yield of grain in the
Kharkivska (10.62 t/ha, TKW = 59.3 g),
Sumska (9.16 t/ha, TKW = 494 g), and
Cherkaska (9.01 t/ha, TKW = 53.3 g) Oblasts.
An above-average yield was harvested in the
Vinnytska (7.0 tha, TKW = 516 Q0),
Ternopilska (6.86 t/ha, TKW = 48.2 g), and
Chernivetska (6.76 t/ha, TKW = 62.4 q)
Oblasts. The smallest yield of grain (3.55 t/ha)
and thousand kernel weight (37.1 g) were
recorded in the Bilotserkivskyi District of the
Kyivska Oblast.

In the steppe, the greatest yield of grain
was harvested in the Kirovohradska (8.18 t/ha)
and Dnipropetrovska (7.95 t/ha) Oblasts.

It should be noted that the protein content
in the grain of the new cultivar was equal to or
slightly higher than that in the grain of the
conventional check cultivar, amounting to
12.45% in the steppe, 13.13% in the forest-
steppe, and 12.5% in the woodlands.

According to the 2023 data of the
Ukrainian Institute for Examination of Plant
Varieties, the yield from cv. 'Nosivochka'
exceeded the average yield of the cultivars that
passed state registration for the steppe, forest-
steppe, and woodlands within the last 5 years

(Fig. 5).

O KOHTPONb
Ocopt Hocisoyka 2022 p.
copt Hocisouka 2023 p.

O copt Hocisouka cepeaHe 3a 2 poku

Cren Nicocten

—T

Monicca

Puc. 5. YpoxkaifHicTh 3epHa NMIICHULI M K01 03UMO1 copTy HociBouka OPIiBHSHO 3 KOHTPOJIEM (COPTH, IO
NPOWIIIIH AepKaBHY PeecTpallito 3a ocTanHi 5 pokiB y 3oHax Creny, Jlicocren, [Toxicest) 3a pesynbraramu
JepxaBHOTO COPTOBUIPOOYBAHHS

Fig. 5. Grain yield from the winter bread wheat cv. 'Nosivochka' compared to the control (cultivars that
have passed state registration for the steppe, forest-steppe, and woodlands within the last 5 years) according to
the results of the State variety test.

Note. On axis X: Grain yield, t/ha; On axis Y: Steppe, Forest-steppe, Woodlands. Options from left to right:
Control, Cv. 'Nosivochka' in 2022, Cv. 'Nosivochka' in 2023, Cv. 'Nosivochka', mean for the two years.
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Bapro Bim3Haunty, mo B 2023 p. HaliBUILY
ypoXXalHICTh cOpTy 3epHa copry HociBouka
3aikcoBaHO B TepHOMIIBCHKIH,
KipoBorpanacekiit, Uepkacekiii, Cymchbkiii 1 IBaHo-
®pankiseekit 00on. — 10,1, 8,4, 8,2, 8,1 i 8,07

It is noteworthy that the highest yield of
grain from cv. 'Nosivochka in 2023 was
harvested in the Ternopilska, Kirovohradska,
Cherkaska, Sumska, and Ivano-Frankivska
Oblasts: 10.1, 8.4, 8.2, 8.1, and 8.07 t/ha,

T/ra, BiAMOBIIHO (puc. 6).

12~
10 A

YposKalHicTb 3epHa, T/ra

respectively (F

]

ig. 6).

O N B Oy 00
1

[xinponeTtposcbka 06.
Kiposorpagacbka o6a.

Cren

Kuiscbka 06n.
BiHHMLUbKa 06,
CymcbKa 061,
TepHoninbcbka 06,
Xapkiscbka 06n.

JNlicocten

Yepracbka oba.
YepHiseubra o6a.
BosiMHcbKa 06,
3aKkapnaTcbKka 06n.
XMenbHUUbKa 06,

Monicca

JlbBiBCbKa 061,
PigHeHcbKa 061,
YepHiriscbka 06.

IsaHO-PpaHKiscbKa 061,

Puc. 6. YpoxaiiHicTh 3epHa MIICHAII M’ K01 03uM0i copTy HociBouka 3a pe3ynbraramu JlepkaBHOTO
COpPTOBUIPOOYBAHHS
Fig. 6. Grain yield of soft winter wheat variety Nosivochka according to the results of the State variety test
Note. Note. On axis X: Grain yield, t/ha; On axis Y: Options from left to right: Steppe - Dnipropetrovska
Obl., Kirovohradska Obl.; Forest-steppe - Kyivska Obl., Vinnytska Obl., Sumska Obl., Ternopilska Obl.,
Kharkivska Obl. Cherkaska Obl., Chernivetska Obl., Woodlands - Volynska Obl., Zakarpatska Obl.,
Khmelnytska Obl., Ivano-Frankivska Obl., Lvivska Obl., Rivnenska Obl., Chernihivska Obl.

Ha Hociscekiii CIC MIIT HAAH B 2023 p.

€JIEMEHTIB

Ta

In 2023 at Nosivka Plant Breeding

MOKa3HUKH POAYKTUBHOCTI
ypoKaifHOCTI 1 AKOCTI 3epHa copTy HociBouka
nepeBuIyBaga ado Oyia Ha PiBHI KpalluX COPTiB

Experimental Station of the V.M. Remeslo
Myronivka Institute of Wheat of NAAS of
Ukraine, the performance, grain vyield, and

(Tabm. 3, 4).

grain quality of cv. 'Nosivochka' were better
than or similar to those of the best cultivars
(Tables 3 and 4).

Ta6auusa 3. YpoxkaliHiCTs 3epHa Ta MPOAYKTHBHICTH pociuH copTy HociBouka (Hociseska CJIC MIII, 2023)
Table 3. Grain yield and plant performance of cv. 'Nosivochka' (Nosivka Plant Breeding Experimental Station of
the V.M. Remeslo Myronivka Institute of Wheat of NAAS of Ukraine

Hasga copty VYpoxaiiricte | KipkicTs kBiTOK ¥ | KitbKicTh 3epeHy | Macazeper3 |Maca 1000 3epen,
(Cultivar) 3epHa, T/ra (Grain KOJIOCI, IIIT. KOJIOCI, TIIT. konoca, T (Weight| 1 (Thousand
yield, t/ha) (Number of flowers|(Number of kernels| of kernels per | kernel weight, g)
per spike) per spike) spike, g)
[AHastor (Analoh) 9,6 68 63 5,4 52,8
MIIT Banencis 11,0 58 54 5,6 50,5
(MIP Valensiia)
[OBiBara 60 12,0 64 60 5,6 52,7
(Yuvivata 60)
[HociBouka 11,0 66 58 5,2 52,5
(Nosivochka)
[HIPos (LSDos) 0,9 4,0 3,5 0,2 1,0
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Ta6auus 4. fxicte 3epHa nureHuni M’ skoi o3uMoi copty HociBouka (Hociseska CJIC MIII, 2023)
Table 4. Grain quality in winter bread wheat cv. 'Nosivochka' (Nosivka Plant Breeding Experimental Station of
the V.M. Remeslo Myronivka Institute of Wheat of NAAS of Ukraine, 2023)

Hasga copty (Accession) Bwicr 6inka, % Bwmicr kneiikoBunm, %| BwmicTt kpoxmaito, %
(Protein content, %) [ (Gluten content, %) (Starch content, %)

Arasior (Analoh) 12,57 22,4 68,5
MITT Banencis (MIP Valensiia) 11,5 19,2 67,4
FOBiBara 60 (Yuvinata 60) 12,08 20,5 67,5
HociBouka (Nosivochka) 10,82 17,0 69,7
HIPos (LSDos) 0,7 2,1 1,3

Bapro 3a3HauMTH, 110 33  SKICHAMH It is worth noting that in terms of grain

nokasHukamMu 3epHa copT HociBouka y Cremy,
Jlicocremny, [lomicei — dinep. Piznyni Ta dizuko-
XIMIYHI JOCHIJUKEHHsSI 3epHa, OopoliHa, TicTa i1

xymiba  IoKa3am, o  OOPOIIHOMENBHI 1
xJibonekapebki BractuBocti JI 59-95 xopomri i
BigMiHHI: Hatypa — 750 /7, 3arampHa

ckiononioHicte — 34 %, BMicT OijKa B 3epHI —
13,9-14,5 %, BMmicT KIeHKOBHHHU y OOpOLIHI —
28,5 %, rpymna skocti kneiikoBunau — I, BJIK —
95, mpy>XHICTh 1 PO3TSKHICTH TicTa — 75 1 84 MM
BIZIMOBiIHO; cuiia OoporrHa — 216-250 o.a., iHAEKC
ellacTHYHOCTI — 45 %, 00‘emMHuii BuXig xmida 3
100 r 6opomrHa — 630-850 M1, 30BHIIIHIA BUATIISA
xnmiba (Oanm): moBepxHsA, (opma, KOJIp KIpKH,
3arajibHa OI[iHKa, KOJNip M‘SKyIla, eJacTUYHICTb
M SIKyIIa 1 3araJibHa XJi0oneKapchka OIiHKa mo 9
OaniB, BiAnoBigHO (pHC. 7).

quality, cv. 'Nosivochka' grown in the steppe,
forest-steppe, or woodlands is a filler. Physical
and physico-chemical analyses of grain, flour,
dough, and bread showed that the flour-milling
and bread-baking properties of line 'L 59-95'
were good or excellent: test weight - 750 g/L,
total vitreousness - 34%, protein content in
grain - 13.9- 14.5%, gluten content in flour -
28.5%, gluten quality group - II, GDI - 95,
dough resilience and stretchability - 75 and 84
mm, respectively; flour strength (W-index) -
216-250, elasticity index - 45%, loaf volume
from 100 g of flour - 630-850 cm3, loaf
appearance score - surface, shape, crust color,
crumb color, crumb elasticity and overall
bread-making score - 9 points, each (Fig. 7).

Puc. 7. Xui6, Bunedenuii i3 mmenui m'skoi copty HociBouka, 2015 p.
Fig. 7. Loaf baked from bread wheat cv. ‘Nosivochka' flour, 2015.

InaukaminHuMu MOKa3HUKaMU
aJanTHBHOCTI Ta CTPECOCTIMKOCTI € MapKepHi
OiKH, JieTepMiHOBaH1 3a MPOIYKTAMHU

ammmidikamii  rena Glu-D1, nmokycm — sKkuxX
pO3MillieHI Ha JOBrUX IUiedax xpomocomu 1 D
nireHutli. [Ipo HasBHICTE BHCOKOMOJEKYIISPHUX
cyOOMHUIIG TIIOTEHIHIB, 30KpeMa, ajens Glu-D1
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Marker amplicons of the Glu-D1 gene
located on the long arm of wheat chromosome
1 D are indicators of adaptability and stress
tolerance. The presence of high-molecular
subunits of glutenins encoded by the Glu-D1
5+10 allele was proven by detection of 397 bp
and 281 bp amplicons and the presence of the
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5+10 cBimuate amriikonn 397 Tta 281 mH., a
anenst Glu-D1 2+12 — amrutikonn 415 ta 299 mh.
AwmmutikoH 563 mT.H. crmocrtepiraBcsi B COPTI
HociBouka. KitouoBy ponb B akTHBalii T'eHiB i
CHUHTE31 CTpecOBUX OUIKIB MiJ BIUIMBOM CTpEcC-
YHHHUKIB, 30KpeMa TIOCYXH, BiJIIrpaloTh MPOAYKTH
reniB Dreb 1s (dehydration responsive element
binding factors 1) [18]. B pesynbrari Hammx
JIOCJII/PKEHb BCTAHOBJIEHO, 10 y copTy HociBouka
HasBHI TeHU MOCYXOCTIMKOCTI Drebl,
JI0KaJi30BaHi B XpoMocomi 3B, mpo mo cBiguuTh
HasBHICTH amiulikoHy 717 m.H. Tomy BusBIEHHS
rerie Dreb 1 na 3D-xpomMocoMmi Ta IHIIMX I'€HIB
came mans copty HociBouka € mnpeaMeTom
MTONANbIINX JOCHimKeHb [15, 16].

Bucnosxu

CTBOpEHO HOBHUH COPT TIICHHIN M’ AKOT
o3umoi HociBouka, 1o XapakTepu3yeTbest paHHIM
4acoM TIOYATKy KOJIOCIHHS (0 CepeIHBbOro),
JOBI'MM  KOJIOCOM, YEpPBOHHM 3a0apBICHHIM
3EepHIBKH, MIPOSIBOM TaKHX MOKa3HUKIB
rocrojapcbkoi mpuaatHocTi 'y 3oHax Cremy,
Jlicocreny 1 Ilomiccs sk ypoxaiHIicTh (3a
craHgapTtHoi Bosorocti 14%) — 6,1, 7,65 1 6,72
T/ra, TPUBAIICTh mepioAy Berertamii — 273, 267 i
266 ni0, Bucota pocyivH — 86,3, 86 1 90,2 cm, mMaca
1000 3epen — 48,2, 50,9 i 50,6 1, BmicT Olnka —
13,6, 13,1 i 13,5 %, BMiCT CUpOI KJICHKOBHUHU —
27,9, 26,3 126,5 %, noka3Huk anbBeorpada (W) —
250,5, 241 1 245,5 a.0., o0’em xmiba 31 100 r
6opomHa — 790, 770 1 840 M, CTIHMKIiCTH [0
Bpuisragug — 9, 7 1 8 OamiB, CTIHKICTE 10
obcumanusg — 8, 7 1 9 0aniB, CTIHKICTH 0 MOCYXH
— 1o 7 6aiB, CTIHKICTh IPOTH OOPOIITHHUCTOI POCH
—9, 615 6anis, cTilikicTh IPOTH Oypoi ipki — 9, 8,
i 7 6axiB, cTIHKICTH IPOTH (y3apiozy kojoca — 8,
9 1 7 GaniB, CTIHKICTh MPOTH ILBEACHKOI MyXH 1
KJIOTIa-4epernamKky — 1o 9 6amiB, cTiHKiCTh MPOTH
JeTIouol 1 TBepmoi caxkum — 1o 9 Oauis,
BIJITOBIIHO.

[Mokazano, mo copr HociBouka Qopmye
BUCOKY YypOKaWHICTh 3epHa monHaj 9-11 T/ra B
ymoBax XapkiBcbkoi, Cymcbkoi 1 Yepkacbkoi
obnacreii. HaiiBumi mokasnuku Macu 1000 3epeH
oTpuMaHO B ymoBax UYepHniBenpkoi obnacti (62,4
r) 1 XapkiBcekoi odnacti (>59 r). 3’sicoBaHo, 110 B
ymoBax YepHiriBcbkoi o00macTi HOBHHM  copT
MIICHUIII  M’SIKOi  O3UMOI 33  JOTpUMaHHS
PEKOMEHJOBaHUX CIICMEHTIB TEXHOJIOT'11
BUpOIIYBaHHA (popmye ypoxaiiHicTs 8-9 T/ra (B
okpemi poku j1o 11 1/ra), mpu Maci 1000 3epen —
50-53r.

Ha ocnosi

MOTIePE/THIX  JTOCITi/PKEHb

Glu-D1 2+12 allele was evidenced by 415 bp
and 299 bp amplicons. A 563 bp amplicon was
found in cv. 'Nosivochka'. The Dreb 1s
(dehydration  responsive element binding
factors 1) gene products play a key role in gene
activation and synthesis of stress proteins
under the influence of stressors, in particular
drought [18]. In our study, it was shown that
cv. 'Nosivochka’ had the Drebl drought
tolerance genes localized on chromosome 3B,
as evidenced by the presence of a 717 bp
amplicon. Therefore, the objective of further
research is the detection of the Dreb 1 genes on
chromosome 3D and other genes in cv.
‘Nosivochka' [15, 16].

Conclusions

A new winter bread wheat cultivar,
'Nosivochka', was bred. It is characterized by
early or medium earing onset, has long spikes
and red caryopses. It shows the following
indicators of economic suitability in the steppe,
forest-steppe and woodlands (at a standard
humidity of 14%): yield of 6.1, 7.65, and 6.72
t/ha, respectively; vegetation period of 273,
267, and 266 days, respectively; plant height of
86.3, 86, and 90.2 cm, respectively; thousand
kernel weight of 48.2, 50 9, and 50.6 g,
respectively; protein content of 13.6, 13.1, and
13.5%, respectively; crude gluten content of
27.9, 26.3, and 26.5%, respectively; W-index
of 250.5, 241, and 245.5, respectively; loaf
volume from 100 g of flour of 790, 770, and
840 cm3, respectively; lodging score of 9, 7,
and 8 points, respectively; shedding resistance
score of 8, 7, and 9 points, respectively;
drought tolerance score of 7 points in each
zone; powdery mildew resistance score of 9, 6,
and 5 points, respectively; brown rust
resistance score of 9, 8, and 7 points,
respectively; Fusarium head blight resistance
score of 8, 9, and 7 points, respectively; scores
of resistance to frit fly and shield-backed bug
of 9 points in each zone; scores of resistance to
loose and head smuts of 9 points in each zone.

It was demonstrated that cv. 'Nosivochka'
yielded over 9-11 t/ha of grain in the
Kharkivska, Sumska, and Cherkaska Oblasts.
The greatest thousand kernel weight was
recorded in the Chernivetska (62.4 g) and
Kharkivska (>59 g) Oblasts. It was found that
the new winter bread wheat cultivar, provided
adherence to the recommended cultivation
technology, yielded 8-9 t/ha (in some years up
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BCTaHOBIICHO, 110 copT HociBouka MICTITH IiHHI

to 11 t/ha) in the Chernihivska Oblast, with a

amemi  Glu-D1  5+10 i Glu-D1  2+12, mo thousand kernel weight of 50-53 g .
BHU3HAYAIOTh TIOKA3HHUKK HE JIAIIE BHCOKOT In a previous study, it was elucidated that
xJi0oneKapcbkoi  SKOCTi  OopolHa, ane W cv. 'Nosivochka' was a carrier of the valuable
BAXKJIMBUX aJalITUBHAX O3HAK. Glu-D1 5+10 and Glu-D1 2+12 alleles, which
3a pe3ysbTaTaMu JleprxaBHOTO determine not only high bread-making quality
COpPTOBUMPOOYBaHHSA TreorpadiudHi Ta 30HOBI of flour but also important adaptive traits.

pexoMeH Iamii BUKOprCTaHHs copty — JlicocTen i

[Momiccst Ykpainu.

10.

11.

Based on the findings of the State variety
trials, the  geographical —and  zonal
recommendations for this cultivar specify that
it can be grown in the forest-steppe and
woodlands of Ukraine.
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Pedepar: HepiBHOIIHHICTh HACIHHSI B HACIHHEBOMY Marepialli po3DISa€ThCs K OTHA 13 MPUYMH
3HWKEHHSI ypokaio. Metoro poOoTu Oyo BCTaHOBJIEHHS 3aKOHOMIPHOCTEH XapakTepy YcHaIKyBaHHS
BUXOIYy KpYMHOi (pakuii HaciHHS y HalaJKiB BiJ CXPELIyBaHHS COPTIB 3 PI3HUM BUXOAOM O3HAYECHOT
¢pakii. [y 1ocipkeHb BUKOPUCTOBYBAIM copTH: [IpHBITHA 3 BUCOKUM BUXOZOM HaciHHS (pakiii 2,8+
MM (73,3 %), Kpaca naHiB 3 HU3bKMM BHXOJIOM HaciHHs KpymnHOI dpakiii (57,4 %), Anbsiac 1 3anaimiHa 3
cepeqHiMU 3HaYeHHSIMH TIOKa3HUKa (BiAMOBiAHO, 66,8 % Ta 64,0 %). CxpenryBaHHS IPOBOAMIIH 33 TIOBHOIO
JiaJIeTIbHOI0 CXEMOI0, YacTOTa Ta CTYIIHb TPAHCTPECii BU3HAYAIKMCA Yy TPeTbOMY NOKoJiHHI. HalHmxay
YacTOTy TpaHCTpecii 32 BUXOAOM KPyIMHOT (hpakiiii HaciHHS Maju TiOpuHi KoMOiHAIli1, CTBOPEHi 3a y4acTio
0aTbKiB 3 TPAaHUYHUMHU MpOsiBaMU 03HakW. KomOiHaisg 3pa3kiB 3 HU3bKUM Ta CEpEHIM 3HAYEHHSM BHUXOIY
KpynHOi (paxuii HaciHHsA 30UIbLIyBasia SIK 4acTOTY, TaK 1 CTymiHb TpaHcrpecii. IlepcrieKTUBHUMHU ISt
CEeJIeKIIii 32 JAaHOI0 03HAKOKO CTaJH TiOpHaHI KoMOiHAIli MK 0aThKiBCHBKMMH KOMITOHEHTAMU 3 BUCOKHM Ta
CepeHIM BUXOJIOM KpymHOi (pakiii. Bucoky acToTy Ta CTymiHb TpaHCTPECii 32 BPOXKAHHICTIO BU3HAYCHO
y TiOpuAHKMX KOMOIHALISX CTBOPEHUX O€3 ydacTi HANIMPOMYKTHBHINIOTO COPTy 3amamiHa. TakuM YHHOM,
MEPCTIEKTHBHAMH TSI CEJNeKIlii 3a O3HAKOK BUXOMy KpyMmHOI (pakiii HaciHHS BHUSBWINCH TiIOpUAHI
koMmOinanii — Anpsac/IIpuBiTHa Ta [lpuBiTHa/AnbsaHC (YacToTa TpaHcrpeciii — 22 ta 14 %, ctyninb — 12,0
ta 17,3 %); 3a o3HaKoro BpoxaiHicTh — Anbsic/[IpuBitHa, [IpuBiTHa/Anbsiac, Kpaca naHiB/AnbsHc Ta
Anpsac/Kpaca maniB (wactora Tpancrpeciit — 10, 16, 24, 24 %, cryminp — 16,9, 21,5, 28,5, 14,7). [Ipu
CXpelllyBaHHI MiX COOOI0 COPTIB 13 HHU3BKUM a00 cepenHiM BHXOAOM KpYMHOI (pakiii HaCiHHS
3HWKYETBCSl 3HAUEHHSI BUXOAY KPYITHOI (paKIiii, ane MmiJBUIY€ThCA BUXiJ cCepelHboi Ta ApiOHOT dpakiii.
Kom0inyBaHHS 3pa3KiB 3 HU3bKUM Ta CEPEAHIM 3HaYCHHSIM BUXOAY KpYIHOI ppakuii HACIHHS 301IbIIYE SIK
YacTOTY, TaK i CTYIiHb TPAHCTPECiil.

Kuarouoi cinoBa: Triticum aestivum, Ghpakiiisi, TPaHCTPECis, BPOXKAWHICTh, HACIHHSL.

Abstract: Nonequivalence of seeds to be sown is considered as a cause of reduced yields. The
purposeof this study was to establish the inheritance patterns of the large seed fraction output by the
offspring from crossing cultivars with various outputs of the large fraction. The following cultivars were
used for the research: 'Pryvitna' with a high output of the large seed fraction (2.8+ mm fraction; 73.3%),
'Krasa Laniv' with a low output of the large seed fraction (57.4%), 'Alians' and 'Zapashna' with moderate
outputs (66.8% and 64.0%, respectively). The cultivars were crossed in a complete diallel scheme. The
transgression frequency and degree were determined in the third generation. Hybrid combinations
originated from parents with boundary values of the trait had the lowest frequency of transgression for the
large seed fraction output. Combinations of accessions with low and moderate outputs of the large seed
fraction increased both the frequency and degree of transgression. Hybrid combinations between parents
with high and moderate outputs of the large seed fraction are promising for thye breeding for this trait.
High frequency and degree of transgression for yield were recorded for in hybrid combinations created
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without the most productive cv. 'Zapashna'. Thus, hybrid combinations 'Alians/'Pryvitna' and
'"Pryvitna'/'Alians' appeared to be promising for the breeding for the "large seed fraction output" trait

(frequency of transgressions = 22 and 14%; degree

12.0 and 17.3%, respectively ); combination

'Alians'/'Pryvitna', 'Pryvitna'/'Alians', 'Krasa Laniv'/'Alians' and 'Alians'/'Krasa Laniv' seemed promising
for the breeding for the "yield" trait (frequency of transgressions = 10, 16, 24, and 24%; degree = 16.9,
21.5, 28.5, and 14.7, respectively). When crossing cultivars with a low or moderate output of the large
seedv fraction, the large fraction output was reduced, but the outputs of the medium and small seed
fractions were increased. In combinations of accessions with low and moderate outputs of the large seed
fraction, both the frequency and degree of transgressions were increased.

Key words: Triticum aestivum, fraction, transgression, yield, seeds.

Beryn

B arpapmiii momituni YkpaiHu 3epHO €
CTpaTeriyHuM MPOAYKTOM 1 OapoMEeTpoM CTaHy
CUIBCBKOTO TOCHOMAPCTBA, 1€ Cepel 3epHOBUX
KyJbTYp MIICHUIS 3aiiMae LeHTpansHe Micte [1].
Arpapii Bcix obmacteit Ykpainum y 2023 poumi
HaMOJIOTWIN 57,6 MIIH TOH 3€pHOBHX 1 ONIMHHUX
KynpTyp, 3 HHX 39,228 MIH TOH 3€pHOBHX,
YpOXKaiHICTh TIIeHUII cTaHoBwia 4,76 T/ra [2].
OCHOBHHUM 3aBJaHHSIM arpapHOTO CEKTOPY KpaiHu €
30UIbIIICHHST BUPOOHMIITBA 3epHa 3 BUCOKHMH
MOKAa3HUKAMH  SIKOCTi. BaxkimBo He  TiNBKHU
BUPOCTUTH BHCOKHMH BpOXail, ane W OTpuUMaru
KpylHEe 1 BUpIBHSHE HACIHHS, SK€ B IOTOMCTBI
30epeske MiHHI BIacTUBOCTI copTy [3]. ExoHOMIYHO
BUTIJHAM JUTsI CLTbTOCTIBUPOOHMKA € BUX1JI HACIHHS
y kinmbkocTi 60—70 % BamoBoro 300py 30ikKs. 3a
paxyHOK J1000py OlOJOTriYHO CHIIBHINIOTO HACIHHS
MOXKHA ICTOTHO BIUIMBATH SIK Ha TIOKAa3HUKH SIKOCTI
MOCIBHOTO Martepiajy, TaKk 1 Ha NPOAYKTHBHICThb
KYyJbTYpH.

Y mporieci miArOTOBKY Ta OYUIIICHHS HACIHHS
MIIICHAII M’ SIKOi 03UMOi 3aCTOCOBYIOTH pellera 3
pisaUMH po3Mmipamu OTBOpiB. (OCHOBHa MeTa
COpPTYBaHHS — BWAAJICHHS JPiOHOTO 1 WIyTJIOTO
HAaclHHA Ta BHAUICHHA U1 CIiBOM HaHOLIbII
MOBHOLIIHHOTO, KPYITHOTO, Ba)K4Oro 1 BUPIBHSHOIO
HaciHHA 3 BHCOKMM Horo BuxomoM [4].
HepiBHOWiHHICTH  HAaciHHS B HACIHHEBOMY
Marepiaji po3mISAA€TbCS K OJHA 13 NMPUYMH, II0
MPU3BOIUTH JI0 3HIKEHHA Bpoxaro [5]. Bumoramu
JACTY 4138:2002 10 KOHAWIIMHOIO HACiHHSA
nependadyeHo BUKOPUCTAHHS pemiT (HWXKHIX) 3
posmipamu 1,7-2,0 wmm [6]. Ha mnpakrmmi
BUKOPHCTAHHS PEINIT 3 MapaMeTpaMy He MeEHIIe
2,2 MM, [ae 3Mory 30UTBIIMTH  BpOXKAWHI
BJIACTUBOCT] IIIIEHUI]l Ta IMJABAIIATH ITOKA3HUK
guctoro  npuOytky  [7-9]. B IuctuTyTi
pocimuuuiTBa iM. B.S. Op'eea HAAH BuBYeHHS
3aJIeKHOCTI MK po3MipoM (ppakuii i MOKa3HUKAMHU
SIKOCTI HACIHHS 26 COpTIB IMIICHHUII M'SIKOT 03MMOT
XapKiBChKOT CeJIeKIlii MmoKa3ao, o YuM KpYIHila
¢pakuig, Tum Oinbmi maca 1000 3epeH, eHepris

Introduction

Grain is a strategic product and a
barometer of the agriculture state in the agrarian
policy of Ukraine, where wheat occupies a
central place among cereals [1]. In 2023, farmers
of all regions of Ukraine threshed 57.6 million
tons of cereals and oilseeds, including 39.228
million tons of cereals. The wheat yield was 4.76
t/ha [2]. The main objective of the agrarian sector
of the country is to increase the top quality grain
production. It is important to grow not only a
high yield but also large and uniform seeds,
which will manifest valuable features of a
cultivar in the offspring [3]. Seed outputs of 60—
70% of the bread cereal croppage are
economically profitable for farmers. Due to the
selection of biologically stronger seeds, one can
significantly influence both the quality of seeds
to be sown and the crop performance.

Sieves with various sizes of holes are used
for preparing and cleaning winter bread wheat
seeds. The primary purpose of sorting is to
remove small and shriveled kernels and to select
the plumpest, largest, heaviest, and most uniform
seeds with a high output for sowing [4].
Nonequivalence of seeds to be sown is
considered a cause of reduced yields [5]. The
DSTU 4138:2002 requirements for certified
seeds specify the use of (lower) sieves with holes
of 1.7-2.0 mm [6]. In practice, the use of sieves
with holes of at least 2.2 mm makes it possible to
increase the wheat yield capacity and the net
profit [7-9]. In the Yuriev Plant Production
Institute of NAAS, studies of relationships
between fraction size and seed quality in 26
Kharkiv-bred winter bread wheat cultivars
showed that the larger the fraction was, the
greater the thousand kernel weight, germination
energy and seed germinability were [10, 11]. In
three testing years, the thousand kernel weight
for seeds that were selected on a 2.8 x 20 mm
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MPOPOCTaHHS Ta CXOXKICTh Hacinug [10, 11]. 3a Tpu
POKH BHUIIPOOYBaHHS HACiHHA, K€ Oyl0o BHUALICHE
Ha cuTax po3mipom 2,8 x 20 mM, mano macy 1000
3epeH OunbIny Ha 9,9 T, eHeprito MpopocTaHHS Ha
1,1% nopiBHsHO 3 Ppakuiero 2,5 x 20 mm 1 Ha 1,6%
MOpiBHSAHO 3 (pakmiero 2,2 x 20 MM; BUALIICHE Ha
curax po3Mmipom 2,8 x 20 MM MaJjio BHIIYy CXOXKICTh
Ha 1,3% B nopiBHsAHHI 3 ¢pakuiero 2,5 x 20 MM Ta
Ha 1,7% B mopiBHsAHHI 3 ¢pakmiero 2,2 X 20 MM
[12]. Yirki  po30DKHOCTI  MDK  COpTaMu
CIIOCTEpIraJIiCh 1 32 BHUXOIOM HACIHHS PI3HHX
¢bpakuiid, ocoOmBo KpymHOi 1 ApiOHOI. binbiie
70 % cxomy 3 cut 2,8 MM 3a0e3nedyBaiy TUIBKH
nBa coptu: 3mo6Ha Ta [IpusitHa. Hmxuum 3a 60%
BUXi KpynHoi ¢pakuii OyB y coprtiB [uso,
lapmonika, Kpaca naniB, Poskimma, Mertenuns
XapkiBcbka, iHiH  Epurpocmepmym  408-13,
Jlrorecuenc  217-13,  cTapomaBHBOIO  COpPTY
Oepyrineym 1239 Ta craHmaptiB CMyDiIsHKA,
Bynuyk, €nnicts. BianosigHo, y Ha3BaHUX COPTIB
OyB OUThIIMM BUXiJ ApiOHOT (pakmii. 3a cymapHUM
CXOIOM 3 CHUT 2,5 MM PO30DKHOCTI MIXX COpTaMu
CYTTEBO 3IVIAKYBAJIUCS, a 32 CYMApHUM CXOZIOM 3
CHT 2,2 MM HIBEJIIOBAJIMCS.

Metoro pocnimkeHHs Oyno BCTAHOBJICHHS
3aKOHOMIpDHOCTEH  XapakTepy  YCHAIKyBaHHS
BUXOJly HAacCiHHS KPYIMHOI (pakiii Ta BpoxaiHOCTI
Yy HAIIaJKiB B CXpenlyBaHHS COPTIB 3 PI3HUM
BHXOJIOM TIOCIBHUX (Dpaxitii.

Marepianau i MmeTonmn

ExcrniepumeHTanbHa YacTHHA JOCHIDKEHHS
Oyna TmpoBeleHA HA  CEJCKIIMHOMY  IIGHTi
IacTutyTy pocnmununtsa imM. B.S. FOp’ea HAAH
(IP HAAH) B 20162019 pp. BuBuanu 23 coptu Ta
JiHiT morennii M’ kol o3umol cenekii IP HAAH, 4
craugaptd  (Ilomonsmka, CwmymisiHka, ByHUyK,
€nuicte). Ilnoma ainseku 10 ™% MOBTOPHICTH
gotupupaszoBa. CemapyBaHHs 3a  JHIHHUMH
pO3MipaMu MPOBOAMIIM Ha J1a0OpaTOPHOMY PO3CiBi
JIPY-3 3 BUKOpUCTAaHHSIM CHUT 3 HPSIMOKYTHHMH
otBopamu 2,2 x 20, 2,5 x 20, 2,8 x 20 mm 3a
«MeToauka TIPOBEACHHS  EKCIIEPTH3H  COPTIB
POCIMH  TpynmH  3€pHOBHX, KpYyI'SHHX Ta
3epHO0O0OBHX Ha TPUAATHICTH JO TOMUPEHHS B
Vkpaiui (IICIT), 2014» [13].

JIns BU3HA4YeHHS YacTOTH Ta CTYICHS
TpaHCrpecii BpaxoByBajW BHUXIJ caMe KpPYIHOI
¢pakiiii, a TakoK ypoxkanHiCTh. J{Jisi BCTaHOBICHHS
XapakTepy ycraJaKyBaHHsS BUXOAY KPyHHOiI Qpaxiii
HaciHHA Oynu  BimiOpani coptu: IlpuBitHa 3
BUCOKMM BHXOJIOM HaciHHA ¢pakmii 2,8+ M
(73,3%), Kpaca naHiB 3 HU3bKMM BHXOIOM HaCiHHS
kpynHoi (pakuii (57,4%), Anesnc i 3amamHa 3
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sieve was 9.9 g greater than for the 2.5 x 20 mm
fraction; the germination energy was 1.1%
higher. Compared to the 2.2 x 20 mm fraction,
the germination energy of seeds that were
selected on a 2.8 x 20 mm sieve was 1.6%
higher. Seeds selected on a 2.8 x 20 mm sieve
had a higher germinability: by 1.3% compared to
the 2.5 x 20 mm fraction and by 1.7% compared
to the 2.2 x 20 mm fraction [12]. There were also
clear differences in the outputs of different
fractions of seeds, especially large and small
fractions, between cultivars. Only two cultivars,
'Zdobna' and 'Pryvitna', provided over 70% of
seeds selected on a 2.8 mm sieve. The large
fraction output was lower than 60% in cvs.
'Dyvo', 'Harmonika', 'Krasa Laniv', 'Rozkishna’,
and 'Metelytsia Kharkivska', lines
'Erythrospermum 408-13" and 'Lutescens 217-13',
landrace 'Ferugineum 1239', and check cvs.
'Smuhlianka’, 'Bunchuk’, and '"Yednist'.
Accordingly, these cultivars had higher outputs
of the small fraction. The differences in the total
output from a 2.5 mm sieve between the cultivars
were significantly smoothed out and the
differences in the total output from a 2.2 mm
sieve were completely leveled.

The purpose of this study was to establish
the inheritance patterns of the large seed fraction
output and yield by the offspring from crossing
cultivars with various outputs of the sowing
fraction.

Materials and Methods

The experiments were carried out at the
Breeding Center of the Yuriev Plant Production
Institute of NAAS (YPPI NAAS) in 2016-2019.
Twenty-three winter bread wheat cultivars and
lines bred at YPPI NAAS, including 4 check
cultivars ('Podolianka’, 'Smuhlianka', 'Bunchuk’,
and 'Yednist'), were studied. The plot area was 10
m2 in four replications. Separation by linear
dimensions was carried out on a LRU-3
laboratory sorter using sieves with rectangular
holes of 2.2 x 20, 2.5 x 20, 2.8 x 20 mm as per
the "Methods of Examination of Plant Varieties
of Cereals, Groats Crops, and Grain Legumes for
Suitability for Dissemination in Ukraine
(Indicators of the Cultivar’s Suitability for
Dissemination), 2014" [13].

To determine the transgression frequency
and degree, the output of the large fraction and
yield were measured. To elucidate the inheritance
of the large seed fraction output, the following
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CepeNHIMU 3HAYCHHSMHU TOKa3HUKa (BiAMOBITHO,
66,8 Ta 64,0%). CxpemyBaHHS IPOBOAWIM 3a
MOBHOIO  JiaJieIbHOI0  CXeMO. Y  JpyroMmy
MOKOJIiHHI KIJBKICTh 3epHa Oyna HENOCTaTHHOIO
JUIA BU3HAYCHHS BUXOAY HAciHHS 3a (ppakuismu,
TOMy J000pH 3 Ipyroro nokojinas (He meHmie 100
KOJIOCiB) BHCIBAJIMCS TIO OJHOMY PSJIKY 1 4acToTa Ta
CTYIiHb TPAaHCTPECiii BHU3HAYAJIMUCS Yy TPETHOMY
nokoMiHHI (s aHanmizy Opamu 1o 50 MOTOMKIB 3
KOXKHOT riOpuHOT KOMOIHAILIIT).

CratuctTuHy OOpOOKY EKCIIepUMEHTAJIbHUX
JaHuX (QUCTiepCiiHMN aHani3) BUKOHyBau 3a [14]
3 BuKopucTaHHsIM makeTa mporpam STATISTICA
6.1, SN BXXR502C631824NET3.  Amnaii3
OTPHMAaHMX CTATUCTUYHHX PE3YyJIETaTiB MPOBEIHN 3a
[15].

[Moroxni YMOBHU 20152019 pOKiB
CKJIAJIAJIMCSl TIO-PI3HOMY JUISL POCTY Ta PO3BHUTKY
pocCivH mueHuii o3uMoi. /s mouaTky Bererartii
BKpail HeCHpUATIMBAM 3a0e3MEUYeHHS BOJIOTOIO
Oyno y cepnHi—koBTHI 2015 poky, Konmu 3a TpHu
Micsmi Bumano jmme 11,3 MM omanis, depes 1o
cxomn  Oynm  Jy)ke  HEpIBHOMIpHMMH.  3a
ananoriyauii nepion 2018 poky Bumano 54,6 mwm,
0 TaKoXK OuNbIlle HDXK YABIYI MEHIIE 3a HOPMY.
Kpim Toro, 3a ceprmens—Bepecenb 2017 poxky
Bunano jume 37,1 MM OmagiB 1 JIMIIEe >KOBTHEBI
omajay JO3BOJHMIM OTPUMATH IlI€ BOCEHH IOBHI
cxomu. TakuM d9WHOM, cepem POKIB JOCIIIKEHB
numre y 2016 yMOBH 3BOJIOKEHHS B KPUTUYHUN IS
OTpPUMaHHS CXOMIB TIICHWII O3UMOI Tepioj
HaOmwkanmueb 10 Oararopiunoi Hopmu. CepenHs
Temneparypa ciuas 2016 poky cknana -7,5 °C, a
2017 -6,5 °C, mo mnpu HAIBHOCTI CHITOBOTO
MOKPUBY HE CKJIAJIO0 KPUTHYHUX YMOB IEPE3UMIBII.
Binpmr Teruni ymoBu ciuns-motoro 2018 ta 2019
POKIB 3 JIOCTaTHHOKO KUIBKICTIO ONAJiB Yy BHUIVISII
CHITY CIIPHUSUTH MOIIMPEHHIO CHITOBOT IUTiCeHi, sKa 1
cTana TOJIOBHUM YUHHAKOM 3HIDKCHHS
3UMOCTIMKOCTI COpTiB. TakuM 4YHMHOM, y PpOKH
JOCII/PKEHHSI HE BiJ3HAYanoch »OPCTKUX YMOB
NEePE3UMIBIIL.

[lepexin  cepenHbOAOO0BHX  TeMIeparyp
yepe3 0°C crmocTepiraBcs y Opyrid-TpeTii JaeKanax

moToro, kpim 2018 poky, komu Bix’eMmHi
TEeMIIEpaTypy  TNPOTPUMAIUCS O  KBITHS,
BIJIIOBIIHO,  BIJTHOBJCHHS  BereTaulii  POCIHH

MIIICHAII 03UMOI TOYMHAIOCA y Oepe3Hi abo y
KBITHI.

KinpkicTh omajiB 3a mepioj] KBiTeHb-JIHUIICHb
y 2016 porii nepeBuiryBanga Hopmy, a y 2017, 2018
ta 2019 pokax cyrreBo il mocTymamacs, aine
BIZJHOCHO PIBHOMIPHHUH iX PO3MOIUT 32 MiCSIISIMU
HE CIOPUYMHMAB 3HAYHOTO TMOTIPUICHHS CTaHy
pociuH. [Ipu eomy y 2019 pori cepenabon000Ba

cultivars were chosen: 'Pryvitna’ with a high
output of 2.8+ mm seed fraction (73.3%), Krasa
Laniv' with a low output of the large seed
fraction (57.4%), 'Alians' and 'Zapashna' with
moderate outputs (66.8 and 64.0%, respectively).
The cultivars were crossed in a complete diallel
scheme. In the second generation, the amount of
grain was insufficient to determine the seed
outputs by fractions; therefore, seeds selected
from the second generation (at least 100 spikes)
were sown in one row and the transgression
frequency and degree were determined in the
third generation (50 offspring from each hybrid
combination were taken for analysis).

Experimental data were statistically
processed (ANOVA) was in STATISTICA 6.1,
SN BXXR502C631824NET3, as recommended
in [14]. The obtained statistical results were
analyzed in compliance with [15].

The weather in 20152019 was different
for the growth and development of winter wheat
plants. Wetting was extremely unfavorable in the
beginning of the growing period in August-
October 2015, when only 11.3 mm of
precipitation fell in three months, resulting in
very uneven emergence. During the same period
in 2018, 54.6 mm fell, which is also more than
twice as much as the multi-year average. In
addition, in August-September 2017, only 37.1
mm of precipitation fell, and only October
precipitation allowed for complete emergence in
the autumn. Thus, of the study years, only 2016
had wetting during the period that is critical for
winter wheat emergence close to the multi-year
average. The mean temperature in January 2016
was -7.5 °C; in 2017, it was -6.5 °C; provided
snow cover, such temperatures were not harsh for
overwintering. Warmer January-February 2018
and 2019 with sufficient amounts of snow
contributed to the spread of snow mold, which
became the main factor in reducing the cultivars'
winter hardiness. Thus, there were no severe
overwintering conditions in the study years.

The mean daily temperatures rose above
0°C within the second and third 10 days of
February, except for 2018, when subzero
temperatures  persisted until April and,
accordingly, winter wheat plants resumed
vegetation in March or April.

The precipitation amount in April-July in
2016 was greater than the multi-year average; in
2017, 2018, and 2019, it was significantly
smaller than the multi-year average but relatively
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TeMmIeparypa nosiTps y uepBHi cknana 24,8°C, mo
ICTOTHO  OPUIIBUAIIMIO  JOCTHTaHHS  PaHHIX
3epHOBUX KYIBTYp, 30KpeMa IIIEHUII 03UMoi. Y
[JIOMY BeTeTalliiiHi mepioJi POKiB BUBYCHHS OyIU
JTIOBOJII PI3HOMAaHITHUMH, IO JO3BOJIMJIO BCEOIYHO
OIIIHUTH JIOCIIJKEH] 3pa3KH.

Pe3yabTaru i 00roBopeHHst
Jlis  ciBOM  BHUKOPHUCTOBYETHCS HANOLIBII
MOBHOITIHHE, KPYIIHE, BA)XKKE 1 BUPIBHAHE HACIHHS 3

BHCOKHMMH IIOCIBHUMH skocTsmMu [16]. Ha
¢dopmyBaHHS ~ MOCIBHMX  (ppakuii  HaciHHA
BIUIMBAIOTh  JIOB)KMHA, IIMpMHA 1 TOBIIMHA

3epHiBKH, Maca THcaui 3epeH [17]. Lli mokazHuku
nepeOyBaOTh i~ BIUIMBOM  YMOB  POKY
BupornnyBanHsa [18]. Jlyisg OUIBIIOCTI IMX O3HAK
Oy BCTaHOBJIEHI 3Ha4HI B3aemoii [19].

VY Hamumx JAOCHIIKEHHSX OCOOJHMBY YBary
Oyno mnpuaineno anamizy F3  mortomcts, 3
OpiEHTYBaHHAM Ha IpOsIB HO3UTHBHUX
TpaHCrpecMBHHX  (opM  BHUBUEHHX  O3HAK.
Po3yminHg  MexaHi3MiB X  CHagKoOBOCTI €
HepeyMOBOIO JUISt CTBOPEHHS LIHHOTO
0aThKIBCPKOTO MaTepially sl MaiOyTHIX COpTiB
[20].

3a pesynbTatamM JUCHEPCIHHOrO aHamizy
BUSIBJICHI CYTT€BI BiIMIHHOCTI MDK BUBYCHHMH
riOpuIHIMH KOMOIHALIISIMH K 32 BHXOJOM KPYITHOT
¢pakmii HAaCciHHA, Tak 1 3a ypoxaWHICTIO (3a
P<0,05). I'iopuaxi koMOiHalii 3 coprom IIpuBiTHa,
AKUM  XapaKTepU3YETbCS  BHUCOKMM  BHXOIOM
KpynHOi (pakiii, 3a0e3rmeuyBagu BUCOKE 3HAYCHHS
[IbOTO TOKAa3HMKAa 1 y Hamanmkax : Big 60 % y
npsiMid Ta 3BOpPOTHIM TiOpuaHIA KOMOiHAIil 3
coprom Kpaca mnaniB mo 68 % y ribpuaHii
koMOiHanii  AjbsHc/[IpuBiTHAa, y  TiIOpUAHUX
KOMOIHAIIAIX 3 COpPTOM 3amamiHa 3HA4YeHHS
MOKa3HHUKa OyJI0 MpoMiXXHHUM (Tadm. 1).

VY ribpuaaux xomOiHalisix 3 coprom Kpaca
JaHiB,  SKUA ~ XapaKTepU3YETbCS  HU3BKUM
3HAQUEHHSIM BUXOAY KpymHOi ¢pakuii, Oymu
HIDKYMMH 111 3HAYEHHS 1 y HAIIAJKiB, 0COOJIMBO y
CXpelllyBaHHsIX 3 copToM 3anamiHa (55 % ta 58 %),
aje mpU LBOMY BHXiIl cepemHboi Ta JpiOHOT
¢pakuii migBumryBaBcs. Y CEpeaHBOMY 34
OKpPeMHUMH  TiOpUJHUM  KOMOIHAIliSIM  BHUXIiJ
cepenHboi (pakuii BapiroBaB Bim 25 mo 33 %, a
IpibHoi — Bim 6 mo 11 %. BapiroBanHs B Mexax
OKpeMuXx TriOpuIHUX KOMOIHAIiii 3a BUXOJOM
KpynHOi (pakiii OylI0 TOCHTh BUCOKUM, a 32 YCiM
MacCHBOM HAaIaJKIB ITOKA3HUK 3MiHIOBaBcs Bif 20
mo 86 %. Buxin cepennnoi ¢pakmii BapiroBaB Bif
10 o 60 %, a mpidHoi — Bix 2 10 23 %.
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evenly distributed by month, so the plant
condition was not significantly deteriorated. At
the same time, in 2019, the mean daily air
temperature in June was 24.8°C, significantly
accelerating the ripening of early cereals, in
particular winter wheat. In general, the growing
periods in the study years were quite diverse,
allowing for comprehensive assessments of the
studied accessions.

Results and Discussion

The plumpest, largest, heaviest and most
uniform seeds of high sowing quality are used
for sowing [16]. Sowing fractions of seeds are
formed by caryopsis length, width, and thickness
[17] and thousand kernel weight, which
considerable depend on the conditions of a
growing year [18]. Significant interactions were
reported for most of these cjaracteristics [19].

We paid special attention to analysis of F3
offspring, focusing on the manifestation of
positive transgressive forms of the studied traits.
Understanding the mechanisms of their heredity
is a prerequisite for creating valuable parental
materials for eventual cultivars [20].

ANOVA results revealed significant
differences in both the large seed fraction output
and yield (at P<0.05) between the studied hybrid
combinations. Hybrid combinations with cv.
'"Pryvitna', which is characterized by a high
output of the large fraction, conferred a high
value of this parameter to its offspring: from 60%
in the direct and reciprocal hybrid combinations
with cv. 'Krasa Laniv' to 68% in hybrid
combination 'Alians/'Pryvitna'. In  hybrid
combinations with cv. 'Zapashna', this parameter
was intermediate (Table 1).

In hybrid combinations with cv. 'Krasa
Laniv', which is characterized by a low output of
the large fraction, the parameter was also lower,
especially in combinations with cv. 'Zapashna'
(55% and 58%), but at the same time the outputs
of medium and small fractions were bigger. On
average, for individual hybrid combinations, the
output of the medium fraction varied from 25 to
33% and the output of the small fraction - from 6
to 11%. The variations in the large fraction
output within individual hybrid combinations
were quite wide and for the entire array of
offspring, this parameter ranged from 20 to 86%.
The output of the medium fraction varied from
10 to 60% and the output of the small fraction
varied from 2 to 23%.
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Ta6auusa 1. Ctymise i 9acToTa TpaHCTpecii BUXOMy HaciHHA riOpuaiB M axoi o3umoi mmennmi Fi, %, 2019 p.
brids, %, 2019

Table 1. Transgression degree and frequency for seed output in F3 winter bread wheat hy

l6punna Opaxuis Buxin SD Min Max Cryniae Yacrora
KOMOiHawist (Fraction) HACiHHS, cv TpaHcrpecii | TpaHcrpecii
(Hybrid % (Seed (Transgression |(Transgression
combination) output, %) degree) frequency)
3amarmHa / Kpaca 2,8 552 11,81 214 19,7 73,6 15,0 20
nauiB (Zapashna / 2,5 32,0 8,54 26,7 17,7 60,2
Krasa Laniv)
2,2 11,1 3,23 29,1 54 19,1
Kpaca nanis / 2,8 56,8 7,53 13,3 39,1 69,7 8,9 20
3anammna (Krasa 2,5 32,7 6,02 18,4 21,8 47,1
Laniv/Zapashna)l , , 9,5 2,58 27,2 4, 16,0
IIpusitHa / Kpaca 2,8 60,3 10,55 17,5 31,6 76,1 39 4
nauis (Pryvitna / 2,5 30,7 7,99 26,0 15,7 55,3
Krasa Laniv)
2,2 7,6 2,78 36,6 2,9 18,7
Kpaca naniB / 2,8 59,6 9,93 16,7 28,0 73,6 0,3 2
[pusitHa (Krasa 2,5 31,8 7,79 24.5 20,1 534
Laniv / Pryvitna
ryvima) 2,2 7,6 2,92 38,4 4,0 21,8
Kpaca maniB / 2,8 59,7 11,69 19,6 31,5 81,0 21,2 26
Anpsac (Krasa 2,5 30,6 7,73 25,3 15,7 49,8
Laniv / Alians) 2.2 8,3 3,96 477 23 20,1
Anbsue / Kpaca 2,8 58,6 12,17 20,8 33,7 78,6 17,7 30
naniB (Alians / 2,5 31,5 8,33 26,4 16,6 48,5
Krasa Laniv)
2,2 8,6 3,74 43,5 1,7 19,5
AnbsiHe / 2,8 67,6 8,55 12,6 46,6 82,1 12,0 22
IpusitHa (Alians 2,5 24,7 6,13 24,8 10,4 39,7
Pryvit
/ Pryvitna) 22 6,0 2,52 42,0 3,0 14,1
IIpusitHa / 2,8 63,1 11,15 17,7 254 85,9 17,3 14
Anbsac (Pryvitna) 2,5 28,2 8,15 28,9 11,3 48,9
/ Alians) 22 7.7 3,19 414 2,5 227
IpusitHa / 2,8 60,6 8,17 13,5 36,5 74,6 1,8 2
3amarga 2,5 28,6 5,65 19,8 18,9 46,4
(Pryvitna /
Zapashna) 2,2 9,5 2,72 28,6 43 17,8
3anamHa / 2,8 64,1 10,84 16,9 35,2 80,1 9,2 18
[IpusitHa 2,5 27,0 7,46 27,6 16,4 45,2
(Zapashna /
. 2,2 7,6 3,40 447 2,7 16,7
Pryvitna)
3anamHa / 2,8 61,5 6,73 10,9 48,2 75,2 12,6 28
AnbsiHC 2,5 28,6 5,13 17,9 18,5 41,6
(Zapashna /
. 2,2 8,5 2,08 24,5 4,2 14,3
Alians)
AnbsHe / 2,8 54,1 9,34 17,3 25,7 68,2 2,1 8
3amamHa (Alians/ 2,5 33,2 6,26 18,9 234 49,6
Zapashna) 22 10.8 3.36 31,1 54 195
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Cepen BuBYCHMX TiOpHIHUX KOMOiHAIIIN
HAWHIKYOI0 YaCcTOTOI0 TPAHCTPECIH 32 BUXOJIOM
KpymHOi  (pakmii  HaciHHS — BiA3HAYANIHCH
KOMOiHaLlii, CTBOpeHi 3a Yyd4acTio OaTbKiB 3
KpaiiHiMu TiposiBamu  o3Haku: [IpuitHa/Kpaca
naHiB (4 %) ta Kpaca nmanis/Ilpusitha (2 %), a
takox llpusitHa/3anamma (2 %), npu UBOMY
CTYMiHb TpaHCTpPECii y Ha3BaHWX TiIOPHIHUX
koMOiHarisx ckmama 3,9 %, 0,3 % ta 1,8 %,
BianmoBigHo.  Husekoro (2,1 %)  crymiHb
TpaHcrpecii Oynma 1y TiOpuanoi KomOiHaii
AnpsHc/3ananrsa 3a 9acToTH TpaHerpeciii 8 %.

Kom0OinyBaHHS 3pa3kiB 3 HHU3BKHM Ta
CepeHIM 3HAUYCHHSM BHUXOAY KpymHOI (pakmii
HAaCiHHA 301IBIIyBasio SIK YacTOTY, TAaK 1 CTYMiHb
TpaHcrpecid.  Jns  TiOpumHMX — KOMOIHAIIii
3anamna/Kpaca naniB ta Kpaca nanip/3amanina
yacToTa TpaHcrpecii ckiana 20 % mpu cryneHi
TpaHcrpeciit 15,0 % Ta 8,9 %, BigmosimHO. Y
riopuanoi  komOiHarii  Kpaca manHiB/AnbsHc
yacToTa TpaHCrpecii ckiana 26 % mpu cryneHi
tpancrpeciit 21,2 %, a y Anbsac/Kpaca naniB —
30 % i1 17,7 %, BiAMOBITHO, MPH IHOMY KpaIli
dbopMH TEpEeBHUIYBaJl 3HAYCHHS ETAJIOHY 3a
JaHot o3Hakoro (copty [IpuBiTHA) OUIBIIT HIX HA
5 %. OcranHe cnocrepirajock i y KomOiHamii
3anammna/lIpusiTHa (dacTtota Tpancrpeciit 18,0 %,
crymiab TpaHcrpecid 9,2 %). IlepcnekruBHUMUA
JUISL CeJIEKIT 3a TaHOI0 O3HAKOIO BUSIBUJIMCH 1HIII
riopuaHi  koMmOiHamii MK KOMIIOHGHTaMU 3
BHCOKHM Ta CEPETHIM BUXOAOM KPYITHOT (PpaKiIii:
Anbsac/[IpuBitHa Ta TlpuBiTHA/ANBSHC, Y SIKMX
4acToTa TpaHcrpeciii ckiana 22 ta 14 %, crymisb
— 12,0 ra 17,3 %, a MakCUMaIbHUI TIPOSIB O3HAKHU
NEepeBUIIyBaB piBeHb copTy IlpuBiTHa Ha 9 Ta
13 %, sigmoBimHO. HoOBI copTth, orpumani 3a
y4acTi HalaJKiB MHUX TiOPUIHUX KOMOiHAIIIH,
MOXYTh e(EKTUBHO BUPOIIYBATHCS B
opraHiyHOMY 3emiiepoOcTBi [21].

HesBaxkaroun Ha BHCOKHMIA BHXiJ KpYITHOI
¢pakuii HaciHHS y OKpemux TiOpuIHHX
KOMOIHAIIIAX, TUTA BHPOOHHKIB HACIHHA
BUpIIIANBHY pOJb Bijlirpae piBeHb ypOKaHHOCTI
copty. AHali3 YpPOXKaWHICTh HACIHHS INIICHUILI
03MMOI  CBIAYUTH, IO BOHA 3aJEXKUTHh Bl
TEXHOJIOTil ~ BHPOLIyBaHHA  Ta  COPTOBHUX
ocobnmuBocteit [22]. KoeodimieHT po3MHOKEHHS
HaciHHA mnepeOyBae B TpPAMIH 3aJI€KHOCTI BiJ
ypoxaiiHocTi copty [23].

Cepen BUBYEHHX OAaTBKIBCHKHX (hopMm copT
Bamamina 3abe3neunB ypokaiiHicts 8074 /Mm%,
Kpaca naniB — 772,5 r/m?, Ilpusitna — 775,7 r/m2,
AnbsiHe — 728,8 T/M?.
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Among the studied hybrid combinations,
the lowest frequency of transgressions or the
large seed fraction output was observed in the
combinations with parents with extreme values
of this characteristic: 'Pryvitna'/'Krasa Laniv'
(4%), 'Krasa Laniv'/Pryvitna' (2%), and
'"Pryvitna'/'Zapashna' (2%) ); the transgression
degree in these hybrid combinations was 3.9%,
0.3%, and 1.8%, respectively. The transgression
degree was also low (2.1%) in hybrid
combination  'Alians'/Zapashna' with a
transgression frequency of 8%.

Combination of accessions with low and
moderate outputs of the large seed fraction
increased both the frequency and degree of
transgressions. In  hybrid  combinations
'Zapashna'/Krasa Laniv' and 'Krasa
Laniv'/Zapashna', the transgression frequency
was 20%, with a transgression degree of 15.0%
and 8.9%, respectively. In hybrid combination
'Krasa  Laniv'/'Alians', the transgression
frequency was 26%, with a transgression
degree of 21.2%; in combination
'Alians'/'Krasa Laniv', the transgression the
frequency and degree were 30% and 17.7%,
respectively, and the best forms were superior
to the check cultivar for this characteristic
('Pryvitna") by [15%. The latter was also
observed in combination 'Zapashna'/'Pryvitna'
(transgression frequency = 18.0%,
transgression degree = 9.2%). Other hybrid
combinations between cultivars with high and
moderate outputs of the large fraction appeared
to be promising for the breeding for this trait:
'Alians'/'Pryvitna' and 'Pryvitna'/'Alians', where
the transgression frequency was 22 and 14%,
respectively, and the degree was 12.0 and
17.3%, while the maximum values of the
characteristic were 9 and 13%higher than those
in cv. 'Pryvitna’, respectively. New cultivars
derived from descendants of these hybrid
combinations can be effectively grown in
organic farming [21].

Despite the high outputs of the large seed
fraction in some hybrid combinations, the yield
of a cultivar plays a decisive role for seed
producers. Analysis of the winter wheat seed
yields showed that they depended on
cultivation technologies and cultivars' features
[22]. There is a linear relationship between the
cultivar's seed reproduction coefficient and
yield [23].

The studied parental forms, i.e. cv.
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Y riOpumHux KoMOIHAIiSX 3 HAWOUIBII
ypOXKaltHUM COpTOM 3ananiHa 4acToTa
TpaHcrpeciit Oyna MiHIMaIbHOI — 10 6 % (Tabm.
2), ame CTymiHb TpaHCrpecii y TriOpuIHUX
KOMOIHAIIIAX 3anamma/Kpaca JIaHIB,
[MpupitHa/3anamua,  3anamma/llpuBiTHa  Ta
AunbsiHc/3ananisa Oyia 10CHTh BHCOKOIO (9,8, 5,6,
16,3 Tta 13,1%, BignmosimHo). HeBucokumu
4acToTa Ta CTYIIHb TPaHCTPECid 3a ypOXKaiHICTIO
Oynu y Tiopuaanx kombOiHamisx [IpusitHa/Kpaca
naHiB Ta Kpaca nanis/IIpuBiTHa, y SIKUX KOICH 3
HAIIAJKIB HE NEPEeBHUIIYBaB KpalMd y JOCHTiml
copT 3amamiHa.

'Zapashna' yielded 807.4 g/m?, cv. 'Krasa Laniv'
— 772.5 g/m?, cv. 'Pryvitna' — 775.7 g/m?, and
'Alians' — 728.8 g/m?.

In hybrid combinations with the most
high-yielding cv. 'Zapashna', the frequency of
transgressions was minimal (16%) (Table 2),
but the transgression degree in hybrid
combinations 'Zapashna'/'Krasa Laniv',
'"Pryvitna'/'Zapashna', 'Zapashna'/'Pryvitna', and
'Alians'/'Zapashna' was quite high (9, 8, 5.6,
163, and 13.1%, respectively). The
transgression frequency and degree for yield
were low in  hybrid  combinations
'"Pryvitna'/'Krasa Laniv' and 'Krasa
Laniv'/Pryvitna', where none of the offspring
was superior to cv. 'Zapashna', the best cultivar
in the experiment.

Tadauns 2. Ctymnisb i yacToTa TpaHcrpecii 3a BpoxxalHicTIo riopui M’ sikoi o3umoi muenuti Fz, 2019 p.
Table 2. Transgression degree and frequency for yield in F3 winter bread wheat hybrids, 2019

Tiopunna komOinamis (Hybrid | YpoxaiiHicTs, 1/m? SD Min Max Cryninp YacroTta TpaHcrpecii
combination) (Yield, g/m?) TpaHcrpecii (Transgression
(Transgression frequency)
degree)
3amamxa / Kpaca nanis (Zapashna /
Krasa Laniv) 622 1018 481 887 9,8 6
Kpaca naniB / 3amamsa (Krasa
Laniv / Zapashna) 583 85,7 428 815 0,9 2
Ipusitha / Kpaca nauis (Pryvitna /
Krasa Laniv) 579 88,2 436 780 0,5 2
Kpaca naniB / [IpusitHa (Krasa
Laniv / Pryvitna) 602 82,6 475 804 3,6 4
Kpaca naniB / Anbsiac (Krasa Laniv
/ Alians) 694 1237 511 993 28,5 24
Anpsnac / Kpaca naniB (Alians /
Krasa Laniv) 661 1142 506 886 14,7 24
Amnbsinc / TlpuitHa (Alians /
Pryvitna) 629 99.4 501 907 16,9 10
[pusitHa / Anesinc (Pryvitna /
Alians) 667 1137 508 943 21,5 16
IpusitHa / 3anam#a (Pryvitna /
Zapashna) 633 91,5 501 853 05,6 6
3amamna / [TpusitHa (Zapashna /
Pryvitna) 613 84,8 505 939 16,3 2
3anamna / Anbsiae (Zapashna /
Alians) 591 77,7 458 791 9,8, 0
Anpsiac / 3amamna (Alians /
Zapashna) 632 91,9 507 913 13,1 4

BumnuMu wactora Ta CTymiHb TpaHCTpeciid Oynu y
komOiHarisx Anbsac/[IpusitHa, 10,0 1 16,9% Ta
[IpusitHa/AnesaC, 16 % 1 21,5 %, BiamoBigHO.

70

The highest transgression frequency and degree

Wwere

recorded
'Alians'/'Pryvitna'

for
(10.0

and

combinations
16.9%,

ISSN 1026-9959. Plant Breeding and Seed Production. 2024. 125




Yactora TpaHcrpecii y xomOiHamisx Kpaca
naHiB/Anbsinc Ta AunbsHc/Kpaca naHiB ckiana
24 % 3a crymneHs TpaHcrpeciii 28,5 ta 14,7 %,
BIIMOBIIHO. Y KOXKHIM 3 OCTaHHIX YOTHPHOX
riOpuaHUX KOMOIHAIN OTpUMaH| HAIAAKH, SKi
MEepeBepUIyBAIA 32 YPOXKAWHICTIO Kpamui y
JOCITii copT 3anaimixa.

B minomy cepenm BHBYCHHX HAINAIKIB
OTPUMAHO JIMIIIE JIEB'SATh, SIKi TEPEBUIIYBAIN 32
YPOXKAMHICTIO COpT 3amaliHa 1 OJHOYacHO 3a
BUXOJOM KpymHOi ¢pakuii HaciHHS  copT
[IpusitHa. Ilpn LpOMY mHepeBHUIIyBaiM JIMIIE 3a
ypoxainicTio 3anamny 105 Hamaakis, a nuime 3a
BUX07I0M KpymHOi (paxuii [IpuBitHy 43 Haiaku.
3 oTpuMaHMX HAMAJKIB Bix 7 mo 15 Ha ribpuany
KOMOIHAIliF0 OyJl0 BHCISHO B MOMAIBIIOMY Y
KOHTPOJILHOMY PO3CaJIHHKY, 3araJIbHOIO KUTBKICTIO
118, 3 sxux 7 IiHIA TPOXOAATH IONEPEIHE
copTOBHIIPOOYBAHHS.

BucHoBku

Copr IlpuBiTHa, SKUH XapaKTepU3YETHCS
BUCOKHM BHXOJIOM HacCiHHsI KpymHOi (pakuii mpu
CXpEILlyBaHHI 3 COPTaMU CEPEIHBOIO Ta HU3BKOTO
3HAUEHHS BHUXOAY KPYIHOI (pakiii 3abesneuye
BUCOKE 200 MPOMIXKHE 3HAYEHHS [[LOTO TIOKA3HHKA
y HamanakiB. [lepcneKTMBHUMHU JUTS CeNeKlii 3a
JIAHOIO O3HAKOIO BUSBIWIIMCH TiOpHIHI KOMOIHAIIIT:
Anbsiac/[IpusitHa Ta [lpuBiTHa/AnbSHC, Y SIKHX
4acToTa TpaHcrpecii ckiana 22 ta 14 %, cTyninb
— 12,0ra 17,3 %, a MakcuMaIbHUN TPOSIB O3HAKHU
NepeBUIyBaB piBeHb copty [IpuBiTHa Ha 9 Ta Ha
13 %, BiammoBigHO.

[Ipu cxpeuryBaHHi copTiB 3 cepemiM abo
HU3LKHM BUXOJIOM HACiHHS KPYIHOI (paKiii Mix
co00I0 3HMKYEThCSI 3HAYEHHS BUXOMY KpPYMHOI
¢pakuii, ane MigBUILYETbCA BHUXiA CEPEAHBOI Ta
npibnoi  ¢pakuii. KomOinyBaHHS —3paskiB 3
HU3LKHUM Ta CEPeIHIM 3HAUCHHSIM BUXOY KPYITHOT
¢pakuii HaciHHS 30UTBIIYE SIK YacTOTy, Tak i
CTYIIiHb TPAHCTPECIH.

[MepciekTHBHUMHU U151 CeNEeKIii  Ha
MiBUIIEHY BPOXaWHICTb € TiOpWAHI KOMOIHAIIIi:
Anbsac/[IpusitHa,  IlpusiTHa/Anbsnc, Kpaca
naHiB/AnbsHe Ta Anbsac/Kpaca naHis.
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respectively) and 'Pryvitna'/'Alians' (16% and
21.5%). The transgression frequency in
combinations 'Krasa Laniv'/'Alians' and
'Alians'/'Krasa Laniv' was 24%, with for the
transgression degree of 28.5 and 14.7%,
respectively. In each of the last four hybrid
combinations, there were offspring that were
superior to cv. 'Zapashna', the best cultivar in
the experiment.

In general, of the studied offspring, only
nine were superior both to cv. 'Zapashna' in
terms of yield and to cv. 'Pryvitna' in terms of
the large seed fraction output. At the same
time, 105 offspring yielded better than cv.
'Zapashna' and 43 offspring had greater outputs
of the large seed frection than cv. 'Pryvitna'.
From the obtained offspring, 7 — 15 families
per hybrid combination were subsequently
sown in the control nursery, a total of 118, of
which 7 lines are being tested in preliminary
variety trials.

Conclusions

Cv. 'Pryvitna', which is noticeable for by
a high output of the large seed fraction, when
crossed with the cultivars having moderate or
low outputs of the large fraction, ensured a
high or intermediate value of this parameter in
the offspring. The following  hybrid
combinations appeared to be promising for the
breeding for this feature: 'Alians'/'Pryvitna' and
'"Pryvitna'/'Alians', where the transgression
frequency was 22 and 14%, respectively, the
transgression degree was 12.0 and 17.3%,
respectively, and the maximum value of this
trait was higher than that in cv. 'Pryvitna' by 9
and 13%, respectively.

When crossing varieties with moderate
or low outputs of the large seed fraction with
each other, the large fraction output was
decreased, but the outputs of the medium and
small fractions were bigger. Combination of
accessions with low and moderate outputs of
the large seed fraction increased both the
frequency and degree of transgressions.

Hybrid combinations 'Alians'/'Pryvitna’,
'Pryvitna'/'Alians', 'Krasa Laniv'/'Alians', and
'Alians'/'Krasa Laniv' seem to be promising for
breeding for increased yield.
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Pedepar: JlocmipkeHO MOTEHITIAN TPOLYKTUBHOCTI Pi3HOMAHITTS 3pa3kiB Oaknaxana (31 3paszok: 21
copT 3 7 kpaiH cBiTy Ta 10 ri0puaiB 3 5 KpaiH CBITY) Ta MPOBENCHO CKPUHIHT 1 MOHITOPUHI T€HOTHIIIB
MOPIBHSHO 13 CTAaHJAPTaMHU 32 O3HAKAMU SIKi BU3HAYAIOTh MOTEHI[Ial TIPOIYKTHBHOCTI: «IIPOAYKTUBHICTHY,
«cepeHs Maca TOBAPHOTO IUIOAY» Ta «KUIBKICTh IUIONIB HAa pociuHI». Busnaueno 32 mkeperna 03HAaK
MPOMYKTUBHOCTI. 3a pIBHEM TPOSBY O3HAKH «IPOAYKTHBHICTH» BHUJAUICHO: 5 CENEeKIIHHO-IIIHHUX
KoJieKIiiHuX copTiB — Daejeon Puurple (1656 r/ poca.), Zelkilo (1701 r / poci.) Ta Long Violet (1782 r/
pOCIL.), IEpPEeBULICHHS MPOAYKTUBHOCTI SIKMX HaJ cranzaproM Anmas (1506 r / poci.) ctanoBuio Bix 9,9
1o 18,0 % Ta 2 riopum F1 — I3ympynamii F1 (1459 r / poci.) 3 BiTHOIEHHSM PiBHS MIPOXYKTUBHOCTI JIO
cranaapty 89,9 % ta Mari F1 (1323 1 / pocin.) 3 BiAHOMIEHHSIM PiBHS MPOAYKTUBHOCTI /I0 CTaHIAPTY
81,5 %. JochimxeHHsAMHN NiATBEpKEHA LIHHICTh CTaHAAPTIB MPH CENEKLIl HAa 03HAKY «IPOLYKTHBHICTB
— Anvas (X = 1506,33 r / poci.) ta Bibo F1 (X = 1623,00 r / poci.). 3a 03HAKOIO «cepeHs Maca
TOBAapHOTO TWIOAY» BumineHo 14 uinHux mxepen: 10 coptiB — Mapadoner (217 r), Biponik (220 r),
VYuausepcan-6 (229 r), Long Violet (241 r), Yopuwuii Kpacasen (266 1), Xingyuun (311 r), I'emioc (322 1),
Rosa Bianka di Catania (330 1), Daejeon Puurple (455 1) ta Zelkilo (526 r) Ta wotupwu riopuau F1 — Briska
F1 (941 r), Klorinda F1 (676 r), Gordita F1 (563 1) ta Bympymuuii F1 (392 1) mis BUKOpUCTaHHS B
CeJISKIiT BUCOKOBPOXXaWHHMX KPYITHOIUTIJHUX TeHOTHIB. HaliBully Macy TOBapHOro IUIOAY MaB COPT
Zelkilo (527 r) 3 Kurato ta riopua 3 Itanii Briska F1 (941 r) 3 nepeBuinieHHsIM HaJx cTaHiaapToM Bin 187 no
287 %, BigmosigHo. HaiiMeHine 3HaueHHS O3HAaKM MaJHM TPU COPTH KOJEKLii: 3pa3ok 3 TypeuunmHnm —
Turkish Orange (66,9 1), aBa 3pa3ku 3 Kurtato — Hangqi Nel-2, Hangqi Nel (76,1 i 79,3 1, BignoBinHO) Ta
riopun 3 Kurtato — Puurple Dragon F1 (94,6 1). Lli 3pa3ku MOxXyTh OyTH BUKOPHCTaH1 y CEJEKIIHHIN
poOOTI Ha KPYMHOIUTIHICTh Ta JAPIOHOIUTITHICTH TEHOTHIIB OakiakaHa 3a O3HAKOI «CEpelHs Mmaca
TOBAPHOTO ILIOAY». 32 03HAKOIO «CEPEIHS KIIBKICTh TUIONIB HAa POC/IMHI» BU3HAUCHO 13 HIHHUX JDKEPEN —
JIeB’SITh 3pa3kiB Ta 4otupH ribpunu F1 mis BUKOpHCTaHHS B CEJEKIil BUCOKOBPOXKAMHMX TEHOTHINIB SIKi
XapaKTepU3yBAJINCh BUCOKOIO KIJIBKICTIO IUIOZIB HA POCIHMHI 3a TPU POKH JIOCIIIKEHb. 32 pe3yabTaTaMu
JIOCITI/PKEHb BUJIICHO JIEB’ATh 3pa3KiB, AKi XapaKTepu3yBaliCh HACTYITHUMHU 3HAYCHHSIMH 03HaKu: BipoHik
(6,45 mr / pocn.), Long Violet (7,35 mr / poci.), Thai Long Green (7,58 mr / poca.), Hangqi Nel (11,99
mrt / pocn) Hangqi Nel-2 (12,25 mr / pocn.), Turkish Oran Hangqi Nel-2ge (13,19 mt / pocm.),
3enenenbkuii (8,69 mt / poci.), Luisiana Long Green (6,18 it / poci.) ta Jledbenunuuii (5,88 mT / poci.).
HaiiBuiy KiIbKICTh TUIONIB HA pociiuHi MaB 3pa3ok 3 Typeuunnn Turkish Oran Hanggi Nel-2ge — 13,19
T / pocit. 3a CKPUHIHTOM TiOPHIIB BUIUTHIIMCH TA MOXYTh OyTH BUKOPHCTAHI B CEJIEKIIiT YOTUPH TIOpUIN:
Mari F1, Puurple Dragon F1, [Tarauox F1 Ta I'amuonox F1 (5,17-11,37 it / poci.). Buaineni mxepena
MOXYTb OyTH BHKOPUCTaHI y CeJICKUiiHiIiH poOOTI Ha 30iMbIIEHY KUIBKICTh IUIOAIB HA POCIMHAX
OaknaxkaHa. BujineHi 3pa3ky € BITHOCHO CTaOUIRHMMHK 32 PIBHEM MPOSIBY JOCIHIDKYBaHHX O3HAaK Ta
XapaKTepU3yIOThCs BUCOKUMH iX 3HaYCHHSIMH. Pe3ynbTaTi JOCIDKEHb CBiTYaTh MPO BEJIMKE PIZHOMAHITTSI
KOJIEKIIiI 32 O3HAKaMM NPOAYKTHBHOCTI, IO HiATBepIKyeThea cepenHiM (>10 %) ta Bucokum (>20 %)
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piBHeM ix BapitoBaHHS. OTXKe, 32 pe3ysbraraMy JOCIiKEHb BCTAHOBJICHO [0 O3HAKA «IPOXYKTUBHICTHY
3pasKkiB Mae cepeaHio 3anexHicTs (1=0,39-0,56) Bix xapakrepy nposiBy ii CKJIaI0BOi — O3HAKU «CEPEIHS
Maca TOBapHOTO IUIOAY», 3 03HAKOK «KUIBKICTh IUIOMIB HA POCIIHMHI» KOpeliii He BcTaHOBIeHO (r=-0,09-
0,04) Ta BumineHO 34 Kepena MiABUIICHOI MPOAYKTUBHOCTI Oakjia)kaHa Ta il CKJIAJOBHX, IO Mae
MPAaKTUYHE 3HAYCHHA AN cesieKuii copTiB Ta ridpuais F1, mpupatHux no BupourysaHHa y IliBHIYHOMY
Jlicocremy VYkpainu. Y Konekiii He BHSBIEHO 3pa3KiB, sKi O IMOETHyBaJIM B TEHOTHINl YCi OCHOBHI
MOKa3HUKH TIPOAYKTUBHOCTi, TOMY JJIsl MIJBUILCHHS YpPOXKAHHOCTI KyIbTypu Ta 3a0€3NCUCHHS
MPOIOBOJIKIOT O€3MeKU CeJeKIiiHI JOCIIiPKEHHS CJIiJ] CIPSMYBATH camMe B LIOMY HaIpsiMi.

KuarouoBi ciaoBa: GakiaxkaH, CENeKIis, KOJNCKIIHHINA 3pa30K, CeleKIliiHa O3HaKa, MPOXYyKTHBHICTD,
Maca IJI0/y, KUTbKICTh TUIOAIB, aMILIITY/Ia BapitOBaHHS, JIIMIT BapiFOBaHHSI.

Abstract: The potential performance of eggplant accessions (31 accessions: 21 cultivars from 7
countries worldwide and 10 hybrids from 5 countries) was evaluated and genotypes were screened and
monitored in comparison with reference accessions for the potential performance traits: performance,
average marketable fruit weight, and number of fruits per plant. 32 sources of performance indicators were
identified. By the "performance " trait, the following accessions were selected: 5 breeding-valuable
collection cultivars - 'Daejeon Puurple' (1,656 g/plant), 'Zelkilo' (1,701 g/plant), and 'Long Violet' (1,782
g/plant), which yielded more than the reference cultivar, 'Almaz' (1,506 g/plant) by 9.9-18.0%, and 2 F1
hybrids — Tzumrudnyi' F1 (1,459 g/plant) and 'Mari' F1 (1,323 g/plant), which yielded more than the
reference accession by 89.9 and 81.5%, respectively. The study confirmed the value of reference
accessions in breeding for performance: 'Almaz' (X = 1,506.33 g/plant) and 'Bibo' F1 (X = 1,623.00
g/plant). By the "average marketable fruit weight" trait, 14 valuable sources were selected for the breeding
of high-yielding large-fruited genotypes: 10 cultivars - 'Marafonets' (217 g), 'Vironik' (220 g), 'Universal-6'
(229 g), 'Long Violet' (241 g), 'Chornyi Krasavets' (266 g), 'Xingyuun' (311 g), 'Helios' (322 g), 'Rosa
Bianka di Catania' (330 g), 'Daejeon Puurple' (455 g), and 'Zelkilo' (526 g); and four F1 hybrids — 'Briska'
F1 (941 g), Klorinda' F1 (676 g ), 'Gordita’ F1 (563 g), and 'lzumrudnyi' F1 (392 g). The heaviest
marketable fruit weight was recorded for Chinese cv. 'Zelkilo' (527 g) and Italian hyb. 'Briska' F1 (941 g),
which was 187-287% heavier than in the reference accessions, respectively. Three cultivars and a Chinese
hybrid in the collection had the lightest fruits (Turkish cv. 'Turkish Orange' (66.9 g) and two Chinese cvs.
'Hangqi No. 1-2' and 'Hangqi No. 1' (76.1 and 79.3 g, respectively) and hyb. 'Puurple Dragon' F1 (94.6 g)).
These accessions can be used in breeding large or small eggplants based on the "average marketable fruit
weight" trait. By the "mean number of fruits per plant" trait, 13 valuable sources, which had a lot of fruits
per plant in the three years of research, were identified for the breeding of high-yielding genotypes: nine
cultivars and four F1 hybrids - cv. 'Vironik' (6.45 fruits/plant), cv. 'Long Violet' (7.35 fruits/plant), cv. 'Thai
Long Green' (7.58 fruits/plant), cv. 'Hangqi Nol' (11.99 fruits/plant), cv. 'Hangqi Nol-2' (12.25
fruits/plant), cv. 'Turkish Orange' (13.19 fruits/plant), cv. 'Zelenenkyi' (8.69 fruits/plant), cv. 'Luisiana Long
Green' (6.18 fruits/plant), cv. 'Lebedynyi' (5.88 fruits/plant), hy. '"Mari' F1, hyb. 'Puurple Dragon' F1, hyb.
'Piatachok' F1, and hyb. 'Halchonok' F1 (5.17-11.37 fruits/plant). Turkish cv. "Turkish Orange' had the
greatest number of fruits per plant (13.19 fruits/plant). These accessions can be used in breeding for
increased numbers of eggplants per plant. The expression of the characteristics under investigation was
relatively stable in the selected accessions and the values of these characteristics were high. The results of
this study indicate a great diversity of the collection in terms of performance, which is confirmed by its
medium (>10%) to wide (>20%) variation. It was found that the "performance" trait was moderately
correlated (r=0.39-0.56) with one of its constituents, i.e. the "average marketable fruit weight". There was
no correlation between performance and the "number of fruits per plant” trait (r=-0.09-0.04). Thirty-four
34 eggplant sources of increased performance and its constituents were identified; they are of practical
importance in the breeding of cultivars and F1 hybrids suitable for growing in the northern forest-steppe of
Ukraine. In this collection, there were no accessions that would combine all major performance indicators
in one genotype; therefore, to increase the crop yield capacity and ensure food security, breeding research
should be focused on this challenge.

Key words: eggplant, breeding, collection accessions, breeding trait, performance, fruit weight,
number of fruits, variation amplitude,variation limits.
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Beryn

Ponuna Solanaceae L. Bkitoyae Onu3bKO
2300 BuaiB, Maibke TMOJIOBMHA 3 SIKHX HAJIKUTH JI0
poay Solanum L. Binpiicts BHAIB LbOTO pomy €
SHJeMIiKaMH JIIT AMEPUKAaHCHKOTO KOHTHHEHTY 1
mume 20 % suaiB momupeHi y Crapomy CBiTi.
Poauna Solanaceae € mxepenoM BEJMKOI KiUTBKOCTI
MOP(OIOriyHO PI3HUX OKYIBTYpPEHUX BHUIIB. Psin
HAyKOBIIIB MOSICHIOIOTH 1Ie¥ ()eHOMEH TUM (haKTOM,
1o RIZ000(S marna KUIBKICTB OCHOBHHUX
KOHCEpBaTUBHUX JIOKYCiB BIANOBiaIbHI 3a 3HAYHI
(EHOTHITOBI 3MiHH, SIKi CIIPUSUIA OKYJIBTYPEHHIO Y
1mid pomuni. bakmakaH, Tak camo, SK ToMar i
nepenb, € JUIUIOINOM, M0 CaMO3aIHIIOETHCS
(n=12) [1]. Ha 2024 p. mo JlepkaBHOTO pEeCTpy
COPTIB pOCJWH, TPHUAATHUX I TONIMPEHHS B
VkpaiHi, 3aHeceHo 52 copTH i ribpuan OaxiaxaHa,
3 HAX 17 BITYM3HSIHOI CENEKIii, B TOMY YHCII,
IncTuTyTy OBOWiBHMIITBA 1 GamranHunTBa HAAH
— 5 (coptu — Bipounik, bina minisi, [Ipem’ep, Jlinep
ta riopun Candip F1 [2]. baknaxaH € BaxIHBOIO
NacIbOHOBOIO OBOYEBOIO KYIBTYpOIO TOpsAA 13
KapTOILUICI0 1 MOMiZopoM. Mae BHCOKI CMaKoOBi
sakocTi. e cuTHMI 0BOY 3 HU3BKOKO KaJOPIHHICTIO.
ITnomu OaxyaxkaHa MICTSATh HH3KY MIKpPO- Ta
MakpoenemenTiB (K, Ca, Mg, S, P, Cl, Al, B, Fe, I,
Co, Mn, Cu, Zn), BymieBOmM U CHOpigHEH]
crionyku, Bitamiau Bl, B2, B6, myxop 3,2-4,6 %,
oimkn 0,6-1,4 %, xupu 0,1-0,4 %, kiiTKOBUHY
1,4 %, pyTuH, HIKOTHHOBY KHCIJOTY (BitramiH PP)
[3-5].

Cain Takok BpaxoOBYyBaTH 1 Taki BIACTHBOCTI
KyJBTYpH, SKi HaOyBalOTh OCOOJIMBOTO 3HAYCHHS B
Cy4acHil oOcraHoBIi pecypco- Ta
eHeprofieiUTy: 37aTHICTh IUIOJOHOCHUTH 32
HU3BKOI TeMIepaTypH Ta HEJOCTaTHLOI BOJIOTOCTI.
Jyke BaXJIMBOIO BIACTUBICTIO € UYTIHUBICTh
TEHOTHIIB OaknakaHa [0 IOKPALICHHS YMOB
BUPOIIYBaHHS Ta eHeproepeKTuBHicTS [6, 7].

l'eHoTunu, MO CTBOPIOBAJHCH JAOTENEp, B
OCHOBHOMY € COpPTaMd YHIBEpCalbHOTO TUmy. Y
TOW e Yac YCBIJJOMJIEHO HEOOXIMHICTh CTBOPEHHS
CIeliali30oBaHNX COPTIB Ta TiOpUAIB SIK HAMOLIbII
eextrBHUX. € O3HaKW, sSKi HEOOXiAHO HaJaBaTH
copraM Ta TiOpuaaMm 3a OyIb-SIKOTO HAalpsIMy
CEJICKIIIl: €KOJOoriyHa CTaOlIBHICTh, CTIMKICTH 0
KOMIUIEKCY XBOpPOO Ta UIKIIHUKIB, MOLIMPEHHUX Yy
Micii mnependauyyBaHOTO KYyJIBTHBYBAaHHSI COPTY.
OnHi€ero 3 TaKUX 03HAK TPAIMIIIIHO JJI OBOYCBUX 1
OamTaHHUX KYJIBTYp € MPORYKTUBHICTH [6-10].

Omxke, OCHOBHA  MeTa  CeleKIli  —
3a0€3MeUeHHAS BHCOKHX ypOoKaiB
CIIBCHKOTOCTIOAAPCHKUX KYIBTYp, Y TOMY YHCIHI i
OaknaxkaHa, IO € BOXIUBUM JJs1 3a0e3MedeHHs

Introduction

The family Solanaceae L. includes about
2,300 species, almost half of which belong to the
genus Solanum L. Most of the species of this
genus are endemic to the American continent and
only 20% of the species are common in the Old
World. The family Solanaceae is the source of
many morphologically diverse domestic species.
Some scientists explain this phenomenon by the
fact that only few major conservative loci are
responsible for significant phenotypic changes
that contributed to domestication in this family.
Eggplant, like tomato and pepper, is a self-
pollinated diploid (n=12) [1]. As of 2024, 52
eggplant cultivars and hybrids are in the State
Register of Plant Varieties Suitable for
Dissemination in Ukraine; of them, 17 have been
bred in Ukraine, including 5 at the Institute of
Vegetable and Melon Growing of NAAS (cvs.
'Vironik', 'Bila Liliia', 'Premie’, 'Lider', and hyb.
'Sapfir' F1) [2]. Eggplant is an important
vegetable, along with potato and tomato. It
boasts great palatability. It is a nutritious but low-
calorie vegetable. Eggplants contain micro- and
macronutrients (K, Ca, Mg, S, P, Cl, Al, B, Fe, I,
Co, Mn, Cu, Zn), carbohydrates and related
compounds, vitamins B1, B2, and B6, rutin, and
nicotinic acid (vitamin PP). The sugar content is
3.2-4.6%; the protein content is 0.6— 1.4%; the
fat content is 0.1-0.4%; the fiber content is 1.4%,
[3-5].

One also should take into account the crop
features, which are of particular importance in
the current settings of resource and energy
deficits, such as the ability to bear fruit at low
temperatures and insufficient wetting. The
sensitivity of eggplant genotypes to improved
growing conditions and their energy efficiency
are very important features [6, 7].

The genotypes that have been bred so far
are mainly universal cultivars. At the same time,
the need to create specialized cultivars and
hybrids as they are most effective was realized.
Some characteristics are desirable in cultivars
and hybrids in any breeding area: environmental
stability, resistance to diseases and pests common
in cultivation locations, etc. Performance is
traditionally one of such characteristics for
vegetables and gourds [6-10].

Therefore, the primary objective of
breeding is to ensure high yields of agricultural
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HaceJIeHHd [OCTaTHBOI KUIBKICTIO 010J0T14HO
HiHHOI npoaykKuii. ToMy BUSBIEHHS HOBUX IDKEPEI
[IHHUX O3HAaK BHCOKOI NPOAYKTUBHOCTI Ta ii
CKJIaJIOBUX Yy 3MIHHHUX YMOBaX BHUPOIIYyBaHHS
CTBOPIOE MIMIPYHTS Al BUPILIEHHS HIpoOJIeMHU
CTBOPEHHSI KOHKYPEHTOCIIPOMOXXHUX  COPTIB i
riOpuiB i3 3aJaHUMH TIapaMeTPaMHU.

S. melongena L. € 00'€eKTOM iHTCHCHBHHX
CEJICKIINHUX JIOCITDKEHb y KpaiHaX 3 BEITHKHM
MIPOMHUCJIOBUM BHpOOHMIITBOM (3aximHa €Bpora,
Typeuunna, Inais, Kurai, SAnownis) [11]. binbmicts
coprtiB 1 riopuaiB F1 pisHsATbCS (eHOTHIOBO 1 €
pe3yibTaToM celleKIiiiHoi podoTu 3a octanHi 30-40
pokiB. CeJIeKIlieF0 HOBUX COPTiB BHIy S.
aethiopicum L. 3aiimaroThCs 1€ B JESIKMX KpaiHax
Adpukn, ame B HezHayHOMYy Macmrabi depes
€KOHOMIUHY, COI[iaJibHy Ta MOJITUYHY CHUTYaIlil0 B
IBOMY PETiOHi.

OcCHOBHI 3araJbHOBH3HAHI CBITOBI 3aBOAaHHS
cenekii S. melongena L. BKIItOYarOTh: CTIHKICTh
o xBopoO (¢yzapiosHoro B'sHeHHs — Fusarium
oxysporum Schlecht, BepTuIIIe3HOTO B'SHEHHS —
Verticillium  dahliae  Kleb., 0akrepiansHoro
B'sHeHHs — Ralstonia solanacearrum (Smith)
Yabuuchi et al., komax (monemuui — Aphis gossypii
Glover, mukamui — Amrasca biguttula Ishida,
Hemarof, — Meloidagyne spp. Ta iH.; CTiliKicTh 200
TOJIEPAHTHICTh 0 a0I0TUYHUX CTpecopiB (IIOCYXH,
HU3BbKOT ab0 BHCOKOI TeMIlepaTypH, 3aCOJICHHS);
CTIHKICTh 0 TepOiluIiB; MmapTeHokapiiro [12-15].

[IpomyKTHUBHICTb, YPOXKaMHICTH Ta SKICTbH
OPOAYKIIT € 0COOJIMBO Ba)XJTMBHMH O3HAKAMH, Ha
SKi BENEThCS CENEKIis ClIbCHKOTOCTOAAPCHKIX
KyJBTYp, ¥ TOMY YHucli 1 Oaknaxkana. Tak, cepemHs
ypoxalHicTh Oaknaxany ckiagae: B Appuui — 19,2
T/ra; B A3ii — 15,1 1/ra; y IliBHiuHil Amepui —
23,1 t1/ra; y IliBmenniii Amepuni — 13,1 T/ra; y
€ppori — 28,3 T/ra. Ypoxaitnicte riopuais F1
yacto csrae 40-50 T/ra, BOHM XapaKTEpU3YIOTHCS
PaHHBOCTUIVIICTIO,  OJHOPIIHICTIO, HACHYCHUM
3a0apBICHHSAM IUIONIB, iX BiAMIHHAM CMakoM Ta
apoMaToM 1 TOPIBHSHO TPHUBAJIMM TEPMiHOM
30epiranns [11, 16].

Takox akTyallbHOIO € CEJIeKILlisl Ha MOKUBHY
LIHHICTh: BUCOKHH BMICT CyXOi PEYOBHHH, I[YKPiB,
aHTOIIaHIB Ta 3arallbHUX (EHOJLHUX CIIOJYK,

HU3bKUI piBCHB AKTUBHOCTI OKHCHEHHS
noJieHOIiB Ta opTOIUTiAPOeHOIBHUX
KOMIIOHECHTIB, IO  JIO3BOJISIOTH  YHUKHYTH
noOypiHHST ~M'AKOTI TUIoJa Ha  po3pi3di  Ta
3aJI0BOJIbHUTH TOTPeOM pPUHKY Ta  MOIHTY
CIIOJKHBa4iB BHUCOKOSKICHOIO MIPOAYKITIEFO

Oaknaxkana [17, 18, 19, 20].
B nmammii yac cenekiis OakjaxkaHy Ha
TeTEePO3UC — OJTUH 3 HATPSIMIB, IO PO3BHBAIOTHCS B
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crops, including eggplant, which is important for
providing the population with sufficient amounts
of biologically valuable products. Hence, the
discovery of new sources of valuable indicators
of high performance and its constituents under
variable growing conditions forms a basis for
solving the problem of creating competitive
cultivars and hybrids with desirable parameters.

S. melongena L. is extensively investigated
in breeding studies in countries with large
industrial production (Western Europe, Turkey,
India, China, Japan) [11]. Most cultivars and F1
hybrids differ phenotypically and are results of
breeding over the past 30-40 years. Some African
countries also breed new cultivars of the species
S. aethiopicum L., but on a small scale because
of the economic, social and political situations in
this region.

The primary universally recognized
objectives of S. melongena L. breeding include:
resistance to diseases (fusarium wilt — Fusarium
oxysporum  Schlecht, verticillium wilt -
Verticillium dahliae Kleb., bacterial wilt —
Ralstonia solanacearrum (Smith) Yabuuchi et
al.), insects (aphid Aphis gossypii Glover, cotton
jassid Amrasca biguttula Ishida), nematode
Meloidagyne spp., efc.; resistance or tolerance to
abiotic  stressors (drought, low or high
temperatures, salinity); resistance to herbicides;
parthenocarpy [12-15] .

Performance, yield, and quality of products
are particularly important characteristics, for
which agricultural crops, including eggplant, are
bred. Thus, the mean yield of eggplants is: in
Africa — 19.2 t/ha; in Asia — 15.1 t/ha; in North
America — 23.1 t/ha; in South America — 13.1
t/ha; in Europe — 28.3 t/ha. F1 hybrids often yield
40-50 t/ha; they ripe early, are uniform, and bear
rich-colored fruits with excellent palatability and
aroma and relatively long shelf life [11, 16].

Breeding for nutritional value is also
relevant: high contents of dry matter, sugars,
anthocyanins, and total phenolic compounds, low
oxidation of polyphenols and ortho-dihydro
phenols, which prevent browning of the fruit
flesh on the cut, satisfying market needs and
consumer demand for top-quality eggplants [17,
18, 19, 20].

Currently, heterotic eggplants are one of
the breeding trends in Ukraine and abroad [21,
22,23, 24].

Breeding for heterosis, as the most
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VYkpaiHi i 3a kopaoHoM [21, 22, 23, 24].

Cemekiis Ha TETEpO3UC SK HAWOLIBII
eheKTMBHUI  [UIAX  BUPINIGHHS  TPOOJIEeMH
CTabiIBHOCTI MPOIYKTUBHOCTI norpebye
JOATKOBUX  pO3pO0OK, MIAKIIOYEHHS, OKpiM
TPaJMIIIHHNAX, HOBITHIX METOMIB cenekimii [25].
HeoOximHa Takok iH(oOpMaIiss Tpo XapakTep
nposiBy edekTy rereposucy y riopunis F1 He ymme
3a TPOAYKTHBHICTIO, a 1 3a eleMeHTaMH il
cTpykTypu [16]. AxTyanmbHHM € 1 XapakTep
yCHaaKyBaHHS 03HAaK y HACTYITHHUX IMOKOJIiHHAX [26,
27].

HasBHICTh  criemianizoBaHOTO — BHXIiIHOTO
Marepially Ja€ MOXIMBICTh Uil €(QEKTUBHOTO
CTBOPEHHSI COpPTIB 1 TiOpuAiB OakmaxkaHa it
3a/I0BOJICHHS motpe6 HaWBHOATIIMBIIIIOTO
CrioKvBada. Buaimitu BuXigHMA Marepian (3pa3ku
3 I[HHUMH TOCIOJaPCHKUMH O3HAKaMH) ISt
BKJIFOUCHHS MOTO B CEJEKI[IIHUN MPOIEC TO3BOJISIE
KOMIUIEKCHA OIliHKa KOJICKI[IHHOTO Marepiamy [15,
28)]. BuB4eHHS CBITOBOTO T€HETHYHOTO MOTEHITIATY

KYJBTypH OaknakaHa 3 BUKOPUCTaHHSIM
KOMIUIGKCHOTO ~ MiJXOAy — TpH BU3HAYCHHI
CTAOUIbHMX  JDKEeped  PI3HOMAHITHHUX  O3HAK,

3aIy4eHHsS I1X B TiOpUAM3AIii0 3 TONATBIINM
BUKOPHCTAHHSIM METOIIB aAHAITHYHOI CeJNeKIIil
JIO3BOJISE CTBOPUTH PI3HOMAHITHUH  BHXIJHHIMA
Marepiaql 1 IUIJHO BHKOPUCTOBYBaTH HOTO B
COPTOBIM Ta TETEPO3UCHIN CENeKIlii i€l KyapTypu
[25, 29].

Came TOMY JOCTiIKEHHsI OylIu cIpsMOBaHi
Ha OIIHKY KOJISKI[IHHOTO MaTepiaidy 3 BHUIUICHHIM
JDKEpeJl IIHHUX O3HAK, II0 MAOTh BHCOKY HOPMY
peakii 3a MPOMYKTUBHICTIO Ta il CKIaJOBUMH, Ta
MOXYTb OyTH BHUKOPHUCTaHI y CEJNEKUil COpTIB i
riOpuiB, ajganToBaHUX [0 YMOB BHPOIIYBaHHS Yy
miBHIYHIA vactuHi JliBoOepexxnoro Jlicoctemy
VkpaiHn.

Mertoro  poboTM  cralmo  MPOBEOCHHS
CKPHHIHTY KOJIEKLIIHHOTO Marepially OakiiakaHa 3a
MOKa3HUKaMH  TPOIYKTHBHOCTI Ta  BUJAUICHHS
JDKepesl  LIHHUX O3HaK — MPOAYKTHBHOCTI,
CepeHbOT MacH TOBAPHOTO TUIOAY, KUIBKOCTI
IUIOAIB HAa POCIWHI JJIS  CEJICKIi TCHOTHIIIB,
NPUAAaTHUX JI0 BUPOIIYBaHHS B yMOBaX IiBHIYHO{
yactuau JliBoOepesxHoro Jlicoctemy Ykpainu.

Marepiann, MeToau Ta
AOC/TiKeHHS

YMOBH

ExkcriepuMeHTaIbHI JOCIIDKEHHS TIPOBEICHO
Brponosx 2021-2023 pp. y miBHIYHIA 4YacTuHi
JliBoGepexxHOoTro Jlicocremy VYkpainuy, B
ICHTPAJbHOMY  CEPEIHBO3BOJIOKCHOMY  paioHi
XapkiBcbkoi obnacTi. [ocmigu Oyno 3akiageHo Ha

effective way to solve the problem of stable
performance, requires additional developments,
i.e application, in addition to traditional breeding
methods, state-of-the-art ones [25]. Information
on the heterosis manifestation in F1 hybrids not
only for their performance but also for its
constituents is also important [16]. Data on the
inheritance of traits by subsequent generations
are also relevant, too [26, 27].

The availability of specialized starting
materials allows for the effective creation of
eggplant cultivars and hybrids to meet the needs
of  the most  demanding  consumer.
Comprehensive assessments of collections help
identify starting materials (accessions with
valuable economic characteristics) for inclusion
in breeding [15, 28]. Studies of the global genetic
potential of the eggplant crop using a complex
approach to detecting stable sources of different
traits, involving them in hybridization with
subsequent use of analytical breeding methods
allow for the creation of diverse starting
materials and efficiently use them in varietal and
heterosis breeding of this crop [25, 29].

Hence, our studies were aimed at
evaluating the collection and selecting sources of
valuable traits, with wide norms of reaction for
performance and its constituents, which can be
used in the breeding of cultivars and hybrids
adapted to growing in the northern Left-Bank
Forest-Steppe of Ukraine.

The purpose of this study was to screen the
eggplant collection for performance indicators
and to select sources of valuable traits
(performance, average marketable fruit weight,
number of fruits per plant) for the breeding of
genotypes suitable for cultivation in the northern
Left-Bank Forest-Steppe of Ukraine.

Materials, Methods, and Conditions

The experiments were carried out in the
northern Left-Bank Forest-Steppe of Ukraine, in
the central moderately humid area of the
Kharkivska Oblast, in 2021-2023. The
experiments were carried out on soils typical for
the forest-steppe zone - typical low-humus
medium-loam chernozem on loesses (pH of salt
extract - 5.7; total absorbed bases - 26.0 mg-eq
per 100 g of soil; hydrolytic acidity - 2.8 mg-eq
per 100 g of soil; humus content — 139.0 mg/kg;
hydrolizable nitrogen - 139.0 mg/ru; mobile
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TUNOBUX 7151 30HH JlicocTenmy IpyHTax — 4OpHO3EM
TUITOBUI MaJIOTYMYCHHUI CEPETHBOCYNIMHKOBAN Ha
necoBux moponax (pH comboBoi BUTSIKKH — 5,7;
cyma yBiOpaHux ocHOB — 26,0 mr-exs Ha 100r
IPYHTY; T1IpOJITUYHA KHCIOTHICTh — 2,8 Mr-€KB Ha
100r rpynry; BmicT rymycy — 4,3 %; azoTy, 1o
rigpomizyerses, — 139,0 Mr/kr; pyxomoro dochopy
— 106-119 mr/kr i oOmiHHOrO Kamiro — 93 wmr/kr
rpyary)  [30]. Kiimat 30HM  mpoBeneHHS
JIOCTIDKEHb € IOMIpHO-KOHTHHEHTabHUM [31].
Hocnmign Oyno po3TamoBaHO Ha HPHUPOJHOMY
iHGexuiitHoMy (oHi.

006’ exToM JIOCIT/DKEHb CITyTyBaJu
KOJIGKIIHHI 3pa3ku Oakiaxana — 21 copT 3 ceMu
Kpain cBity (3 Ykpaiau, Himeuunnn, Itanii, CILA,
Tainanmy, Kuraro Ta in.) ta 10 riopunis F1 3 n'atu
kpain city (Hinepnanau, @panuis, Itanis, Kurai
ta 1iH. CraHgapramy ciayryBaJu copT AJMas
(Vxpainma) Tta T1i6pung Bibo F1 (Higepmanmm).
Hocnign mpoBogmwnu 6e3 moBTOpeHb. OOIiKOBa
oA JAUIMHKA craHoBuma 5,04 M2 Jlocmigwi
IUISTHKA  BopsiakoBi mo 16 pocnua. [IpoBeneHo
OIIHKY TMOTCHINATY MPOMYKTUBHOCTI  KOJEKIIil
OakJiakaHa 3a IIPOMYKTHBHICTIO Ta 11 CKJIAJOBHMHU.
30upanHs 1 OOJIK YypOXal y pO3CaTHHUKY
OPOBOIMIN  BpPYYHY, BaroBUM  METOJOM 3
BU3HAYEHHSIM CepEIHBOI MacH TOBAPHOTO TUIOMY.

Po3scany BupoIyBaiu B TUTIBKOBIiH TEIUIHII 3
aBapiitaum o6irpiBom. [lociB HaCiHHS TPOBOAYIIN B
KaceTH 4YapyHKow 2,525 cMm y Tpertiid nmekami
Oepesns. Y TpeTiil nekalli KBITHS MepecapKyBain
pocivau B ropmuku 00’emom 0,4 1. Texnomoris
BUPOIIYBAHHS POCIMH 3arajJbHONPUIHATA UL
3ouM Jlicocteny Ykpainu [32, 33]. BucamkyBaHHs
po3canu Ha MOCTiiiHE Micle BiaOyBaJloCh Y TpeTii
JIeKai TPaBHS Ta iCTOTHO 3aJICKAIO BiJl TOTOJHUX
yMmoB. Cxema nocaaku y pociuigax 0,45 m x 0,7 m.

3a mepiom Berertaiii MPOBOAWINCH JBa-TPH
PYYHHX  MpPOMOJIOBAHHS, IOJMBH,  MDKpsAHI
00pOOITKU IPYHTY, 0OPOOKH 1HCEKTULIUAAMHU MIPOTH
MOTIETNIb, TABYTHHHOTO KJIIiIIa Ta KOJOPAACHKOTO
Kyka. JKUBICHHS Ta 3aXHCT POCIMH OakiakaHa
OPOBOMVMIM  3TiHO 3  HAayKOBO-NPAaKTHYHUMH
pexomeHaanisMu [34]. JlocmipkeHHS TPOBOMIIN Y
BiJIMOBITHOCTI JI0 3araJIbHOTNIPUHAHATHX METOIUK 3
cesekiiiHoi pobGotu [35]. Bimbip Ta omiHKY
KOJICKLIMHUX  3pa3KiB  MPOBOAWIM  3TIAHO 3
pexomeHaamismu  [36-38].  CratumctuuHy  Ta
MareMaTuyHy OOpOOKYy OfepKaHHUX pPEe3yJbTaTiB
JNOCIUKEHb  TIPOBOAWIM 3  BUKOPUCTAHHAM
nporpamu Statistica 6.
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phosphorus — 106119 mg/kg soil; exchangeable
potassium - 93 mg/ru of soil) [30]. The climate in
the study location is temperate-continental [31].
The experiments were carried out against natural
infectious background.

Collection eggplant accessions were
studied: 21 cultivars from seven -countries
worldwide (Ukraine, Germany, Italy, the USA,
Thailand, China, etc.) and 10 F1 hybrids from
five countries (Netherlands, France, Italy, China,
etc.). Cv. 'Almaz' (Ukraine) and hyb. 'Bibo' F1
(Netherlands) were used as references. The
experiments were conducted without
replications. The plot area was 5.04 m?. Each plot
contained 2 rows with 16 plants in each row. The
potential performance of the eggplant collection
was evaluated by the performance itself and its
constituents. Harvesting and recording of the
crop in the nursery was carried out manually. To
determine the average marketable fruit weight,
we weighed eggplants.

Seedlings were grown in a film greenhouse
with emergency heating. Seeds were sown in
cassettes with 2.5x2.5 cm wells within the third
10 days of March. Within the third 10 days of
April, plants were transplanted into 0.4 L pots.
The growing technology is traditional for the
forest-steppe zone of Ukraine [32, 33]. Seedlings
were planted in a permanent place within the
third 10 days of May and this time significantly
depended on weather conditions. The planting
array in the experiments was 0.45 m x 0.7 m.

During the growing periods, weeds were
eradicated manually twice or three times; plants
were watered, inter-rows were tilled, and
insecticides were applied against aphids, spider
mites, and potato beetles as needed. Eggplants
were fertilized and protected as per the scientific
and practical recommendations [34]. The study
was conducted by conventional breeding
methods [35]. Collection accessions were
sampled and evaluated as per the
recommendations [36-38]. Data were statistically
processed in Statistica 6.
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Ta6auus 1. XapakrepucTHKa KOJICKIIMHUX 3pa3KiB Oakyakana, ceperss 3a 2021-2023 pp., I/pociuHy
Table 1. Performance of the collection eggplant accessions, mean for 2021-2023, g/plant

" : a;:if; " TI0XO, I:II{)I?.SI‘{H?Countr CepenHe 3a pokamu [Mean] Jlo cranapry, Jlo cranzapry,
[NZtional Hasga 3pa3ka [Accession] ZD:)( f origin] pen ];X) % [Related to the  +/- [+/- to/from
Catalog ID] reference, %) the reference]
Copmu [Cultivars]
Anma3 (crannapr) [Almaz UKR
198 (referen(ce cﬁti\%az)g 1506,33 100,00 0,00
146 Tenioc [Helios] CHN 776,00 51,52 -730,33
13 BipoHik [Vironik] CHN 1426,67 94,71 79,66
76 Long Violet DEU 1782,00 118,30 275,67
432 Rosa Bianka di Catania ITA 127333 84,53 233,00
433  Bambina ITA 869,33 57,71 -637,00
193 Luisiana Long Green USA 1043,33 69,26 -463,00
384 Thai Long Green TAI 920,67 61,12 585,66
425  Hangqi Nel [Hangqi Nol] CHN 948,93 63,00 -557.40
422 Zelkilo CHN 1701,67 112,97 195,34
418 Xingyuun CHN 476,67 31,64 -1029,66
421 Daejeon Puurple CHN 1656,00 109,94 149,67
420 Dazibao Long CHN 551,33 36,60 -955,00
428 Hangqi Nel-2 [Hangqi Nol-2] CHN 929,33 61.70 -577.00
383 Turkish Orange TUR 882,33 58,57 -624.00
54 VYuusepcan-6 [Universal-6] RUS 1186,00 78,73 -320,33
Yopawuit Kpacaser [Chornyi RUS
34 Kr;)savets]p ! g 1097.67 72,87 -408,66
33 Mapadomuer [Marafonets] RUS 1156,00 76,74 -350,33
18 Mopsiaox [Moriachok] RUS 982,67 65,24 523,66
38 Jlebenuumii [Lebedynyi] RUS 1093,33 72,58 -413,00
41 3enenenskuii [Zelenenkyi] RUS 1233,33 81,88 -273,00
Cepeone 3a konexyicio [Mean in the collection] (X) 1118,71 72,98 -407,00
Xonin 476,67 31,64 -1029,66
Xinax 1782,00 118,30 275,67
Am = Xnax - Xmin 1305,33 86,66 1305,33
Sxeep [SE] 76,46
S 3504
Ss 54,07
v [CV] 31,32
Sy 4,83
HIPos [LSDos] 159,80
Libpuou Fi[Fi hybrids]
Bibo Fi (cranmapr) [(reference NLD
434 hybrid)]( i 1623,00 100,00 0,00
1 Klorinda F: NLD 1204,00 74,18 -419,00
435  FaramaF, FRA 1065,33 65,64 -557,67
60  MariF) ITA 132333 81,54 299,67
437 Gordita Fi ITA 1196,67 73,73 -426,33
436 Briska Fi ITA 1182,00 72,83 -441,00
424 Puurple Dragon F; CHN 1075,00 66,24 -548,00
15 Israyok Fi [Piatachok Fi] RUS 1169,00 72,03 -454.00
52 T'amonox Fi [Halchonok Fi] RUS 1100,67 67,82 52233
40 IBympynnuii Fi [Izumrudnyi Fi] RUS 1458,67 89,87 -164,33
Cepeone 3a xonexyicio [Mean in the collection] (X) 1239,77 76,39 -425,81
KXonin 1065,33 65,64 -557,67
Xinax 1458,67 89,87 -164,33
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Am =Xmax — Xnin
Sxeep [SE]
S
Ss
vicvy
Sy
HIPos [LSDos]

393,34 24,23 393,34
56,78
179.6
40,15
14,48
3,24
128,33

Pe3yabTaru Ta 00roBopeHHs

3a  pesynsraramMd  JIOCTIIKECHb 21
KoJekIiiiHoro 3paska Ta 10 Tibpunisz  Fl
OaknaxxaHa piBeHb IX MNPOAYKTHBHOCTI OyB
PI3HMM: HIDKYHM 32 CTaHAAPTH, BUIINM 32 HUX Ta
Ha piBHI cTaHIapTiB (TadiL. 1).

B cepemaboMy y KOJIEKIIii COPTIB 3HAUYCHHS
MPOAYKTUBHOCTI craHoBmio — 1118,71 r / poci.
MpH po3Maxy BapiloBaHHs O3HaKu Bin 476,67 r /
poci. mo 1782,00 r / pocn., o0 y TOpiBHSHHI 31
CTaHzapToM cTaHoBWio Big -1029,66 1/ pocn.
(31,64 %) mo 275,67 v / pocm. (118,3 %) mpm
amrutityni 11 BapitoBamns 1305,33 t / poca.
(86,66 %), mo CBimYUTH MPO 3HAYHUK 11 piBEeHB
(V=31,32 %) Ak y Mexax yChOro KOJIKLiITHOTO
PI3HOMAHITTS, TaK 1 y MeXax YMOB BUPOIIYBaHHSI.
CepenHe  BigHOIICHHS 3pa3KiB  KOJGKINI  JI0
cTaHmapty craHoBwio 7298 %, a cepenmHe
3HaYEeHHS I[OKa3HUKA «+t/- 10  CTaHAapTy»
cranoBmiio -407,00 T / poci. (tadm. 1).

3HaYHUH  CTyNmiHb  BapilOBaHHA  O3HAaK
NPONYKTUBHOCTI ~ OyB  BiI3HaUeHMH 1 Yy
NOCHIpKEeHHAX 1HImMX ByeHnX. Tak Kanpkoro A.TL
3a BuBYeHHs 30 KOJICKI[IMHUX 3pa3KiB OakiakaHa
B ymoBax Kpumy OyB BCTaHOBICHMH 3HauYHHUI
CTYIIHb MIHJIMBOCTI O3HAK «IPOIYKTHBHICTBY Ta
«cepenHa wmaca ToBapHoro miomy» [39, 40].
Pesynbratu mociimpkeHp MiATBEPIDKEHI 1 TPYITOO
CeJIeKITIOHEePIB [MpuaHICTPOBCHKOTO HAI
CIJIBCHKOTO TOCIMIOAAPCTBA Mi KepiBHUITBOM A.A.
KymrHappoBa, HUMH TakoX OyB BCTaHOBJICHHUI
3HAQUHWI pIBEHb BapilOBaHHs MPOIXYKTHBHOCTI B
yMmoBax Mounosu [8].

3a aHayi30M MPOAYKTHBHOCTI KOJEKLIHHUX
3pa3KiB BUAUICHO 3pa3KH 3 HAMBUIIKM ii pIBHEM y
nopiBHsAHHI 13 cranmaptom: Zelkilo (1701,67 r /
poci.) 3 Kuraro ta Long Violet (1782,00 r / pocin)
3 HimewyunHu, mnepeBUIICHHS SAKAX ~ HaJ
cranaaptom Anmas (1506,33 r / pocit.) CTAHOBHIIO
Bix 9,94 % no 18,00 %, mo BiporigHo Ha 0,05
piBHi 3Hauymocti. 3pasku Daejeon Puurple
(1656,00 r / pocn.) 3 Kurato ta Biponik (1426,67
r/poci.) cenekuii IOb HAAH (VYkpaina) 3a
MPONYKTUBHICTIO OyaM HA PiBHI CTaHAapTy. Yci
1HII 3pas3ku KOJIeKIii 3a 03HAKOIO
HPOAYKTUBHOCTI 3HA4YHO MOCTYHAJIHCSA CTaHIAPTY
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Results and Discussion

The results on 21 eggplant cultivars and
10 F1 hybrids showed that their performance
was different: worse or better than, or similar to
that of the corrensponding reference (Table 1).

The mean performance of the collection
cultivars was 1,118.71 g/plant, with the
individual cultivar's performance ranging from
476.67 g/plant to 1,782.00 g/plant, or from
minus 1,029.66 g/plant (31.64%) from the
performance of the reference cultivar to plus
275.67 g/plant (118.3%) to the performance of
the reference cultivar. So the variation
amplitude was 1,305.33 g/plant (86.66 %),
indicating wide variability (CV=31.32 %) both
within the collection and depending on growing
conditions. The mean ratio of the collection
cultivars to the reference was 72.98%, and the
mean value of the "+/- to/from the reference's
performance" parameter was -407.00 g/plant.
(Table 1).

Considerable variation in performance
parameters was also noted in other scientists'
studies. For example, Katska A.H. investigated
30 collection eggplant accessions in the Crimea
and reported a significant variability of the
"performance”" and "average marketable fruit
weight" characteristics [39, 40]. Our results are
also confirmed by breeders of the Transnistrian
Research Institute of Agriculture guided by
A.A. Kushnaryov, who also noted a significant
variability of performance in Moldova [§].

Analysis of the performance in the
collection allowed us to distinguish accessions
with the best performance compared to the
references: cv. 'Zelkilo' (1,701.67 g/plant) from
China and cv. '"Long Violet' (1,782.00 g/plant)
from Germany, which yielded more than
reference cv. 'Almaz' (1,506.33 g/plant) by
9.94% and 18.00%, respectively (the difference
is significant at the 0.05 level). Cv. 'Daejeon
Puurple' (1,656.00 g/plant) from China and
'Vironik' (1,426.67 g/plant) bred at the IVMG
NAAS (Ukraine) yielded similarly to the
reference cultivar. The other cultivars in the
collection were significantly inferior to the
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1 iX BIJHOWmIEHHS /O CTaHIAPTy CTAHOBHIIO Bif
36,60 % no 84,53 %.

B Toii xe yac, B 1[iloMy y KOJeKIIii riOpuiB
F1 CepelHE  3HA4YeHHS  PIBHA  MPOSIBY
NPONYKTUBHOCTI cTaHoBuio 1239,77 r / pocn. npu
po3maxy 1i BapitoBanus Bij 1065,33 no 1458,67 1/
poci. i ii 3Ha4eHHi y cranaapty 1623,00 r / poci.
Ile 3HauyHO MeHIIE, HDK MO 3paskax, 1 Yy
MOPIBHSHHI 31 CTAHAAPTOM CTAHOBUIIO Bix -557,67
r / poca. (65,64 %) nmo —164,33 r / pocn.
(89,87 %) npu ammuiTyai BapitoBaHHS 557,67
r/pocn. (24,23 %). Cnmig BiA3HAUYUTH CepemHii
piBeHb BapitoBaHHA o3Haku (V=14,48 %), mo
CBIIYUTH npo OBy CTa0UIBHICTD
MPOLYKTUBHOCTI TiOpWAIB, iX BHILY aJanTHBHY
3JIATHICTh IO YMOB BHPOIIYBaHHS TOPIBHIHO i3

copramMu. AMIIIITYJa BapilOBaHHS 3HAYCHHS
MMOKa3HUKA «+/- 10 cTaHAapTy» ckiana 393,34 r /
pociL.

3a pesynmpraramMd  aHallizy TOTEHIIaTy

MPOAYKTUBHOCTI KOJICKIIHHUX Tiopunie F1 ciin
3a3Ha4YMTH, 110 yci riOpUay iCTOTHO MOCTYHaJUCS
cragnaprty Bibo F1 (1623,00 r / pocm.), i
BIHOIIECHHS I1X TOKAa3HUKIB [JI0 CTaHAAPTY
cTaHoBWIO Bif 65,64 no 89,87 % mpu oTpuMaHH1
MEHINOT TPOMYKTUBHOCTI IUIONIB Ha -299,67 T
/pocn. — -557,67 r / pocil 3a CEpPEeaHBOTO
3HAaUYCHHS Yy KosekIli riopumie F1 BiamosigHO
1239,77 t / pocn., 76,39 % Ta -425,81r / poci.
Byno BupmineHo 3pa3ku, SKi Maid HaWBHIUN
piBeHb MPOAYKTUBHOCTI, 1€ [JBa TiOpuau:
I3ympymauit  F1  (1458,67 r / poci) 3
BiIHOLIEHHSM 10 cTanaapty 89,87 % ta Mari F1
(1323,33 r / poci.) 3 BiIHOIIEHHSM 3HAYCHHS
NpONyKTUBHOCTI A0 cranmapty 81,54 %. lle
3pasku 3 PO Ta [Tanii, BigmosiaHo.

TakuMm uMHOM, 3a pe3ylibTaTaMH CKPHHIHTY
Ta MOHITOPMHIY KOJNEKUIMHMX 3pa3KiB  3a
MPOLYKTUBHICTIO Ai0paHi BiCIM IIHHUX JKepes —
m'saTh 3pa3kiB  Ta Tpu TiOpwmu Fl, ski
XapaKTepu3yBaJuCh BiJTHOCHO BHCOKOIO
CEPelHBOI0 TNPOAYKTHUBHICTIO 332 TPHU POKH
nocimkens (X=491426,67 r / poci., 1782,00 T /
poci., 1656,00 r / pocn., 1701,67 r / pocun.,
1323,33 v / poci. 1458,67 T / poci., BIAOBITHO)
JUTST BUKOPUCTAHHS B CEJIEKI[iT BUCOKOBPOXKAITHIX
TCHOTHUIIB. Y TOMY YMCJIi, HiATBEPKSHA LIIHHICTh
CTAaHJApPTIB TpHA CENEeKLii Ha  MiABUINCHHI
nponyktusHocTi (X = 1506,33 T / pocn Ta
1623,00 r / poc:1., BIAMOBIIHO).

JocnimkeHHsIMA BCTAHOBJICHO IO OJHIEIO 3
OCHOBHHUX CKJIQJIOBHX IPOIYKTUBHOCTI BHCTYIIA€
O3HaKa «cepemHs Maca TOBapHOTO IOy ».
Otpumana y pe3yabraTi CKPHHIHTY
XapaKTepUCTUKA KOJIEKIIMHNUX 3pa3KiB Ta riOpuaiB

reference cultivar in terms of performance and
their ratio to the reference cultivar ranged from
36.60% to 84.53%.

At the same time, the mean performance
of the collection F1 hybrids was 1,239.77
g/plant, ranging from 1,065.33 to 1,458.67
g/plant. The reference hybrid's performance
was 1,623.00 g/plant. The variability of the
hybrids' performance was significantly lower
than the cultivars: from -557.67 g/plant
(65.64 %) to -164.33 g/plant (89.87%)
compared to the reference hybrid, with an
amplitude variation of 557.67 g/plant (24.23%).
A moderate variation of this trait among the
hybrids (CV=14.48%) should be highlighted, as
it indicates greater stability of the hybrids'
performance and their higher adaptability to
growing conditions compared to the cultivars.
The variation amplitude of the "+/- to/from the
reference performance" parameter was 393.34
g/plant.

Analysis of the potential performance in
the collection F1 hybrids showed that all
hybrids yielded significantly less than reference
hyb. 'Bibo' F1 (1,623.00 g/plant) and the
collection F1 hybrid/reference hybrid ratio
ranged from 65.64 to 89.87%, i.e. the fruit
productivity was lower than that of the
reference cultivar or -164.33 g/plant to -557.67
g/plant, with the mean values for the collection
F1 hybrids of 1,239.77 g/plant, 76.39%, and -
425.81 g / plant, respectively. Two high-
performance hybrids were selected:
'Tzumrudnyi' F1 (1,458.67 g/plant) with the
'[zumrudnyi' Fl/reference hybrid performance
ratio of 89.87% and 'Mari' F1 (1,323.33
g/plant) with the 'Mari' Fl/reference hybrid
performance ratio of 81.54%. These accessions
are from the Russian Federation and Italy,
respectively.

Thus, based on the results of screening
and monitoring of the collection accessions,
eight valuable sources of performance were
selected: five cultivars and three F1 hybrids,
which were noticeable for relatively high mean
performance across the three study years
(X=1,426.67 g/plant, 1,782.00 g/plant, 1,656.00
g/plant, 1,701.67 g/plant, 1,323.33 g/plant, and
1,458.67 g/plant). These accessions can be used
in the breeding of high-yielding genotypes. In
addition, the reference accessions' value for
breeding for increased performance was
confirmed (X = 1,506.33 g/plant and 1,623.00
g/plant in the reference cultivar and hybrid,
respectively).
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34 O3HAKOK «CEpCAHA MaCa TOBAPHOIO IIJIOAY»

HaBeJleHa y Ta0mIli 2.

Average marketable fruit weight is

known to be one of the main constituents of

performance.

The collection cultivars and

hybrids were screened for this characteristic
and the results are summarized in Table 2.

Taonanusa 2. XapakreprucTuka KONEKIIHHIX 3pa3KiB OakjaXkaHa 3a 03HAKOIO «CEPEIHS Maca TOBAapHOTO IIIOLYY,
cepenne 3a 2021-2023 pp., T

Table 2. Average marketable fruit weight in the collection eggplant accessions, mean for 2021-2023, g.

o
No karasiory spaska ‘ Kpaina Cepenne 3a o cranpapry, CTaHJapTYy,
[National Catalog ID] Hasga 3paska [Accession] HOXO}Z[)KCHH'S[ [Country pokamu [Mean] % [Related to the +/- [+/-
of origin] X) reference, %) to/from the
reference]
Copmu [Cultivars]
198 Anmas (crasmapt) [Almaz UKR
(reference cultivar)] 236,19 100,00
146 Temioc [Helios] UKR 321,58 136,15 85,39
13 Bipowix [Vironik] UKR 22048 93,35 -15,71
76 Long Violet DEU 240,60 101,87 441
432 Rosa Bianka di Catania ITA 330,30 139,84 94,11
433 Bambina ITA 165,08 69,89 -71,11
193 Luisiana Long Green USA 168,52 71,35 -67,67
384 Thai Long Green TAI 121,71 51,53 -11448
425 Hangqi Nel [Hangqi Nol] CHN 79,33 33,59 -156,86
422 Zelkilo CHN 526,83 223,05 290,64
418 Xingyuun CHN 311,00 131,67 74,81
421 Dacgjeon Puurple CHN 45495 192,62 218,76
420 Dazibao Long CHN 12127 51,34 -114,92
428 Hangqi Nel-2 [Hangqi No1-2] CHN 76,08 32,21 -160,11
383 Turkish Orange TUR 66,92 28,33 -169,27
54 Yausepcain-6 [Universal-6] RUS 228,56 96,77 -7,63
14 Yopuuit Kpacasen [Chomyi RUS
Krasavets] 265,61 112,46 29,42
33 Mapadoner [Marafonets] RUS 217,18 91,95 -19,01
18 Mopsuok [Moriachok] RUS 17721 75,03 -58,98
38 Jle6enunmii [Lebedynyi] RUS 185,83 78,68 -50,36
41 3enenenpkuii [Zelenenkyi] RUS 14241 60,29 -93,78
Cepeone 3a xonexyieio [Mean in the collection] (X) 221,79 93,60 -15,12
Xonin 66,92 28,33 -169,27
Xmax 526,83 223,05 290,64
Am = Xmax = Xmin 45991 194,72 45991
Sxcep [SE] 25,86
S 118,5
Ss 18,29
vicvi 53,44
Sv 8,25
HIPos [LSDos] 54,05
Tiopuou F1 [F1 hybrids]
434 Bibo F1 (cranmapr)[(reference NLD
hybrid)] 32742 100,00
1 Klorinda Fi NLD 675,71 206,37 348,29
435 Farama F1 FRA 262,28 80,11 -65,14
60 Mari Fi ITA 190,38 58,15 -137,04
437 Gordita Fi ITA 563,07 171,97 235,65
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436 Briska Fi ITA 941,00 287,40 613,58
424 Puurple Dragon F CHN 94,64 28,91 -232,78
15 [stagok F1 [Piatachok Fi] RUS 22930 70,03 -98,12
52 T'amaonox Fi [Halchonok F1] RUS 197,92 60,45 -129,50
40 I3ympynuuii Fi [Izumrudnyi Fi] RUS 392,11 119,76 64,69

Cepeone 3a xonexyicio [Mean in the collection] (X) 387,38 120,35 66,63
Xomin 94,64 28,91 -232,78
Xmax 941,00 287,40 61358
A =Xmax — Xmin 846,36 258,49 846,36
Sxcep [SE] 83,34
S 2636
Ss 58,93
v icv] 68,03
Sy 15,21
HIPos [LSDos] 188,36

BcraHoBneHo, MmO B HiJIOMYy Y KOJEKIIii
3pa3KiB cepelHe 3HAYCHHs PiBHA NPOSABY O3HAKU
«cepelHs Maca TOBAapHOTO IUIOAY» CTAaHOBHJIO
221,79 T npu po3Maxy BapilOBaHHS O3HAKU BiJl
66,92 1o 526,83 1, MO y TOpIBHAHHI 3i
CTaH/IAPTOM CTaHOBUIO Bif -169,27 (28,33 %) mo
290,64 r (223,05 %) npu amrutiTyai ii BapitoBaHHS
45991 1 (194,72 %). CepenHe BigHOIICHHS
COpTO3pa3KiB KOJIEKLIi A0 CTaHAApPTy CTaHOBUJIO
93,60 %, a cepenHe 3HAYCHHS TIOKA3HUKA «+/- 1O
cTaHJapTy» craHoBuio -15,12 . 3a pe3ynsraraMu
JNOCTIDKEHHS BCTAHOBJIICHO 3HAYHU  pIBCHb
BapitoBaHHs  o3Haku (V=53,44 %), 1o
Y3TOMKYETBCS 3 JIAHUMH OTPUMAaHUMHU IHIIUMH
apropmu  [8, 40] 1 BH3HAYAETHCI BHCOKOIO
3QIEKHICTIO  TPOSIBY  O3HaKW  Bil  YMOB
BUPOIIYBAHHS 32 POKH JIOCIiKeHb. AJle HaBiTh
32 TaKWX YMOB BHWJUICHI 3pa3kd 3 ICTOTHHM
NePeBUIICHHSIM CTaHAPTIB.

Tak, 3a pe3ynpraramMy aHajizy HOTEHIaTy
MPOMYKTUBHOCTI KOJNIEKIIHHUX 3pasKiB BHIILICHO
3pa3Kky, SAKi Majdu HaWBHIIMI pIiBEHb NPOSBY
CKJIaJIOBOi TPOMYKTUBHOCTI — O3HAKH «CEPEIHS
Maca TOBAPHOTO IUIOAY» Yy TOPIBHSAHHI i3
CTaHIapTOM, Iie I’ATh 3pa3kiB 3 20, sKi iCTOTHO
NEePeBUIIMIN CTaHAAPT 32 CEPEIHBOI0 MacCoIo
TOBApHOTO TUIONY: 3pa3ok 3 Ykpainm — [emioc
(321,58 1), 3pazok 3 Iramii — Rosa Bianka di
Catania (330,30 1), Tpu 3pasku 3 Kuraro —
Zelkilo (526,83 1), Xingyuun (311,00 r), Daejeon
Puurple (454,95 1), mepeBuiieHHS SIKAX Haj
crangaptom Oyno Big 31,67 mo 123,05 %, mo
BigmoBigano mexam Big 74,81m0 290,64 r. 1lle
M’STh 3pa3kiB OynM Ha PiBHI CTaHIApPTY 3a
CEepeIHBOI0 Macol0 TOBAPHOIO IJIOAY: 3pPa3oK 3
Vkpainu — Biponik (220,48 r), 3paszox 3
Himeuunnu — Long Violet (240,60 t) Ta Tpm
3pazku 3 PO — Yopumii Kpacasen (265,61 1),

The mean value of the "average
marketable fruit weight" characteristic in the
collection cultivars was 221.79 g, with a
variation of 66.92 - 526.83 g. In comparison
with the reference cultivar, it was from minus
169.27 (28.33 %) to plus 290.64 g (223.05 %),
with a variation amplitude of 45991 g
(194.72  %). The mean  collection
cultivar/reference cultivar ratio was 93.60%
and the mean value of the "+/- to/from the
reference”" parameter was -15.12 g. The study
demonstrated a significant variation of this trait
(CV=53.44%), which is in agreement with
other authors' data [8, 40]. This trait expression
was shown to be strongly dependent on
growing conditions in the study years.
Nevertheless, even with conspicuous weather
dependence, we identified accessions that were
significantly superoir to the reference ones.

Thus, analysis of the potential
performance of the collection cultivars allowed
us to distinguish cultivars with the greatest
values of the important constituent of the
performance, average marketable fruit weight,
which outperformed the reference -cultivar.
Five out of 20 cultivars were significantly
superior to the reference cultivar in terms of
average marketable fruit weight: Ukrainian cv.
'Helios' (321.58 g), Italian cv. 'Rosa Bianka di
Catania' (330.30 g), three Chinese cvs. 'Zelkilo'
(526.83 g), 'Xingyuun' (311.00 g), and
'Daejeon Puurple' (454.95 g). Their fruits were
74.81 t0 290.64 g or 31.67 to 123.05% heavier
than the reference ones. Five more cultivars
had the "average marketable fruit weight"
characteristic similar to that in the reference
cultivar: Ukrainian cv. 'Vironik' (220.48 g),
German cv. 'Long Violet' (240.60 g) and three
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Mapadonen (217,18 r), Yausepcan-6 (228,56 1), i
iX BIAHOLIEHHA A0 CTAaHAAPTY cTaHoBWiIO 91,95-
112,46 %.

Y 1ol xe uwac, B LUIOMY IO KOJEKIIii
riopuniB F1 cepenniii piBeHb NpOSIBy O3HAKH
«cepelHs Maca TOBApPHOTO IIJIONY» CTAHOBHB —
387,38 T mpu po3maxy BapifOBaHHS O3HAKH BiJ
94,64 no 941,00 1, M0 MOPIBHSIHO 31 CTaHIIAPTOM
craHoBWIIO Bif -232,78 1. (28,91 %) mo 613,58 r
(287,40 %) npm amriityni BapitoBanHs 846,36 T
(258,49 %), moO CBITUMTH TAKOXK MPO 3HAYHUN
piBeHb BapiroBaHHS o3Haku (V=68,03 %) i
Y3TOMKYETbCS 3 JAHUMH, OTPUMAaHMMH 32
KOJIKIIMHUMH 3pa3kaMu. CepefHe BiIHOIICHHS
3pa3KiB  KOJEKWil [0 CTaHAgapTy CTaHOBHJIO
120,35 %, a cepenHe 3HAYCHHS TIOKa3HUKA «+/- JI0
CTaHJIapTy» CTAHOBUWIIO -60,63 T.

3a  pesylabTaTaMu  aHai3y  CKJIAA0BOL
MOTEHIllaly  MPOAYKTUBHOCTI KOJIEKITITHIX
riopunie F1 — «cepennboi Macu TOBapHOTO

IJIOAY» CIIiJ 3a3HAYUTH, 10 YOTUPU TiOpuau 3
JIeB’SITH 1CTOTHO mNepeBuInmIn crangapTt Bibo F1
(327,42 1): ue riopun 3 Hinepnanais Klorinda F1
(675,71 1), nBa itaniiicekux riopuam — Gordita F1
(563,07 r) Ta Briska F1 (941,00 r) Ta onus ribpun
3 PO I3ympymamit F1 (392,11 r). IlepeBurienns ix
HaJl CTaHIapTOM cTaHoBWIO Bim 19,76 % no
187,4 %, mo Bignosigamo 64,69-613,58 r.
HaiiBumy macy TOBapHOTO ILIOAY MaB TiOpuUa
Briska F1. YoTupu riOpuau Maau MOKa3HUKH Ha
piBHI CTaHZAapTy 3a O3HAKOIO «CEepemHsi Maca
TOBapHOTO TUIOMY»: 3pa3ok i3 dpanmii — Farama
F1 (262,28 1), 3pa3ok i3 Itanii Mari F1 (190,38 1)
Ta nBa 3pasku i3 PO — [laragox F1 (229,30 1),
lamuonok F1 (197,92), BinHOLIEHHS piBHS NPOSBY
O3HAKM SIKUX JO CTaHAapTy craHoBuio 58,15-
80,11 %.

TakuMm 9rHOM, 3a pe3yJbTaraMd CKPUHIHTY
Ta MOHITOPHUHTY KOJIEKLIHHMX 3pa3KiB 32 O3HAKOIO
«cepemHs Maca TOBapHOTO IUIOAY» JiOpaHo 14
UiHHUX JDKeped — JAecATh 3pa3KiB Ta YOTUPH
riopuan F1, sKi XapakTepu3yBaluCh BHCOKHM
piBHEM IPOSIBY O3HAKU «CEPEeIHS Maca TOBAPHOTO
WIONy» 3a TPU POKU  JOCHDKEHb, JUIs
BUKOPUCTAHHS B CEJEKIii BHCOKOBPOXKAWHHUX
KPYNMHOIUTIMHUX ~ TeHoTumiB. HaiiBuiry Macy
TOBapHOTO Moay — 526,83 r maB 3pasok Zelkilo 3
Kuraro, a HaliMeHIly — TpW 3pasKd: 3pa3oK 3
Typuii Turkish Orange - 66,92 r Ta nBa 3pa3ku 3
Kurato: Hangqi Nel-2 ta Hangqi Nel (76,08 ta
79,33 1, BignoBinHo). Lli mKkepena MoxyTh OyTH
BUKOPDHCTaHI y  CeJeKUifHiM  poboTi  Ha
KPYMHOIUTITHICTh Ta JPIOHOIIIIHICTE TCHOTHITIB
OaxaxaHa.

[Ile ogna o3HaKa, siKa € CKJIAZOBOIO JaHOI
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Russian cvs. 'Chomyi Krasavets' (265.61 g),
'Marafonets' (217.18 g), and 'Universal-6'
( 228.56 g); their ratio to the reference cultivar
was 91.95-112.46%.

At the same time, in the collection F1
hybrids, the mean value of the "average
marketable fruit weight" trait was 387.38 g,
with a variation range of 94.64 to 941.00 g;
compared to the reference hybrid, it meant
from minus 232.78 g (28.91 %) to plus 613.58
g (287.40 %), with a variation amplitude of
846.36 g (258.49 %), also indicating a
significant variability of this characteristic
(CV=68.03 %) and being consistent with data
on the collection cultivars. The mean ratio of
the collection hybrids to the reference hybrid
was 120.35% and the mean value of the "+/-
to/from the reference" parameter was -66.63 g.

Analysis of the constituent of the
potential performance of F1 hybrids, average
marketable fruit weight, showed that four out
of nine hybrids were significantly superior to
reference hyb. 'Bibo' F1 (327.42 g): hyb.
'Klorinda' F1 hybrid from the Netherlands
(675.71 g), two Italian hybs. 'Gordita' F1
(563.07 g) and 'Briska' F1 (941.00 g) and one
Russin hyb. Tzumrudnyi' F1 (392.11 g). Their
fruits were 64.69-613.58 g or 19.76-187.4%
heavier than reference ones. Hyb. 'Briska' F1
had the heaviest marketable fruits. Four
hybrids had the "average marketable fruit
weight" parameter at the reference level:
French hyb. 'Farama' F1 (262.28 g), Italian
hyb. 'Mari' F1 (190.38 g) and two Russian
hybs. 'Piatachok’ F1 (229.30 g), and
'Galchonok' F1 (197.92); the collection
hybrid/reference hybrid ratio was 58.15-
80.11%.

Thus, screening of the collection
accessions for the "average marketable fruit
weight" trait distinguished 14 valuable sources:
ten cultivars and four F1 hybrids, which had
heavy eggplants in the three study years. They
can be used in the breeding of high-yielding
large-fruited genotypes. The heaviest weight of
marketable fruit (526.83 g) was recorded for
cv. 'Zelkilo' from China; three accessions, viz.
Turkish cv. '"Turkish Orange' (66.92 g) and two
Chinese cvs. 'Hangqi Nol-2' and 'Hangqi Nol'
(76.08 and 79.33 g, respectively) had the
lightest fruits. These sources can be used in
breeding for large or small eggplant fruits.

The "number of fruits per plant”
characteristic is another constituent of
performance. By hybridizing sources of large
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O3HAKM - «KUIBKICTh TJIOAIB Ha POCIUHI».
[Toeanyroun ridpuam3aIiero JoKepena
KPYMHOIUTITHOCTI Ta BEJNUKOI KITHKOCTI TUIOIB Ha
POCIIHI, MOXHa JOCSTTH BHCOKOTO  PIBHA
MPOLYKTUBHOCTI, TOMY HAMH IPOBEICHO CKPUHIHT
KOJICKITIHHIX 3pa3KiB IIe 1 32 I[i€10 03HAKOIO.

PesynbraTu CKpUHIHTY KOJEKIIHHUX 3pa3KiB
OaknakaHa 3a O3HAKOI «KUIBKICTh IJIOAIB Ha
POCIIHHI» HaBelleH1 y Tabmmili 3.

fruits and sources of large numbers of fruits per
plant, one can achieve a high performance.
Hence, we screened the collection for this
feature as well.

The results of the eggplant collection
screening for the "number of fruits per plant”
characteristic are summarized in Table 3.

Tabauusa 3. XapakTepucTHKa KOJICKIIHHUX 3pa3KiB OakiakaHa 32 O3HAKOIO «KUIbKICTH IUIOAIB HAa POCIHHIY,

cepenHe 3a 2021-2023 pp., wT. /poci.

Table 3. Number of fruits per plant in the collection eggplant accessions, mean for 2021-2023.

Ne xatanor Kpaina HOXO)I)K.CI-.IH Jlo crangapry, | Jlo craszapry
3pa.31<a Hassa 3paska [Accession] [Country of origin| Cepenie 3a poxav % [Related to the |+/- [+/- to/fror]
[National [Mean] (X) o
Catalog ID reference, %] the reference]
3pasku [Cultivars]
198 Anma3 (cranpapt) [Almaz (reference UKR
cultivar)] 6,32 100,00 0,0
146  |Temioc [Helios] UKR 2,41 38,21 -3,90
13 Bipowik [Vironik] UKR 6,45 102,18 0,15
76 Long Violet DEU 7,35 116,34 1,05
432  |Rosa Bianka di Catania ITA 3,85 61,03 -2,45
433 Bambina ITA 5,38 85,13 -0,92
193 Luisiana Long Green USA 6,18 97,92 -0,12
384  |Thai Long Green TAI 7,58 119,96 1,28
425 |Hangqi Nel[Hanggqi Nol] CHN 11,99 189,78 5,69
422 |Zelkilo CHN 3,23 51,12 -3,07
418  |Xingyuun CHN 1,53 24,23 -4,77
421 Dacjeon Puurple CHN 3,65 57,72 -2,65
420 |Dazibao Long CHN 4,55 72,05 -1,75
428  |Hangqi Nel-2 [Hangqi No1-2] CHN 12,25 193,96 5,95
383  |Turkish Orange [Turkish Orange] TUR 13,19 208,87 6,89
54 VYuusepcan-6 [Universal-6] RUS 5,20 82,34 -1,10
34 Yopnuit Kpacaser [Chomyi Krasavets] RUS 4,15 65,67 -2,15
33 Mapacgonen [Marafonets) RUS 5,32 84,17 -0,98
18 Mopstaox [Moriachok] RUS 5,55 87,81 -0,75
38 Jle6equuuii [Lebedynyi] RUS 5,88 93,07 -0,42
41 3esnenenbkuii [Zelenenkyi] RUS 8,66 137,09 2,36
Cepeone no xonexyii [Mean in the collection] (X) 6,22 98,51 -0,08
Xonin 1,53 24,23 -4,77
Xonax 13,19 208,87 6,89
Am = Xmax = Xmin 11,66 184,64 11,66
Sxeep [SE] 0,68
S 3,10
Ss 0,48
Vicv] 50,22
Sy 7,75
HIPos [LSDos] 1,42
T'iopuou F1 [F1 hybrids]
434  |Bibo F1(cranmapr) [(reference hybrid)] NLD 4,94 100,00 0,00
1 Klorinda F1 NLD 1,78 36,06 -3,16
435 Farama F1 FRA 4,07 82,44 -0,83
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60  |Mari F ITA 6,95 140,56 2,05
437  |Gordita Fy ITA 2.14 4337 22,76
436  |Briska Fi ITA 1,26 25,44 -3,64
424 Puurple Dragon F CHN 11,37 230,18 6,47

15 [saTauox F1 [Piatachok F1] RUS 5,17 104,62 0,27

52 T'amgonok Fi [Halchonok Fi] RUS 5,57 112,73 0,67

40 I3ympynuwii Fi [Izumrudnyi Fi] RUS 3,71 75,16 -1,19

Cepeoue no rxonexyii [Mean in the collection] (X) 4,70 95,06 -0,21
Xmin 1,26 36,06 -3,64
Xmax 11,37 230,18 6,47
Am =Xmax — Xmin 10,11 194,12 10,11
Sxeep [SE] 0,94
S 3,00
Ss 0,66
Vv [CV] 63,03
Sy 14,09
HIPoys [LSDos] 2,12

BcranoBneno, mo B MIIOMy MO KOJEKIIil
3pa3KiB CEpEIHE 3HAYCHHS O3HAKH «KUIBKICTh
TUIONIIB HA POCJMHI» cTaHOBWIO 6,22 MWT / poci.
3a po3Maxy BapiroBaHHS O3Haku Bix 1,53 mr /
poci. a0 13,19 mT / poci., 10 MOPIBHSHO 3i
CTaHIapTOM cTaHOBWIO Bix -4,77 (24,23 %) no
6,89 r (208,87 %) mpu amInITYyAl BapirOBaHHS
11,66 mr / poci. (184,64 %). IIpo 3HauHMi piBeHb
BapilOBaHHSA O3HAKH CBIAYUTH 1  BHCOKHH
KoedirieHT Bapiarii skuii craHoButh —50,22 %,
111(0) M ITBEPIKY € BEJIVIKE PI3HOMaHITTA
KOJIGKIIIHHOTO ~MaTepially 3a II€I0  O3HAKOIO.

CepenHe BigHOIICHHS 3pa3KiB  KOJEKINI  JI0
cranmapty craHoBmino 93,51 %, a cepemHe
3HAUEHHS TOKA3HWKa «+/- JI0 CTaHIapTy»

cranoBmio -0,08 it / pocit.

Bupgineno 3pasku 3 HaWBUIIMM piBHEM
MPOSIBY O3HAKHU «KUIBKICTH IUIOAIB HAa POCIHHI» Y
MOPIBHSHHI 13 cTaHaapToM, Iie ciM copTiB 3 20:
Biponik (Ykpaina) — 6,45 wr / pocit., Long Violet
(Himeyumna) — 7,35 mwr / poci., Thai Long Green
(Taimanm) — 7,58 wt / pocn.; nBa 3pa3ku 3 Kuraro
- Hangqi Nel (11,99 wit / pocn.) Ta Hangqi Nel-2
(12,25 1wt / poci.), 3pazok i3 Typeuunnu Turkish
Oran Hangqi Nel-2ge (13,19 it / pocn.), Ta onun
3pa3zok 3 P® — 3enenenbkuii (8,69 mr / poci.),
NEePeBUIICHHS SKUX HaJ CTaHIapToM OyJao Bix
2,18 % no 108,87 %, mo Bignosigamo 0,15 r go
6,89 mT / pocn. 3 mHUX COPTIB JHIIE YOTHUPH:
Hangqi Nel, Hangqi Nel-2, Turkish Oran Hangqi
Nel-2ge Ta  3eneHeHbKMH  MajdM  ICTOTHE
MEePEBHUIICHHS 3a II€I0 O3HAKOIO HAJ| CTAHIAPTOM,
a iHmi nepeOyBanu Ha piBHI cTangapty. e asa
3pasku Oynu Ha piBHI CTaHgapTy, Jelo
MOCTYMAIOYUCh HOMY 32 CEpEeNHBOI0 KiIBKICTIO
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The mean number of fruits per plant
across the collection cultivars was 6.22, with a
variation of 1.53-13.19 fruits/plant. Compared
to the reference cultivar, it meant from minus
4.77 (24.23%) to plus 6.89 g (208.87%), with a
variation amplitude of 11.66 fruits/plant
(184.64%). A high coefficient of variation
(50.22%) confirmed a great variability of this
trait in the collection. The mean ratio of the
collection cultivars to the reference cultivar
was 93.51% and the mean value of the "+/-
to/from the reference" parameter was -0.08
fruits/plant.

Out of 20, we selected seven cultivars
with the greatest number of fruits per plant
compared to the reference cultivar: cv. 'Vironik'
(Ukraine) had 6.45 fruits/plant, cv. 'Long
Violet' (Germany) - 7.35 fruits/plant, cv. 'Thai
Long Green' (Thailand) — 7.58 fruits/plant, cv.
- Hangqi Nol China - 11.99 fruits/plant), cv.
'Hangqi No1-2' (China) - 12.25 fruits/plant, cv.
'"Turkish Orange' (Turkey) - 13.19 fruits/plant,
and cv. Zelenenky' (Russian Federation) - 8.69
fruits./plant. They bore 0.15 fruits/plant to
6.89 fruits/plant more fruits or 2.18-108.87%
more than the reference cultivar. Of these
cultivars, only for four, viz. cvs. 'Hangqi No.
1', 'Hangqi No. 1-2', 'Turkish Orange', and
'Zelenenkyi', the increase in this characteristic
over the reference cultivar was statistically
significant, while the others were at the
reference level. Two more cultivars bore fruits
similarly to the reference cultivar, being
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IJIOAIB HA pociuHi, 1me 3pa3ku: Luisiana Long
Green (6,18 wt / pocn.) Ta Jlebemquuuii (5,88 T /
pociL.), 1X BIJHOIICHHS /O CTAaHAAPTYy CTAHOBHUIIO
93,07-97,92 %.

B Toii xe wac, B HIOMy MO Pi3HOMAHITTIO
riopunie F1 cepeaniii piBeHb TpOSIBy O3HAKH
«KITBKICTh TUIOAIB HA POCIMHI» cTaHOBHUB 4,70 T
/ poci. 3a po3maxy BapilOBaHHS O3Haku Bijx 1,26
mrt / pocn. go 11,37 wr / pocn. Y mopiBHSHHI 31
CTaHJapTOM 1€ CTAHOBWJIO Bix -3,64 1T / pociL.
(36,06 %) mo 6,47 / pocm (230,18 %) mpum
ammutityai  BapitoBamHa 10,11 1wt / poci
(194,12 %). Bin3HaueHuii TakoX BHCOKWH piBCHb
BapiroBaHHS I1i€i 03HAKK 3 KoedilieHTOM Bapiamii
63,03 %, M0 TOTOMKYEThCA 3 [AHUMU 32
copramu. CepeqHE BiTHONICHHS PI3HOMAHITTS
riopugie 10 craHmapty craHoBwio 95,06 %, a
Cepe/IHE 3HAYCHHS TOKA3HUKA «+/- IO CTaHIapTy»
cranoBmio -0,21 mT / pocit.

3a  pe3ynbTaTaMH  aHaNi3y  O3HAKH
«KINBKICTh TJIOAIB HAa POCIHMHI» y KOJEKIIHHUX
riopuais F1 ciuin 3a3Ha4nTH, 1110 YOTHPH TiOpUIH
3 JeB’aTd nepeuinin ctangapt Bibo F1 (4.94
T / poci.): ue iraniiicbkuit riopua Mari F1 (6,95
wr / poca.), riopua 3 Kuraro - Puurple Dragon F1
(11,37 wr / pocn) ta nBa riopwam 3 PO —
[Tatauox F1 (5,17 wr / pocn.) ta Iamgonok F1
(5,57 mr / pocn). IlepeBumenHs iX Hajg
crangapTom craHoBmio Bix 4,62 % o 130,18 %,
o Biamosigano 0,27-6,47 wt / poci, ajne iCTOTHE
NEPeBUIICHHS HAJl CTAHJAPTOM MaB JIMIIE OJUH
riopun F1 — Puurple Dragon F1. (11,37 wt /
poci.), mo cranoBuTh 230,18 % y BigHOLIEHH] /10
CTaHMAPTY.

TakuMm 4MHOM, 3a pe3yJasTaTaMH CKPUHIHTY
Ta MOHITOPUHTY KOJICKIIIHHUX 3pPa3KiB 32 03HAKOO
«KUIBKICTh ~ IUIOAIB ~ HAa  POCJHMHID»  JUIA
BUKOPUCTAHHS B CENEKIi BUCOKOBPOKAMHUX
TeHOTHUTIB NiOpaHo 13 IIHHWX pKepen — JeB’ATh
3pazkiB  Ta  yotmpu riopwam  Fl, ki
XapaKTEePU3yBaINCh BUCOKOIO KIJTBKICTIO TLIOMIB
Ha POCIIMHI 3a TPH POKH HOCIHiIKeHb. JleB’sITh
BUJUJICHUX  COPTO3pa3KiB  XapaKTepH3yBalllCh
HACTYITHUMM 3HAYCHHSMHU O3HaKku: Biponik (6,45
wr / pocn.), Long Violet (7,35 wrt / poci.), Thai
Long Green (7,58 it / poci.), Hangqi Nel (11,99
mr / pocn.) Hangqi Nel-2 (12,25 mwir / pocn.),
Turkish Oran Hangqi Nel-2ge (13,19 wrT / pocn.),
3enenenpkuit (8,609 mr / pocn.), Luisiana Long
Green (6,18 1wt / pocn.) ta Jleoemquuuii (5,88 mt /
poci.). HaliGinpmry KijdbKiCTh TUIOMIB HA POCIIHHI
MmaB 3pa3ok 3 Typeuunnu Turkish Orange Hangqi
Nel-2 — 13,19 it / poco.

AHa3yrouu TiOpUaIM, MOXEMO 3a3HAYHTH,
1o SIK JbKepena O3HaKU JIOITLTHHO

slightly inferior to it in terms of the mean
number of fruits per plant: cv. 'Luisiana Long
Green' (6.18 fruits/plant) and cv. 'Lebedynyi'
(5.88 fruits/plant); their ratio to the reference
cultivar was 93.07 and 97.92%, respectively.

At the same time, the mean number of
fruits per plant among the collection F1 hybrids
was 4.70, with a variation range of 1.26 - 11.37
fruits/plant. In comparison with the reference
hybrid, this meant from minus 3.64 fruits/plant
(36.06 %) to plus 6.47 fruits/plant (230.18%),
with a variation amplitude of 10.11 fruits/plant
(194.12%). A high variability of this trait was
also indicated by a coefficient of variation of
63.03%, which agrees with data on the
cultivars. The mean ratio of the collection
hybrids to the reference hybrid was 95.06%
and the mean value of the "+/- to/from the
reference" was -0.21 fruits/plant.

Analysis of the "number of fruits per
plant" characteristic in the F1 hybrids
demonstrated that four out of nine hybrids were
superior to reference hyb. 'Bibo' F1 (4.94
fruits/plant): Italian hyb. 'Mari' F1 (6.95
fruits/plant), Chinese hyb. 'Puurple Dragon' F1
(11.37 fruits/plant), Russian hyb. 'Piatachok' F1
(5.17  fruits/plant), and Russian hyb.
'Galchonok' F1 (5.57 plants/plant). Their gain
over the reference hybrid ranged from 4.62%
to 130.18%, corresponding to 0.27-6.47
fruits/plant, but the only F1 hybrid, which
showed a statistically significant gain over the
reference hybrid, was hyb. 'Puurple Dragon' F1
(11.37 fruits/plant), or 230.18% related to the
reference hybrid.

Thus, in the screening and monitoring of
the collection for the "number of fruits per
plant" characteristic, 13 valuable sources were
selected for the breeding of high-yielding
genotypes: nine cultivars and four F1 hybrids,
which bore a lot of fruits per plant in the three
study years. The nine selected cultivars had the
following values of the trait: cv. 'Vironik' (6.45
fruits/plant), cv. 'Long  Violet'  (7.35
fruits/plant), cv. 'Thai Long Green' (7.58
fruits/plant), cv. 'Hangqi Nol' (11.99
fruits/plant), cv. 'Hangqi Nol-2' (12.25
fruits/plant), cv. 'Turkish Orange' (13.19
fruits/plant), cv. 'Zelenenkyi' (8.69 fruits/plant),
cv. 'Luisiana Long Green' (6.18 fruits/plant),
and cv. Lebedynyi' (5.88 fruits/plant). The
cultivar from Turkey, 'Turkish Orange', had the

88 ISSN 1026-9959. Plant Breeding and Seed Production. 2024. 125



BUKOPHCTOBYBaTH B CeJIEKLii 4YOTHpW TiOpuam:
Puurple Dragon F1, Mari F1, Ilsrauox F1 Ta
lamuonok F1 (5,17-11,37 it / poci.). Li mxepena
e(peKTUBHO MOXYTh OyTH BHUKOPHUCTaHI Y
CeJIeKLIHHI po0oTi Ha 30UIbIIEHY KIIBKICTD
TUTONIIB HAa pOCIMHAX OakyiakaHa. Bu3HaUYeHHSIM
IMIHHUX JUISL  CEJCKIIMHOI TPaKTUKU JDKEpes
MPOLYKTUBHOCTI OaknaxxaHa 3aliMarOThCS
CeJICKIIOHEpH B yChOMY CBiTi. Humu Bu3Ha4eHi
COTHI JDKEpeN LIHHUX CEeNEKIIMHUX o3HaK [§8, 9,
10, 14, 20, 22, 28, 40, 41], o0 MmOTBEPIKYE
aKTyalTbHICTh TaKHUX JIOCIIIDKCHb.

Pesynbratu  gochipkeHb  CBIAYaTh PO
BEJIMKE DI3HOMAHITTS KOJEKIil 32 MOTEHIIAIOM
MPOLYKTUBHOCTI (IpOmYKTHUBHICTH  3pa3KiB,
CepeHs Maca TOBApHOTO TUIONY, KITbKICTh ITJIOJIB
Ha pOCJMHI) IO MiATBEPIUKYEThCS BUCOKHM
piBHEM BapilOBaHHS O3HAKH Ta 1l CKIAA0BHUX SIK 32
3paskamu, Tak i riopumamu F1 (V=31,32-69,32).
CepenHiil piBeHb BapifOBaHHS BiJI3HAUCHUN JIHIIE
y TiOpumie F1 3a 03HaKoK <«IpPOXYyKTUBHICTHY
(V=14,48 %).

3 MeTol BH3HA4YEHHs, SKa XK 3 JIBOX
CKJIAJIOBUX TPOJAYKTHBHOCTI (Maca TUIOAYy 4Yd
KUTBKICTh IJIOAIB HA POCIMHI) OiibIlie BIUIMBAE HA
(dopMyBaHHS TPOXYKTUBHOCTI POCIWUHH, HAMU
PO3paxoBaHO KOPEJIAI0 MiX HUMH. 3a aHaIi30M
pe3yibTariB  JAOCHIPKEHb  BCTAHOBJIEHO, IO
MPOMYKTUBHICTD KOJICKIIITHUX 3pa3KiB OakiiakaHa
B IEpIIy Yepry 3ajJeXWTh BiJ] MpPOSABY O3HAKU
«cepemHs Maca ToBapHOTo Iuiomy» (Tabm. 4).
Koediuientn xopemsuii (r) y uLboMy BHUNAIKY
nopiBaroBann  0,39-0,56 npu  -0,09-0,04 wmix
MPOMYKTUBHICTIO 1 KUJIBKICTIO TUIOJIB Ha POCIUHI.
OTxe, IHTCHCHUBHICTH mpoueciB (opmyBaHHS
TUIONIB, X PO3MIp BiJirpa€e BaKIMBILY POJb Y
¢dbopmyBaHHi i piBHI MpOsiIBY  O3HAKH
«TIPOIYKTHBHICTBY.

largest number of fruits per plant (13.19).

Analyzing the hybrids, we can note that
it is advisable to use four hybrids as sources of
the trait in breeding; they are hybs. 'Puurple
Dragon' F1, ™ari' F1, 'Piatachok' F1 and
'Galchonok' F1 (5.17-11.37 fruits/plant). These
sources can be effectively used in breeding for
an increased number of eggplant fruits per
plant. Breeders worldwide seek eggplant
sources of performance that can be valuable for
breeding practice. They have identified
hundreds of sources of valuable breeding traits
[8,9, 10, 14, 20, 22, 28, 40, 41], confirming the
relevance of such research.

Our results indicate a great diversity of
the collection in terms of potential performance
(performance of the samples, average
marketable fruit weight, number of fruits per
plant), which is confirmed by wide variations
of the trait and its constituents across both the
cultivars and F1 hybrids (CV=31.32 - 69.32).
The moderate variation was noted only for the
F1 hybrids' performance (CV=14.48%).

To determine which of the two
performance constituents (fruit weight or
number of fruits per plant) has a greater effect
on plant productivity, we calculated correlation
coefficients. It was found that the performance
of the collection eggplant accessions primarily
depended on the "average marketable fruit
weight"  characteristic  (Table 4). The
correlation coefficient (r) for this pair was
0.39-0.56, while it was -0.09-0.04 for
correlation between performance and the
number of fruits per plant. Therefore, the fruit
formation intensity and fruit size are more
important for performance.

Taoauus 4. B3aeM03B'130K MK 3arajbHOIO TPHUBATICTIO BETETANiHHOTO Mepioay Ta HOTo CKIAJOBUMH, 7
Table 4. Relationship between the performance and its constituents, »

IponyxrusHicTs [Performance]

Pix BuBueHHs [ Year]

cepelIHs Maca TOBapHOTO IIony [Average

KiJIBKIiCTh TUI0AiB Ha pociuHi [Number of fruits

marketable fruit weight] per plant]
2021 0,39 -0,05
2022 0,56 -0,09
2023 0,53 0,04
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BucHoBknu

3a pe3yabTaTamMu CKPHHIHTY 31
KOJIEKI[IHHOTO TeHOTHIA OaKia)aHa BU3HAYEHO 32
JoKepeda  IIHHUX  CeJEKIIMHWX O3HakK. 3a
O3HAaKaMH, TMOB’S3aHUMH 3 IPOLYKTHBHICTIO,
BUJUICHO JpKepena MNpOAYKTUBHOCTI Ta il
CKJIQJIOBUX: 5 32 O3HAKOIO «IPOAYKTHUBHICTBY, 3
SKUX 3 CeJeKIIHHO I[IHHUX 3pa3Ku 3 piBHEM ii
nposiBy 1656,00 — 1782,00 r / poci. Ta 2 ribpuan
— 3 piBHeM 11 nposiBy 1323,33-1458,67 T / pocn.;
14 3a 03HaKOIO «CepemHs Maca TOBAPHOTO IUIOMY
Ha POCIHHI», 3 ikux 10 3paskiB 3 piBHEM MPOSBY
o3Haku 217,18 r-526,83 r ta 4 ribpuau 3 piBHEM
mposisy o3Haku — 392,11-941,00; nHaliMeHImiA
piBEHb NPOSIBy O3HAKUA Malli TpW 3pasku (66,92-
79,33 1) Ta omuH ridopua (94,64 r), AKi MOXKYTbH
OyTH BHUKOPHUCTaHI Yy CceJeKliiHii poOOTi Ha
KPYIHOIUTIMHICTh Ta JAPIOHOIUTIIHICTh TEHOTHIIIB
OakJla’kaHa 3a 03HAKOIO «CEepeHs Maca TOBAPHOTO
TUIONY»; 32 O3HAKOIO «CepeiHsl KUIbKICTh TUIOIIB
Ha POCIMHD» BUAUIEHO 13 WiHHUX JpKepen, 3 SKUX
JIeB’SITh 3pa3KiB 3 piBHEM MPOSIBy O3HAKH Bif 6,45
mt / poci. mo 13,90 mr / pocia. Ta 4oTHpHU
riopumu (5,17-11,37 wr / pocn.). Li mxepena
MOXXYTh OyTH BHKOPHCTaHI y CEJeKIiiHii poOoTi
Ha 30UIbIIEHY KiJIBKICTh IUIOMIB HA POCIMHAX
OaxnaxaHa. Bupmineni 3pa3ku € preperaMu
LIHHUX CeJIEKIIIMHNX O3HaK, B1JHOCHO
CTaOiTbHAMHK 32 pIBHEM TMPOSIBY IUX O3HAK Ta
XapaKTePH3YIOTHCS BACOKUMH 1X 3HAYCHHSIMHU.

Pesyneratn  nmociipkeHb  CBigUaTh  MPO
BEJIMKE PI3HOMAHITTS KOJISKIII 32 O3HaKaMHU
MPOMYKTUBHOCTI, IO MiATBEPIKYETHCS CEPEAHIM
Ta BHCOKMM pIBHEM iX BapifoBaHHA. Takok
JIOCII1DKCHHAMH BCTaHOBJICHO 110
«MPOMYKTHBHICTH» TMOB’si3aHAa 3  XapaKTepoM
nposiBy 1l CkiamoBux i y (OpMyBaHHI O3HaKU
NPOBIAHY POJb BIAIrpae O3HAaKa «CEpelHs Maca
toBapHoro mmioay» (r=0,39-0,56). Omxke, 3a
pe3ynbTaraMu JOCTIDKEeHb BCTaHOBJICHO
XapakTep NpOsBY O3HAKUM 1 BUAUICHO [pKepena
MiZBUIICHHST TPOJAYKTHBHOCTI OakiaxkaHa Ta i
CKJIaJIOBUX, W0 Ma€ BAXIMBE MPAKTUYHE
3HaYeHHs B cenekuii coprtiB Ta Tidpuais F1
NPUJATHUX JO BHUPOIIYBAaHHS Yy IIBHIYHOMY
Jlicocreny Ykpainu.

Conclusions

The screening of 31 collection eggplant
genotypes allowed us to identify 32 sources of
valuable breeding traits.  Sources of
performance and its constituents were
identified: 5 sources of high performance, viz.
3 breeding-valuable accessions yielding
1,656.00 - 1,782.00 g/plant and 2 hybrids
yielding 1,323.33-1,458.67 g/plant; 14 sources
of a high value of the "average marketable fruit
weight" characteristic, viz. 10 cultivars bearing
fruits of 217.18 - 526.83 g and 4 hybrids
bearing fruits of 392.11-941.00 g, and three
cultivars (66.92-79.33 g) and one hybrid (94.64
g) with small fruits, which can be used in
breeding for large or small eggplants,
respectively; 13 valuable sources of a great
mean number of fruits per plant, viz. nine
accessions bearing 6.45 - 13.90 fruits/plant and
four hybrids bearing 5.17-11.37 fruits/plant and
these sources can be used in breeding an
increased number of fruits on eggplant plants.
The selected accessions are sources of valuable
breeding traits, relatively stably showing high
values of these traits.

The results indicate a great diversity of
the collection in terms of performance, which
is confirmed by moderate and wide variations.
In addition, the study demonstrated that
performance level was associated with levels
of its constituents and the "average marketable
fruit weight" characteristic played a leading
role in the performance formation (r=0.39-
0.56). Thus, expression levels of the traits were
evaluated and the sources of increased
performance of the eggplant crop and its
constituents were identified, which is of great
practical importance in the breeding of
cultivars and F1 hybrids suitable for growing in
the northern Forest-Steppe of Ukraine.
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Pedepar: Huni nonuT Ha 3epHOBY MPOAYKIIiO CTPiMKO 3pocrae. [Ipore uepes pi3Hi 0OCTaBUHU
3MEHIIYIOThCS IUION[ ONTHUMAIBHUX HONEPEIHUKIB O3MMHX 3EPHOBHX KYJBTYP, HATOMICTh 3pPOCTAIOTh
TUTOIINI IMiCIIsl TaKWX IOTICPETHUKIB SK COHSINHWK. Yepe3 1e He BIAETHCSA MIATPUMYBATH CTAOUIbHY
BpOKalHicTh 3epHa. OHUM 3 HAHOUIBII e(hEKTHBHUX MPUHOMIB YIIPABITiHHS POCTOM 1 PO3BUTKOM POCIHH
Ta MiJBUIICHHS BPOXKAIO IMIICHHII 03MMOi € BUKOPUCTAHHS a30THHX J00puB. Psin mociimkeHb cBigyath
PO PIBHOIHHICTE OCIHHBOTO 1 BECHSHOTO BHECEHHS a30THHX JOOpHB Ha mociBax miieHuni. [Ipote
MUTaHHSA BHECEHHS a30THUX JOOPUB B OCIHHINM IMepiof; BUBYEHE HE JOCTAaTHBO, OCOOJIMBO JUIS CXiTHOL
yactuau Jlicocteny VYkpainn. MeToro gociimxeHHs Oyllo BH3HAYEHHS YPOXKAMHOCTI MIIEHHIl M’ SKOI
03UMO{ TICIIST COHSIITHMKA 3aJIe)KHO BiJ PI3HUX 103 Ta BH/IIB a30THHUX JOOPHWB MPH X OCIHHHOMY BHECEHHI.
Juzaiin monsoBOro nocmiay nependadar 13 BapiaHTiB 3 BUKOPUCTaHHIM TPhOX BHIIB J0OpHUB (amiadyHa
celtiTpa, kapbaMiz, Cynb(dar aMoHII0) B NIEpepaxyHKy Ha Jit0dy pe4oBUHY Y 103aX N3o, Neo, Nog, Ni2o TicIs
nonepenHrka coHSHUK. OCiHHE BHECEHHs HOOpMB Ha TMOCiBax MIIEHUII 3a0e3neyyBajio 1CTOTHI
npuOaBKu BpoxaiHocTi. HalGinbn epeKTHBHUM OYyJI0 OCIHHE ITi/PKUBIICHHS IIIICHHIN 03MMOT aMiaqHOI0
CelliTporo Ta kapbamifgoM y 103i Neo, a cynbhaTtoM aMoHi0 — y 1031 Noo, Jie BpOXKaWHICTh MPUOABKU J0
KOHTpPOJIIO CTaHOBWJIM BignosigHo 49, 46 Ta 46 %. 3a manoi mo3u azory (N3g) HaiOumbIn HagOaBKU
BpoxaitHocTi (31-34 %) onmepskaHO Bif BHECEHHS aMiadqHOi CeNTpH Ta Cynb(aTy aMOHII0, TOMI SK
BHECEHHSI KapOaMiay 3a Ii€i 1031 Oyno MeHIl edekTHBHHM. 3acToCyBaHHS 103U N HE Majo mepesar
MOPIBHSHO 3 MCHIIMMH JI03aMU OCIHHBOTO a30THOTO Mi/KUBIICHHS HE3aJIS)KHO BiJI BULY JOOPUB.

Kuarouosi ciioBa: mieHuis o3umMa, a30THI JOOpHBa, amiauHa cefiTpa, kapbamil, cyiab(aT aMOoHilo,
OCIHHE BHECECHHS, YPOXKANHICTh, TONICPEIHUK COHSIITHUK.

Abstract: Currently, the demand for grain products is growing rapidly. However, due to different
circumstances, the areas of optimal predecessors of winter cereals are decreasing, instead, the areas after
such predecessors as sunflower grow. Because of this, farmers fail to harvest stable grain yields. Nitrogen
fertilization is one of the most effective methods of managing the growth and development of winter wheat
plants and increasing the crop yield. Several studies demonstrated the equivalence of autumn and spring
application of nitrogen fertilizers on wheat. However, the issue of autumn nitrogen fertilization has not
been sufficiently studied, especially for the eastern forest-steppe of Ukraine. Our purpose was to determine
the yield of post-sunflower-sown winter bread wheat depending on different doses and types of nitrogen
fertilizers applied in autumn. The design of the field experiments included 13 variants with three fertilizers
(ammonium nitrate, urea, ammonium sulfate) applied at N3o, Neo, Noo, and N2 on primary nutrient basis
after sunflower as a forecrop. Autumn fertilization of wheat crops significantly increased the yield. The
application of ammonium nitrate and urea at Ngo and ammonium sulfate at Noy was the most effective
variant of autumn fertilization of winter wheat, as it yielded 49, 46, and 46% more, respectively, compared
to the control. At a low dose of nitrogen (N3o), the largest gain in the yield (31-34%) was achieved with
ammonium nitrate and ammonium sulfate, while urea at this dose was less effective. The application of
Ni20 had no advantages compared to lower doses of autumn-applied nitrogen fertilizers, regardless of the
fertilizer type.
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Beryn

B ymoBax cyd4acHOI PHHKOBOi EKOHOMIKH
MOMUT Ha 3EPHOBY NPOAYKLIIO CTPIMKO 3pOCTaE.
Onmnak depe3 pi3HI 0OCTaBUHM (€KOHOMIUHI,
comiambHi  Ta  iH.)  3MCHIIYIOTBCA  ILUIOMII
ONTHMAJIBHUX TONEPEIHUKIB O3UMUX 3EPHOBUX
KyJbpTyp. BogHouac 3pocTaroTs miiomii micis Takux
MIOTIEPETHUKIB SIK COHSIITHKK, B PE3YNILTaTi YOTO HE
BIIAETBCS ONCP)KYBaTH CTaOLIbHY BPOXKAWHICTh
3epHa 3a POKAMHU BUPOIIyBaHHSI.

Bbe3 mobOpuB omepkaTH J0OCTaTHHO BEIUKHIA
BpOKall 3epHa BHCOKOI SIKOCTI HEMOXKIIMBO.
3acTocOBYBaHHS ~ CHCTeMH  YOOOpEHHs,  SIKY
PO3pOOWITH 1 peKOMEHyBal BUpOOHUIITBY 15 — 20
pokiB Tomy, HHMHI He edekTuBHe. Sk TIpaBwIIo,
ICHYIOUI PEKOMEHJIAIli1 i3 3aCTOCYBaHHS JOOPUB TTij
NIICHUII0 O3UMYy CIPSIMOBaHI Ha OTPUMAHHS
MaKCHMaJIbHO BHCOKOTO YpOXkao 0e3 10CTaTHhOTO
€KOHOMIYHOTO OOTpyHTYBaHHS. B ymMoBax puHKOBOT
E€KOHOMIKM TapaMeTpu 103U Ta BHIY JOOpUB
MOBHHHI BH3HAYaTUCS HEOOXiJHICTIO OTPUMAHHS
BiJl HUX HAMOLIBIIIOT0 eKOHOMIUHOTO eekty [1-5].

VYpokalHICTh TIIEHUIII O03UMOI 3HAYHOIO
MIpOI0 3alIeKUTh Bix 3a0e3ledeHHs POCIWH
€JIEMEHTAMU MIHEPAIBHOTO JKUBJICHHS BIIPOIOBXK
ychoro mnepiomy Bererarii [6-9]. Ha 1 T ypoxato
o3uMa MIIEHWN BUKOPUCTOBYe 24-35 Kr azory,
10-15 kr docdopy, 20—26 Kr Kaiiro, 5 KT KaJbIliio,
o 5 kr marHito, 4 kr cipkm, 250 T 3am3a, 80 T
Maprasu, 55 r LMHKY, 10 8 r Miai Ta 6opy [7].

HaiiromoBHIIIUM ~ €JIEMEHTOM, SIKMH 110
NMeBHOI MipH BH3Haya€ HaWOUIbII MPHOaBKU
ypoXXalHOCTI 1 MOKpamrye O10XiMiuHI MOKa3HUKH
AKOCTI 3€pHa, € a30T, SKUM B arpoHOMIYHIN
MPaKTUIi HA3uBAIOTh eleMeHTOM pocty [10].
3TiHO 3 JOCHiKEHHSIMH, CYYacHI COPTH MIICHUIT
MOXYTb JaBaTH BUCOKY BPOXalHICTh 3epHa 100poi
SKOCTI JIMIIIE HAa POJIOYMX IPYHTAX 1 32 BHECEHHS
JOCTaTHBOI ~ KinmbkocTi  m00puB.  OCHOBHOIO
MPUYMHOIO HU3BKOI SKOCTI 3epHA € ACIIMT a30Ty B
arporeHo3ax IIEHHIN, TOMy 0e3 JO0CTaTHHOTO
HOT0 BHECECHHS OJCpKATH YPOKali BUCOKOSKICHOTO
3epHa 371e01LTBIIIOT0 HEMOXKITUBO [ 8, 9].

OnHuM 3 HalOUIbII e()EeKTUBHUX MPUHOMIB
YVIPABIiHHA POCTOM 1 PO3BUTKOM POCIHH Ta
MIIBUILCHHS BPOXKAIO MINCHUIII 03UMOI € BECHSHE
MiKUBIEHHS 11 MOCIBIB A30THUMM JOOpHBaMHU.
[Ti/pKUBIIEHHS. CTBOPIOE CHPHSTIMBI  YMOBH ISt
pocTy pociuH, ¢GopMyBaHHS IOOpe PO3BUHEHOI
HaJ3eMHOI Macu Ta 3a0esnedye  HagOaBKy
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Introduction

In the current market economy, the demand
for grain products is growing rapidly. However,
due to different circumstances (economic, social,
etc.), the areas of optimal predecessors of winter
cereals are decreasing. At the same time, the
acreage after such predecessors as sunflower
grows, as a result of which farmers cannot
harvest stable yields of grain every year.

Without fertilizers, it is impossible to
achieve sufficiently large yield of top-quality
grain. Fertilization regimens, which were
developed and recommended 15-20 years ago,
are not effective today. Quite often, existing
recommendations for fertilization of winter
wheat are aimed at harvesting maximally
possible yields without sufficient economic
justification. In the market economy settings,
doses and types of fertilizers should be grounded
on the need to obtain the greatest economic effect
from them [1-5].

Winter wheat yield largely depends on
providing plants with mineral nutrients during
the entire growing period [6-9]. For 1 ton of
yield, winter wheat consumes 24-35 kg of
nitrogen, 10-15 kg of phosphorus, 20-26 kg of
potassium, 5 kg of calcium, up to 5 kg of
magnesium, 4 kg of sulfur, 250 g of iron, 80 g of
manganese, 55 g of zinc, and up to 8 g of copper
and boron [7].

Nitrogen, which is called the growth
element in agronomy, is the most important
macronutrient, as it (to a certain extent) ensured
the greatest gains in the yields and improves
biochemical indicators of grain quality [10].
Researches reported that modermn wheat cultivars
could produce great yields of good-quality grain
only on fertile soils, provided sufficient amounts
of fertilizers. Nitrogen deficit in wheat
agrocenoses is the main cause of low-quality of
grain; therefore, without application of nitrogen
at sufficient doses, it is hardly possible to harvest
top-quality grain [8, 9].

Spring nitrogen fertilization is one of the
most effective ways to manage the growth and
development of winter wheat plants and to boost
the crop yield. Fertilization creates favorable
conditions for plant growth, good development
of above-ground parts and ensures a gain in the
grain yield of 0.3-0.9 t/ha and even more [8, 9].
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BpoxaitHocTi 3epHa 0,3-0,9 T/ra i 6ikIme 8, 9].

30IbIIEHHS BMICTY a30Ty B POCIHMHAX
T JICUITIOE IHTCHCUBHICTh (oToCcHHTERY,
VIOBUIBHIOE ~ TIPUPOIHE  CTapiHHS  JIMCTKIB,
0COOJIMBO BEPXHIX, y TOMY YHCII 1 HParnopLeBOro
muctka. Ha mowarky Bereramii a3oTHi JoOpuBa
MiABUIIYIOTh  IHTEHCHUBHICTb  POCTYy  POCIHH,
CIPUSIOTh HAKOMMWYEHHIO a30THUX CIOJNYyK Yy
BETeTaTUBHUX OpraHax [8,9].

Paa nmocaimiB cBimyarh IpoO PIiBHOLIHHICTB
OCIHHBOTO 1 BECHSHOTO BHECEHHS a30THIX JOOpHUB
Ha TmociBax mmenumi [11].  3a  gaHmMm,
OTpUMaHUMH Ha I[3MainbChKifl MOCHImHIA CcTaHIT
[11], mimxuBIEeHHsS NIIEHMI Kpalle NPOBOTUTH
BOCEHH Ha MOYATKy KYIIiHHA, a HE BeCHOI0. [IpoTe
iHnn gani [12] cBimyarh, 10 BHECEHHS a30THHX
JOOpYB BECHOIO Jia€ OuIbII CyTTEBHM e(eKT, HiXK
BOCEHHM a00 TIpM BHECEHHI YacCTHHU JO0OpPHUB
BOCEHH, a permTu BecHoo. 3a manumu /|, Xapamsika
[11] y Bosorux paiioHaXx OCIHHE BHECEHHS a30Ty
3a0e3mneuye BpokalHICTh Ha 15% MeHmny, HiX
BECHSIHE, & B yMOBAaX CyXOl BECHH, HABIIaKH, OCIHHE
BHECEHHS a30Ty €()eKTHUBHIIIIE, HIXK BECHSHE.

EekTuBHICTh yIOOpeHHS 03MMHX 3aJICKUTh
TaKOK Bif THITy TIpyHTY. Ha uerkmx 1pyHTax
BHECCHMI III3HO BOCEHHM a30T BHMHBAETHCS B
3MMOBHUH TIEPioa, TOMY IMPOBOIWUTH IiKUBICHHS
03UMHUX KyJIBTYp OCIHHIO HE pekoMeHayeTbes [13].
Ha Baxkmx T1pyHTax B paiioHaX 3 OOMEXEHOIO
KUIBKICTIO OIaJiB B OCIHHBO-3UMOBHMH IEpPioj
aMOHIWHI TBepAi, piAki amiadni goOpuBa i
CEUYOBHHY MOYKHa BHOCHUTH BOCeHH [14].

OTxe, MUTaHHS BHECEHHS A30THUX J00pHB B
OCIHHI{ TIepiof BHUBYEHE HE JIOCTATHHO, OCOOIHMBO
st cximHoi  dactmHu  Jlicoctemy  YkpaiHu.
3okpema, BIICYTHI JiaHi Tpo  e(EKTHBHICTh
OCIHHBOTO BHECCHHSI a30THHX JIOOpHB Ha TMoOcCiBax
03UMO1  MUIGHWII  MiCasl  COHSIIHHKY  fIK
NONEePeHUKA.  3BAKAOYM HA 116, METOIO
JMOCIDKEHHs OyJI0 BU3HAYCHHS S(EKTUBHOCTI Jii
OCIHHBOTO BHECEHHS Pi3HHX JI03 Ta BUJIB a30THUX
J0OpUB Ha MOCiBaxX MIIEHHUI M SIKOT 03UMOI Hicist
COHSIIIHHKY.

Marepiaau i MmeToau

PoGoTy mpoBonuiIu B MOJIbOBIH 3epHO-TIAPO-
npocanHiid ciBO3MiHi [HCTUTYTy pOCIMHHHLITBA iM.
B.A. IOp’esa y 2020-2022 pp. OOG’ektom
JOCITI/PKEHHsT OyB COPT MINEHHIN 03UMOi 3700Ha.
CiBOy nposomunu y Il nmexani sxoBTHsA. Jlocmiau
nepenbagasin 13 BapiaHTIiB OCIHHBOTO
Mi/DKUBJICHHS TPbOMa BHJAMH JIOOpWUB  TIiCIs
MOTICPEIHUKA COHSIIHMK: | — KoHTponb (Oe3
no0puB); 2 — amiauHa cemitpa Nizo; 3 — amiauna

An increase in the nitrogen content in
plants intensifies photosynthesis and slows down
the natural aging of leaves, especially the upper
ones, including the flag leaf. At the beginning of
the growing period, nitrogen fertilizers intensify
plant growth, contributing to the accumulation of
nitrogenous compounds in vegetative organs
[8,9].

Several experiments demonstrated the
equivalence of autumn and spring applications of
nitrogen fertilizers on wheat [11]. According to
the data obtained at Izmail Experimental Station
[11], it is better to fertilize wheat in autumn at
the tillering onset, but not in spring. However,
other data [12] showed that spring application of
nitrogen fertilizers was more efficient than
autumn fertilization or when part of the fertilizers
was applied in autumn and the rest - in spring. D.
Kharapyak [11] reported that, in wet areas,
autumn application of nitrogen resulted in a 15%
reduction in the yield compared to spring
fertilization, while under dry spring conditions,
on the contrary, autumn application of nitrogen
was more effective than spring fertilization.

The effectiveness of fertilization of winter
crops also depends on the soil type. On light
soils, nitrogen applied in late autumn is washed
out during winter; therefore, it is not
recommended to fertilize winter crops in autumn
[13]. On heavy soils in areas with limited
amounts of precipitation in autumn-winter, solid
ammonium and liquid ammonia fertilizers as
well as urea can be applied in autumn [14].

Hence, the issue of autumn nitrogen
fertilization has not been sufficiently studied,
especially for the eastern forest-steppe of
Ukraine. In particular, there are no data on the
effectiveness of autumn application of nitrogen
fertilizers on winter wheat sown after sunflower
as a forecrop. Considering this, we have set the
purpose to determine the effectiveness of autumn
application of different doses and types of
nitrogen fertilizers on post-sunflower-sown
winter bread wheat.

Materials and Methods

The study was carried out in the field
cereal-fallow-intertilled  crop rotation at the
Yuriev Plant Production Institute in 2020-2022.
Winter wheat cultivar 'Zdobna' was investigated.
It was sown within the second 10 days of
October. The experiments included 13 variants of
autumn fertilization with three fertilizers after
sunflower as a forecrop: 1 — control (no
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cemitpa Ngo; 4 — amiadna cemitpa Noo; 5 — amiauHa
cemitpa Niz; 6 — kapOamin Nio; 7 — kapOamig Neo;
8 — kapbamiz Noo; 9 — kapbamin Niz; 10 — cynbdar
aMmoHit0o Njio; 11 — cynbdar amonito Neo; 12 —
cyabdar amoHiro Noo; 13 — cynbdar amoniro Nio.

Bapiantu PO3MIITYBaIN 3a
0aratoakTOpHOIO CXEMOIO METOJIOM PO3IICTICHUX
nursHok. Iioma 00J1iKoBOT AIISHKY CTaHOBHIA 25
M%, TOBTOpHICTL — 4-paszoBa. IpyHT mociigHOT
IUITHKA =~ — YOPHO3EM TUIOBUM IOTYKHUI
CepeHPOTYMYCHHH, B SKOMY BMICT T'ymycy (3a
Tropinum) craHoBUB Onm3bko 6%, TIPYHTOBUI
PO3UUH MaB Ca00TyKHY 200 HEUTpalbHY peakIlito
(pH — 5,8-7,0). IpyHT n0o6pe HacHYeHUI MarHiem,
KallbI[i€EM Ta IHIIAMHA HEOOXITHUMH IS POCIWH
€JIEMEHTAMHU JKUBIICHHS, BAaJIOBHI BMICT a30Ty B
mexax 0,2-0,5 %, dochopy — 0,15-0,30 % Ta
kamiro 2,0-2,5 %.

Ilicns 30uWpaHHS COHSAIIHWKY, 3TiTHO 31
CXEMOIO JOCIiJY, NMPOBOAMIM IUCKYBaHHA y JBa
cian BJT-7. [epennociBauit 00po0iTOK
nepenbayas kynpruanito KIIC-4 na mubuny 5-6
cM. OOpoOieHe KOMILJIGKCHUM TMPOTPYHHUKOM
[Tackans (TiameTokcam, 250 r/im + TeOykonaso, 30
r/n + azokcuctpobin, 20 r/n + dmynuoxconin, 50
r/n1) — 1 11/t, HaciHHg BuciBaau ciBaakoro CH-16M
32 HOpMH 4,5 MIJIH CXO)KHMX HaciHuH Ha 1 ra. [licis
CiBOM TMOJI€ MPUKOYYBAJM KiJIBYacTO-IIMOPOBUMHU
kotkamu. HaBecHi 2021 p. y ¢a3i KyIiHHA POTH
Oyp’sTHIB TIOCIBM OOMPUCKYBAIN TepOilluaoM ATEHT
(2,4-1 2-etwirexcunosuii  edip, 452 r/m +
¢mopacynam, 6,25 1/m) — 0,5 m/ra + Macrak
(xnomipamig, 300 r/m) — 0,3 m/ra. Jns 3axucty
MOCIBIB BiJl XBOpOO 1 IIKiJIHWKIB 3aCTOCOBYBaJU
BIAIOBIAHO (yHTIIa Hezapan Ekctpa
(xapOennazum, 250 r/a + dmyrpuadomn, 125 r/n) ta
iHCeKTULUT AHTUKoJopaax Makc (iMimakionpu,
300 r/n + mamOma-uwranorpus, 100 r/m). Yepes
iHTeHCUBH1 OOMOBI Iii HA TEepPUTOpIii NMPOBEACHHS
JoclipkeHb HaBecHi 2022 p. 3aco0M 3aXHCTY
POCIIMH HE 3aCTOCOBYBAJM, IO TIPU3BENO MO

CYTTEBOTO  3HMKECHHS BPOXAWHOCTI  MIIECHUL
o3umoi  mopiBHSHO 3 2021 p. 3HImKEHHS
BpokaiHocTi y 2022 p.  3yMOBIIOBANOCS

HacamIiepes HasBHICTIO mipeHodoposy y mi3Hi
(a3 pocty i pO3BUTKY POCIIVH.

Ypokaii  30upasi  OpAMHUM  CIIOCOOOM
kombOaitHoM «Camrio-130». Ilim wac mpoBeneHHS
JOCIIPKEHb OOJIK BPOXalo 3MIHCHIOBATIM LUISIXOM
00MOJIOTY pPOCIMH y TIOBHIH CTHIVIOCTI 3epHa.
VYpokaiiHicT 3 AUISHKM ~— OPUBOAMIM 10
cranzaptHoi Bosorocti, 100 % uymcToTH Ta
po3paxoByBaM y TOHaX Ha Tekrap [15, 16].
CratucTiuHy 00pOOKY €KCTIEpUMEHTAIBHUX JaHUX
JOCIIKEHb POBOIMIIN AUCTIEPCIHHUM METOZIOM 32
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fertilizers); 2 — ammonium nitrate Nszo; 3 —
ammonium nitrate Ngo; 4 — ammonium nitrate
Noo; 5 — ammonium nitrate Nizo; 6 —urea Nso; 7 —
urea Neo; 8 — urea Noo; 9 — urea Niz; 10 —
ammonium sulfate N3p; 11 — ammonium sulfate
Neo; 12 — ammonium sulfate Noo; and 13 —
ammonium sulfate N 2.

The variants were arranged by split-plot
method according to a multiple-factor scheme.
The record plot area was 25 m? in 4 replications.
The soil of the experimental site is a typical
heavy medium-humus chernozem, in which the
humus content (determined by Tyurin's method)
was about 6%. The soil solution had a slightly
alkaline or neutral reaction (pH - 5.8-7.0). The
soil is well saturated with magnesium, calcium
and other nutrients necessary for plants. The
gross content of nitrogen was 0.2-0.5%; the gross
content of phosphorus was 0.15-0.30%; and
gross content of potassium was 2.0-2.5%.

After harvesting the sunflower, according
to the experiment design, two-track disking was
carried out with a BDT-7 disk harrow. Pre-
sowing treatment involved tilling to a depth of 5—
6 cm with a KPS-4 cultivator .

The seeds treated with Pascal fungicide (1
L/t) were sown with a SN-16M planter at a
seeding rate of 4.5 million germinable seeds per
1 ha. After sowing, the field was rolled with
crosskill rollers. In the spring of 2021, the field
was sprayed with Agent herbicide 0.5 L/ha (2,4-
D 2-ethylhexyl ether, 452 g/L + florasulam, 6.25
g/L) + Mastak 0.3 L/ha (clopyralid, 300 g/L)
against weeds in the tillering phase. To protect
the field against diseases and pests, Desaral Extra
fungicide (carbendazim, 250 g/L + flutriafol, 125
g/L) and Anticolorad Max insecticide
(imidacloprid, 300 g/ + lambda-cyhalothrin,
100 g/L) were used, respectively. Due to intense
hostilities in the research location in the spring of
2022, plant protection was impossible, leading to
a significant decline in the winter wheat yield
compared to 2021. The decline in the 2022 yield
was caused primarily by tan spot in the late
phases of plant growth and development.

The grain was harvested by straight-cutting
with a Sampo-130 combine harvester. The yield
was measured by threshing plants when
caryopses were completely ripe. The yield per
plot was adjusted to standard moisture, 100%
purity and was calculated in tons per hectare [15,
16]. The experimental data were statistically
processed by ANOVA in Microsoft Office Excel
2007 and Statistica-6 [15, 17, 18].

The agrometeorological conditions varied
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JOTIOMOTOI0 ~ TIaKeTy KOMI'IOTEPHHX  Iporpam
Microsoft Office Excel 2007, «Statistica-6» [15,
17, 18].

ATpOMETEOpONyIOTiuHi ~ YMOBH B POKH
npoBeneHHs nociimkens pisauiucsa. Ocinb 2020 p.
BUJANacs TEIUIOK 1 MOCYNUIMBOO. Tak, y cepriHi
omaaiB Bumajo Ha 40 MM MEHIIIC BiJl HOPMH, a JIOIIli
npovinum ymme B Il gekani xoetHs (30,4 Mm).
Temnepatypa nositps y BepecHi (+4,3 °C) i )K0BTHI
(+5,2 °C) Oyna BuIIOIO 32 GaraTopivHi MOKA3HUKH.
OciHHA BereTallist POCIMH O3UMHX MPHUITUHIIACA Y
I nexani muctomama. Y 2021 p. ii BigHOBIEHHS
BinOynocst y 1 nexani xBiTHs. Becna i sito Oynmu
MOMIPHO TEIUIMMH, Ha piBHI Oaratopiyaux
MOKa3HUKIB. TpaBeHb Ta YepBeHb OyJIM BOJIOTUMH, &
JWIEHb Ta CEPICHb AHOMAJBHO IIOCYIUIMBHMH.
Ocinnili mepiog 2021 p. 3arajom OyB MEHII
BOJIOTUM TIOPIBHSHO 3 0araTopiuHUMH JaHUMH, a
TEMIIEPaTypHUM PEKUM — Ha PiBHI OarartopigHux

NMOKa3HWKiB. [IpumuHUIAcs OCIHHS  BereTalis
pociuH y | pekanmi ymctomanma. Ilepesumirins
MOCiBiB BinOyBasacs 3a CHPUATINBUX

TiIPOTEPMIYHUX YMOB.

in the study years. The autumn of 2020 turned
out to be warm and dry. In August, there was 40
mm less of precipitation than the long-term
average and it rained only during the second 10
days of October (30.4 mm). The air temperature
in September (+4.3°C) and October (+5.2°C) was
higher than the long-term average values. The
autumn vegetation of winter crops stopped
within the first 10 days of November. In 2021,
the plant vegetation restored within the first 10
days of April. The spring and summer were
moderately warm, at the level of the long-term
average values. May and June were wet; July and
August were abnormally dry. The autumn of
2021 was generally less wet compared to the
long-term average and the temperature profile
was similar to long-term average data. The
autumn vegetation of plants stopped witjin the

first 10 days of November. The plants
overwintered under favorable hydrothermal
conditions.

YporkaliHICTh MIISHUII 03UMOT MMiCIs COHAITHUKA 3aJIC)KHO BiI BUAY 1 JI03HW TOOPUB Ta pOKY BHUPOIIYBaHHS, T/Ta,

2021-2022 pp.

Post-sunflower sown winter wheat yield, depending on the type and dose of fertilizers and cultivation year, t/ha,

2021-2022
Ho6puso (A) Ypoxaitaicts (C) [Yield (O)]
[Fertﬁizer (A)] Jlosa (B) [Dose (B)] 2021 2022 Cepennst [Mean]
66?&?1?&22][1\10 Koutpons [Control] 4,97 1,92 3,45
N3o 6,50 2,73 4,62
AmiagHa Neo 6,71 3,58 5,14
cemitpa Ammonium Noo 6,56 3,23 4,89
nitrate] Ni20 6,91 3,05 4,98
Cepenns [Mean] 6,67 3,15 491
N3o 4,97 2,93 3,95
KapGaniz Neo 6,67 3,40 5,03
[Urea] Noo 6,60 3,12 4,86
Ni20 6,78 3,33 5,06
Cepennsi [Mean] 6,26 3,20 4,73
N3o 5,82 3,18 4,50
Cymbpar amorito Neo 6,70 2,72 4,71
[Ammonium sulfate] Nso 6,50 3,56 2,03
Ni20 6,48 3,44 4,96
Cepenns [Mean] 6,37 3,23 4,80
Nso 5,76 2,95 4,36
Neo 6,69 3,23 4,96
Cepennsi [Mean] Noo 6,55 3,30 4,93
Ni120 6,72 3,27 5,00
Cepenns [Mean] 6,43 3,19 4,81
A—0,11;B-0,11;C—0,13; AB - 0,23;
HIPo.05 [LSDo.05] AC-0,23; BC-026; ABC-048
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BinnoBnenHs Bereramii pocimH movanocs y |
nekasi kBiTHA. BecHa 1 jiito Oymu Terwii, Ha piBHI
OaraTopivHMX TIOKA3HUKIB Ta JyXe BOJOTi. Y
CEepeTHROMY 32 2 POKU CXOAM 3’ SIBSIUCA Ha 8—9-
i neHb. OCKUTBKY TIPOTEPMIUHI YMOBH TIPOTSATOM
BEreTallifHOr0 TMepiofy TIIeHUII O3uMOI 3a
pokamu OyJId pi3HUMH, 1€ JAJ0 3MOr'y BCEOIYHO
OI[IHUTH JIOCHIDKYBaHI BapiaHTH TEXHOJOTii
BUPOIIYBAHHS JIOCTI/PKYBaHOT KYJIBTYpH.

Pe3yabTaru Ta 00roBopeHHst

[IpukopeHeBe BHeceHHs azoty y ¢asi 3
JUCTKIB — IMOYaTKy KyLIiHHA 3a0€3MeYnio 1CTOTHE
MIJBUIICHHS YPOXKAMHOCTI (Ta0JIHUIs).

Sk cBiguaTh OTpuUMaHi MaHi, 30UTHIICHHS
JO3M  a30Ty HE 3aBKIH NPU3BOIWIO IO
MiABHINCHHS  BPOXXAWHOCTI  TMOPIBHAHO 13
MCHIIMMH J103aMH. Tak, B CEpeHbOMY 3a POKH
OCIHIIKEHb, 32 OCIHHLOI'O BHECEHHS aMiadyHol

CeNiTpY  HAWOUIBIIy  BpPOXKAWHICTH  TIICHHI
03UMOi OyJI0 OIlep)KaHO 32 BHUKOPUCTAHHS JO3H
Neo — 5,14 T/ra, mnpu 1poMy mnpubaBka

BPO)KaHHOCTI MOPIBHAHO 3 KOHTposieM (0e3
noopuB) craHoBuwina 49 %. EdexTtuBHUM Takox
OyJ0 BHECEHHsI amiadHoi cemiTpu B 7031 N3p, 3a
SAKOi BpPOXKAWHICTh TINCHWII CTAaHOBIIA B
cepenboMy 4,62 T1/ra, mo BiAmoBigHO Ha 34%
Oinpie TOpPiBHAHO 3 KoHTpojeMm. Haromicts
301IBIICHHS 103U yI0OpeHHs 10 Noo Ta N1z Oyino
Hee(EeKTHUBHUM, OCKIJIbKU MPUOABKU BPOXKAMHOCTI
3a mux BapiaHTiB Oynu Ha 4—7 % MeHIIMMHU
MOPIBHSHO 3 103010 Ngo (TaOMuUIIs).

3a  OCIHHBOIO  BHECCHHS  KapOaminy
HAWOUIBITY BPOXKANHICTH MIIEHUNI 03UMOi OyJo
ofiepxaHo 3a 103U Ngo — 5,03 T/ra, mpu 11bOMy
npubaBka BPOXAWHOCTI MOPIBHSAHO 3 KOHTPOJIEM
(6e3 moOpuB) craHoBwia 46 %. Maibke Taky K
BpOXKaWHICTh OyJI0 OflepXaHo i 32 MaKCUMAalbHOT
no3u Kapoamigy — Ni2o, ajle BHECEHHS TaKol 1031
OyJl0 ©KOHOMIYHO HEIOIILHUM. BHeCeHHs
kapbaminy y 1031 N3p Takox Oyno e(peKTHBHUM,
Xo4ya mpubaBKa BPOKAWHOCTI Y IIbOMY BapiaHTi
Oyla HaliMEHIIO Yy JIOCHidi: 3a CepemHbOol
BpoxaitHocTi 3,95 T/ra BoHa craHoBWia 15 % 1o
KOHTPOJTIO (Ta0muIs).

Ha BimMiny Big amiadHol cemiTpu Ta
KapOaminy, 3a OCIHHBROTO BHECHHS Ha TIOCIBU
MIICHUIl 03UMOI CylIb(aTy aMOHII0 HaiOLIBITY
BpOXKaWHICTh oOzmepXkaHo 3a 1031 No — Yy
cepenbomy 4,93 T/ra, npu 1poMy mnpuOaBKa
BPO)KaWHOCTI MOPIBHAHO 3 KOHTposeM (0e3
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The plant vegetation restored within the first 10
days of April. The spring and summer were
warm, with temperatures similar to the long-
term average values, and very humid. On
average in the 2 years, seedlings emerged on
day 8-9 after sowing. Since the hydrothermal
conditions during the of winter wheat growing
period differed from year to year, we were able
to comprehensively evaluate the tested variants
of the crop technology cultivation.

Results and Discussion

Root application of nitrogen during the
"phase of 3 leaves - tillering onset" period
significantly increased the yield (Table).

As evidenced by the obtained data, an
increase in the nitrogen dose was not always
associated with an increase in the yield
compared to lower doses. Thus, on average
across the study years in the ammonium nitrate
experiments, the highest yield of winter wheat
grain was harvested after the autumn
application of ammonium nitrate at Neo: 5.14
t/ha or 49% more compared to the control
(without fertilizers). The application of
ammonium nitrate at N3 was also effective:
the mean yield of wheat was 4.62 t/ha or 34%
more compared to the control. On the other
hand, increasing the fertilizer dose to Ngy and
Ni20 was ineffective, as the yield was increased,
but not so greatly (4-7% less) as with Ngo
(Table).

In the urea experiments, the highest yield
of winter wheat grain was harvested after the
autumn application of urea at Ngo: 5.03 t/ha or
46% more compared to the control (without
fertilizers). Almost the same yield was
harvested with the maximum dose of urea
(N120), but this dose was economically
impractical. The application of urea at N3 was
also effective, although the gain in the yield in
this variant was the smallest one: with the mean
yield of 3.95 t/ha, wheat yielded 15% more in
this experiment compared to the control
(Table).

In contrast to ammonium nitrate and
urea, the highest yield of winter wheat grain
was harvested after the autumn application of
ammonium sulfate at Noo: the mean yield was
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nobOpuB) craHoBmwia 46 %. 30UIbIMICHHS 103U
yaoopeHHst 70 N He MNPU3BOAMIO IO
MIO/IAJTBIIIOTO 3pOCTAaHHS YPOXKaiHOCTI.
EdexruBaum Oyiio BHECEHHs Cynb(]ary aMoOHi0 B
nozax Nso Ta Neo, e mpuOaBKH BpOKaWHOCTI
niIeHni craHoBuin BignosigHo 31 % Ta 37 %
MOPIBHSHO 3 KOHTPOJIEM (Ta0JIuIIs ).

Omxe, ociHHE yIOOpeHHS MIIEHHIN O3UMOi
miciisi  TONEepeTHHKA  COHSIIHHK B POKH
MPOBENICHHS JIOCHIPKEHb 3a0e3MeuyBalio iCTOTHI
npuOaBKU BPOXANHOCTI, BENMYMHH SIKUX CJ1a00
3ajiekaly Bia BUIY JOOpHB Ta JO3U iX BHECEHHS.
HaiiGinpmii  mpuOaBku ~ BpoXkKaiHOCTI  OyJo
OJICpKaHO BiJl 3aCTOCYBAHHS aMiadqHOi CeiTpu —y
cepennboMy 43 %, a HaliMEHIIl — 32 BHECCHHS
kapbaminy — BiamoBimHO 37 % TOpIBHSAHO 3
KOHTpOJIEM (TaOIuIIs).

BucHoBknu

Pesynpraramu mpoBegenunx y 2020-2022
pp. IOCHIKCHb BCTAHOBJIEHO, IO HAWOUIBII
eekTuBHUM OyJI0 OCIHHE YJOOpEHHS TMIICHHMIT
03UMO1 aMiaqHOIO CENITPOIO Ta KapbamigzoM y 103i
Neo, a cynbdarom amoHiro — y 1031 Noo. [lpu
IIbOMY BPOXXaWHICTh CTAHOBIWIA y CEPEIHBOMY
BignosinHO 5,14, 5,03 ta 5,03 T/ra, a npubaBku 110
KOHTpoOto — BiamosigHo 1,70, 1,59 ta 1,59 1/ra.
3a mamnoi go3u a3zory (N3g) HaWOimbII HaIOABKH
BpokaiiHocTi (1,06—1,17 T1/ra, abo 31-34 %)
OJICpKaHO BiJi BHECEHHS aMiadqHOi CeNliTpu Ta
cynb(dary aMOHiI0, TOII SK BHECEHHS KapOamimy
3a 1€l  go3u  Oydo MeEHII  eQEeKTUBHHUM.
3actocyBaHHsd 1031 N HE Majo Iepesar
NOPIBHSHO 3 MEHIIUMH JI03aMH  OCIHHBOTO
a30THOTO IMI/PKUBIICHHS HE3aJIeKHO BiJ BHIY
TIoOpUB.

4.93 t/ha or 46% more compared to the control
(without fertilizers). Increasing the dose of this
fertilizer to Nix did not lead to a significant
increase in the yield. The application of
ammonium sulfate at N3y and N60 was
effective, as wheat in these experiments yielded
31% and 37% more, respectively, compared to
the control (Table).

Therefore, autumn fertilization of
winter wheat sown after sunflower as a
forecrop in the study years significantly
increased the yield. The gain in the yield
slightly depended on the types and doses of
fertilizers. The greatest gain in the yield was
achieved with ammonium nitrate (on average
plus 43% to the control), while the smallest
gain was recorded for urea (plus 37%) (Table).

Conclusions

The results of the study conducted in
2020-2022 demonstrated that the autumn
fertilization of winter wheat with ammonium
nitrate and urea at N60 and ammonium sulfate
at Noo was the most effective application of
these fertilizers on winter wheat. The mean
yield was 5.14, 5.03, and 5.03 t/ha,
respectively, and the increase to the control
amounted to 1.70, 1.59, and 1.59 t/ha,
respectively. At the low dose of nitrogen (N3o),
the largest gain in the yield (1.06-1.17 t/ha, or
31-34%) was recorded in the ammonium
nitrate and ammonium sulfate experiments,
while the application of urea at this dose was
less effective. The application of Niz had no
advantages compared to lower doses of
autumn-applied nitrogen fertilizers, regardless
of the fertilizer types.
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Challenges in Corn Breeding Under Climatic Changes
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Pedepar: IloromHi anomaii, 3yMOBJIEHI KJIIMAaTHYHUMH 3MiHAMH, HETaTUBHO BIUIMBAIOTh Ha
MNPOLECH POCTY Ta PO3BUTKY CLIBCHKOTOCTIONAPCBKUX KYNBTYp 1, TaKUM YWHOM, 3HHXKYIOTbH
HPOAYKTUBHICTH CLIBCHKOTO TOCHOMAPCTBA B LUTOMY. Taki mporecu sBISIIOTh 3arpo3y IPOJOBOJBCTBY Ta
HaI[IOHATBHIN Oe3reri. Y 3B’S3Ky 3 MEPCHEKTHBOI PO3MIMPEHHS MOCIBHUX IUION] M KyKypya301o,
3yMOBJICHOIO 3MiHOIO KJIIMAaTHYHMUX YMOB B CBiTi Ta B KpaiHi, CJiJl 3BepHYTH OCOONHMBY yBary Ha po3poOKy
PI3HMX HaNpsMKIB CeNEeKIii 3 ypaXyBaHHSM EKOJOTIYHOI ajanTailii COpTiB Ta TiOPUAIB 0 MPUPOAHHUX
YHHUKIB. CKPUHIHT JUKOPOCIUX 3pa3KiB, MICIIEBUX COPTIB 1 MOMyJNAIid MyTaHTHUX POCIMH JUIS
BUSIBJICHHS TICPCIICKTHBHKUX O3HAK 1 JIOHOPIB MOYKE MAaTH BUPIIIATbHE 3HAYCHHS YIS CEJCKI[IMHUX IT1IX0/IiB
MiABUIIEHHS CTIMKOCTI KyJABTYyp A0 TemioBoro ctpecy. Kpim toro, ineHTudikauito i xaprorpadyBaHHs
QTL(iB) 3a JOMOMOTOI0 MOJISKYISIDHHMX MapKepiB MOXXHAa BHKOPUCTOBYBAaTH Ui  BHSIBJIICHHS
OCHOBHOTO/MIHOPHOTO TeHa(iB), 1110 CIPHUSIE CTIHKOCTI JIO TEIUIOBOTO CTPECY.

Kutr040Bi cJ10Ba: KJIiMaTHYHI YMOBH, CLITBCHKE TOCIIOAPCTBO, KYKYpy/3a, COpT, TiOpuI.

Abstract: Weather anomalies caused by climatic changes negatively affect the growth and
development of agricultural crops and, thus, reduce the productivity of agriculture as a whole. Such
processes pose a threat to food and national security. Through the lens of the prospect of expanding the
corn acreage because of global and national climatic changes, special attention should be paid to the
development of different trends in breeding, with due account for ecological adaptation of cultivars and
hybrids to natural factors. Screening of wild accessions, landraces, and mutant populations to identify
promising traits and donors can be crucial for breeding approaches to increase crop tolerance to heat stress.
In addition, QTL(s) can be identified and mapped using molecular markers to detect major/minor gene(s)
contributing to heat stress tolerance.

Key words: climatic conditions, agriculture, corn, cultivar, hybrid.

3rigHo 3 JOCHIJPKEHHSIMH KJIIMATOJOTIB, 3

cepenuun XVIII cT. kmimMaT 3eMiti MOTEILIIINAB, a 3
XX cT. medl mporec MTOCHIMBCS, OCOOIMBO i3
cepequan  1970-x pp., a HanpukiHimi XX CT.
miobanbHa TeMIlepaTypHa aHOMaTis 30UTbIIMIACS
Ha 0,87 °C (momo cepeaHboi TIOOATHHOL
temneparypu cepeauHu XIX cr) [1]. Yacto
MOBIIOMJISIIOCS, IO TaKe MOTEIUTIHHS KIiMaTy
NPUCKOPIOE TAHCHHS JILOJOBUKIB Ha IIOJIFOCAX Ta
MiZBUICHHST PIBHA  MOps, TMPHU3BOAUTH JIO
3MEHIIEHHS KUTBKOCTI TIPOMYKTHBHUX OMAIiB, THM
CaMUM 30UIBIIYIOYH YacTOTy TOCYX, TOCHITIOIOUN
iX IHTCHCHBHICTh Ta 3yMOBJIIOIOYH IPOSIB IHIIMX
HECTIPUATIIMBAX  SBUI, 1[I0  3aKOHOMIPHO
CIIPUYMHSIE 3MiHU Yy OI0JIOTTYHUX cucTeMax [2, 3.

Temrmn moterniinag 3 1981 poky 3pocmu
Oimprr  HiK  ymaBiwi. 3a  jmanmmu NOAA
(HaumionanpHe — ympaBiiHHS ~ OKEaHIYHMX  Ta
aTMOC(epHUX JOCII/PKEHb) OMHUM 3 HAUTETLTIIINX
3a BCIO ICTOPIIO CITOCTEPEKEHDb 32 TEMIIeparyporo
BusiBuBcst 2022 pik. Temmeparypa mHOBEpxHi B
2022 porti Oyna Ha 0,86 °C BHUIIOO Bij CepemIHbOL
OaratopiuHoi [4, 5].

OcranHiM YacoM KIIIMaTM4Hi YMOBU Ha
OUTBIIOCTI TEPUTOPIM  CUIHCHKOTOCTIONAPCHKOTO
NpU3HAUYEHHS OyJIM HECTPUSTIMBUMHU HEPEBAKHO
BHACIIZIOK mocyxu [6-8]. Maibke kokeH Apyruit
pik XXI cT cynpoBoKyBaBcs MacIITaOHHUMU
BTpaTaMd BpOXKal dYepe3 Heroay. Y IbOMY
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KOHTEKCTI Ba)KIMBO 3HANTH 3acO0U MOM'SKIICHHS
BIUTMBY 3MIHM KJIIMaTy Ta aHTPOIIOTCHHOTO THUCKY
Ha CUThCHhKE TOCTIONapcTBo [9-12].

3MiHa KJIiMaTy BIJIMBA€ HA BUPOOHHIITBO
CUIBCHKOTOCIIONAPCHKUX ~ KYIBTYp TpsIMO  Ta
onocepenkoBano [13-17], a TakoX MO3HAYAETHCA
Ha 100ambHil npofoBobyiil Oesrerti [ 18-20].

JocmimpkeHHEIMIH B PI3HUX KpaiHax CBiTy
BiZ]3HAYA€ThCSl, 110  MPOrHO30BaHI  3MiHU
TeMIeparypH, KITbKOCTI OMajiB, a TAKOX YaCTOTU
EKCTPEMaJIbHHUX SBHI MATUMYTh TIIHOOKUI BIUTUB
Ha HasBHICTH BOJIOTH B IPYHTI 1 BpOXKaiHICT [21-
23].

SKImo  CiTbChbKE  TOCIOHAPCTBO  3MOXKE
aJIanTyBaTUCS JI0 HOBUX KIIIMAaTHYHUX YMOB, TO B
JIESIKAX MICISIX TMPOAYKTUBHICTH KyIBTYp MOXKe
3pocratu [24, 25], anme mpu oMy HEOOXiTHO
PO3YMITH BIUTHB OCOOJIMBOCTEH (hi3UKO-XIMIYHUX
XapaKTepUCTUK IPYHTIB Ta PeXuMy omaai [26,
27] Ha MIHIUBICTP BpPOXKAHHOCTI OCHOBHHX
KYJBTYp, TaKAX SIK KyKypya3a, cOsl Ta IIICHHIT
[28-31]. Benmukoro  3HaueHHsT ~— HaOyBarOTh
0COOJIMBOCTI B3aeMOZIT MiX peabedom,
BIIACTUBOCTSIMH TPYHTY, KIIMATHYHHUMH YMOBAMH
Ta  TEXHOJOTSIMA  BUPOOHMIITBA  TPOMYKIIi
pociuHHHUITBA [32-35].

Cepen pi3HHX BUAIB MPOAYKLIi CLIBCHKOTO
TOCIIOJIAPCTBA 3€PHO € OCHOBHHUM JDKEPEIIOM
BUPOOHHMITBA MPOAYKTIB xapuyBaHHs. KinbkicTh
3¢pHa, SKAa BUPOOJISETHCS B CBITI, 3AJICKHUTH
HacamIiepes] BiJi ypoxKalHOCTI Ta MOCIBHOT TIIOMII.
Y TOil Yac SK TOCiBHA IUIOLIA NPAKTUYHO HE
3MIHIOETBCSA 1 € OIIBII-MEHII  CTaOUILHOIO,
BPOXKAWHICTh 3HAYHOIO MIpOIO Bapito€ 3aJIEXHO BiJl
NorogHuX yMOB poky. OfHi€l0 3 OCHOBHHX
NPUYMH BTpaT ypoxaro Oyab sSKoi KydbTypH €
mocyxa [36, 37].

ImiTanifiHi MPOTHOCTUYHI MOHEI KITIMaTy
JUTst OLIBIIOCTI PETioHIB CBITY NependadaroTh [38],
CYTT€BUH  BIUIMB  KJIIMAaTWUYHUX  3MiH  Ha
BUPOOHHUIITBO CIJTLCHKOTOCHOAAPCHKOT TIPOMYKITii

[39], ToMy mmTaHHS TPOMOBOIBYOI OE3MEeKu
HaOyBa€e r100aIbHOTO 3HAUCHHS.

YucneHHl  JOCIHIMKEHHS  KJIIMATHYHOIO
MOJICTIIOBAHHSA  CBiYath MNpo Te, MO0 B
MailOyTHROMY  SIBHIIIa  TEIUIOBOTO  CTPECY
TPAIIAITUMYTHCSL  YACTIllIe, M0 MOXE CTaTh

Cepio3HHM OOMEXEHHSM Jji1 MPOLYKTUBHOCTI
CIJIBCHKOTOCTIONAPCHKUX  KYNBTYp 1 [OOabHOT
mpomoBonkdoi  Oesmeku  [40-42]. 31 3MmiHOMO
KJIIMaTy TIOB’si3aHAa  HU3KA  CKOJIOTIYHHMX 1
emadiuanx GakTOpiB, TAKUX SK IiJABHIICHHS
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CepenHbOI  TeMmmeparypH,  perioHaibHi  Ta
eKCTpeMallbHl XBWJII CIHEKH, Mepiofu TOCYXH,
30IBIIEHHS  COJIOHOCTI  IPyHTY, JaucOaiaHc
NOKMBHUX PEYOBHH 1 HAKONUYCHHS TOKCUYHHX
BaXKKMX METaIB y IpYyHTI [43, 44].

HemomaBai  po3pobku  Micro  LEIS
JIO3BOJISIFOTH BUKOPHCTOBYBATH JesIKi 3
IHTETPOBaHUX MOJENeil 3a PI3HUX TIMOTETHIHUX
CUEHApiiB yNpaBIiHHA KIIMatoM 1 CiLIbCBKUM
rocrogapcTsoM [45-47].

B VkpaiHcbkOMy  HayKOBO-AOCIHiTHOMY
rigpomeTeopoioriuromy inctutyTi (YkpHII'MI)
OIIPaIbOBAHO HOBY METOAMKY ME30MacIITaOHOTO
arpoOKJIIMaTUYHOTO pailoHyBaHHS, IO 0a3yeThCs
HAa TPUHIOMANAX BH3HA4YCHHS (QYHKIIIOHATBHUX
3B’S3KIB MiX ¢izuko-reorpadiTHUMH
BJIIACTUBOCTSIMH  TEPUTOpii Ta  IOKA3HUKAMH
arpoKJIIMaTHYHUX PecypciB 13 BUKOPUCTAHHSIM
MaTreMaTuko-kapTorpadiuHoro metony [48].

OcobnuBocTi ¢izuko-reorpadivHOrO
po3TalllyBaHHSI YKpaiHM 3yMOBIIIOKOTh 3HAYHE
pI3HOMAHITTSI yMOB JJisl BEICHHS CLIBCHKOTO
rocrnozapctsa. Teputopito YKpaiHu MOIUISIOTh Ha
4 OCHOBHI arpOKJIIMaTW4Hi 30HH, fIKi MIOCTYIOBO
nepexonaTh onHa B oaHy: 1) Ilomiccst — Boiora,
noMmipao terma 3oHa. ['TK 2,0-1,3 Tta cyma
epextuBHux Ttemmeparyp 2400-3100 °C; 2)
Jlicocten — HemoCTaTHRO BoJIora, Temia 30Ha. I TK
1,3-1,0 ta cyma edpekruBaux temmeparyp 2400—
2900 °C; 3) IliBuiunmnit Cren — NOCyNUINBA, TyKe
teruta 30oHa. ['TK 1,0-0,7 ta cyma edexkTHBHUX
temneparyp 2900-3300 °C; 4) [liBnennuii Cren—
Jy’e TOCYIUIMBA, TIOMIPHO KapKa 30Ha 3 M SKOIO
sumoro. ['TK 0,7-0,5 Ta cyma edekTHBHUX
temneparyp 3300-3400 °C. [48]. Buaimsrors
TakoX JIBI 30HM BEPTUKAIBHOI 30HAIBHOCTI:
Kpumenkux 1 Kapnarcbkux rip.

OcraHHiME poKaMH Ha TepuTOpii YkpaiHu
BiZIOYBalOThCS ~ YAaCTKOBI  3MiHM  aTMOCQepHOi
LUPKYJISLIi, BOJOTUH KITIMAaTUIHUHN [MKJIT 3MiHUBCS
Ha CyXH, BHACIIIOK YOTO ITiBUIIMIIKCS 3HAYCHHS
MICIIEBUX IMKJIOHIB, 30KpE€Ma YOPHOMOPCBHKHUX,
CepEI3eMHOMOPCHKUX MOBITPSIHUX Mac 33 PaXyHOK
3MCHIICHHS BIUIMBY AaTJaHTUYHUX TOBITPSIHUX
Mac. 30i1bLIy€ETbCA ~ HEPIBHOMIPHICTH  Ta
IHTCHCHBHICTh OIAJiB, TPHUBAIICTh OC3IOIIOBUX
mepiodiB, 3pocTae WMOBIPHICTHP arpOHOMIYHO
HECTIPUSATIMBUAX aTMOC(EPHHUX SBUII — TMOCYX,
CYXOBiiB, yparaiB, mWIOBHX Oyp, TOIIO.
VIMOBIpHICTh BECHSHHX IIOCYX, 3 YPaXyBaHHSIM
JOKanbHUX, cKnagae 84 %, mitHix — 98 %, oCiHHIX
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— 71 %, 30KpemMa HaI3BHYANHO MOCYIUIMBUX 1
karacTpodigHux — BianosiaHo 8,3 15,0 % [49].

Ingukaropom 3MiHH KIIIMary Ha TEPHTOPIi
Vkpainu e 3 kiHig 80-x pokiB XX CT. BUCTynae
3MiHa JIhOJIOBOTO PEXUMY pidoK Oaceiny JlHinpa.
Bin3nauaeTbes, 1m0 3aMep3aHHsS PiduoK OaceiHy
BiZIOyBa€ThCs Ha WIICTh A0 Mi3HiIIE, a CKpecaHHs
— Ha 13 ni6 panime. TpuBamicts nepiony 3
JTHOAOBUMH SIBULIAMH 3MEHIIWIacs Ha 25 mi0, a
TOBIIMHA JIbOIYy — Ha BICIM CaHTHMETPIB, IO €
JOCHUTh BaroMUM JIOKAa30M ICTOTHOTO MOTETUTiHHS
kiimary [49].

IcHye nexinbka CiieHapiiB PO3BUTKY BIUIMBY
3MiH KJIIMaTy Ha BPOXXaHHICTh 3€PHOBUX KYJIBTYP.
[Mpu onTHMiCTHYHOMY clieHapii PO3BUTKY MOXKHA
NPUIYCTUTH, [0 B MOJAIBIIOMY TeMIIepaTypa
MiABUIIYBaTUMETECA B CEPENHBOMY VY 30HAX:
MMomicest mo 14,7-15,4 °C, Jlicocteny — 16,2—
19,0°C, Creny - 19,2-22,1 °C, mo 3a
BereTallifHUK Iepiof  BIAMOBIAHO BHINE 32
cepenHbpoOaraTopiuanii mokasuuk Ha 1,2—1,9 °C,
1,5-2,0 °C ta 2,0-2,5 °C. Ho 2050 p. 3a TpeHAOM
HPOTHO3YETHCS HojiabIIe i {BUIICHHS
Ttemmieparypu B 30Hi [lomices me ma 1,2 — 1,9 °C,
Jlicoctenny — 1,5-2,0 °C, Creny — OuIbII HDK Ha
2,0-2,8 °C, a mporHO30BaHi 3HAYCHHS CEPENHBOI
3a BereTaliiHuit nepion TEMIIEpaTypH
CTAaHOBUTHMYTh BiamosigHo 15,3-16,0 °C, 17,0—
19,8 °C, 19,8-22,9 °C. [Hdo 2100 p.
TemreparypHuid (GOH 1Ie JAOJATKOBO IMiJBUIIUTHCS
i cranoButuMe y 30Hi [lomices 15,8-17,0 °C,
Jlicoctemy — 18,0-20,5 °C, Cremy — 20,5-24,2 °C,
IO BHWIIEC IOPIBHAHO 3 ICTOPUYHHUM TIEPIOIOM
Bimmosigmo mHa 2,3-3,0 °C, 3,0-3,5 °C i 3,0—
4,4 °C. Taxi cueHapii 3MiH KJIiIMary MOXYTb OyTH
JWIIEe 32 YMOBU 30€pekEHHsS Cy4YacHOTO TEMILY
MiABUILICHHS TEMIIEPATypU 1 €, MaJOWMOBIPHUMHU
[48-50].

Y  MIHTMBHUX  KJIIMAaTHYHHX  yMOBax
OYEBUIHOIO € KOMepIITiifHa HEOOXIIHICTD
MOCHUJICHHSI CEJIEKIIHOT poOOTH 31 CTBOPEHHS
COPTIB, aJIaTOBaHUX bi(s) peTioHaTBHUX
arpoeKoJIOr i YHIX 0COOIUBOCTEH Ta
TEXHOJIOTYHUX BUMOT [51].

IIpu po3poOui KOHKPETHOI Te€HETHYHOT
Mozeni copty abo ribpuma AOIIBLHO 3HATH:
TEXHIYHI BUMOTH JIO COPTY, BUCYHYTI CIIOKHBaYIEM;
nepeadadeHi yMOBU CepeOBHUINA BUPOLIYBaHHS, a
camMe:  TOYHy  XapaKTepUCTHKy  IPyHTOBO-
KJIIMaTM4HUX  PECypCciB  PpErioHy,  CTyHiHb
BapiroBaHHS OKpeMHX (aKTOPIB cepelioBUIIIa Ta 1X
aMIUTITYy; MOIIMPEHICTh IMIKITHUKIB 1 XBOPOO y

KOHKPETHOMY  perioHi Ta  OMHamiky  ix
YHCENBHOCTI, nepeadadyBaHui piBeHb
arpoTEeXHIYHUX MNPHUHAOMIB, HASBHICTh JOOpPHB,
MECTUIUIIB Ta iH.; OIOJIOTiI0 KYJIBTYPH, 30KpeMa
CIeIiallbHy TEHETUKY O3HAaK, 3aKOHOMIPHOCTI i
CTPYKTYpY MoauikamiitHoi MIHJINBOCTI,
TeHeTHYHi Ta ¢izionoriuni MeXaHi3MU
IHAMBINya pHOT Ta TOMyMsmiiHOI OydepHOCTI
(romeocrasy), MIPUHIHITN KOHCTPYIOBaHHS
arporeHo3iB, 110 MAIOTh BUCOKY aJalTUBHICTH 10
KOHKPETHUX €KOJIOTIYHUX yMOB [52-58].

JInst 3HMKEHHSI PU3HMKY BIUIMBY HET'aTHBHHX
SIBUI Y KOXKHIHA KOHKPETHINA 30HI peKOMEHIYIOThCS
JI0 BHUPOILIyBaHHSA COPTHU Ta TiOpuaud 3 Pi3HUMHU
OloOTiYHUMHU Ta arpoeKoJIOTTYHUMHU
BIACTHBOCTSAMU. [Ipw CTBOpEHHI MOCYXOCTIMKMX
copTiB Ta TiOpuAiB HEOOXiAHO  BHJIICHHS
BUXIJTHOTO Marepiaiy, ajarnToBaHOTO JIO BOJHOTO
CTpecy.

CTifKICTh JI0 MOCYXHU JIOCSTAETHCS 3aBIISKU
KOMILIEKCY (izionoriaHmx MEXaHi3MiB:
(heHoJOriyHIi BHUPIBHSAHOCTI COpPTY Ta TriOpuaa,
MiIBUIICHIH  BOJOYTPUMYBAJbHIN  3/1aTHOCTI,
cTaOUIBHOCTI AuXaHHA 1 (POTOCHHTE3Y, 34aTHOCTI
JI0 IIBHJIKOTO MEPEXOTy Ha Pi3Hi 32 IHTEHCHUBHICTIO
piBHI Tpancmipamii [58].

VY Gararpox KpaiHax CBiTY, OCOOJMBO THX, JI€

TIyKe BHCOKUI piBeHb iHTeHCH(iKaIii
3emMJepoOCcTBa,  IOMIHYIOUMM  (aKTOpoM Y
301IIbIICHH] BPOXKAIHOCTI Oynb SIKOT
CITBCHKOTOCTIONAPCHKOI  KyJABTYpH €  Tinoip

ridpuaa 9 copry.

[linBuieHHs BPOXKAMHOCTI 32  YYacTIO
HOBHX BHUCOKOBPOXKaWHHX TiOpHUIiB ab0 COPTIB y
€ppori ckiagae 25%. 3a oUiHKaMU BPOXXaHHOCTI
B CBITI HIOPOKY 4epe3 MOCyXy BTpavaeTrbes 15—
20% ypoxaro 3epHa KyKypyn3u. Brpara Bpoxaro
MOXKE CTaTh OifbII CYTTEBOIO, OCKIIBKH TEpionu
HOCYXH MOXKYTh CTaTH YaCTIIIMMH Ta CHIIbHIITMMHI
yepe3 3MiHy Kiimarty [59].

Hns  GarathOX KyJIbTyp TEIUIOBHI cCTpec
TaKkOX CTaB ONHUM 13 HAWOINBII TOMHPEHUX
abloTHYHHUX cCTpeciB, $Ki 3HAYHO OOMEXYIOTh
BUPOOHUIITBO CLITBCHKOTOCTIONAPCHKOT IPOMYKIIIT Y
BChOMY CBiTi [61-66]. Pocimmau KyKypyn3u
MOXYTb MepeOyBaTh IOCUTh TPUBAIWH Yac y cTaHi
MPUTHIYCHHA, TMpH [HhOMY 30epiraerbcst ix
JKUTTE3NATHICTH 1 MOXE  BiJHOBJIIOBATHCA
HOpMallbHe (YHKIIIOHYBaHHS 32 HASBHOCTI OMajiB
[60].

Y cydacHOMY CiIBCBKOMY TOCTONApCTBI
KyKYpyIA3y BHpPOIIYIOTH y LIMPOKOMY Jiama3oHi
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KJIIMaTUYHUX YMOB: BiJl TPOMiKiB O PEriOHIB i3
MOMIPHUM KJIIMAaToM, 3 BHCOKMMH BHMOTaMH JIO
Bosiorozabesnedenocti  [67, 68].  3okpema,
BiZI3HAYAETHCSI, 1[0 HAJMIPHO BHCOKi TEMIIEpaTypu
HECyTh OCHOBHY 3arposy Uil MaiOyTHBOTO
BUPOOHUIITBA KyKypyn3u [69].

Temneparypa, 0 IePeBHIILYE ONTHMAITbHHIHA
piBEHb BIPOJOBX TNEBHOTO MEPIOMy dacy, MOXKe
3aBJIaTH IIKOJU POCTY Ta PO3BUTKY pociuH [70,
71]. Jnst kykypy/a3u BepxHil MOPOTOBWI DiBEHb
TeMITEpaTypH Uil BCiX (a3 PO3BUTKY CTAHOBHTH
39,2 °C [72]. Ilpu TpuBamomy BILIMBI
temrieparypu 32,0 °C Ta BHIIE 3HHKYETHCS
3IATHICTh MUIKY KyKypyA3u IO MpopocTaHHs [73-
74], a mpu TOCTIHHOMY BIUTUBI TeMIlepaTypu
38,0°C nmnok KyKypyA3W HE NIpopocTae B3araii
[75].

[HTEHCUBHICTh 1 TpHUBATICTH Jii BHCOKOI
TEeMIeparypd B IepioJ LUBITIHHA Ta PaHHBOTO
HAJIMBY 3¢pHAa MalOTh HECHPUSTIMBHIA BIUIMB HA
HU3KY TepMOJIabiIbHUX (Di310JIOTIYHHUX TPOIECiB
[76-77].

BrumB  BHCOKHMX TeMmImepaTyp HETaTUBHO
BIUIMBA€ HA PICT Ta PO3BUTOK POCIMHHU 1 MOXE
NPUCKOPUTH  YTBOPCHHS  BOJIOTi, IOJOBKHTH
THTEepBaJ MiX [[BITIHHSM TCHEPATUBHUX OPraHiB Ta
3HM3UTH KUTBKICTh 1 JKUTTE3NATHICTh MUIIKY, IO
HETaTHBHO BJIMBA€E Ha IpoIlec 3ammwieHHs [78].

Bci i pesynbrati MOJATKOBO MiATBEPAHIIH,
IO BUCOKA TeMIIEpaTypa Mij Yac UBITIHHS 3HIKYE
BPOXKAWHICTh KyKYpY[I3d OUIBIIO MipoIo, HiX
iHmi ab0iOTWYHI CTpecH, TOJIOBHUM YHHOM 34
paxyHOK 3MEHIICHHS KUIBKOCTI 3epeH [79-80].
Yucmo 3epeH Ha KadaHi Ta Maca 3epeH €
BU3HAYAIbHUMHU (axropamu BpPOXKalHOCTI
KyKypyi3d, 10  (OpMYIOTECS  BIPOIOBXK
KPUTUYHOTO MEpiofy, sIKUi TpuBae npuoiuzHo 30
nuiB [81-82].

®deHOTUITYBaHHSI B CHENHUpIYHAX YMOBaX
HaBKOJIMIITHHOT'O cepenoBHILa Oy1o
3aIPOTNIOHOBAHO K HAWKpaIuii criociO BU3HAYUTH
CTIHKICTH JIO TEIJIOBOTO CTpecy y pociuH [83].
[loBimomisiiocss  Mpo  Kilbka  BIIACTUBOCTEH
KyKypyZI3H, $SKi MO)XHa BHKOPHUCTOBYBATH IS
JIiarHO CTUKH TEIUIOBOTO cTpecy Ta/abo
ToJiepaHTHOCTI. IIpoTe BinOip 03HAK, OCOOIMBO Ha
erari IBITIHHA Ta HAJTWUBY 3€pHA, MOXE OyTH
Halie()CKTUBHIIIMM, OCKUIBKM [I€  HAWOUIBII
YyTIUBI CTajii KYKypylI3u JI0 TEIUIOBOTO CTPECY
[84-86]. Ilmomga  JWCTKIB, MIBHAKICTH  iX
MOZOBKEHHSI Ta IIBUAKICTh (oTocuHTE3y Oynmu
3allpONIOHOBAHI SIK MOTCHLIHHI MapKepu BIUIUBY
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TEIUIOBOTO CTPECY Ha paHHIil BereTauiiiHii cTamii
a0o Ha cranii cxomiB [85].

Chen et al. [87] mpoBermn (HEHOTHIIOBHIA
anamiz 11 iHOpemHMX JiHIM KyKypya3u 3a yMOB
teruioBoro  ctpecy  (~36  °C). IlinboBumnu
(heHOTUITOBUMU O3HAKAMH JJISI TOCIIDKCHHS OyIH
OMIK JIMCTKIB, IUIIMHCTICTh JUCTKIB Ta B’ SHEHHS
BOJIOTi. ABTOpH MOMITHIIH, IO OIIK JHCTKIB Ta iX
TUIAMUCTICTB OynK HAWOUTBII Yy TIMBUMH JI0 TeTlia
O3HAKaM{  MPOTATOM  BEreTaTUBHOI  CTail.
CrapiHHs, KUIBKICTh 3€peH B PsiAy, CTEPUIIBHICTH
BOJIOTI, KUTTE3AATHICTD MUJIKY Ta
CHPUHHITINBICTG  TPUAMOYOK  TaKOX  Oymu
3a3HAYCHI SIK ITOTCHIIMHI O3HAKH, SKI MOXHA
BUKOPHCTOBYBaTH JUTS XapaKTEePUCTHKH
TEPMOCTIHKOCTI KyKypyn3u [88, 89].

InenTudikaiis o03HaK 3 BHKOPHUCTAHHSIM
MPUPOJHOTO TEHETHYHOTO  PI3HOMAHITT  a0o
MOMYJISAIIi MYTaHTIB € TepcreKTuBHO. OnHak
To4YHE (DEHOTUIYBaHHS Pi3HOMAHITHOI MOMYJIALI €
TOJIOBHUM  BY3bKMM  MicIeM JJIsI  [IpOTpam
MOKpaICHHS BpOXKAIo [90]. Hemonarni
JNOCSTHEHHsT B raiy3i (eHoMmiKM Ta po3poOKa
BUCOKONPOAYKTUBHUX IUIAaT(opM (peHOTHITYBaHHS
3pOOHIIN MOXKJIMBHM CKPUHIHT 1 XapaKTEePUCTHKY
BEJIMKOT KIJIbKOCTI 3apoNKOBOi IUIa3MH 3a JyKe
KOPOTKMH TMPOMDKOK dYacy, [0 HaA3BUYAHHO
MPUCKOPUIIO CTBOPEHHS cOpTiB [91].

Peakuiss pocimH Ha TEIUIOBHHM CTpec €
CKJIAJIHUM TPOLECOM, IO BKJIOYae Oarato
KOMIIOHEHTIB Ha KJIITHHHOMY PiBHI Ta TOJIr€HHi
O3HaKH Ha PiBHI BCi€l pocnuHu. BeraHosneHo, mo
BILUIMB TEIUIOBOTO CTpecy iHaykye Oinbme 5000
TeHIB y pocnuHax Kykypymsu [92]. Os3Haku, 1o
CIIPUSIOTH CTIHKOCTI 0 TEIIOBOTO CTPECY, TaKi SIK
JKUTTE3NATHICTh THIKY Ta 1HIN, PEryIIOITHCS
KimpkoMma sokycamu [93, 94]. Takum umHOM,
BcraHoRNeHHs ~ QTL/reniB, moOB’s3aHMX  3i
CTIMKICTIO JI0 TEIJIOBOTO CTPECy, Ma€ BHUpIlIaIbHE
3HaUE€HHS  JIsI  PO3pOOKHM  TEPMOCTIHKUX
BHUCOKOBpOXalHUX copTiB [95, 96]. HemonasHi
JNIOCATHEHHS B T€HOMILl, CeJIEKIl 3a JOIOMOIOIO
MapkepiB 1 ()eHOMIIlI JTO3BOJMIM iICHTH(]IKYBATH
QTL i reHm 3a JOMOMOTOI0 IIMPOKOTEHOMHHX
nociimkenb acouianii (GWAS) 1 po3mupeHoro
kaprorpadyBaHHs TOnysiil. byno nosizomueHo
npo urcnerHi QTL y KyKypyn3w, siKi TIOB’s13aHi 3i
CTIMKICTIO A0 TEIIOBOTO CTpecy; HU3Ky TeHiB i
(hakTOpiB TpaHCKPHMIIii, iHIYKOBAHUX TEMJIOBUM
CTpPecOM, MO)KHa BHKOPHCTOBYBaTH B TEHHIH
IHXEHEepIi Ta CEJISKIIii Ha CTIMKICTh J0 TEIJIOBOTO
crpecy [97, 98].
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EnitHi niHii KyKypya3u MaioTb OOMEXeHe

TeHETUYHE  PI3HOMAHITTS, OCOOIMBO  IIOZO
cTifikocTi 70 TemmoBoro crpecy [99]. Takum
YUHOM, BUKOPHCTAHHS HASBHUX IMPHUPOIHHUX

pecypciB MICIIEBUX COPTIB 1 JUKHX CIiBPOIUYIB
KyKYpyA3d € TIEPCIeKTUBHUM sl BHSBICHHS
MOTCHIIIHHUX 03HAK, IO PearyrTh Ha Teruio [99].
OpHak  BKJIIOYEHHS ~ MICLEBHX  COPTIB [0
CENICKIIMHNX TporpaM 3 TEIUIOCTIMKOCTI IS
KyKypy[A3d BHMaratume JEsSKUX TPOMDKHHX
KpOKiB, TaKUX $K LiJIECOPSIMOBAaHUNA BinOip
CTApOBMHHUX COPTIB, aJIcKBaTHA Bapiarlis OakaHOi
O3HaKM Ta CTBOPCHHS 0a30BOi KONEKIIl 3pa3KiB
[100]. Kpim Toro, crapomaBHi cOpTH MOTPIOHO

cxXpellyBaTH, 100 TEpeBipUTH KOMOIHAIIHHY
3/IaTHICTH 3 KOHTPacTHUM TeHodoHIOM, i
3aJIe)KHO BiJl KIUIBKOCTI IINBOBHUX O3HAK 1

MPHUCYTHIX Bapialiii oquH abo KiTbKa CTapolaBHIX
COpTIB MOXKHA BHOpAaTH Ui IpOrpaM IiJBHUILICHHS
BpoxaitHocrti [ 100].

I[HmIMM  METOAOM CTBOPEHHS T€HETUYHOL
Bapialfii B TOMyJSAIil € MyTaliiHa CeJICKIIis,
0COOJTMBO KOJIM HAasiBHI PECypCH MaloTh BY3bKY
reHetruHy ~ ocHoBy [101, 102]. By3bkwii
TCHETUYHUI (OH MOXKHA PO3LIMPUTH IITYYHO,
BUKITUKABIITY MYTAIlil0 32 JOTIOMOror0 (pi3myHUX i
xiMiyHMX MyTareHiB. OKpiM BHUMAaIKOBOI MyTarlii,
MyTallisl, CIIPSIMOBAaHA Ha CHIeNU(pIYHUIN TeH, TAKOK
eekTuBHa NS PO3BUTKY TEPMOCTIMKOCTI Yy
KyKypya3u. Hanpukian, ToukoBa MyTallis B IeHi
Shrunken2 (Sh2) mokpammna piBeHb B3aeMOil
MK CYOOIMHUIIIMEI crierQigHOTO o
eHJocepMy  Kykypyasu — depmenrty  AJ|dD-
nTok030¢gochopriasn 3a yMOB TEIJIOBOTO CTPECY.
AJl®-tmoko3odochopunaza  HeoOXimHa I
CHHTE3Y KPOXMAaJIIO Ta HOro HaKOITMYEeHHS B 3epHIi
KyKYpYI3H, 1 Ha ii aKkTMBHICTh BIUIMBA€ TEIJIOBUI
ctpec [103]. Tenn, mo KooylOTh QakKTopu
terioBoro moky (HSF), BRaxkaroTbCs BaXKIIMBUMHU
UIE  PO3pPOOKM  TEHETHYHO  MOAU(iKOBaHMX
TEIJIOCTIMKUX ~ KyJIBTYp. Y  KyKypya3w Oyiio
Busieieno 31 HSF, skmrogaroun HSFA1, HSF3,
HSF4, HSFS5, HSF6, HSF23 1 HSF25, sxi
PETYIIOIOTh EKCTIPECiio PI3HUX OUIKIB TETIOBOTO
mwoky (HSP) i1 cipusitots CTIiHKOCTI 0 TEMJIOBOIO
ctpecy [104]. TpancrenHa Kkykypyaza 3
noteHiiiauMu HSF mokasye BHCOKY CTIMKICTh B
yMOBax  TemioBoro  crtpecy.  Hampukian,
Hajekcnpecis  OsMYB55 3a0esneunia  BHIIEC
HAKOIMYEHHS Oiomacu Ta 3MEHIIEHHS
TMOIIKO/DKEHHS JINCTKIB B TPAHCTECHHIN KyKypya3i

M Yac 1 micis BIUIMBY TEIUIOBOTO CTPECY
MopiBHAHO 3 nukuM TtunoM [105]. Kpim Toro,
pocimHU 3 HamaMmipHOIO ekcrpecieto OsMYB5S5
TaKOXK TIOKa3aJIn CTIHKICTh /10 mocyxu [105].

BuchoBkn

CrifikicTh 10  TEIDIOBOTO  CTpecy €
BAXJIMBOIO  O3HAKOIO Ui  MIABUIIEHHA Ta
MIATPUMAaHHSA ~ BPOXXKAHHOCTI B TOTOYHHX 1
MaiiOyTHIX KiIiMaTHYHUX yMmoBax. CKpUHIHT
JUKOPOCIUX  3pasKiB, MICLEBUX COPTIB i
HOMYJIAMIA MYTaHTHHX POCIHH Ui BUSBICHHS
NEepPCIIeKTHBHUX O3HAK 1 JIOHOPIB MOXE Maru
BUpIIIaJIbHE 3HAYCHHS IS CEJICKIIIMHMX ITiIXOJiB
MIJBUIIEHHS CTIHKOCTI KyJBTYp OO TEIJIOBOTO
cTpecy. Kpim  Toro, IeHTU(DIKAITiFO i
kaprorpadysanast  QTL(iB) 3a  momomororo
MOJICKYJIIPHUX MapKepiB MO)KHa BUKOPUCTOBYBaTH
JUTsl iIeHTUdIKaIlii 0OCHOBHOTO/MIHOPHOTO reHa(iB),
IO CHpUSE CTIHKOCTI JIO TEIIOBOTO CTPECY.
IcHytoTh  umcneHHi  mpoONeMH,  BKIIIOYAIOUU
BIZICYTHICTh €KCTICPUMEHTAIIBHUX YCTAHOBOK JIJIS
NPOBEACHHS JIOCTI/DKEHb TEIUIOBOTO CTpecy B
MPUPOTHOMY Cepe/IOBHILI. I HABITIaKH,
HEBH3HAYCHICTh BUHUKHEHHS TEIJIOBOTO CTpECy
Ha MeBHii craii BUMarae TOYHOTO
eKCIepHUMEHTAIBLHOTO TUIaHyBaHHs. [cHye moTpeda
B HEJOpOrux 3acobax (eHOTHUIYBaHHS, SKi
MOXXYTh JIOTIOMOITH OXapaKTepH3yBaTd TCHOTHITU
B IIMPOKOMY  Jiana3oHi  CyOONTHMAJIbHUX
TeMIIEparyp TOBITPS B NMPUPOAHUX YMOBax. TuM
HE MEHII, CKJaJHa B3a€MOMdisI MDK BHCOKOIO
TEMIIEPaTypol0  Ta  IHIIUMH  KJIIMAaTHYHHUMH
(dakropamMu,  30KpeMa  MOCYXOK0  HOTpedye
mbokoro BuBYeHHs. [loemHaHHS CTpeciB cTano
OlTpII MOLMPEHUM 4Yepe3 3MiHy KIIIMary.
Inentudikaimisi HOBUX  O3HAaK Mae  OyTH
NPIOPUTETHOIO JUIsl KOMOIHAaIlid  cTpeciB, ne
peaxiii pociauH 32 KOMOIHOBAHUX CTPECIB MOXKYTb
OyTH YHIKaJbHUMH Ta PIi3HUMH [OPIBHSHO 3
OHUM CTPECOM B 130JIbOBAHUX CEpENOBHUIIAX.
Kpim Toro, TpamuumiiiHi Ta HOBI TeHETHYHi
IHCTpyMEeHTH, HaJidHI Ta eQeKTUBHI 3aco0u
OLIHOK (EHOTUIly IJii OTPUMaHHS MacoBHX 1
BIITBOPIOBAaHUX  (PCHOTHIIYHUX  JAHUX  CJiJ
BUKOPHCTOBYBaTH B  LUIBOBUX  IpOTpamMax
MOJIIMIIICHHS.  CEJICKIIIMHUX ~ PO3pO0OK  JIs
MiZIBUIICHHST CTIMKOCTI KyKYpyA3d Ta IHIIHX
3€pHOBHUX KYJBTYp A0 TEIUIOBOIO CTPECY.
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