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AHani3 gMHamikKu nogaHHA 3aABOK
RO [lep:KaBHOro peecTpy COPTiB POC/UH,
NPUAATHUX AN1A NOWUPEHHA B YKpaiHi

H. C. OpneHko*, K. M. Maxyra, 0. b. OpneHko,
B. B. MacneukiH, A. 1. Cugopuyk

Ykpaincekuli iHcmumym ekcnepmu3u copmis pociuH, sy. lopixysamcekul wasx, 15, m. Kuis, 03041, Ykpaixa,
‘e-mail: N.S.Orlenko@gmail.com

Mera. [locnigutn guHamiky popMyBaHHsA Ta CTPYKTYPY HaLiOHANbHUX COPTOBUX POCIMHHUX PECYPCiB B YMOBAX BOEHHOTO
cTaHy. MeTopu. Y npoueci gocnipKeHb BUKOPUCTOBYBAW 3arajbHOHAYKOBi METOAM, 30KPEMA FiNOTe3M, CNOCTEPEKEHHS, NO-
LWYKOBMIA 3 efleMEHTaMU eKCTpanonsauii axepeno3HaByoi 6a3u faHWX; aHani3y, NOPiBHANLHOMO OLiHIOBAHHA Ta CUHTE3Y ANS
topmyBaHH:A BUCHOBKiB. Pesynbratu. MpoaHanizysasiwm BnpofoBx 2022-2024 pp. [lepaBHWUI peecTp COpTiB POC/IMWH, Npu-
OaTHUX ANa nolwupeHHs B YKpaiHi, BCTaHOBMAK, WO Nigepamu 3a KifbKiCTIO NofaHMX 3asaBOK cepef iHO3eMHUX KpaiH Oynu
OpaHuin (446), CLUA (334), HimeuunHa (286) Ta Higepnangu (151). 3-nomix rpyn KynbTyp BUAINsAMCA 3€pHOBI, 3N1aKOBi,
TeXHiYHi, oBOYeBi, ONiliHi Ta npAguBHi. HaliBMILY aKTUBHiCTb NpofemoHcTpyBanu komnaHii Pioneer Overseas Corporation
(CLWA), Limagrain Europe (®paHuis), Syngenta Crop Protection AG (LLUseiiuapis), KWS SAAT SE & Co. KGaA (HimeuyunHa) Ta
RIJK ZWAAN Zaadteelt en Zaadhandel B.V. (Higepnanau). BucHoBoK. Monpu po3B'sizaHy poci€io NoBHOMAclWTabHy BiiiHy,
36epira€Tbcs 3HAYHUI iHTEpec iHO3eMHUX KOMMaHiii Jo peectpauii copTie B YkpaiHi. Mpotarom gocnigkyeaHoro nepiogy
cnocTepiranu No3UTUBHY AMHAMIKY B YNCENbHOCTI 3aABOK, NOAAHWX 3a CNPOLLEHOI0 NPOLeAYpPOLo, Ta 3pOCTaHHA iXHbOT YaCTKM B
3aranbHil KinbkocTi peectpauiii. [lo lepxaBHOro peecTpy COpTiB poC/IMH, NPUAATHUX A5 NOWKUpPeHHs B YkpaiHi, 6yno ycniwHo
BHeceHo Bci coptu (Bu3HaHi B €EC a CLLUA), Wwo npoiiwnmn ekcneptusy 3a cnpolleHoto cuctemolo. Lle ceiguuts npo edeKTUBHICTb
OCTaHHbOT 15 YKPATHCbKMX arpapiis, AKi MaTUMyTb WBMAKUIA AOCTYN [0 NEPEAOBUX CBITOBUX CENEKLiAHUX AOCATHEHb.

Kntwoyosi cnosa: 6omariyHuli makcoH; BOEHHUL CMaH; peecmpayis copmis POCAUH; CnpoujeHa cucmema peecmpayi.

TUBHICTh arpobi3Hecy B HaIii nep:xasi. Peectp
MICTUTB SIK COPTH, III0 IPOMIILJIN BUIIPOOYBAHHS

Bctyn

Jlnumamika momaHHA 3aaBOK m0 JlepsxaBHOrO
peecTpy COpPTIB POCJIMH, IPUIATHUX JJIS TIOIIH-
penHs B Yipaiui (mami — Peectp), € oqauM 3 1H-
JUKATOPIB CTAHY BITYM3HSHOTO arpapHOrO CeK-
Topy. BoHa stuiraerbest TO3UTUBHOI HABITH I
Jac BIAHM, III0 CBIAYMTH IIPO CTIAKICTH Ta aIall-

Natalia Orlenko

http://orcid.org/ 0000-0003-0494-2065
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HaA BPOKAMHICTD 1 CTIHKiCTh mpoTH 010- Ta abio-
TUIHUX PAKTOPIB, TAK 1 Ti, AKl OyJIM BKJIOYEH]
JI0 HBOT'O 34 CIIPOIIEHOI0 IPOIIedy PO BiOIIOBII-
Ho 10 cratTi 12 3akony Yrpainu «IIpo oxopomry
IIpaB HA COPTU POCIIHHN.

PyiinyBanus imdpacTpykTypu, mIpodseMu 3
JIOTICTUKOIO, MIHHE 3a0pyJHeHHs 3eMesb Ta
3MIHU KJIIMATUYHUX YMOB, CIIPUYNHEH] BOEHHHU-
Mu gisamu [1, 2], cyTTeBo BIIMHYJIHN HA CLIBCHKO-
rocriogapcbke BUPOOHUIITBO. J[J1s1 30epeskenns
#oro o0csriB HOTp16eH JIOCTYTII IO BUCOKOTIPOIYK-
TUBHHX KyJIbTUBAPIB, a TAKOK HATIOBHEHHS Pe-
€CTPY COpTaMu, aJalTOBAHUMU [0 PI3HUX IIPHU-
ponumx 30H Yipainu. [le JacTh 3MOTY arpapism
o0MpaTu ONTHMAJIbHI BAPIAHTH JJIsg BHPOLLY-
BaHHS, 3BAYKAIOYHN HA CITEIU(PIKY KOKHOTO peri-
OHY Ta PIBEHb HOT0 ITOIITKO/IIKEeHHSI.

® @ © The Author(s) 2025. Published by Ukrainian Institute for Plant Variety Examination.
@ This is an open access article distributed under the terms of the license CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/), which permits
BY _SA use, distribution, and reproduction in any medium, provided the original work is properly cited.
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[Tomrpu BiitHy, YKpaina 3aIuIIaeTbesa OTHUM 13
IPOBITHUX CBITOBUX IIOCTAYAJILHUKIB CLIBCHKO-
rOCIIOHAPCHKOI IIPOAYKIILL, 8 TAKOK IIOCIIAE TPETE
Mmicrie 3a i ekcriopToM 10 mepsxaB-waieHiB €C [3].
ToMy KpUTHYHO BAMKJIUBUMU € KOHTPOJIb SKOCTI
Ta cepTU(IKAIA COPTIB, Kl BHUKOPHCTOBYIOTH
JIJISI eKCTIOPTHOOPIEHTOBAHOTO BUPOOHHUIITBA.

q)yHRmOHyBaHHa Peectpy 3abeameuye Bij-
MHOBITHICTD MmcHapoL[HI/IM CTaHAAPTAM, CLIPHSIE
30epeskeHHI0 HOBIpH 1HO3EeMHHX IIapTHEPIB,
PO3BUTKY KOHKYPEHTHOI'0 HACIHHMIITBA TA 0X0-
POHI IpasB cesekIionepis. Takox 3aBOAKH IIHO-
My OQIIIAHOMY IIepesiKy YKpPalHCbKl arpapii
OTPUMYIOTH iIHQOPMATIIIO II0/I0 CBITOBUX CEJIEK-
IAHUX ToCATHEeHb. MOHITOPpMHT TUHAMIKK 34-
SIBOK HA COPT A€ 3MOT'Y aTallTyBaTHUCS OO0 HO-
BUX BUKJIMKIB T4 BU3HAYWTH IIPIOPUTETHI 60Ta-
HIYHI TAKCOHH.

Cyuacuuit cram i CTPYKTYPY HamoHaJIbHHx
COPTOBUX POCIMHHUX pecypc1B JOCITIIMKEHO B
poboTi [4]. ABTOpH IIpoaHAI3yBaJIN 3arajIbHy
ouHAMIKY popmyBanus Peectpy Ta oxkpecmiin
3arposu, IO IMOCTAITL IIepel BITUMSHSIHNMU
arpapisiMm.

Axmo Bixe Busmani B €C ta/adbo CIIA coptu
peecTpyoTh B YEKPAIHI 3a CIPOIIEHO IIPOIIeIy-
POIO, TO BITYM3HSHI MAIOTh IPOXOIUTH IIOHA-
MEHIIIe JBOPIYHUHN IIMKJI JOCTimxeHb. [l cury-
alris CIIPUYNHSIE 3aHeIIOKOEHHS B aBTOPIB pPo0o-
T [5]. Boru 3a3Hauaiors, 1m0 crarra 12 3akoHy
Yrpaiuu «Hpo OXOPOHY IIPAB Ha COPTU POCIIHHY
CTABUTD HauloHanLHHx 3asIBHUKIB Y HEpPIBHI
KOHKYPEHTHI YMOBH 3 1HO3€MHHMH Ta CyIlepe-
YUTH NPUHIAILY He,I[I/ICRpI/IMlHaLLII/IHOI‘O pesxu-
My Toprisuii, 3akpimienomy B yromi GATT ([e-
HepaJbHa yroja 3 TapmblB 1 Toprisii) CBiTOBOI
oprasisairii Toprisil. BueHi Taxox HATO0JIONLY-
I0Th, III0 BUMOTH [0 PEECTPAIlil COPTIB y HAIIIN
Iep:kaBl, IMOBIPHO, CyIIepevYaTh THM, II0 BCTa-
HOBJIeH] mys €Bpomneiicbkoro Corody crarrern 6
Huperrusu Pagu 2002/53€C.

Husky pobiT rmprcsauero popMyBaHHIO COPTO-
BHUX PECypCIB OKpPeMHX OOTAHIYHHX TAKCOHIB —
col KyJIBTYPHOI, sKMTA II0CIBHOI'O, COHSAIIHUKY Ta
pimaxy [6— 9]

VYV crarm [10] npoaHaJIiaoBaHo KUIBKICHUHI
CKJIAJ 1 BPOsKAMHICTL COPTIB TA TOPHIIB OBOYE-
BUX KYJBTYpP, HPHUOATHUX 34 KOMILJIEKCOM IIO-
Ka3HUKIB [JIs IOLIAPEHHA B Y KpaiHi, a B Iy0Ji-
kai [11] — KIIBKICHUHA Ta AKICHAN CKJIAT COP-
TiB poguHu 0000BHUX.

OCHOBHUM 3aKOHOIABYMM AKTOM, III0 Pery-
JIIO€ BIOHOCHHU y cpepl OXOPOHU IIPAB Ha COPTHU
pocimH, € 3axon Yrpainu «IIpo oxopony mpas
Ha CcOpTH pocsive». BiH BM3Hauae IOPAIOK IIO-
OAHHS 3asBOK HA OTPHUMAHHS IIATEHTYy HA HO-
BUI COPT, IIpaBa Ta 000B’I3KM 3asIBHUKIB, a Ta-
KOK KpuUTepii, AKMM IIOBUHEH BIAIIOBIIATH COPT

(HoBM3HA, BIAMIHHICTD, OJHOPIJHICTH Ta CTa-
OlibHicTE) [12].

HuBinpuuii Kogexce Yrpainu (riasa 39 «Ilpa-
Ba IHTEJIEKTYaJIbHOI BJIACHOCTI Ha 00’ €KTH ce-
JekKIrii») [13] sabesmedye mpaBoBe PeryIl0BAHHSI
IHTEJIEKTYaJIbHOI BJIACHOCTI HA COPTU POCJIHMH y
MeKaxX 3araJibHOI CHCTeMM IMBLJILHOIO IIpaBa.
Bakon Yipaian «Ilpo Haciuua 1 caguBHUNA Ma-
Tepiay» [14] BusHadae npaBuia cepTudIKalrii,
BHpPOOHHUIITBA TA 00IT'y HACIHHS M CaIMBHOI0 Ma-
tepiasuy. [locramosa Kabimery MinicTpis Yipa-
ium «IIpo sarBepmmenusa Ilopsory BemeHHs
JlepsxaBHOro peecTpy IIpaB Ha COPTU POCIIME»
[15] peryioe mopsaAmok peecTpariii IpaB Ha CoOp-
TH POCJIMH TA BEIEHHS BIIIIOBIIHOIO PEECTPY.

Jlna nerasmiaarnii 3aK0OHOIaBYMX HOPM 1 3a0e3-
meveHHsa 1X e)eKTHBHOr0 3acrocyBaHHsS HaoOi-
ger MimicTpis Yrpainu Ta MiHicrepcTBo arpap-
HOI IIOJIITUKY TA IIPOJOBOJILCTBA Y KPATHU IIPUIA-
MAaOTh BIAIIOBIIHI INJ3aKOHHI aKTH. 30Kpema,
Ilocramosa Kabinery Mimicrpis Yrpaium No 97
[16] BM3HAauUae IMMOPAOOK IIPOBEIEHHS HePsKaB-
HIX COPTOBHUIIPOOYBAHbD, a IHCTPYKIIiA 1040 I10-
IAHHA 3asIBKU HA COPT MICTUTE IeTAJIbHI BIMO-
'™ 10 0(POPMJICHHS 3aIBOK.

Ha gymry aBTopiB, II03uTHBHA TUHAMIKA II0-
IaHHS 3adBOK 10 Jlep:xaBHOro peecTpy COpTIB
POCJIVH, IPUAATHUX [JI51 IIOIIMPEHH B Vkpaini,
CBIL[‘II/ITB PO aKTHUBHICTH ceneRumHm poboTu B
HaII¥ gep:xaBl Ta aJalTalliilo CLIbCHKOIOCIIO-
IapChbKOTr0 BUPOOHUIITBA JI0 BUKJIMKIB BOCHEOIO
yacy. KiabpkicTh 3aKOPIOHHMX 3asSBOK BimoOpa-
JKA€ 1HBECTHUINHHMN KJIIMAT y BITYHM3HAHOMY
arpapHOMy CEKTOpl, 4 HAABHICTHL CIIPOIIEHOI
MIPOIIeAyPH PeecTpalll 3MIHIOE OpraHi3aliifHo-
€KOHOMIYHMI MeXaH13M IIPOCYBAHHS COPTIB 1HO-
3eMHOI cestekIrii [17] Ta BILTMBAE HA KOHKYPEHTO-
CIIPOMOKHICTE [18, 19].

Mema doctidoxcerb — TOCIIIOUTH JUHAMIKY op-
MYBAHHS TA CTPYKTYPY HAILIOHAJIBHUX COPTOBHX
POCIIMHHUX PECYPCIB B YMOBAX BOEHHOI'O CTAHY.

Marepianu Ta MeTOAMKA ROCNIAKEHD

MarepianmamMu [jisi  OOCIIIMKEHDb CJIIYTYBAJIA
JlepsxaBHUIT peecTp COPTIB POCJIVH, IIPUIATHHUX
UL TomwupeHHss B YKpaimi [20], 6asa maHmx
«Copm™ Y®paiHCHKOTO IHCTUTYTY €KCIIEPTHU3U COP-
TIB pocmMH Ta 6rosieTeHb « OXOpoHA IIpaB HA COPTH
pocame» (Ne 1-12, 2024 p.; Ne 1-12, 2023 p.;
No 1-6, 2022 p.) [21] Y npouem p06OTI/I BHUKOPHC-
TOBYBAJIN 3araJIbHOHAYKOBI METOIH, 30KpeMa Ti-
TI0TE3H, CIIOCTEPEIKEHHSI, ITONTYKOBUH 3 eJIeMeHTa -
MU €KCTPAIIOJIALII IKepesosHaBuol 0asu JaHuX;
aHaJTI3y, TOPIBHAJIBHOIO OITIHIOBAHHS Ta CHHTE3y
1151 popMyBaHHs BUCHOBKIB. Taxosx OyJio mmpose-
JieHO TpadIvHy IHTEPIIPETALLo TaHNUX.

3aB/sAKH OLHIOBAHHIO 3MIH y CTPYKTYPI IIO-
JTAHUX 3asIBOK 34 OCTAHHI TPU POKHU BIAJIOCT BH-
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SIBUTH T'OJIOBHI (DAKTOPH, IO BILIMBAIOTL HA IH-
HAMIKY peecTpaIiifHuX IPOIEeCiB.

Pe3ynbratu

Awnais 3arajapHOI AMHAMIKY YKCEJILHOCTL 3a-
SIBOK IIPOJIEMOHCTPYBAB, 110 HAalMeHIIIe IX I1o1a-
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KaMU KUIBKICTE 3pocrasia — 10 1026 y 2023-my Ta
1163 y 2024-my (puc. 1). ¥V moBoeHHUII 11epiof
(2012—2021 pp.) TOKA3HUKU OyJIM BUIIUMU Ta
CTAHOBMJIN B cepenHboMy 1430 3adBOK HA PIK.
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Puc. 1. luHamika nofaHHA 3aABOK Y BOEHHT Ta AOBOEHHT POKU

Haitmony asapHimmmumMu  CLITECHKOTOCIIONAPCHKH-
MU KyJIbTYpaMHU MOKHA BBAKATH 3€PHOBI (I1111€e-
HUITIO, TYMIHb, KYKYpPYyA3y) Ta TexHiuH] (pimaxk,
COHSAIITHUEK). Ha i IXHIO PEECTPALiio IOPIYHO II0-
JlaBaJIM 3HAYHY KUIBKICTh 3adBOK. 30KpeMa, Ha
KYKypyO3y (3BuduaiiHy + 0aTbKIBCHKHMI KOMIIO-
"eHT) — 330 y 2022-my, 313 y 2023-my Ta 181 y
2024 p.; HA COHANTHUK (3BUUANHU + 0ATHKIBChH-
KUt KomitoHeHT) — 155 y 2022-my, 180 y 2023-my
Tta 96 y 2024 p.; Ha pinak (03uMuii + 6aTbKIBCH-
kuit komoHeHT) — 70 y 2022-my, 66 y 2023-Mmy
ta 77 y 2024 p.; HA WIEHUIO0 MKy (03UMYy) —
52 y 2022-my, 51 y 2023-my Ta 59 y 2024 p. Ilo-
CTYIIOBO HAPOILYBAJIO IOILYJISIPHICTB 1 COPro —
BiI mBOX 3asaBOK y 2022-my mo 17 y 2024 porri.

[Momo oBoueBMX Ta ATITHUX KYJIBTYP, TO ¥
2023 p. HOmaHO 3HAYHO OLJIbIIE 3asBOK HAa II0-
migopu — 35 mpotu 13 Toropiuuaux. CTablIbHOO
OyJ1a KIJIbKICTH 3asBOK HA OTIPKHU Ta mepelrs (12
1 13 BigmoBimeo y 2024 p.), CYHHUIIIO camoBy (Bif
YOTHPBOX JI0 JEB SITH IIIOPOKY) H JIOXHUHY IIIUTKO-
By (Bix mectu 10 11 mopoky). Bogaouac cmocre-
piraJyi mocTyIoBe 301L/IbIIIeHHS 1HTepecy 10 Ma-
JUHUA — BiA onmHiel 1o ceMu 3agBOK. MeHImni
IIOIUT, Hi 3a3Budyaii, y 2024 p. Mayu Takl Hi-
IeBl KyJIBTYPH, SIK KYKypy/3a BOCKOITIOMIIOHA
Iy KPOBHUIA OypsK, a Kpill, Kpec-cajiaT i KOHOILIL
B3araJi pLIKo TPAILJIAIUCS Y CIIHCKaX.

CrarucTuyHl NaHl, HaBeleHl HA PUCYHKY 2,
CBIIYATBH IIPO IIOCTYIIOBE 3MEHIICHH KIJTbKOCTI
3asIBOK HA CLIBCHKOTOCIOIAPCHK]l  3JIAKOB1

KynpTypu. Y 2022 p. ix 0ymo 432, y 2023-my —
406, a y 2024-my — sgumre 292. HecrabinpHOIO
OUHAMIKOIO BII3HAYMJINCS OJIIMHI Ta IIPSASUB-
Hi. 3okpema, y 2022 p. momamo 232 3asBKH, ¥
2023-my — 257, a y 2024-my — Tiaepku 177, 1o
MOJKe BKa3yBaTH HaA BapilOBaHHS IOMUTY 1
BILJIMB TAKMX PUHKOBHUX (PAKTOPIB, AK I[IHOBI
TeHIeHIN] Ta 3a0e3nedeHICTh BIAIOBLIHUM II0-
CIBHUM MAaTEpP1laJIoM.

Ha Bigminy Bijg 371aKOBHX, OBOYEBI KYJIbTYPHU
JIeMOHCTPYBAJIN CTAOLIBHII IIPUPICT. 30KpeMa, y
2022 p. 3apeectpoBano 97 3aaBok, y 2023-my —
136, ay 2024-my — 204. I1e e moxa3om 301IbIIEH-
Hs IIOIMTY HA OBOYEBY HPOMYKIII, aKTHBHOIO
PO3BUTKY OBOYIBHMIITBA TA MOIIMPEHHS HOBUX
BHCOKOIPOAYKTUBHHX copTiB. IlosurmBHa 1m-
HaMIKa IIOJAHHS 3asIBOK IIPOCTEKYyBaJIacd U y
KaTeropii miogoBux Ta arigaux: 35 —y 2022 p.,
60 —y 2023-my, 63 —y 2024-my. Bogrouac Tem-
M 3POCTAHHS B I[H I'PYIIl TPOXU CIIOBLILHUJIIH-
Cs, IO, MOKJIMBO, CIPHYMHEHO YaCTKOBUM HAa-
CHYEHHSM PHHKY a00 SHIKEHHSIM II0TPeOH BH-
POOHMKIB y HOBHUX COPTAX.

¥V 2022 p. 6y10 II0IAHO 23 3asgBKM Ha peecTpa-
11110 JIeKOPATHBHIUX 1 JIlRapCbRI/IX KyJbTyp. 2023
POKY ISl KIJIBbKICTh IIOMITHO 3MEHIIMIACI — IO
mrectw, a 2024-ro 3HOBY HeIo 301IbIIIIIACT — 0
14. Taka mecTablbHA TUHAMIKA MOXKE OyTH 3y-
MOBJIEHA SIK 3aKOHOIABYNMU KOPUT'YBAHHSIMU y
cepi ceprrdirariii, Tak 1 BAP1IOBAHHIM IIOIIUATY
HA PUHKY.
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Puc. 2. FpaciuHnit aHani3 KinbKocCTi nogaHmx 3aABOK 3a rpynamu Kynbtyp y 2022, 2023 1a 2024 pp.

[Mopoxy omep:xyBan Bce MeHIIE 3asiBOK HA
606081: 30 —y 2022-my, 29 —y 2023-my, 24 —y
2024 p., 1110 IOB’I3aHO 13 3araJIbHUM CKOPOYeH-
HAM ILJIOI ITiJ ITIEI0 KYJbTYPOIO Ta 3MIHOIO Ii
PUHKOBOI IpUBaOIUBOCTI. A 0T 710 OypsaKy 30epi-
raBcs CTaOLIbHUEM 1HTepec — Bl 12 3asIBOK y
2022-my 10 16 'y 2024 porri.

HaBe,Z[eHI/Iﬁ aHaJIi3 1aB 3MOT'Y BHUOKPEMUTH
IIeBHI TeHeHI] y pI3HuX rpynax kyasryp. Tax,
KLIBKICTb 3a5BOK Ha OBOYEBL, ILIOIOBI Ta ATLIHI
HE3MIHHO 3pocTajia, a Ha 0000BlI Ta 3JIAKOBI,
HaBIAaKU, 3MeHITyBaJiacs. BogHouac meski rpy-
¥ — HAIIPUKJIAJ, JIeKOPATUBHI Ta JIKApChKl —
MaJu HecTaOlIbHY MUHAMIKY peectparriii. Haii-
MEHIIIOI0 IIOIYJIIPHICTIO XapaKTepu3yBaJIuCs
JTicoBl KyIbTypH Ta BuHOrpas. Ile moske cBiqun-
TH TPO IXHI0O HU3bKY PEHTA0EIbHICTh 1 CKJIAJ-
HicTh BupoIyBaHHsa. Jlo mwsaripku gimepiB 3a
HNOJAaHMMK HA HHUX 3adgBKaMHU Yy 2022-2024 pp.
YBIUIILIH 3JIaKOB1, 0BOYEBI, OJIIHHI T IPAIUBHI,
0000BI ¥ OypsIK.

V¥V 2022 p. 6ys0 momano 411 3a9BOK Ta BITUH3-
HaHl Ta 593 Ha iHo3eMHi copTu. 3 HuX 129 moxo-
munn 3 Himewumnm, 118 — 31 CIIA, 108 — i3
Opamini, 59 — 3 Higepnamnis, 31 — a1 llIseiinapii,
15 — 3 Ascrpii, 14 — 31 CiroBawunumn, 13 — 3 Yech-
kol Pecrry0Osmikn, 12 — 3 Pymymsii, 11 — 3 Typeuun-
gy, 10 — 3 Iloseur, mo BiciM — 3 MaBpukio Ta

Iemmamii, uriers — 3 Ispainro, mo 'ares — 3 Yropiu-
uu, Pecriyomikm Cepbisa ta Jamii, mo yortmpu — 3
Bemmrobpuranii, Itami ta Pecnybmkun Kopes,
Tpu — 3 Kamanu, nBa — 3 Xopsarii.

Cepen 1026 saaBor, mo Hamumaun 2023
pokry, 630 Oysm Ha COPTHU 1HO3EMHOTO IT0XO-
mxeHHs. 3okpema, 3 Opammii — 195, 31
CIIIA — 160, 3 Himeuunnu — 89, 3 Hinepaan-
mB — 41, 31 lseiapii — 35, 3 Iranii — 20, 3
Pymymnii ta Vropmuau — mo 12, 3 ABerpii — 11,
3 Yecbroi Pecnybmikm — Bicim, 3 Kamagm —
micts, 3 MaBpukio ta Iecmamii — mo o'are, 3
Hamii — worupu, 3 Bexaswrii, Benmuxodbpuramii
ta Iloawri — mo Tpu, 3 Boarapii, Asctpaurii Ta
I'perii — mo ommii.

¥ 2024 p. 6ys10 mogaHo 442 3asIBKY HA BITUM3-
HaHI Ta 721 Ha iHo3eMHI coptu. 3 HHX 163 I110-
xoguiu 3 Opaniii, 68 — 3 Himewunnnm, mo 56 —
31 CIITA Ta Iseitiapii, 51 — 3 Higepaawmmis, 37 —
3 [losapmmi, 17 — 3 ABcrpii, mo 11 — 3 Boarapii ta
Kamamu, cim — 3 Itasmii, mo iw'sare — 3 Typeuunun
ta Pymynii, votupu — 3 Besbrii, mo tpu —
3 Icmamii Ta Kuraro, mo nea — 3 Maspuxkiro, Jla-
HII Ta YropiuHu, o ogHOoMY — 3 XopBarii, Pec-
nyosaikn Cepbisa, Ispainro, Bemukobpuranii ta
Pecny6mikun Kopes. IlopiBHSAHHSA BHECKY BIT-
YM3HAHUX Ta 1HO3EMHHX 3aABHUKIB HaBEICHO
Ha PUCYHKY 3.
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2022 2023

2024

[ BiTYU3HAHI
[ iHO3eMHi
Puc. 3. CniBBigHOLWEHHA BITYN3HAHMX Ta IHO3EeMHUX 3aABHUKIB, %

Jlimepamu 3a KITBKICTIO IIOJTAHUX 3aIBOK YIIPO-
JIOB3K JOCJILIKYBAHOIO IIeploIy OyJIx TaKl KOMIIA-
mii: Pioneer Overseas Corporation (CIIA) —
180 (50 y 2022-my, 93 y 2023-my Ta 37 y 2024 p.),
Limagrain Europe (®panmis) — 130 (44 y
2022-my, 58y 2023-my Ta 28y 2024 p.), Syngenta
Crop Protection AG (Illseiiapist) — 114 (27 y
2022-my, 34 y 2023-my Ta 53 y 2024 p.), KWS
SAAT SE & Co. KGaA (Himeuunsa) — 111 (60 y
2022-my, 42 y 2023-my Ta nes’sats y 2024 p.),
RIJK ZWAAN Zaadteelt en Zaadhandel B.V.
(Himepmanmnm) — 52 (25 y 2022-my, 13 y 2023-my
ta 14y 2024 p.).

3minu, BHeceHl 710 craTTi 12 3akoHy Ykpainu
«I[Ipo oxopoHy mIpaB HA COPTH POCJIME» HA IIiI-
crasl 3axkoHy YEpaium «IIpo BHeceHHs 3MIH 10
AKX 3aKOHOJABYMX aKTIB Y KPAIHU 00 IIPH-
BeJIeHHs 3aKOHOJABCTBA Y chepi OXOPOHHM IIPaB
Ha COPTU POCIIMH Ta H&ClHHI/II_ITBa 1 poscaIHu-
LITBA Y BIOMOBIAHICTE 13 IIOJIOMKEHHSIMM 3aKOHO-
masctBa €Eppomericbroro Cormosy» (Ne 3680-m),
FapMOHI3YIOTh 3 MIKHAPOSHHMM CTAHIAPTAMI
HAIIIOHAJIBHY IIPOLEAYPY PEECTpAalrii, CIIPOIILY-
I0Th Ii JIJ1 copTiB, y:xe BusHaHux B €C ta CIIIA,
a TAKOK BILIMBAIOTH HA TEPMIHM PO3TJISIY 3as-
BOK. Bim momaHHsa oCcTaHHIX OO0 BHECEHHSI COPTY
mo Peectpy 3a CIIpOIIIEHOI CHCTEMOIO 3a3BHYAM
IIPOXOOUTEH MEHIIIe Hix Micarb. 1le, Ha nymMKy aB-
TOPIB, 3HAYHO CTUMYJIIOE aKTUBHICTD 3asIBHUKIB.

¥V 2022 p. mo Peectpy BHeceno 115 iHo3eMHIX
coptiB. Kommanismu-sassaukavu Oymam: SAAT-
BAU LINZ eGen (cim copris), Probstdorfer
Saatzucht Ges.m.b.H & Co KG (’arb copris),
Saatzucht Donau Ges.m.b.H. & CoKG (omun
copr) — Ascrpia; NUSEED EUROPE LTD (uoru-
PH COPTH COHSAIIHHMKY OIHOpPIYHOro) — Besmka
Bpuramis; SeJet Planteforaedhng I/S (worupu
COpTH ImIeHuml wMaxol oammoi) — Jlamis;
APSOVSEMENTI S.P.A. (omuu copT coi KyJib-
Typuoi) — Iramis; Monsanto Vegetable IP
Management B. V. (gortmpu coptm oBOUEBHX
kyJssTyp) Ta Pop Vriend Seeds B. V. (omuu copr
OBOYEBOI KYJILTYPH) — HmepnaHm/I Deutsche
Saatveredelung AG (geB’aThb COpTlB plaky o3u-
MOI0 Ta ONWUH — MIIEHUINl MSKOI O03HMOI),
Europlant Pflanzenzucht GmbH (aBa coptu rap-

torutl), KWS SAAT SE & Co. KGaA (gBa coptu
piaky 03uMMOro Ta OAUH — OYPSIKY ILyKPOBOTO),
KWS Lochow GmbH (Tpm copry mimreHmin M ssKoi
osumoi), Norddeutsche Pflanzenzucht Hans-
Georg Lembke KG (ommu copT ropoxy II0CIBHOTO
(3epHOBOr0) TA TPH COPTH pillaKy O3HMOIO),
Nordsaat Saatzucht GmbH (o ommomy copty
SYMEHIO 3BUYAaHOI'0 03MMOI'0, TYMEHI0 3BUYali-
HOI0 SpOro Ta ImeHwIn Maxol osmmoi), P. H.
PETERSEN Saatzucht Lundsgaard GmbH
(ommH copT KyKypymsu 3Buuaiuoi) ta Hybro
Saatzucht GmbH & Co. KG. (ommu copr &ura
nociBaoro osumoro) — Himeuunma; KUTNOW-
SKA HODOWLA BURAKA CUKROWEGO SP.
7.0.0. (omuH copt Oypsakry mykposoro) — Ilosbiia;
Biogranum D.0O.0. (wortwpm coOpTH IIIIIEHHITL
M’ AKO0I 03MMOI Ta OIUH — IIIIIeHUII M IKOI IBOPYY-
kn) — Pecnyomira Cep0ia; SAATEN UNION
Romania Srl (oguH copT COHSNIHMKY OQHOPIYHO-
ro) — Pymynia; MONSANTO TECHNOLOGY
LLC (o Tpu copTy KyKypya3u 3BUUAMHOIL Ta Pi-
mary o3umoro) — CIITA; May Agro Tohumculuk
Sanayi ve Ticaret A.S. (oguH COPT COHSIIHUKY
omuopiuroro) 1 TEKCAN TOHUMCULUK GIDA
VE TARIM URUNLERI SANAYI TICARET LI-
MITED SIRKETI (gBa coptu pucy II0CIBHOT0) —
Typeuunna; KWS MOMONT RECHERCHE
S.AR.L. (tpx copTy HITeHMINl M SIKOI O3KMOI),
Lidea France SAS (mBa copTu mmeHwuIn M sSKol
osumoi), Limagrain Europe (16 copriB pimary
03UMOTO, IITICTh — KYKYPYI3U 3BUYANHOI, 1T ATh —
COHAITHUKY omuopiunoro), MAS SEEDS (yormpu
COPTH KYKYPYIO3W 3BHUYANHOI Ta OOWH COPT CO-
HAmHUKY omHopiuaoro), RAGT 2n (cim copris
MIIIEHUITl M SIKOI 03UMOI, TPH COPTH COI KYJILTYP-
HOI Ta OOWH COPT PIIIaKy 03UMOro) ta Soltis (Tpu
COPTH COHAIIHUKY OXHOpIuHOro) — OpamHiris;
Vyzkumne centrum SELTON, s.r.o. (omus copT
mrenninl M axol oaumoi), MORAVOSEED CZ a.s.
(’'STH COPTIB IEPII0 OTHOPIYHOIO COJIOZKOIO Ta
onuH — IIIOYJIl TOpomHbBOI) Ta Selgen, a.s. (omuH
COPT IIIIEHHUII M sIKol o3umol) — Yecbra Pecry6-
mika; Syngenta Crop Protection AG (ommu copr
COHAIMHUKY omHopiuaoro) — IlIseitmapisa; Poljo-
privredni institut osijek (Agricultural Institu-
te Osijek) (omgmu copr) — Xopsartida. Yacrka

8 ISSN 2518-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2025, T. 21, N¢ 1



Variety studying and variety science

3apeecTPOBAHMX COPTIB CTaHOBUTH 11,45% Bif 3a-
raJIbHOI KIJIBKOCTI HOJAHKX IIHOI0 POKY 3aBOK.
V¥V 2023 p. mo Peecrpy BHeceno 253 iHO3eMHI
coptu. Kommanismu-sassaukamu oysrm: SAAT-
BAU LINZ eGen (Tpu copTH KYKYpPYI3H, IBA —
€Ol KyJBTYPHOI, II0 OJHOMY — COHSIITHUKY, Irap-
Oysa sBuuaiiHOoro Ta ImmeHwmir) ta Saatzucht
Donau Ges.m.b.H. & CoKG (gBa copTu Iienm-
Il Ta OOUH — SUMEHIO 3BHYAMHOro) — ABCTpIid;
Golden West Seed Bulgaria Litd. (oqus copT Ky-
kypyzsu) — Bomnrapis; NUSEED EUROPE LTD.
(mBa COpPTH COHAIIHMKY OTHOPIUYHOr0) — Benmka
Bpuranis; AMERICAN GENETICS S.A. (oguu
copT KyKypyznau) — I'perria; Danespo A/S (ir'saTe
coptiB Kapromm) — Jauia; APSOVSEMENTI
S.P.A. (110 Tpu copTH HIMEHUIN Ta COI KYyJIbBTyp-
HOI, IBA COPTH COHAIIHUKY TA OIUH — JIIOIIEPHMN),
ESASEM SPA (uotupu coptu mmomizopa) ta ISI
Sementi S.h.A. (oguu copt momimopa) — Itamis;
IPR B.V. (zBa coptu kaprornti), Bejo Zaden B.V.
(oguH coOpT KaIlyCcTH 01JI0r0JIOBOI TA JBA — MOPK-
Bu), Monsanto Holland B.V. (oguu copt kaByHa
3BUYAMHOTO Ta TPU copTu momimopa), Rijk
Zwaan Welver GmbH (o ogHOMY copTy Kabay-
Ka Ta casaty mociBHoro) 1 Hazera Seeds Ltd
(ogmu copt kamyctu uBiTHOI) — Himepammm;
Betaseed GmbH (nBa copTu Oypsaxy 1ykpoBoro),
Van Waveren Saaten GmbH (oguu copt KyKy-
pyzsu), Deutsche Saatveredelung AG (Tpu cop-
T pimaky osumoro), KWS SAAT SE & Co. KGaA
(0 ILIICTH COPTIB KYKYPYO3H Ta OypPAKY KOPMO-
BOrO ¥ OOMH COpT OypsaKy irykposoro), Cluser
Breeding International GmbH. (ogmu copt pi-
naxky oammoro), Norddeutsche Pflanzenzucht
Hans-Georg Lembke KG (mmo ogromMy copTty co-
HAIIHUKY 1 cOl KyJIbTYPHOIL Ta IBA COPTH PIIIaKy
osumoro), Nordsaat Saatzucht GmbH (oguu
copr mueuuiri), P.H. PETERSEN Saatzucht
Lundsgaard GmbH (zBa coprm rpeuru icris-
Hoi), Feldsaaten Freudenberger GmbH & Co.
KG (1o omrOMY COpPTY I'PSACTHUIT JIYTOBOI Ta TYP-
HeICy ¥ II0 JBa COPTH KOCTPHIIL JIyroBOl Ta ma-
sguTHUL  Oaratopiumoi), Hybro Saatzucht
GmbH & Co. KG. (gBa copTu kuTa II0CIBHOIO
oaumoro), Strube D&S GmbH (ir'sate copris Oyps-
ky mykposoro) Ta KWS Lochow GmbH (omus copt
AYMEHIO 3BHUUYAMHOro o3ummMoro) — Himeuuwmna;
Instytut Ogrodnictwa (Tpm copTH MaJIMHH) —
Ilonpimna; 3aaren Yuion Pymysisa (omuH copT co-
mamanky) Ta SOYTEK S.R.L. (tpu coptu ropo-
Xy IIOCIBHOTO, JBA — IIIEHUII, OOUH — COl KyJIb-
Typuoi) — Pymymis; BASF Agricultural Solutions
Seed US LLC (worumpu coptu pimary), Kraft
Heinz Foods (gorupm coptum 1momizmopa),
Crookham Company (oguH coOpT KyKypya3u) Ta
Monsanto Holland B.V. (qotupu coptu KyKypy-
nmsu) — CIIA; Alfaseed Kft. (mo ogaOMYy copTy
copro 3pm4yaiiaoro ta Jyorepan) ta ZKI ZOLD-

SEGTERMESZTESI KUTATO INTEZET ZART-
KORUEN MUKODO RESZVENYTARSA-
SAG (ommH cOpT KYKypy[O3W i II0 JBAa COPTH
OTipKa ITOCIBHOTO Ta MEePI0 OJHOPIYHOI0) —
Vropmmaa; SAKATA VEGETABLES EUROPE
S.A.S., RAGT 2n. Germicopa Breeding SAS,
Lidea France SAS., Limagrain Europe, Secobra
recherches S.A.S., SAS Florimond Desprez
Veuve et Fils, ID GRAIN SAS, MAS SEEDS,
Soltis Ta INVENIO (TpI/I,Z[H,HTB BICIM COPTIB KY-
KYPYZA3U, IECATH — TIIITeHHUIT], ClM—COHHI_LIHI/IRy,
IIICTH — KAILyCTH OLJIOr0JIOBOI, II'STh — pmaRy
03MMOr0, II0 OBA COPTH PIHAKy sIPOro, BiBca,
oripka Ta rap0y3a MyCKaTHOTO I 110 OJJHOMY COp-
Ty CYHHIIl, TOPOIIKY IIOCIBHOrO (BMKA) (Iprif),
KOHIOIIMHY, (Paleil, rpedKy, SYMeHI0, Kabau-
Ka, MOpKBU Ta munHaTy) — Opaninis; Vyzkumne
centrum SELTON, s.r.o. (qBa copTu mmeHMIr
M’sIKO1 oamMoi), Selgen, a.s. (4Ba copTH IIIIEHMITL
M’sikoi oaumoi) Ta Moravoseed spol. s.r.o. (oguH
copt 1ubyi ropogunoi) — Yechka Pecmy6burika;
Syngenta Crop Protection AG (110 ogHOMY cOpTy
Kabauka, KayCcTH, IepIid, IIH0yJIl TOPOIHBOIL Ta
nBa coptu mmomigopa) — Iseiiapis. Yacrra 3a-
PEeeCTPOBAHUX COPTIB CTAHOBUTE 24,66% BiI 3a-
raJIbHOI K1JIBKOCTI IIOJAHUX IIHLOT0 POKY 3asIBOK.

Y 2024 p. go Peecrpy BHeceno 211 iHo3eMHMX
COpPTIB. Komnauissmu-sasgsBaukamMu Oysu:
SAATBAU LINZ eGen (o oiHOMY COPTY IIIie-
HHUIIl M'SIKOIL Spoi, pilIaKy 03uMOro, rapoysa 3Bu-
YaHOTO Ta YOTUPHU COPTU KYKYpPYOA3W 3BHUUAU-
Hol) — ABcrpisg; ASUR Plant Breeding, Germi-
copa Breeding SAS, KWS MOMONT RECHER-
CHE S.A.R.L. (110 ogHOMY copTy nmeHI/Im) Lidea
France SAS (oguu copT OIICHUITl, YOTAPUA —
plIaKy, II0 I'SITh COPTIB COHSIIHHKY TA COPro M
IBAHAOIATE COPTIB KyKypyasu), Limagrain
Europe (ir’aTh cOpTIB COHAILIHMKY Ta ABA — KYKY-
pynau), CecurLimagrain Europe (oguu copt co-
mamanky), MAS SEEDS (aBa coptu Kykypy-
msu), RAGT 2n (ogmH cCOpT COHAIIHHUEY),
SAKATA VEGETABLES EUROPE S.A.S.
(I’'ITH COpTIB OYpPSIKY CTOJIOBOIO, IIO IBA COPTH
KaIycTu O17I0roJI0B01 Ta IIoMifopa ICTIBHOIO i 110
OJTHOMY COPTY ITMOYJIi TOPOAHBOI, TapOby3a myc-
KaTHOro Ta rap0y3a BeJIMKOILIIIHOr0 (BOJIOCHKO-
ro) X rap0ys myckaTtHmii), Secobra recherches
S.A.S. (oauMH COPT MIMEHUII M SIKOL JBOPYYKH) Ta
HM.CLAUSE (oguu copt mmomimopa iCTIBHOI0) —
Opanris; BC Institut za oplemenjivanje 1
proizvodnju billja d.d. (ogue copT Kykypyasu
a3Buuaiinoi) — Xopsaria; Syngenta Crop Protec-
tion AG (o ogHOMY COPTY IHMHI 3BHYAMHOI M
uOyJIi TOPOOHELOI TA IBA COPTHU IIOMiZopa ICTIB-
Horo) Ta Syngenta Participation AG (1o ogaOMY
COPTY COHSIIHUKY OSHOPIYHOrO TA IIIMHATY I'0-
pomunoro) — IIsetiapia; SESVANDERHAVE
NV/SA (ir'sate copTiB OypsKy I[yKPOBOI'O) —
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Benbrisa; Golden West Seed Bulgaria Litd. (ir'sts
coptiB Kykypyasu 3sumuaiiaoi) ta PESTICID
EOQOD (cim copriB) — Boarapis; DLF Beet Seed
ApS (mBa coptu Oypary myrposoro) — amis; ISI
Sementi S.h.A. (oguH copT 1MOYJIl TOPOSHBOI),
CORA SEEDS S.R.L. (1to ogaOMY copty 6axia-
sKAHAa, KAIlyCTH IIBITHOI, IIOMiZopa ICTIBHOIO Ta
by ropogunoi) Ta ISI Sementi S.h.A. (mBa
coptu Jjmoriepun) — Iramisa; Advanta Semillas
SAIC (nBa coptu pinmaky o3umoro) — MaBpukiii;
Bejo Zaden B.V. (omuH copt meTpyIiiku Ta aBa —
1m0yt pimgacroi), Wing Seed B.V. (o nBa cop-
TH KaIlyCcTH 01JI0T0JIOBOI TA KaBYHA 3BUYAWHOTO
# 110 OTHOMY COPTY KabadKa Ta peIbKHU IOCIBHOI),
De Groot en Slot B.V. (ir'sth copTiB 11u0yJIl pir-
vactoi), De Ruiter Intellectual Property B.V.
(ommH copT TposaHIH AexopaTuBHOI), Nunhems
B. V. (mo omeOMY cOpTy OMHI 3BUYANHOI, MOPKBH,
IepIi0 COJIOAKOr0, IIOMIZopa ICTIBHOIO Ta IBa
copru oripka 1ociBaoro), RIJK ZWAAN
Zaadteelt en Zaadhandel B.V. (o ogaOMY copty
OypsAKYy CTOJIOBOTO, OIWHI 3BHUYAMHOI, IIEPIIO CO-
JIOIKOTO, IIIINHATY TOPOIHBOI0 TA TPH COPTH II0-
Migopa icTiBHOro), Syngenta Seeds B.V. (1o ox-
HOMY COPTY KaByHa 3BHYANHOI0, KaycTHu 01J10-
rosioBoi Ta penbku mociBHol) Ta Hazera Seeds
Ltdz B.V. (o nBa coptu KaByHA 3BHYAMHOIO I
uOyJIl pimdyacTol Ta TPU COPTH PEILKH IIOCIB-
uol) — Higepannou; Betaseed GmbH (gBa copru
Oypsiky 1ykpoBoro), W. von Borries-Eckendorf
GmbH & Co. KG (gBa copru nmrenmiri), WeDrow
Germany GmbH (ogmu copr mnasioBHII),
Deutsche Saatveredelung AG (mBa copru pimmaxy
osumoro), KWS SAAT SE & Co. KGaA (uricTb
copriB pimary osumoro), KWS Lochow GmbH
(rpu coptm kmra mociBuoro), Norddeutsche
Pflanzenzucht Hans-Georg Lembke KG (mBa
COPTH PiIlaKy 03MMOI0 TA OJHMH — FOPOXY IIOCIBHO-
ro), Nordsaat Saatzucht GmbH (ogum copt BiBCa
HOoCIBHOIO Ta ABa — mmenwin), FarmSaat AG
(CclM COpTIB KyKYPYI3H Ta TPHU COPTHU COI KYJIBTYP-
moi), Hybro Saatzucht GmbH & Co. KG (tpu
coptu skuTa mociBHOro) ta Strube D&S GmbH
(mBa coprm mmrenwmirl) — Himeuumna; DANKO
Hodowla Roslin Sp. z.0.0. (Tpu copTu mmmeHwMInl
Ta gBa — tpururasie), Instytut Ogrodnictwa
(umers copriB emoponuum), Kutnowska Hodowla
Buraka Cukrowego Sp. z.0.0. (II'aTh cOpTIB Oyps-
Ky mykposBoro) Ta Poznanska Hodowla Roslin
Sp. z.0.0. (Tpu COPTU MINCHUII, IBA — SUMEHIO
03MMOr0, OMUH — ropoxy mociBHoro) — Ilosbia;
SUPERIOR d.o.o0. (omuH cOpT JIIOIEPHM IIOCIB-
Hol) — Pecmybmixa Cep6ia; SOYTEK S.R.L.
(omuH copt comsamuauKy) Ta SC AGROSEL S.R.L.
(TT0 0JTHOMY COPTY KYKYPY/I3H ¥ OTipKa IOCIBHOTO
Ta JIBA COPTHU IIEPII0 COJIOZKOro) — PymywHis;
BASF Agricultural Solutions Seed US LLC
(omue copt pimaky osumoro), MONSANTO

TECHNOLOGY LLC (ommu copT pioaxky 03:uMO-
ro) ta [Ilnecman Cig Kommawi (Tpu coptu KyKy-
pynsu) — CIITA; May Agro Tohumculuk Sanayi
veTicaret A.S. (ogur copt 6aBouuky)i TEKCAN
TOHUMCULUK GIDA VE TARIM URUNLERI
SANAYI TICARET LIMITED SIRKETI (uBa
COPTH IIIIEHHIIl TA JBA — STYMEHI0 03umMoro) — Ty-
peuunna; ZKI Zoldsegtermesztesi Kutato
Intezet Zartkoruen Mukodo Reszvenytarsasag
(OOMH COPT IEPILIO COJIOIKOr0) — Y TOPIIMHA.

Jlo Peectpy Takox 0Oysio BHeceHO 66 iHO3eM-
HHX COPTIB, IIOJAHNX YEPAIHCHEKNMU KOMIIAHIA-
mu, 3 Hux 29 —y 2022 p. (28 — Big TOB «Kopresa
Arpicaesc Yrkpaina», onuH — Big TOB «DAP-
MEP.VA»), 15 —y 2023 p. (mo mricts — Big TOB
«KopreBa Arpicaeuc Yrpaima» ta TOB «DAP-
MEP.VA», nBa — Big TOB «Csuraso», oquH — Bif
TOB «CII Mupranp»), 22 —y 2024 p. (19 — Bix
TOB «KopreBa ArpicaeHc Yrpaiuma», Tpu — Bif
TOB «PBA Vkpainma»)]. Born manm ascrpiii-
CbKe, HIMeIbKe, ICIIaHChKe, PpaHIly3bKe, yrop-
CbKe, aMepHKaHCbKe, HIiIepJaH[ChbKe, II0JIb-
CbKe, TPY3HHCBbKE Ta PYMYHCHKE IIOXOIKEeHHI.

BucHoBOK

Or:xe, BiiHA CHPUYMHIIIA CKOPOUYEHHS 1HBEC-
TUITIT Y CeJIEKITII0 Ta BUITPOOYBAHHS HOBUX COPTIB.
Bonnouac mosuTtmBHA AWHAMIKA HAIXOMKEHHS
3asBoK 110 JlepskaBHOTO peecTpy COPTIB POCJIMH,
MPUIATHHX OIS HOIIMPEHHA B YKpaiHl, CBIIINTD,
10 BITYMSHSIHOMY arpapHOMY CEKTOPY BIAJIOCS
30eperTu I0BIpy 3aKOPIOHHUX ITAPTHEPIB.

Jlinepamu cepest iIHO3eMHUX KpaTH 3a KLIBKICTIO
3asiBor Oysu @pawnrris, CIIA, Himeuuwnna ta Hi-
JIepJIaH/IH, 3 YOr0 MOYKHA 3POOUTH BHUCHOBOK ITPO
O0adyeHHsI HUMU IIEPCIIEKTUB YKPATHCHKOTO ClLIb-
cbkoro rocronapersa. Haifuacrimne fuist peecrpa-
LIji I10/1aBaJIK COPTU 3ePHOBHX, 3/IAKOBUX, TEXHIY-
HUX, OBOYEBUX, OJIHHUX 1 IPAIUBHUX KYJIBTYD.

UncemmicTs 3asTBOK, IIOJAHUX 32 CIIPOIIIEHO0
IPOIeayPoIo, 3pocTasia Mopokry. Tak, y 2022-my
ix OyJs0 155, y 2023-my — 251, a 'y 2024 p. — 314.

Jo ep:xaBHOro peecTpy COpTiB POCIINH, IIPH-
JATHUX IJI IIOIIMPEHHS B YKpAaiHi, YCIIIIIHO
BHeceHO Bcl coptu (Busuaul B €C ta CIIIA), 1o
ITPOUIILIIN €KCIIEPTU3Y 3a CIIPOIIEHOI0 CHCTEMOIO.
Lle Brasye Ha e(eKTHBHICTb OCTAHHBOI IJIS
YKPaiHChKUX arpapiiB, Kl MATUMYTD IIBUIKUAN
JOCTYII JO IIePEeIOBUX CBITOBMX CEJICKIIIHNHUIX J0-
CATHEHbD.
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Purpose. To study the dynamics of the formation and struc-
ture of national varietal plant resources under martial law.
Methods. General scientific methods were used throughout
the research, including the formulation of hypotheses, obser-
vation and the search of the source database with elements of
extrapolation, analysis, comparative evaluation and synthesis
to draw conclusions. Results. An analysis of the State Re-
gister of Plant Varieties Suitable for Distribution in Ukraine in
2022-24 revealed that France (446), the United States (334),
Germany (286) and the Netherlands (151) submitted the
most applications among foreign countries. The most popular
crop groups were cereals, grains, industrial crops, vegetables,
oilseeds and fiber. The most active companies were Pioneer
Overseas Corporation (USA), Limagrain Europe (France), Syn-
genta Crop Protection AG (Switzerland) and KWS SAAT SE &

Co. KGaA (Germany), and Rijk Zwaan Zaadteelt en Zaadhandel
B.V. (the Netherlands). Conclusion. Despite the large-scale
war unleashed by Russia, foreign companies are still showing
significant interest in registering varieties in Ukraine. During
the review period, a positive trend emerged in the number of
applications filed under the simplified procedure, with their
share of the total number of registrations increasing. The
State Register of Plant Varieties Suitable for Distribution in
Ukraine successfully included all varieties recognised in the
EU and USA that had been examined under the simplified pro-
cedure. This demonstrates the effectiveness of the latter for
Ukrainian farmers, who will have quick access to some of the
world’s best breeding achievements.

Keywords: botanical taxon; martial law; registration of
plant varieties; simplified registration system.
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VYmict nonicaxapupis y pocanHax poay Dahlia Cav.,
iHTpoaykoBaHux y HauioHanbHoMy 60TaHiYHOMY capy
imeHi M. M. lpuwka

H. L. kypeHko, 0. . Manamapuyk, 0. B. Cokon*,
10. B. byuain, C. M. MawkoBcbKa, A. C. lopowieHKo

HayioHanbHuli 6omaniyHuli cad imeHi M. M. lpuwika HAH Ykpainu, syn. Cadoso-6omariyHa, 1, M. Kuis, 01014, Ykpaina,
*e-mail: sokoloksana23@ukr.net

MeTa. [locniguti BNpofoBX BereTalii BMicT noficaxapupiiB y pi3HWX opraHax pociuH copTis i ribpuais poay Dahlia Cav.,
iHTpopykoBaHux y HauioHanbHoMy 60TaHiuHOMy cafly imeHi M. M. Tpuwka. Metogm. KinbkicHuii ymicT nonicaxapupais Bus-
Hayanu BaroBMM METOAOM, A MIOKO3M, DPYKTO3M Ta Caxapo3u — xpomarorpadiyHum, Pe3ynbratu. MakcumanbHUM BMicTOM
nonicaxapuiie y kopeHeOynbbax HanpukiHui BereTauii Big3Hauuscs copt ‘OciHb B CodiiBui’ (101,00 + 0,1%); iHWi manum no-
KasHukM Big 67,90 + 0,1% (‘Canby Centennial’) go 90,0 + 0,2% (‘Kiki Caron’). ¥ nepiog 36epiraHHs Li 3HaYeHHA 3MeHWMUAUCA
Maiixe BABiyi B ‘OceHi B Codiiaui’, ‘Kiki Caron’ i l6puaa N2 150 Ta 3anuwmnucs npubAU3HO Ha ToMy camomy piBHi B ‘Canby
Centennial’. Po3unHHi Uykpy B KOpeHeOynb6ax COPTOBUX 3pa3KiB KOPKMH NPEACTABNEH] NEPEBAXHO MI0K03010, PPYKTO3010
Ta Caxapo30t. IxHA cyma BOceHM HanpuKiHUi BereTauiiiHoro nepiogy ctaHosuna Big 8,0% (‘Canby Centennial’) po 11,5%
(Fi6pup Ne 150). YoTupumicauHe 36epiraHHs KopeHebynb0 y NpoxXonoAHOMY NpuMilLeHHi 3a Temnepatypu 5-8 °C i BosiorocTi
50-60% NO3UTUBHO BMJIMHYO HA BMiCT PO34YMHHUX LyKpiB, AKui 36inbwuBcs B 1,3-1,8 pasa [Big 14,72% (‘Canby Centennial’)
10 21,86% (i6pup Ne 150)]. Y nuctkax M6puaa N2 150 3aranbHa KinbkicTb noficaxapuais He nepeBuityBana 6 + 0,02% Ta byna
we MeHwoto B iHwux coptis: ‘Kiki Caron’ — 2,9 + 0,01%, ‘Ocivb B CodhiiBui’ — 1,8 + 0,01%, ‘Canby Centennial’ — 1,6 + 0,01%.
BuCHOBKM. 3a pe3ynbTataMu JOCTifAXEHb MOXKHA 3p0OUTM BUCHOBOK, L0 KopeHebynbbu pocnuH poay Dahlia, 3patHi 36epiratu
noficaxapuam HaBiTb y 3UMOBWMIA NEPiof, € NOTEHLINHUM HETPAANLINHUM [KEPENOM LMX BI0NOrYHO aKTUBHUX CMIOAYK.

Kntoyosi cnosa: pocnunu pody Dahlia; kopeHebynbbu; aucmyu; noaicaxapudHuli Komniexc.

HUX Bce OUIBINUI 1HTEpeC CTAHOBUTH I'PYIIa CIIO-

Bctyn JIYK TIEPBUHHOIO CUHTE3Y, JIOIIOMIKHUX Y BUPOO-

¥ mporreci pocTy Ta pO3SBUTKY POCJIMHU CHUHTE-
3yI0Th PI3HOMAHITHI 010JIOTIYHO AKTHUBHI CITOJIY-
kn (BAC), Kl BILIMBAIOTH HA OPraHI3M JIIOIHUHI
Ta MaloTh IeBHY (apmarosoriuny miio. Cepen
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HUIITBI JIKAaPChKUX POPM, a caMe: IOJIICaXapH o
POCJIMHHOTO TIOXOyKeHHs. BoHU, SIK ITOPIBHATH
13 CHHTeTUYHHMI PEUYOBHHAMHU, 30€01IBIIIOr0 He-
TOKCHUYHI, a IXHI MeTa00JIITA He 3aBIAI0Th IIIKOIN
oprauiamy. Jlo Toro x mmepeBaskHa KLJIBKICTH 3a-
CTOCOBYBAHUX y MEIUIIMHI MOJIICAXAPUIIB PO3-
uynHHA ¥ Boml. OCKLIBKH ITl CIIOJIYKN BU3HAYAKOTD
IIIHHICT (PITOCUPOBUHU, caMe 3 HUMU O1JIbIINCTh
yYEeHUX II0B’sI3y€ BUBYEHHS Ta IIOIIYK POCJIHH 3
IMYHOMO/IEJTIOBAJIbHUMH ~ BJIACTUBOCTSIMHU, 5Kl
BILUIMBAIOTh HA 3aXUCHI peakili opraxiamy. ¥
dapMarleBTHUHINA IPOMUCIIOBOCTI Bie BHKOPIIC-
TOBYIOTH POCJIMHH, III0 MICTSATE HOJIICAXAPUON SK
ocuoBHy rpyiry BAC. 3okpema, oI0pOsKHUK Be-
smuknii (Plantago major L.) — 20% y nuctrax, mii-
oin ssuuavuuit (Tussilago farfara L.) — mpud-
m3HO 8% y JIUCTKAX, a TAKOK aJiTes JIKapChbKa

® @ © The Author(s) 2025. Published by Ukrainian Institute for Plant Variety Examination.
@ This is an open access article distributed under the terms of the license CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/), which permits
BY _SA use, distribution, and reproduction in any medium, provided the original work is properly cited.
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(Althaea officinalis L.) — no 35% y xopensx. fAx
BUTHO, ,z:ocmmfcyBaHl CIIOJIYKM OLJIBIIIOI0 MIipOIO
JIOKAJTI3YIOThCA B MII3€MHHUX OpraHax, Xoda iy
HA3EeMHMX HASABHA 3HAYHA IXHA KIILKICTD.

@irorperrapaty, po3podJIeHl HA OCHOBI IT0JIi-
caxapuiB, MAlOTh [IOM SKIITyBaJIbHY, PAH03aro-
0BAJIBHY, IIPOTUBUPA3KOBY, 00BOJIIKAIbHY, Bi-
XapKyBaJIbHY, 00J1€3aCIIOKIAINBY Ta IT0CIa0JII0-
BaJsibHy mii [1]. IlepcnekTUBHUM I3KepesIoM IIMX
BAC mosxyTs Oyt pocsimau ponuau Asteraceae
Dum. (aticrpoBux) poay Dahlia Cav., skwuii, 3a
PISHMMU JaHUMH, 00’ €IHYyE Bl YOTHPHOX 10 36
BH/IB, IIOIINPEHNX IIEPEBAMKHO B TIPCHKMUX pa-
onax Mexkcurn, I'saremasnn, Kosrym6ii, Ta 1o-
mang 20 THc. 11e HeJI0CTATHBO BUBYEHUX KYJIbTH-
Bapis [2, 3].

¥ HarionanbHOMyY 0OTaHIYHOMY cajy iMeHl
M. M. I'pumxka HAH Vrpainu (maai — HBC) 316-
PaHO OOHY 3 HAMOLIBIIMX y HAIIIHN IepsKaBl Ko-
nekmin pony Dahlia, axa Hamiuye momanm 250
kynbTuBapis. HHopxuua kynerypua (Dahlia X
cultorum Thorsr. et Reis.) — Bum, mo ob’'equye
COPTHU TOPUIOreHHOro IoxXomExeHHa [4]. ¥V mire-
PATYPHUX IKepesiax OJIs HUX BUKOPHUCTOBYIOTH
HaaBy D. variabilis Desf. [5]. Ve B 50-x porax
XX cr. @. C. JIyaix mpoBiB IHTPOLYKIMMHI [I0-
CJTIKEHHS POCIMH BKA3aHOTO pomy. Y CBOIH
KaHouoaTChKIN mucepraini « Blosoriumi ocobim-
BOCT1, IIJISIXYW IIOKPAIIEHHS TA BHUKOPMCTAHHSI
SKOPIKUEY [6] ydyeHME 3a3HA4MB, IO KOpeHe-
OyJIBOU JKOPIKUH 31 3HAYHUM YMICTOM BYTJIEBO-
IIIB € IIePCIeKTUBHUMU JIJI1 BUKOPUCTAHHSI. 3r0-
moM, Ha mouaTky XXI cT., crmiBpoOITHHUEKYN Bimmi-
JIy KBITHHKOBO-IeKkopaTuBHuX pocyuH I'. M. My-
aruyk ta A. C. JlopollleHKo mpencTaBuiIn mep-
BUHHY OITIHKY CY4aCHOTO COPTOBOTO P1I3HOMAHIT-
Ta KoJekIriaoro gouny Dahlia Cav. [4].

HKopsxunra BimoMa cBOIMHU JIIKAPCHKHUMHU BJIac-
TUBOCTSIMHU, TOMY 11 3JaBHA BUKOPUCTOBYIOTH ¥
menuiuil: B [lenrpaneuit Amepurnl — o Jjii-
kyBauus CHIIy [7] Ta ak ToHi3yBaJbHUI HAa-
miit; y Bamrmamenn — sk mapomHMii 3acib, 1o
3aroe (PypyHKYJIH, OMIKK Ta THINHI paHu; y
Kurai — nist ctBopeHHs cymirmni KopeHeOyJIb0 3
IHIIMMMA POCIAMHAMHY, SK CKJIAIHHUK TiIIOIJILKe-
MIYHHX 300piB [8].

Amnamas iHopMaIITHUX OKepesa OAaB 3MOTrY
3pO0OUTH BUCHOBOK, III0 HAMOLIBII BUBYCHUMHU €
KOpeHeOyJIbOU, SIK1 MICTATh BYTJIEBOIU, 30Kpe-
ma, imymdiH (16-50%), HEeKTHHOBI PEYOBHHU
(0,5-4%), dpenonbHi croxyku (0o 1%), riapoKcH-
KOpMYHI Ta PeHOoIKapPOOHOB1 KUCJIOTH, KyMapH-
HEA (ymbOemidepon), amiHokmcaoTa (7—15%),
erepHy oo (1,10-1,15%), Mmaxpo- Ta MIKpoeJie-
menTH, ckBaseH (0,12%) Tomo. Hasemua uacru-
HA YKOPIKHH HAKOIINYye (PeHOJBHI CIOJIYKN (0
2%), aAHTOI[laHW, €TepPHY OJII, II0JIICAXAPHOU
(mo 5%), BiTamiuu rpynu B, kapoTrHOIIHM I TO-

Kocpepoi [9—11], a BumijIeHl 3 Hel eKCTPAKTH
MAMTh IIPOTH3AIAJbHY, AHTHOKCHOAHTHY Ta
npoTurpubkoBy mii [12]. 3aBOsgKy JOCITIIKEHHIO
MOJTIPEeHOJIFHOT0 KOMILJIEKCY Ha3eMHOI YaCTUHH!
copry ‘Ken’s Flame’ Bmasiocss BussBuTH HOr0o aH-
TuMikpoouy miro (IlaTenT Ha KOpHCHY MOOeJb
No 117559, Vrpaiuma. Cmoocib omep:RaHHS II0JIi-
(hbeHOIEHOr0 KOMILIIEKCY 3 TPABHU KOPIKUHN COP-
Ty ‘Ken’s Flame’ 3 anTuMikpoOHOIO Ii€10).

Ar HOpiBHHTI/I 3 JINCTKAMU Ta KOpeHeOyJInha-
MU, KBITKH pocauH pony Dahlia maors TIOTYK-
HIIIYy AaHTUOKCHUIAHTHY aKTHBHICTD 1 BHIIMI pi-
BeHb 1HTIOYBAHHS THUPO3WMHA3MU, a IXHIA iore-
TOBUM a00 HACHUYCHO-UYEPBOHHUMA KOJIP CBIIYUTD
PO 3HAYHMU yMicT mosidgeHoms [13, 14].

KopenebOyip0u :xOp:EUH He MICTATL KapaMe-
JI3AIHUX (PPYKTO3aH, TOMY MOMKYTH OYyTH
(6e3 3aCTOCYBaHHS JIJIS OJIePIKAHHS BICOKOBAP-
TICHUX 1 CKJIATHHUX TeXHOJIOI‘lI/I) aJbTePHATHB-
HUM JIpKepeJsioM Iosrcaxapuny iuyainy. OcraH-
HIH, 3TTHO 13 CYYaCHUMHE JOCJIIIKEeHH MM, BH-
KOPHMCTOBYIOTh Y KOMILJIEKCHOMY JIIKYBaHHI
OHKOJIOTIYHMX 3aXBOPIOBAHL Ta IIOPYIIEHHS
obminy pedoBuH [15]. Takox BIH BAMKINBUI
I papMaIeBTUYHOL IIPOMIMCJIOBOCTL AK KOM-
IIOHEeHT O10JIOTIYHO AKTHUBHUX HOOABOK, IO €
HPUPOOHUM IIPOOIOTHKOM, Mae IYKPOSHIMKY-
BaJIbHY, TIIIOXO0JIePeCTePUHEMIUHY 1 1e31HTOK-
CHKAIIHY Iii Ta JIETKO 3aCBOIOETHCA OPraHIi3-
MOM JIIOIWHN SK (PYHKIIOHAJIBHUN XapUOBUH
iarpemiexrt [16].

[Momyx mxepes mosicaxapumiB, IO € OCHOB-
HIMHY 010JI0TTYHO AKTHBHUMH CIIOJIYKAMU, CIIPH-
ATAME PO3IIMPEHHI0 HeTPATUIIIIAHOI CHPOBUH-
HOI 0a3u 11 CTBOPeHHA piT03ac001B 3 IMyHOMO-
IyJII0BAJIBHOIO TA IIPOTHAIa0eTHYHOK aKTHBHIC-
TIO, B IKMX Hapaal iCHye BeJIMKa II0Tpeda.

Mema dociidocerb — JOCIIIUTHI BIIPOIOBIK Be-
reTairii BMICT HOJIICAXapHOIB y PI3HUX OpraHax
pocauH copris 1 riopums poxy Dahlia Cav., iH-
TponykoBauux y HarlonasmsaOMYy O0TAHIUHOMY
cany imeni M. M. I'pumka.

Matepianu Ta MeToaMKa fOCHifKeHb

Jnst mposenenHs JIOCIII3KEeHD BHKOPHUCTOBY -
BAJIM IIOBITPSAHO-CYXy CHPOBHHY TAKUX COPTIB 1
riopums xop:xuH, gk ['16pun Ne 150 (poboua
Hassa «Ilomapua 3ipka»), ‘Canby Centennial’,
‘Ociab B Codiiii’ Ta ‘Kiki Caron’, KosekiriiHo-
ro QoHAY BIOOLIY KBITHHKOBO-IEKOPATHBHIX
pocara HarrioHarsHOro 60TaHIYHOrO caay IMeHl
M. M. I'pumrka HAH Vrpaiun. ¥V gasi kBiryBaH-
ua (cepmensn) 2019-2021 pp. 3aroToBISIN HA-
3eMHy YaCTHUHY POCJIMH, a HAIIPUKIHIN ILJIO0IO0-
HOIIIEHHS (Ipyra JeKamsa BepecHs) Ta IIcjs 30e-
pirasHs (Opyra — TpeTs JeKamga KBITHS) — Kope-
HeOy0u. OcraHHl 30epiraju B IiIBAJIEHOMY
OpuMilesHl (Temmeparypa moBiTps — 57 °C,
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BoJtoricTb — 60—70%). JlocmimkyBami coptu 0yJi0
obparo 3a Macoim KopeHelyIb0, TKa B CepeIHbO-
My CTaHOBHMJIA 2 KT.

Jloast amasiay BUKOPHCTOBYBAJIM CEPEITHIO
mpo0y (5 T) MOBITPSIHO-CYX0l CHPOBUHHU TA BU-
3HAYAJH BTPATy Macu 3a BUcynryBaHHsa. Kinab-
KICHAH yMICT TOJIicaxapu/IiB BCTAHOBJIIOBAJIN
rpaBIMETPUYHNM METOIOM 3T1IHO 3 METOMIKOIO
JADY 2.0.3 monorpadii «Ilomopoxkumnka Besu-
roro Jimetst N» [17]. Excrpaxirito 1iux 61o10r14-
HO aKTHUBHHUX CIIOJIYK 13 POCJIMHHOI CHPOBUHU
BUKOHYBAJIU 34 JIOIIOMOTOIO BOAU, AKY Harpina-
mu aporsarom 30 xB. Jami mosmicaxapumu ocan-
JKyBaJIM TPUKpaTHUM 00emom 96% eraHoy.
Ocaj BiAdIbTPOBYyBaIM, BUCYIIIYBAJIH Ta 3Ba-
sKyBaJIM. YMicT mosricaxapumis (X, %) ooumcitio-
BAJIM B IIePEPaAXyHKY Ha MOBITPSIHO-CYXy CHUPO-

120~

100 90

80 T

60 50
I

40 ==

20

BunHy. KinbKicTh TIioK03u, PPYyKTO3U Ta caxa-
pO3u B pOCJIMHAX BU3HAYAJIU XpoMaTorpadid-
HUM MeTomoMm [18].

Pe3ynbTatu pocnigxKeHb

Jocmimxerl pocJauMHN BiOPISHAJINCSI 34 rabi-
Tycom (poaMipaMu Ta 6y/:[013010 RyLLuB) KOJIBO-
poM, POpPMOIO JIMCTKIB, KBITOK 1 ROpeH66y.JI136
diTOXIMIYHIMHA OCO6JII/IBOCTHMI/I Vi 3asmageni
CopTH Ta r16p14/::1/1 HAKOIIMYMIN MAKCHMAJIHLHY
K1JIBKICTD nomcaxapI/ImB y KopeHeOyJib0ax Ha-
IIPUKIHII Bererairii (Iic/IA BUKOIIyBAHHS BOCE-
HHU), KOJHU iX 3arjamajau Ha 30epiranHs. Haii-
oibiiuM ymicrom rmux BAC xapakrepusyBaBcs
copt ‘Ociap B Codiismi’ (101,00 + 0,1%), immmi
Manu mnokasHmku Blm 67,90 = 0,1% (‘Canby
Centennial’) 1o 90,0 + 0,2% (‘Kiki Caron’).

101
1
iN

67,9 66,5

0
ri6pua Ne 150

[ 0o 36epiraHHs

‘Kiki Caron’

‘Canby Centennial” ‘OciHb B CodhiiBui’

E nicns 36epiraHus

Puc. 1. Bmict nonicaxapupais y kopeHe6ynb6ax xopxuH y pisHi nepiopm (%)
B nepepaxyHKy Ha NoBiTpAHO-CYXy Macy

Yepes rimposiTHYHI HEPETBOPEHHSI Y npouem
30epiraHHs KOpeHeOyIbd JYacTia nomcaxapI/ImB
3HAYHO 3MEHIINIACI. 30KpeMa, Maike BOBIUL Yy
‘Kiki Caron’ 1 I'iopmna Ne 150 — mo 50,00 £ 0,3% Ta
40,30 + 0,4% BIOMIOBIAHO. Y TIM HANCYTTEBIIIE 3HH-
SKEHHSA IHTeHCHUBHUM TIPO0JI3 CIPUINHUB Y COPTY
‘Ocian B Codpiibirl’ — Ha 78,22% (puc. 1). Kyabru-
Bapy ‘Canby Centennial’ aminu i1 uac 36epiras-
Hs Maliske He TOPKHYJINCS — BMICT IOJIiCAXapH/IiB
cxopoTuBes Jmine Ha 3,2%. Orxre, KopeHeOyanoum
JocmmxeHnx pocaus pony Dahlia MicTars 3HaY-
Hy KiabkicTh mosmcaxapumis: ‘Ociab B Coduiibi’ —
101,00+ 0,1%, ‘Kiki Caron’— 90,00 +0,2%, I'iopu
Ne 150 — 75,00 + 0,1%, ‘Canby Centennial’ —
67,90 £+ 0,1%. Ile osmauae, 1110 BCl BKA3aHl COPTH
MOSKYTE OyTH IIePCHEeKTUBHIM [IFKePesIoM IHX 010-
JIOTIYHO AKTHUBHUX CIIOJIYK HAIPHUKIHIL BereTarri
Bocern, a ‘Canby Centennial’ (66,50 + 0,2%) Ta
‘Kiki Caron’ (50,00 + 0,3%) — HABITh 32 TPHBAJIOTO
30epiraHHs.

PosunnHI 1yKpH B COPTOBUX 3pA3KaX SKOPIKIE
IIpeCTaBJIeH] IIePEeBAMKHO IVIIOK03010, (PPYKTO3050

Ta caxaposom (puc. 2) Ixus cyma B ROpeHe6YJIb-
0ax BOCEeHH Hanpmclﬂm BEreTaliifHoro IIepiomy
cramoBmia Big 8,0% y ‘Canby Centennial’ mo
11,5% B I'iopmma Ne 150. B 1mmmmmx copris — m1oHa
9%. Ilig yac YoTHPHUMICAIHOrO 30epIraHHs Kope-
HeOyJIb0 YMICT PO3UYMHHUX IYKPIB 301JIBIIUBCSI B
1,3-1,8 pasa (8ig 14,72% y ‘Canby Centennial’ mo
21,86% y I'iopmma Ne 150), 1110 CBIqUNTE IIPO Bif-
HOBJICHHS (p1310J10r0-010XIMIYHIX IIPOLIECIB.

[lomiOHy TeHIeHIIio CIIOCTEPIraau M y BeCH-
Huit nepion. Tomi B kopeHeOyap0ax Maiiske BCIiX
JOCITIIMKEHNX sKOPMKHH 3P0CiIa KiJIBKICTD PpyK-
TO3H, TJIIOKO3H Ta caxaposu. BuHaTok yepes cBoi
ocobsmBocTi cranoBuB Jmire copT ‘Ociub B Co-
diiBmi’. YmicT PPyKTOSH B HHOMY 3MEHIIIHBCS
Big 1,53 £ 0,01% mo 1,28 = 0,15%, a riIoxo3u —
Bix 3,96 + 0,1% mo 1,64 + 0,05%.

Pocnuum ponmy Dahlia dpopmMyoTh HOTY:RHY
HAa3eMHy YacCTHUHY. 3a pe3yJbTaTaMH IIpoBeje-
HUX JOCJIIIKeHb BCTAHOBJIEHO, IO 3araJIbHUMA
yMICT moJricaxapuis y jimctkax [opuma Ne 150
He mepesminyBas 6 + 0,02%, ‘Kiki Caron’ —
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‘Ocinb B CodhiiBLi’ ‘Kiki Caron’ ‘Canby Centennial’ li6pug Ne 150
Puc. 2. CnieBigHOIWEHHA PO3YMHHUX LYKPiB Y KOpeHebynbbax COPTOBMUX JKOPKUH, %
7,0 [0,59 £ 0,03% (‘Kixi Karon’) — 1,03 £ 0,08% (I'i-
6%0 opua Ne 150)] Ta caxaposa [0,50+0,01% (‘Ociub
6,0 T B Codiiemi’) — 0,82 + 0,03% (‘Kixi Caron’)]
(rabm. 1).
5,0+
4,07 BuCHOBKM
30- 2,9 VeraHoBIIEeHO, 110 MoJTicaXapyu/In JOKATI3YIOTh-
' = cs TIepeBaKHO B KOpeHeOyIb0ax MJOoCIIiIKyBa-
20- 1,§ 1,6 HuX pocaus poay Dahlia, JIeMOHCTPYIOUH MaK-
T CUMaJIbHe HAKOIMYEHHS HAIIPHUKIHIN BereTarrii
1,01 (mpyra mexama Bepecus): ‘Ociab B CodiiBinl’ —
101,00 £ 0,1%, ‘Kixi Caron’ — 90,00 + 0,2%, I'i6-
0,0 ' - ' pum Ne 150 — 75,00 + 0,1%, ‘Canby Centennial’ —
‘Ocinb Kiki ‘Canby Mi6pua 67,90 + 0,1%. 3umoBe 306epiraHHS CyTTEBO He

B CodviiBui’ Caron’ Centennial’ Ne 150

Puc. 3. BmicT nonicaxapupgie y n"MCTKax COpTOBUX
WOpXKUH (%) y nepepaxyHKy Ha NOBITPAHO-CYXy Macy

2,9 £ 0,01%, ‘Ociup B Codiibmmi’ — 1,8 + 0,01%,
‘Canby Centennial’ — 1,6 + 0,01% (Tabu. 3).
Misx copramu He BUSBJIEHO CYTTEBUX BIIMIH-
HOCTEH 3a CyMOI0 PO3UYMHHUX I[YKPIB Y JIUCTKAX.
Bomna Bapirosasa Big 1,40 £ 0,10% (‘Ocius B Co-
iiBii’) mo 1,66 + 0,15% (I'i6pmm Ne 150), a 3ua-
YHy Il YACTKY CTAHOBWJIM BITHOBJIIOBAHI I[YKPH

Tabauys 1
YacTKa po3YMHHMUX LYKPiB Y JIMCTKax Ppi3HUX COPTiB
WopuH (%) y nepepaxyHKy Ha NOBIiTPAHO-CYXy Macy
Cyma BigHoBNIOBaNbHI

Coptu . Caxapo3a
LyKpiB LyKpU
‘OciHb B Codpiiui’ [1,40+ 0,10 0,87 +0,06 [0,50 + 0,01
‘Kiki Caron’ 1,45+0,18| 0,59+0,03 |0,82+0,03

‘Canby Centennial’|1,64 + 0,21| 0,84 +0,05 |0,76+0,03
li6pua Ne 150 1,66 +0,15| 1,03+0,08 0,60+ 0,05

BILJIMBA€E HA BMICT BKA3aHUX 010JIOTMYHO AKTHB-
HUX CIIOJIyK y KopeHeOysapOax copriB ‘Kiki
Caron’ (50,00 £ 0,3%) Ta ‘Canby Centennial’
(66,50 = 0,2%). Y HaszeMHIN YaCTUHI HANOLIHIILY
KLIBKICTE mmosticaxapumis popmye [6pum Ne 150
(6 £ 0,02%).

Orxe, kopereOy InOM pocsiuH pony Dahlia me-
PEeBAKAIOTDH 1HIITl JOCIIIMKCH] 00’ €KTH 32 BMICTOM
IIOJIICAXAPUIIB, 4 TOMY € IIOTeHIIMHINM HeTPAa K-
LIAHAM J3KEePeJIOM IIMX BAMKJINBUX CIIOJIYK.
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Dzhurenko, N. I., Palamarchuk, 0. P., Sokol, 0. V.*, Buidin, Yu. V., Mashkovska, S. P., & Doroshenko, A.S.
(2025). The content of polysaccharides in plants of the genus Dahlia Cav. introduced in the M. M. Gryshko National
Botanical Garden. Plant Varieties Studying and Protection, 21(1), 12-16. https://doi.org/10.21498/2518-
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M. M. Gryshko National Botanical Garden of the NAS of Ukraine, 1 Sadovo-Botanichna St., Kyiv, 01014, Ukraine, *e-mail: sokoloksana23@ukr.net

Purpose. To investigate the polysaccharide content of
different plant organs from varieties and hybrids of the
Dahlia genus introduced to the M. M. Gryshko National Bo-
tanical Garden during the growing season. Methods. The
quantitative content of polysaccharides was determined
by the weight method, while glucose, fructose and sucrose
were determined by the chromatographic method. Results.
The maximum polysaccharide content in root tubers at the
end of the growing season was recorded in ‘Osin v Sofiivtsi’
(101.00 + 0.1%); the others had values ranging from 67.90
+ 0.1% in ‘Canby Centennial’ to 90.0 + 0.2% in ‘Kiki Karon'.
During storage, these values decreased by almost half for
‘Osin v Sofiivtsi’, ‘Kiki Caron” and Hybrid No. 150, while re-
maining at a similar level for ‘Canby Centennial’. The main
soluble sugars in the Dahlia cultivars’ roots are glucose,
fructose and sucrose. Their total content at the end of the

growing season in autumn ranged from 8.0% (‘Canby Cen-
tennial’) to 11.5% (Hybrid No. 150). Storing the root tubers
for four months in a cool room at a temperature of 5-8 °C
and humidity of 50-60% had a positive effect on the solub-
le sugar content, which increased by 1.3-1.8 times [from
14.72% (‘Canby Centennial’) to 21.86% (Hybrid No. 150)].
The total amount of polysaccharides in the leaves of Hybrid
No. 150 did not exceed 6 + 0.02%, and was even lower in the
other varieties: ‘Kiki Canon’ - 2.9 + 0.01%, ‘Osin v Sofiivtsi’ —
1.8 +0.01%, ‘Canby Centennial’ - 1.6 + 0.01%. Conclusions.
Based on the results of the study, it can be concluded that
the roots of Dahlia plants, which can retain polysaccharides
even in winter, are a potential non-traditional source of
these biologically active compounds.

Keywords: plants of the genus Dahlia; root tubers; leaves;
polysaccharide complex.
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Characteristics of the source material
for breeding winter wheat for group resistance
to leaf and stem pathogens

Ye. A. Holub*, N. I. Sauliak, 0. A. Vasyliev, M. A. Lytvynenko,
V. A. Traskovetska, Z. V. Shcherbyna, M. A. Bushulian, Ye. L. Kirchuk

Plant Breeding and Genetic Institute — National Centre of Seed and Cultivar Investigation, 3 Ovidiopolska doroha St., Odesa,
65036, Ukraine, *e-mail: eva.golub.1979@ukr.net

Purpose. Investigation of the efficiency of using introgressive lines with group resistance to leaf pathogens as source
materialin breeding winter wheat (Triticum aestivum L.) for the aforementioned trait. Methods. Field and laboratory (evalua-
tion of resistance to certain races of leaf rust and powdery mildew at the juvenile growth stage in greenhouses and on light
plants); PCR analysis (identification of resistance genes to these diseases in the studied material); statistical analysis;
and crossbhreeding analysis (study of patterns of inheritance and interaction of resistance genes). Results. The original
breeding lines of different generations (F,-F,), which were created based on the genetics of wild wheat relatives: Aegilops
cylindrica, Ae. variabilis, Triticum ventricosum, Tr. erebuni, Tr. tauschi, Thinopyrum elongatum, Triticosecale in the PBGI — NCSCI,
were studied for group resistance to local populations of leaf diseases and a set of basic agronomic traits. Six lines with
effective group resistance genes (Lr24, Lr68, Sr15, Sr31, Sr58, Pm38), as well as their combinations, were identified. These
lines provide the selected genotypes with a consistently high level of resistance, excellent grain quality and productivity,
regardless of the severity of the infection load. Investigating the genetic basis of the group resistance trait on F ~F, hybrid
material, obtained by crossing the studied lines with susceptible local varieties, revealed that its inheritance is determined
by the action of two dominant complementary genes. This indicates the possibility of effectively using this material as
donors of high resistance. Conclusions. As a result of the research, we obtained source material in the form of six lines of
winter bread wheat that effectively combine a high level of group resistance to leaf pathogens and a set of basic agronomic
traits in their genotype. This makes them valuable breeding material. These lines are included as parental components in
the crosshreeding plans of the PBGI — NCSCI and are transferred to leading NAAS of Ukraine scientific breeding centres for
use in breeding programmes.

Keywords: winter wheat; group resistance; resistance genes; leaf and stem diseases; productivity.

termined high level of resistance provides an

Introduction opportunity to address a number of important

Plant breeding plays a crucial role in the
modern integrated system for protecting wheat
against phytopathogens [1]. Developing and
implementing varieties with a genetically de-
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issues facing the agricultural sector today, both
in our country and abroad [2, 3]. Firstly, the
economic aspect must be considered, as genetic
protection against numerous pathogens and
pests can prevent significant losses in grain
yield and deterioration in quality [4]. Cultiva-
ting resistant varieties enables us to reduce the
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amount of pesticide used to protect plants du-
ring the growing process. Developing wheat va-
rieties with group resistance is highly relevant
for pesticide-free or minimal-pesticide cultiva-
tion technologies, especially for producing clean
grain for food intended for children, the sick
and the elderly [5].

An analysis of the current state of research on
breeding for resistance to phytopathogens has
revealed a wide range of innovative develop-
ments. These include new methods for identify-
ing sources of resistance containing a complex of
genes that ensure long-term stability; modified
methodologies; and original schemes enabling
the combination of race-specific resistance genes
and the creation of genotypes with a high level of
race-nonspecific resistance and tolerance [6-8].

Research is also being conducted to improve
the efficiency with which pathogen populations
are monitored, including species, races, bio-
types and strains, as well as changes in their
virulence and aggressiveness, in order to adjust
breeding programs accordingly [9, 10].

Moreover, the feasibility of incorporating re-
sistant material from different countries is being
explored, including genetic sources and donors of
new, highly effective resistance genes from
wheat’s close and distant relatives [11, 12].

Practical experience and analysis of wheat
pathogen protection systems demonstrate that
resistance to a single pathogen is not a universal
solution. A more significant effect is achieved by
including varieties with group resistance to se-
veral pathogens in breeding programs [13, 14].
Developing such varieties is a complex, long-
term process. The success of this type of breeding
programs depends primarily on the availability
of high-quality source material and donors of
highly effective — preferably dominant — resis-
tance genes. The aim of this study is therefore to
examine the effectiveness of using introgressive
lines with group resistance to leaf and stem
pathogens in breeding winter bread wheat.

The research presented is based on scientific
work carried out at the Plant Breeding and Ge-
netic Institute — National Centre of Seed and
Cultivar Investigation (PBGI — NCSCI) since the
1930s. During this period, the Institute’s phyto-
pathologists have conducted extensive research
into various aspects of immunity and breeding
for this trait. The department has developed im-
mune source material, which is used in various
breeding programs at the institution and at lea-
ding scientific centers within the National Aca-
demy of Agrarian Sciences of Ukraine (NAAS).

The aim of this study is to improve phyto-
pathological evaluation systems and the selec-
tion of resistant genotypes at all stages of the

breeding process, in controlled and artificially
infectious environments.

Materials and Methods

The research was carried out from 2019/20 to
2022/23 on the experimental fields of the Plant
Breeding and Genetic Institute — National Cen-
tre of Seed and Cultivar Investigation in Odesa,
Ukraine. These fields had previously been left
uncultivated. This study examined these issues
in both the field and the laboratory. When setting
up the field trials with plots measuring 10 m?,
the SSFK-7 selection seeder was used. Pheno-
logical monitoring, evaluation and harvesting
were carried out in accordance with the state
strain testing methodology. The plots were har-
vested using a SAMPO-130 selection harvester.

The research material consisted of lines of
winter bread wheat of various generations (F,—
F)) created using the genetic material of wild
wheat relatives: Aegilops cylindrica Host., Aegi-
lops variabilis var. typica Eig., Triticum ventri-
cosum (Tausch) Ces., Pass. & Gibelli, Triticum
erebuni Gandilyan, Triticum tauschii (Coss.)
Schmalh, Thinopyrum elongatum (Host) D.R.De-
wey and Triticosecale Wittm. & A.Camus. These
lines were studied for their resistance to leaf
and stem diseases at several stages. Under field
conditions and a complex infection background
involving a mixture of highly susceptible varie-
ties, the adult plant resistance of the genotypes
was examined. Their resistance to individual
races of leaf rust and powdery mildew was as-
sessed in greenhouse conditions and under light
installations during the juvenile stage of plant
development (BBCH 12-13). The racial and bio-
type composition, as well as the inoculation
times, of the pathogens causing leaf and stem
diseases are described in the monograph by
0. V. Babayants and L. T. Babayants [15]. The
resistance of adult plants was evaluated on a
9-point scale: 1-2 = very susceptible; 3 = highly
susceptible; 4 = susceptible; 5 = moderately sus-
ceptible; 6 = moderately resistant; 7 = resistant;
8 = highly resistant; 9 = immune [16]. The iden-
tification of resistance genes to these diseases
in the study material was carried out at the
PBGI - NCSCI using PCR analysis according to
standard methods [17].

The data was statistically processed using Ex-
cel software. The limits of the maximum random
deviation of the results obtained were determined
using the least significant difference (LSD) me-
thod. The results of the F, segregation were then
checked for compliance with the hypothesis
using Pearson’s correlation coefficient (x?) [18].

The genetic analysis was performed using
crossing combinations: Erythrospermum 57/12 /
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‘Vatazhok’, Er. 57/12 / ‘Viktoriia Odeska’, Er.
43/14 / ‘Luzanivka’, Er. 70/14 / ‘Odeska Napivkar-
lykova’, Er. 2/14 / ‘Kuialnyk’, Er. 67/14 / ‘Odeska
Napivkarlykova’, Er. 100/14 / ‘Viktoriia Odeska’.

The reliability of the segregation was checked
using Pearson’s chi-square test (x?) according to
the formula:

o= y (f—F)?
=275
where: F — expected; f — observed.

The inheritance patterns and interactions of
the resistance genes were determined through hy-
bridological analysis of the F.—F, populations [19].

The protein content of bread wheat grains
was determined using a SupNIR-2700 express
analyzer. The sedimentation rate was deter-
mined using the SDS 30 express method of
quality assessment. The flour was evaluated in

a bakery using the microbaking method with a
no-steam approach. The volume of the bread
was determined using 100 g of flour, and the
appearance, texture, elasticity and colour of the
crumb were assessed. The bread’s appearance
was assessed based on three criteria: the shape,
surface and color of the crust [20].

We followed the State Standards of Ukraine
(DSTU) 4138-2002 [21] when calculating the
thousand grain weight. The grain bulk density
was determined using a one-liter measuring jar
(TIX-1) [22].

Results and Discussion

As part of the methodological research aimed
at developing initial material for breeding winter
bread wheat with group resistance to leaf and
stem diseases, 27 introgressive lines with high
levels of resistance to diseases were obtained
through complex, stepwise crossings (Table 1).

Table 1

Resistance of introgressive lines of winter bread wheat to leaf and stem disease pathogens (2019/20-2022/23)

Disease resistance, score
Breeding line Pedigree Leaf Stem | Powdery
rust rust mildew

Lutescens 4/16 ("Amphidipliod 4" / ‘Albatros Odeskyi?) / ((‘Odeska Napivkarlykova'/ |8 + 0.50|8 + 0.50|5 + 0.38
Aegilops cylindrica) / ‘Odeska Napivkarlykova’) / ‘Tira" / Amigo’

Erythrospermum 9/16 | ((‘Obrii" / Triticum erebuni) / ‘Odeska 162") / ‘Ukrainka Odeska’/ 8+0.38/5+£0.01/9+0.02
(('Donetska Napivkarlykova' / Aegilops variabilis) / ‘Ukrainka
Odeska’) / ‘Nikoniia’

Erythrospermum 46/16 | (‘Odeska Napivkarlykova’ / Aegilops cylindrica) / ‘Kuialnyk’ 9+0.38/5+0.01{9+0.01

Erythrospermum 47/16 | ((‘Obrii" / Triticum erebuni) / ‘Odeska 162") / ‘Ukrainka Odeska?/ 8+0.50{8 +0.42 |4 +0.38
(('Donetska Napivkarlykova’ / Aegilops variabilis) / ‘Ukrainka
Odeska’) / ‘Nikoniia’

Lutescens 48/16 (‘Kupava’ / ‘Kuialnyk’) 5+0.38/9+0.01/5+0.03

Erythrospermum 53/16 | (('Obrii" / Triticum erebuni) / ‘Odeska 162") / ‘Ukrainka Odeska® / 8+0.38/8+£0.35/5+0.03
((‘Donetska Napivkarlykova' / Aegilops variabilis) / ‘Ukrainka Odeska’)
/ ‘Nikoniia’

Lutescens 64/16 (('Kupava’ / Lutescens 367/08) / (‘Odeska Napivkarlykova' / Aegilops |5 +0.01|8 + 0.35|4 + 0.37
cylindrica) / ‘Odeska Napivkarlykova')) / ‘Kiriia’

Erythrospermum 72/16 | (Erythrospermum 5/253-06 / (‘Kuialnyk’ / MA1*)) / ((‘Skarbnytsia |9 +0.02|5 +0.40/8 + 0.38
Odeska®) / Erythrospermum 120/06) / ((‘Donetska Napivkarlykova’ /
Aegilops variabilis) / ‘Ukrainka Odeska’) / ‘Nikoniia’

Lutescens 112/16 ((‘Guebon’ / ‘Kuyalnyk”) / Erythrospermum 317/06) / ((‘Odeska Napiv- |9 +0.38|5 +0.35/8 + 0.37
karlykova' / Aegilops cylindrica) / ‘Odeska Napivkarlykova’) / ‘Kiriia’

Erythrospermum 114/16 | ((‘Guebon’ / ‘Kuialnyk’) / Erythrospermum 184/06) / 8+0.01|5+0.01/8+0.02
((Erythrospermum 5/55-91 / (‘Odeska Napivkarlykova' / Aegilops
cylindrica)) / ‘Odeska Napivkarlykova') / Lutescens 23397

Erythrospermum 116/16 | ((‘Guebon’ / ‘Kuialnyk’) / Erythrospermum 184/06) / 9+0.36/5+0.35/9+0.32
((Erythrospermum 5/55-91 / (‘Odeska Napivkarlykova' / Aegilops
cylindrica)) / ‘Odeska Napivkarlykova') / Lutescens 23397

Erythrospermum 120/16 |(('Kniahynia Olha" / Erythrospermum 350/06) / ((‘Obrii" / Triticum |8 +0.50|5 + 0.02 |4 + 0.38
erebuni / ‘Odeska 162")) / ‘Ukrainka Odeska?/ ‘Selianka’

Erythrospermum 129/16 | (('Kniahynia Olha" / Erythrospermum 350/06) / (('Obrii" / Triticum 9+0.03/8+0.10{4 +0.02
erebuni) / ‘Odeska 162")) / ‘Ukrainka Odeska? / ‘Selianka’

Erythrospermum 130/16 |((‘Kniahynia Olha’ / Erythrospermum 350/06) / (('Obrii’ / Triticum |8 +0.50|8 + 0.37 |4 + 0.38
erebuni) / ‘Odeska 162")) / ‘Ukrainka Odeska? / ‘Selianka’

Erythrospermum 135/16 | (((Obrii" / Triticum erebuni) / ‘Odeska 162") / ‘Odeska 8+0.00/8+0.38/5+0.00
Napivkarlykova’) / ‘Antonivka” / Amigo’
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Continuation tablel

Disease resistance, score

Breeding line Pedigree Leaf Stem | Powdery
rust rust mildew

Erythrospermum 142/16 | (‘Wkhovanka Odeska’ / Erythrospermum 137/06) / ((‘Donetska 8+0.50/8£0.394+0.36
Napivkarlykova’ / Aegilops variabilis) / ‘Ukrainka Odeska’)) / ‘Nikoniia")

Erythrospermum 145/16 | (‘\lykhovanka Odeska’ / (Erythrospermum 5/258-06 / (‘Kuialnyk’ / MA1)))|5 + 0.38|8 + 0.34|8 + 0.35

Lutescens 148/16 [RI17091* / Bul*] / ‘Albatros Odeskyi'] / [F13021-12* / ‘Ukrainka |9 +0.01|4 + 0.38|9 + 0.03
Odeska']] / (('Donezka Napivkarlykova’ / Aegilops variabilis) /
‘Ukrainka Odeska”)) / ‘Nikoniia’

Erythrospermum 154/16 | (Erythrospermum 5/253-06 / (‘Kuialnik” / MA1)) / ((‘Skarbnytsa 8+£0.02/4+£0.04|4+0.01
Odeska?) / Erythrospermum 120/06) / (('Donetska Napivkarlykova’ /
Aegilops variabilis) / ‘Ukrainka Odeska”) / ‘Nikoniia’

Erythrospermum 192/16 | (Erythrospermum 5/253-06 / (‘Kuialnyk’ / MA1)) / ‘Antonivka’ / 8+0.01|4+0.03/8+0.32
((‘Donetska Napivkarlykova' / Aegilops variabilis) / ‘Ukrainka Odeska ‘)
/ ‘Nikoniia’

Erythrospermum 200/16 |((‘Guebon’ / ‘Kuialnyk’) / Erythrospermum 184/06) / 8+0.37|5+£0.01/8+0.38
((Erythrospermum 5/55-91 / (‘Odeska Napivkarlykova' / Aegilops
cylindrica)) / ‘Odeska Napivkarlykova') / Lutescens 23397

Erythrospermum 200/16 | ((‘Kupava’ / Erythrospermum 367/08) / ((‘Odeska Napivkarlykova’/ |4 +0.02|8 +0.39 |4 + 0.38
Aegilops cylindrica) / ‘Odeska Napivkarlykova’)) / “Kiriia’

Erythrospermum 57/12 | ((*Volynska Napivintensyvna’ / Erythrospermum 186/06) / ((‘Donetska |8 + 0.38|9 + 0.01|9 + 0.41
Napivkarlykova’ / Aegilops variabilis) / ‘Ukrainka Odeska")) / ‘Nikoniia’

Erythrospermum 2/14 | (‘Amphidipliod 4’ / ‘Albatros?) / (('Odeska Napivkarlykova’ / Aegilops |9 + 0.01|8 + 0.37 |8 + 0.38
cylindrica) / ‘Odeska Napivkarlykova’) / ‘Tira" / Amigo’

Erythrospermum 43/14 | ((*Kupava’ / Erythrospermum 367/08) / ((‘Odeska Napivkarlykova’/ |9 +0.37|8 +0.36|9 + 0.35
Aegilops cylindrica) / ‘Odeska Napivkarlykova')) / ‘Kiriia’

Erythrospermum 67/14 | ((‘Raduza’ / Erythrospermum 138/06) / ((‘Donetska Napivkarlykova" |9 +0.38|8 +0.37|9 + 0.35
/ Aegilops variabilis) / ‘Ukrainka Odeska’)) / ‘Nikoniia’

Erythrospermum 100/14 | ((‘Odeska Napivkarlykova’ / Aegilops cylindrica) / (Bt 12,13*) 8+0.38/8+0.01/8+0.00
/ ‘Poshana’ / ‘Kiriia’ / ((‘Donetska Napivkarlykova' / Aegilops
variabilis) / ‘Ukrainka Odeska’)) / ‘Nikoniia’

Erythrospermum 70/19 | ((Erythrospermum 5/176-06 / ('Kuialnyk’ / MA1)) / (Erythrospermum |9 +0.37|8 +0.40|8 + 0.38
156,/06 / ((‘Donetska Napivkarlykova' / Aegilops variabilis) /
‘Ukrainka Odeska”)) / ‘Nikoniia' / ((Erythrospermum 5/55-91 / ‘Odeska
Napivkarlykova’) / Lutescens 23397 / ((‘Donetska Napivkarlykova’ /
Aegilops variabilis) / ‘Ukrainka Odeska”)) / ‘Nikoniia’

‘Odeska Napivkarlykova’ | Erythrospermum 903/74 / (‘Krasnodarskyi Karlyk 1" / ‘Odeska 51") 2+0.01/1+0.01|2+0.38

Note. RI17091, Bul, F13021-12, MA1, Bt 12,13 - original names of collection specimens; ‘Albatros Odeskyi?, ‘Ukrainka
Odeska? - second backcross.

Analysis of this material revealed that wheat

74

genotypes exhibited varying levels of resistance
to local races of rust (leaf and stem) and pow-
dery mildew. These levels ranged from modera-
tely susceptible (4-5 points) to highly resistant
(8-9 points) (Figure).

Indeed, the largest proportion (33%) of the
material under study consisted of genotypes
that exhibited high resistance to leaf rust
and powdery mildew pathogens under com-
plex infection conditions. Twenty-six per cent
of the lines (Er. 4/16, Er. 47/16, Er. 53/16,
Er. 129/16, Er. 130/16, Er. 135/16) exhibited
high resistance to rust species (scores of 8-9),
but were affected by powdery mildew (scores
of 4-5). Group resistance to all the studied
leaf and stem diseases was observed in 22%
of the lines (Er. 57/12, Er. 43/14, Er. 2/14,
Er. 70/19, Er. 67/14, Er. 15/14). During ex-
tended testing under artificial infection con-
ditions, these lines demonstrated resistance

20

3,7

33,3

@ Leaf rust
m Stem rust

O Powdery mildew

O Leaf + stem rust

B Leaf rust + powdery mildew
@ Stem rust + powdery mildew

25,9

W Leaf rust + stem rust + powdery mildew

Fig. Percentage of genotypes resistant to individual
pathogens and their groups (2019/20-2022/23)
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to the studied pathogens at a level of 8-9
points, and they may therefore be valuable
sources of effective Lr-, Sr-, and Pm-genes for
breeding (Table 2).

Table 2
Assessment of the resistance of selected wheat lines
to major disease pathogens (2020/21-2022/23)

Line Name Leaf rust | Stem rust Poyvdery
mildew

Erythrospermum 57/12 | 8 +0.35 | 8 + 0.39 8+0.39
Erythrospermum 43/14 | 8 +0.01 | 8 +0.35 | 8+0.41
Erythrospermum 67/14 | 8 +0.02 | 9 + 0.37 6 +0.40
Erythrospermum 2/14 |8 £0.38 | 8+0.40 | 8+0.38
Erythrospermum 15/14 | 8 +0.36 | 9+0.01 | 7+0.38
Erythrospermum 70/19 | 8 £0.32 | 8 £0.02 | 80.01
‘Kuialnyk” — Standard | 5+0.01| 5+£0.02 | 5+0.01

It should be noted that the consistently high
level of resistance to leaf and stem diseases in
the selected genotypes was due to the presence
of a complex of active genes controlling this
trait, which were derived from the wild rela-
tives of wheat. The presence of these genes was
confirmed by PCR analysis (Table 3).

Notably, a significant proportion of the exam-
ined lines were found to be sources of the high-
ly effective resistance genes Lr24 and Sr24,
which originate from Thinopyrum elongatum.
Additionally, genes Lr26 + Lr34, Lr26 + Lr21,
Sr31, Pm17, and Sri™¢° were identified in Triti-
cosecale and Triticum erebuni. The most effec-
tive genes were Lr24, Lr68, Sr15, Sr31, Sr58
and Pm38, as well as their combinations. The

Table 3

Identification of effective resistance genes and their groups in the genotypes of introgressive lines
selected during the study (2021-2023)

Breeding line % Homogenies

Genes

Erythrospermum 57/12 | 1 (= 90%)
Erythrospermum 43/14 )
Erythrospermum 67/14 | 1 (= 90%)
Erythrospermum 2/14 1 (~ 90%)
Erythrospermum 15/14 )
Erythrospermum 70/19 )

Lr21 + Lr24 + Lr'™°, Sr24 + SrA™9° Pm17

Lr21 + Lr24 + Lr68 + Lr*™e°, Sr24 + Sr'mee, Pm17

Lr10+ Lr26 + Lr34 + Lr68, Sr31 + Sr58, Pm3 + Pm8 + Pm38

Lr10 + Lr20 + Lr21 + Lr26 + Lr68, Sr15 + Sr31, Pm1 + Pm3 + Pm8; Yr9

Lr10 + Lr24 + Lr68, Sr24, Pm3

Lr10+ Lr20 + Lr26 + Lr34 + Lr68, Sr15 + Sr31 + Sr58, Pm1 + Pm3 + Pm38; Y19 + Yr18, Bdv1

presence of these genes in the genotypes of the
studied lines ensured a consistently high level
of resistance to the investigated diseases under
artificially created, complex infection condi-
tions throughout the entire growing season.

The study examined the impact of introgres-
sive lines on enhancing the genetically determi-
ned level of group resistance to leaf and stem di-
seases in winter wheat. This was conducted using
hybrid material derived from straightforward
crosses of parental components that exhibited
varying levels of the trait under investigation
(Table 4). The resistance of the F', hybrids and F,
populations to these diseases was evaluated in
the laboratory for resistance to brown rust and
powdery mildew, and in the field for resistance to
stem rust, against the infectious background of
local races of the studied pathogens.

Through hybrid analysis, we established the
inheritance pattern of the trait, the types of
gene interaction and the degree of phenotypic
dominance.

Analysis of the first generation of hybrids
revealed a high level of resistance to leaf and
stem pathogens among the studied crossing
combinations. This suggests that resistance is
controlled by dominant Lr-, Sr-, and Pm-genes.

In the second generation of populations,
crossing lines with susceptible varieties such as
‘Vatazhok’, “Zysk’, ‘Odeska Napivkarlykova’
and ‘Victoria Odeska’ produced a reliable cor-

respondence (x? = 0—1.33) between the number
of resistant and susceptible plants and the the-
oretically expected ratio of 9:7. This indicates
the action of two dominant complementary Lr-,
Sr-, and Pm-genes.

Thus, by utilizing resistance genes from the
wild relatives of wheat through interspecific
crossbreeding, it is possible to obtain source
material for selecting winter bread wheat with
complex resistance to the aforementioned patho-
gens featuring effective resistance genes that
control this trait.

A balanced combination of the genetically de-
termined level of resistance to major leaf- and
stem-pathogens and a complex of valuable agri-
cultural traits is an important element in crea-
ting new breeding material. These traits form the
basis for the competitiveness of new varieties.

Therefore, one of the tasks set during the
study of the selected genotypes was to deter-
mine the genetic productivity level and baking
properties of the grain and flour.

The average yield indicators of the introgres-
sive material are presented in Table 5.

The analysis of average yield revealed that the
selected lines, based on their group resistance to
leaf pathogens, can be effective sources of high
productivity, regardless of the infection load du-
ring the cultivation period. Under conditions of
natural infection, the average productivity of the
aforementioned genotypes ranged from 6.0 to
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Table 4
The nature of inheritance of resistance to leaf-stem diseases in hybrid F —F, populations involving
introgressive lines with effective resistance genes (2020/21-2021/22)
Ratio of Resistant and Susceptible Phenotypes
F, Characteristics in the F, Population e
Actual Theoretical

Leaf | Stem | Powdery | Leaf | Stem | Powdery | Leaf | Stem | Powdery | Leaf | Stem | Powdery

rust | rust | mildew | rust | rust | mildew | rust | rust | mildew | rust | rust | mildew
Erythrospermum 57/12 /| R R 0 89:61/91:59| 50:35 | 9:7 | 9:7 9:7 0.58 | 1.19 | 0.23
‘Vatazhok'
Erythrospermum 57/12 /| R R R 87:63|87:63|309:217 | 9:7 | 9:7 9:7 0.19 | 0.19 | 1.33
“Viktoriia Odeska’
Erythrospermum 43/14 /| R R VR 190:60|90:60| 86:64 | 9:7 | 9:7 9:7 0.86 | 0.86 | 0.07
‘Luzanivka’
Erythrospermum 70/14 / | R R 0 86:62 |89:59 | 74:52 | 9:7 | 9:7 9:7 0.21 | 0.91 | 0.32
‘Odeska Napivkarlykova’
Erythrospermum 2/14 / R R MR |87:63(88:62| 87:63 | 9:7 | 9:7 9:7 0.19 | 0.36 | 0.14
‘Kuialnyk’
Erythrospermum 67/14 /| R R 0 85:58|89:62| 74:52 | 9:7 | 9:7 9:7 0.2 | 0.8 0.32
‘Odeska Napivkarlykova’
Erythrospermum 100/14 /| R R 0 83:60/90:61| 56:37 | 9:7 | 9:7 9:7 0.2 | 0.9 0.2
‘Viktoriia Odeska’

Note. Reaction type: 0 - very high resistance, VR — very resistance, R - resistance, MR — moderate resistance.

Table 5

Yield of lines with group resistance to leaf-stem diseases under different
infection backgrounds (2020/21-2022/23)

Yield
N Natural infectious background | Artificial infectious background
Breeding line
t/ha +up to St t/ha +up to St

t/ha % t/ha %
Erythrospermum 57/12 | 7.41 0.46 6.20 6.51 1.93 29.61
Erythrospermum 43/14 | 6.28 | -0.66 | —-10.51 | 6.22 1.64 26.40
Erythrospermum 67/14 | 7.62 0.66 8.70 7.49 2.91 38.91
Erythrospermum 2/14 6.22 -0.72 -11.60 | 6.03 1.45 24.01
Erythrospermum 15/14 | 6.01 -0.94 -15.72 | 5.40 0.82 15.20
Erythrospermum 70/19 | 6.36 | -0.58 -9.10 | 5.34 0.76 14.20

‘Kuialnyk” — Standard 6.94 - - 4.58 - -

LSD, s 0.33 - - 0.24 - -

7.6 t/ha, deviating slightly from the standard
‘Kuialnyk’ (6.9 t/ha), either increasing or decrea-
sing thisindicator. Specifically, some lines showed
a significant yield increase of 0.5-0.7 t/ha
(lines Er. 57/12 and Er. 43/14), while four of the
genotypes studied (Er. 96/14, Er. 67/14, Er. 2/14
and Er. 15/14) produced yields 0.5-0.9 t/ha lower
than the standard. The Er. 70/19 had a producti-
vity level equal to the standard (6.9 t/ha).

Under conditions of artificial epiphytotic out-
breaks of the pathogens of the aforementioned
diseases, the yield of the standard variety ‘Ku-
lalnyk’ decreased significantly from 6.9 t/ha to
4.6 t/ha (see Table 5), resulting in a 34% overall
loss in gross harvest. In contrast, despite the
presence of infection pressure, the lines with
group resistance almost did not reduce their pro-
ductivity level, with the yield increase compared
to the standard varying from 0.7 t/ha (13.2%) to
2.9 t/ha (38.7%). These data convincingly de-

22

monstrate that introducing introgressive lines
into winter wheat breeding programmes with a
focus on group resistance to leaf phytopathogens
can significantly stabilise the yield of high-qua-
lity grain, regardless of growing conditions.

Analysis of the main quality indicators
showed that, in the absence of high infection
pressure, the selected lines can produce grain of
a quality comparable to that of strong, valuable
wheat. In particular, the specific weight and
mass of 1000 seeds of the presented material
corresponded to the 1st class wheat standard
(DSTU 3768:2019 “Wheat. Specifications” [24]).
The Er. 43/14 and Er. 70/19 were particularly
valuable in this respect, with specific weights of
800 g/l and 1000-seed weight of 43.7 gand 41.9 g,
respectively (Table 6).

A significant proportion of the genotypes
studied in terms of their baking properties were
of a high quality, with values that varied within
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Table 6
Baking properties of grain and flour in winter wheat lines selected during the research
(2020/21-2022/23)

- Weight of grain| 1000-grain Protein Bread volume, Overall bread

Line name ingl litre,gg/l weigﬁt, g content % 505 30, ml ml score, points
Erythrospermum 57/12 | 782 +0.67 | 36.9+0.04 | 10.5+0.22 | 82 +0.45 1260 + 0.67 4.3 +0.04
Erythrospermum 43/14 | 800+ 1.32 | 43.7+0.08 | 11.9+0.04 | 89 +0.43 1400 + 0.69 4.9 +0.07
Erythrospermum 67/14 | 777 +1.67 | 36.8+0.09 | 10.4+0.08 | 78 +0.67 1180 + 0.42 3.6+0.11
Erythrospermum 2/14 777 £0.42 | 36.2+0.04 | 10.6 £0.04 | 87+0.69 1340 +0.68 4.2 +0.06
Erythrospermum 15/14 | 782 +1.56 | 40.0+0.06 | 10.6 +0.12 | 68 +0.67 1040 £ 0.87 3.2+0.10
Erythrospermum 70/19 | 800+ 0.67 | 41.9+0.07 | 10.8+0.09 | 77 +0.89 1120 £ 0.67 3.4£0.13
‘Kuialnyk’ — Standard 785+1.32 | 40.2+0.11 | 11.5+0.10 | 81+0.67 1350 + 0.44 4.6 +0.12

relatively narrow limits (protein content: 10.4—
10.8%; sedimentation: 77-87 ml; bread volume:
1040-1340 ml; total baking score: 3.2—4.3
points). The exception was line Er. 43/14, which
stood out due to its high protein content (11.9%)
and its excellent baking properties: bread vo-
lume (1400 ml) and total baking score (4.9
points). This increases its breeding value as a
genetic source.

Conclusions

The introgressive lines with group resistance
to diseases that were created can be effective do-
nors for selecting winter bread wheat for this
trait. This source material exhibits a high level of
resistance due to the action of genes (Lr24, Lré68,
Sri15, Sr31, Sr58 and Pm38), which control this
trait and were transferred to the wheat genotype
from the wild relatives Thinopyrum elongatum,
Triticosecale, and Tr. erebuni. The presence of
these genes was identified using PCR analysis.

The study of the patterns of inheritance of
group resistance in F —F, hybrid material, ob-
tained by crossing the studied lines Erythro-
spermum 57/12, Er. 43/14, Er. 2/14, Er. 15/14,
and Er. 70/19 with susceptible varieties of local
breeding, showed the dominant nature of inhe-
ritance of this trait, which is determined by the
action of two complementary genes.

The experimental lines are characterized by
consistently high productivity, with yields 13.2—
37.8% higher than the standards regardless of
the infection load level. Due to the presence of
genes from wild wheat relatives in the geno-
types of the lines, this material’s baking proper-
ties met the standard requirements for valuable
wheat. This is the case except for the Er. 43/14,
which is equivalent to high-quality wheat in
terms of grain and flour quality, with a protein
content of 11.9%, a bread volume of 1400 ml and
an overall baking score of 4.9 points.

The resulting source material combines a high
level of group resistance to leaf-stem pathogens
with a range of economically valuable traits,
making it valuable breeding material. These
lines have been included as parental compo-

nents in the crossbreeding plans of the PBGI —
NCSCI and transferred to leading scientific
breeding centers within the NAAS system of
Ukraine for use in breeding programs.
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CenekyiliHo-eeHemuyHul iHcmumym — HayioHansHull yeHmp HACTHHE3HABCMBA mMa copmosusyeHHs, syn. 0sidionosbcka dopoza, 3,

M. 00eca, 65036, Yrpaina, *e-mail: eva.golub.1979@ukr.net

Merta. [Jocnigntv eheKTUBHICTb BUKOPUCTAHHA iHTporpe-
CUBHUX NiHi fiK BUXIAHOrO MaTepiany 3 rpynoBoto CTiAKicTIO
NpOTU IMCTKOBUX NATOreHiB y NpoLeci cenekuii nwexunui o3u-
moi (Triticum aestivum L.) 3a BKa3aHol O3Hakolo. MeTtopm.
MonboBui, NabopaTtopHuii (OUiHIOBAHHA CTIHKOCTi MpoTu
OKPEMUX pac JIMCTKOBOT ipxi Ta 60POLWHUCTOT pocK Ha toBe-
HiZIbHOMY eTani pocTy B TEMIMYHWUX YMOBAX i Nif CBITIOBMMU
KoHCTpyKUiamu), NMIP-aHani3 (igeHTudikauis rexis cTilikoc-
Ti NPOTM BKasaHMX XBOpob y focnimxysaHoMy matepiani),
CTaTUCTUYHWIA, aHani3yBasbHe cxpellyBaHHA (BUMBYEHHSA 3a-
KOHOMipHOCTElN ycraAKyBaHHA Ta B3aeMOAIi reHis cTilikoc-
T1i). Pesynbratn. OpuriHanbHi cenekuiiiHi ninii pisHux no-
konib (F,—F,), cTBOpeHi Ha reHeTUYHiit OCHOBI AUKOPOCNX
ponuyis nwenwuui Aegilops cylindrica, Ae. variabilis, Triticum
ventricosum, Tr. erebuni, Tr. tauschi, Thinopyrum elongatum,
Triticosecale, pocnipxeno B CI'T — HUHC 3a ocHoBHUMY arpo-
HOMiYHMMM O3HAKaMU Ta 03HAKOIO FPYMOBOi CTIMKOCTI NpoTH
JIOKaNIbHUX nonynsauii auctocte6bnoenx xeopo6. Wictb ni-
Hil, Wo MicTATb eeKTUBHI reHn rpynosoi cTinkocti (Lr24,
Lr68, Sr15, Sr31, Sr58, Pm38) Ta ixHi kombiHawii, BusBuimncs
CTabiNbHO CTiiKUMU NPOTU TUCTOCTEBNOBMX NATOreHiB, Npo-

LEMOHCTPYBaBIIM BUCOKY fKICTb 3epHa Ta NPOAYKTUBHICTb
He3aNeXHO Bif PiBHA iH(EKLINHOro HaBaHTaXeHHA. [eHe-
TU4HY OCHOBY rpynoBoT CTilKocTi po3rsaHyTo Ha F-F, ri6-
pUAHOMY MaTepiani, OTPUMAHOMY BHACNifOK CXpeLyyBaHHS
LOCNifXKYBAHUX NiHil 31 CNPUAHATAMBMMU MiCLLEBUMMW COp-
Tamu. YCTAHOBNEHO, WO XapaKTep YCNagKyBaHHA BKa3aHOi
03HaKM BM3HAYAETLCA Li€l0 [BOX LOMiHAHTHUX KOMMJIEMEH-
TapHUX TeHiB, WO CBIAYUTb NMPO MOMMBICTb 3aCTOCYBAHHA
LbOro Marepiany ik AOHOpa BMCOKOT CTillKoCTi. BUCHOBKM.
3a pe3ynbrataMu JOCHiAKEHb OfiePIKaHO BUXifHWIA MaTepian —
wicTb NiHil NweHWUi 03UMOT, WO eheKTUBHO NOEQHYIOTL Y
reHOTUNi BUCOKMW piBeHb TPymnoBoOi CTIMKOCTI NPOTU NUCT-
KOBMX MaToreHis i Habip OCHOBHUX arpoOHOMiYHMX O3HaK, a
TOMY € LLiHHUM reHeTU4YHUM MmaTepianom. Lii niHii (sk 6aTbkis-
CbKi KOMMNOHEHTH) BKJIOYEHO [0 NnaHiB cxpeltyBaHHsa CIT -
HUHC ta nepepaHo [0 MpOBiAHUX HAYKOBUX CENEKLiMHMUX
ueHtpie HAAH YkpaiHu ans BMKOPUCTaHHA Y CenekuinHux
nporpamax.

Knrouosi cnosa: nweruys o3uma; 2pynosa cmilikicme;
2eHu cmilikocmi; xgopobu aucma ma cmebna; npooyKkmus-
HICMb.
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[eHeTHYHi g)Kepena BpPOXKaMHOCTI Ta cTabinbHOCTI
ANA cenekuyii aA4ymeH1o o3umoro B Jlicocteny YKpaiHu

B. M. Tya3zenko2*, A, A. Jlucenko?, T. . Moniwyk*, H. M. ByHak?,
€. A. Ky3bmeHko*, T. B. lOpuenko*, J1. B. Xyponiin?, I. B. KoxoBcbka?

Hociscbka cenekyiliHo-0ocnioHa cmaryia MupoHisceko2o iHcmumymy nweHuyi imeHi B. M. Pemecna HAAH Ykpainu,
syn. Mupy, 1, c. fJocniowe, Hociscbkull p-H, YepHieiscoka 061., 17131, Ykpaina, *e-mail: barley22 @ukr.net
2YkpaiHcbKul iTHcmumym ekcnepmu3u copmis pocaun, sya. lopixysamcekull wnsx, 15, m. Kuis, 03041, Ypaina

3TOB «Kuis-AmnaHmuk Yxpainay, syn. Cmenosa, 8, M. Muponisxa, 06yxiscexuli p-H, Kuisceka 06,1., 08800, Ykpaita
“Muponiscbkuli iHcmumym nweruyi imeHi B. M. Pemecna HAAH Ykpainu, syn. LlenmpansHa, 68, c. LlenmpansHe,
06yxiscbruli p-H, Kuiscbka 06.1., 08853, Ykpaina

MeTa. YcTaHOBMTU 0COGAMBOCTI piBHA MposiBY il BapiabenbHOCTi BPOXAMHOCTI KONEKLUiMHUX 3pa3KiB AYMEHK 03UMO-
ro Ta BUAINUTM FeHETUYHI fKepena g cenekuii B ymoax Jlicocteny YkpaiHu. Metoau. [locnigeHHs NpoBOAMAM B yMoO-
Bax MupoHiBCcbKOro iHCTUTYTY nuweHuui imeHi B. M. Pemecna HAAH y 2018/19, 2020/21 Ta 2021/22 pp. Matepianom ans
LOCMiKeHb CNYryBanu 74 KoNeKLiHi 3pasKu AYMEHI0 ApOro Pi3HOr0 NOXOAXEHHsA. BuKopucToByloum cTaTtucTuyHi napamet-
pu apantuBHocTi Ta rpadiyHi mogeni AMMI i GGE biplot, Bu3Hayanu B3aemopito «reHOTMN — pik» 1 3gilicHIOBaNN xapakTe-
puCTUKY 3paskie. OCTaHHi rpynyBanu KnactepHUM aHanizom. PiBeHb [OCTOBIpHOCTI B JocCnifi Ta 3B'A30K MiX mapameTpamu
aflanTUBHOCTI BCTAHOB/OBAW 3a AONOMOrO LUCNEPCiNHOrO Ta KOpensALiinHoro aHanisis BignosigHo. PesynbraTtu. BussneHo
CYTTEBY BapiabenbHicTb BPOXAWHOCTI AK MiX pokamu pocnifxeHb (Big 436 r/m?y 2018/19 p. po 621 r/m?y 2021/22 p.),
TaK i MiX 3pa3kamu B Mexax poky (2018/19 p. — Big 625 po 171 r/m? 2020/21 p. — Big 738 po 138 r/m? 2021/22 p. - Big
855 po 374 r/m?). BignosigHo o AMMI mopaeni BCTaHOBNEHO CTaTUCTUYHO BUCOKI YAaCTKW BHeCKY B 3aranbHy heHOTUNOBY
Bapiauito Bcix ii gxepen: poky (41,72%), reHotuny (37,30%) Ta B3aemopii «reHotun — pik» (21,15%). [iBi nepwi ronosHi
KOMMOHEHTU BKa3aHoi Mogeni oxonnoBanu 100% Bapiauii «reHotun — pik», Togi ak y GGE biplot — 85,14%. BuokpemneHo
12 KonekuiliHMX 3pa3KiB BiAMIiTHOro 3a MOXOAXEHHAM sumeHto o3umoro [‘Merlo” (FRA), ‘MUP 12-11" (UKR), ‘Titus" (DEU),
‘Akagemiynmit’ (UKR), ‘MWP 12-9" (UKR), ‘CHiroBa koponesa” (UKR), ‘Novosadski 525" (SRB), ‘Novosadski 737" (SRB), ‘Matador’
(FRA), ‘Radical / Pervenets’ (SYR), ‘Scarpia” (DEU), ‘Manitum’ (FRA)], ski manu focToBipHO BuLLy, HiX y cTaHgapTy Kepap’
(UKR), ypoxaiiHictb (587-685 r/m? npotn 534 r/m?). OpHak 3a piBHEM NposABY OCTaHHbOI HaBiTb CEpef HUX cnocTepiranu
pi3Hi 0co6nMBOCTI peakuii Ha yMOBM oKpemux poki. Lle 3Hailwno cBoe BifoOpaXeHHs B Pi3HUX 3HAYEHHAX CTAaTUCTUYHUX
napameTpiB aganTMBHOCTI Ta rpadiyHOMy po3nofini 3pasKiB y KoopanHatax ronoBHuUx komnoHeHT AMMI ta GGE biplot mope-
neit. Ha ocHOBi nimiTiB BapiloBaHHA BPOXAMHOCTI Ta CTAaTUCTUYHMUX NAapaMeTpiB afanTMBHOCTI BUAiNEHT 3pa3ku po3noginuam Ha
N'ATb BiAMiTHUX KNacTepis. BUCHOBKM. KoMGiHYBaHHSA M 06010 fiK 6aTbKiBCbKUX KOMMNOHEHTIB CXpellyBaHHA BUCOKONPOLYK-
TUBHMX 3pa3KiB, WO HafexaTb 0 Pi3HUX KNacTepis, LONOBHEHE eKONOro-reorpatiyHM NPUHLMNOM, MaTUME BaroMe NpakTuy-
He 3HAaYeHHs A4NA CTBOPEHHA BUXiLHOrO MaTepiany Ha NifBULLEHHSA BPOXKaMHOCTI Ta afanTUBHOCTI B yMoBax Jlicocteny YkpaiHu.

Knrouosi cnosa: Hordeum vulgare L.; cmamucmuyHuli napamemp adanmusHocmi; AMMI; GGE biplot; kopensayis; knacmep-
Hull aHani3.
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JIacTey HAIIIOI IePsKaBH IIOCIBU SIUMEHIO O3MMO-
ro JOCUTH I00pe IIePeHOCATH 3MMOBHM IIEplOJI.
[le moB’a3amH0 13 CYyTTEBUM ITOTEILIIHHAM OCTAH-
HBOro. JIJ1ga cTBOPEHHS COPTIB, aJalITOBAHUX 0
yMmoB Jlicocremy Ykpainu, B MupoHiBCHKOMY 1H-
crutyTi mmennInl imexi B. M. Pemecia HAAH 13
1970-X POKIB IIPOBOIATL AKTHUBHY CEJIEKIIIHHY
pobory [5].

CeJteKIIis SUMEHIO, SIK 1 PEIIITH BasKINBUX CLIIb-
CBKOTOCIIOHAPCHKNX KYJIBTYP, € OQHHM 13 T'OJIOB-
HUX PYIIIB CYTTEBOTO 30LIBIITEHHST BPOKANHOCTI
Ta BaJIoBHX 300piB [6—8]. 3amopyka I1b0ro —
MIIBUINEHHS TI'€HETHYHOI'O IIOTEHINAJy HOBHX
coprtiB [9] Ta iIXHBOI F€HeTHYHOI CTIMKOCTI IIPOTHU
OCHOBHUX 010- Ta a010TUYHUX YMHHUKIB [10—12].
J1J11 03MMOTO0 THIIY PO3BUTKY KYJIBTYPH — IIe 3H-
MOCTIMKICTh, T€HeTUYIHI Ta (PI310JIOTIYHI ACIIeK-
TH, SIK1 CIPHUAIOTH i1 popmyBanuio [13—15], a Ta-
KO (AK 1 IJI SAUMEHIO SIPOr0) TAKl O3HAKH, SK
TOJIEPAHTHICTD 10 Ae(IIUTY BOJIOTH I Il IBHIIE-
HUX TeMIirepaTyp [16—18], cTIAKICTE IPOTH BUJIA-
raguda [19] ra Hu3ku 30ymHHKIB XBopob [20—22].

3ocepemsxeni B reH0aHKAX T'eHEeTHUYH] KOJICK-
il e JEepeaaMy Pl3HOMAHITHHUX O3HAK, HE00-
XITHUX JJIS CeJICKIIMHOrO IOJIIIIIICHES CTBOPIO-
BaHUX copTiB [23-25]. Oguu 13 HAKOLILIINX
reHOAHKIB CBITY cdpopMOBaHo B Yikpaimi. Bin
HaAJI4ye LIOHA 154 tucsyi 3pa31c113 544 KYJIBTYP
1802 BumIB pOCIIMH. BaB,z[ﬂRI/I BIOJAHIN mparlri
MEHEeIKMEHTY Ta HayROBmB Hairiomansaoro
LIeHTPY TeHeTHIHHX pecypcua POC/IMH (M. Xap-
KiB) 1 HM3KHM YCTAHOB-CIIIBBUKOHABIIIB IIPOrpa-
Mu «'eHeTHYHI pecypcu POCIInHE», Iie — 0e3 mepe-
OLIILIIIEHHS — HAIIOHAJILHE Ta CBITOBE HAYKOBE
HaO0AHHS BIaI0csa 30epertu, IpogoBKUTH op-
MyBaTH TA CHCTEMATHYHO BUBYATH HABITH IIOI-
PH PO3B’si3aHy pocieo OpyranabHy BiiHy [26]. ¥V
TJ1I00aJTBHOMY MacIrTadl 0cOOJITMBOI aKTyaJIbHOC-
Tl B IIPAKTUYHIN CeJIEKII Ta MOJIEKYJIAPHO-Te-
HeTHYHNX OOCJIIKEHHAX TI'eHeTHYHl pecypcu
HaAOyJ M 3a CTPIMKHUX KJIIMATHYHUX 3MIH OCTaH-
HIX pokiB [27, 28]. Bigmosimao, dopmyBamHHs,
30epesxeHHsa Ta BceOluHe BUBUCHHS KOJICKITIM-
HUX 3PasKiB PO3IVIANAIOTH SK OCHOBY IJIS IIO-
JAJIBIIOr0 IIOCTYIy B CEJIEKIIl Ta IIOHOJIAHEHS
BUKJIMKIB, K1 IIOCTAIOThH IIepes Hew [29-31].

3 rocmomapchbKOro morJsaay, OCHOBHOMI (y3a-
raJbHIOBAJILHOI0) 03HAKOI, 0€3YMOBHO, € BPO-
skaviaicte. Came Tomy it [32] Ta il criIagHM-
KaM — OPOAYKTHBHIN Kyimumcrocti [33], maci
1000 sepen [34], eemeHTaM HPOLYKTHBHOCTL
koJioca [35] — mpugisieHo 3HAYHY yBary B Ha-
YKOBHX IOCILIKEHHSIX.

3 meTon e(eKTHBHOI'O OIIIHIOBAHHS COPTIB,
CeJICKIIMHMNX JIHIN, KOJEKIIMHUX 3Pa3KiB He
JINIIE 3a CepPeqHIMU 3HAYCHHSIMU (PEeHOTHUIIOBO-
I'0 IIPOSIBY BPOSKAMHOCTI, aJie 1 IXHIX JudepeHIn-
Al 3a 0COOIMBOCTAMY PIBHS IIPOSBY i€l 03HA-

KM B PI3HHX yMOBaXx (pi3HHX reorpadiuyHux Jio-
Kallllf, POKIB, CTPOKIB CIBOM TOIIO) IITMPOKO BU-
KOPHCTOBYIOTH SIK PI3HOMAHITHI CTATHUCTHUYHI
HapaMeTpH aJalTUBHOCTI, TAK 1 rpadluil Moae-
11 — GGE biplot, AMMI roro. 3okpema, BUCOKY
ePeKTUBHICTD 1 IPAKTUYHY IIIHHICTh TAKKUX I0-
CIIKEeHb IOOBEIEeHO He TIIbKUA JIS SYMEHIO
[36—38], a # Mg HHU3KM HANPIZHOMAHITHIIINX
KyJIBTYP y PI3HMX KpaiHax cBiTy: pucy [39], cop-
o [40, 41], xiHCBLEHX 0001B [42], 3eMJIsTHOrO TO-
pixa Oambapa [43], Garary [44], COHAIIHUKY
[45], ripumini iHgificbkol [46], kasuy [47], KyH-
SKYyTY 1HAIfcBKoro [48], HyTy [49].

Mema ooctidscerb — yCTAHOBUTH OCOOJIMBOCTL
PiBHSA IposABy # Bap1a6eJIbHOCT1 BpomaI/IHocn
KOJIEKIIMHIX 3pa3RlB STUMEHIO O3MMOI0 Ta BHU/II-
JINTH TeHEeTUYHI [IpKepesa IJIA CeJIeKIIil B yMOo-
Bax Jlicocreny Yrpaium.

Matepianu Ta MeToAMKa ROCNIAKEHD

Jocmimkenss mpoBoguiau B ymoBax Mwupo-
HIBCBKOTO 1HCTUTYTY mneHurti imexi B. M. Pe-
mecta HAAH (MIII) y 2018/19, 2020/21 1
2021/22 pp. I'eorpadiuna soxairis: IIMPOTa —

49°64', mosrora — 31°08', BucoTa Ham piBHEM
Mopst — 153 m. I pyHT — YopHO3eM TInboKmit Ma-
JIOTYyMyCHHM, cyiabkoBuIyroBanuii. [iubuma
TyMycOBOT0 Topu3oHTy mocsirae 40 cm. Ywmict
rymycy — 3,8%, JIysKHOT1IPOI130BAHOTO a30Ty —
60 mr, docdopy — 221 Mr, 0OMIHHOTO KaJTiio — 96 MT
Ha 1 kr rpyury. Kucmorumicrs (pH cospose) —
5,9. [Iluroma Bara TBep0i pa3u IPYHTY CTAHO-
BUTh 2,67 r/cm?. O0’eMmHa Maca IPyHTY 3a IIPO-
dinmem me mepesBurnye 1,29 r/cm?, opnHOTrO
mapy — 1,27 cm®,

Marepiamom O DOCTIAMKEHHS CJIYTyBAJIN
74 3pa3Ku STYMEHI0 03WUMOTrO, IO ITOXOAATH 13
cemu KpaiH: Yrpaiuu — 44, Opanmii — 11, Hi-
MeYunHU — Iricrh, Cupii — w'sare, Cepbii — voTH-
pu, Yexii — gBa, a Taxkox oquH 13 Benmkobpura-
Hii. Ix BImiOpasm micIst momepeHbOro OIHIOBAH-
Hay 2017/18 p. 3 HoBuX Haaxom:xeHb Bix Harrlo-
HAJILHOTO IIEHTPY T'€HEeTUYHHUX PEeCcypCiB POCTIAH
Vipainu Ta 31 apaskis xoseririi MIII, mrsa sxwx
IIPOBOJIAJIN TIPOITEAYPY ITOHOBJIEHHS CXOKOCTI.
Kpwurepiem Bifgoopy OYB KOMILIEKC ITIHHUX T'OCIIO-
JIapChKUX O03HAK — YPOKAMHOCTI, PIBHSA IIePe3u-
MIBJII, CTIFKOCTI IIPOTH BUJIATAHHS Ta 30yTHUKIB
XBOPOO.

Cisoy mpoBommim ciBaiakoio CHC-6-1011 y
mepinii mwarumeHinl skoBTHs. O0JIIKoBa ILIOIIA
minsaku cranoBmwiia 1 M2 [ToBTopHicTs — Tpupa-
30Ba 3 MOBHOW peHomisariien. Ctaumapt — s4-
miub o3umuii ‘WKepap’ — poamimntyBaau yepes 20
HOMEpIB.

Jls1s1 BceO1UHOTO OITIHIOBAHHS 3pa3KiB IIpoaHa-
JTI3yBAJIX DPIBEHb IIPOSBY BPOKAMHOCTI Ta 0OCO-
OsimBoCTi i BapifoBAHHS, BUKOPUCTABIIN HU3KY
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CTATHCTHYHUX IIApaMeTpiB 1 rpadidHuX Moje-
Jieit. 3rigHO 3 OpI/II‘lHaIIbHI/IMI/I poboTamu po3pa-
XOBYBaJIX ¥ aHAJI3yBaJIM KOeIIieHT eKO0JIOrid-
Hol mactudHocri (b) Ta BapiaHcy cTablIbHOCTI
(5?,) [560], exoBanerncy (W) [51], mokasHuk mepe-
Baru copty (P) [52], a Takox HemapameTpHdHi
nokasHUKH crabiaprocTi [S V18] [53]. 3a B. B.
XaprumsmuauM 1 M. A. JIutBumenxom (ummr. 3a
[54]) BU3HAYAIM TIOKA3HUKH I'OMEOCTATHYHOCTL
(Hom) Ta cenermi#inoi mimmocri (Sc). I'padiumi
pigyaumaarii AMMI ta GGE biplot Bukonysasu
y mporpami GEA-R, version 4.1 (CIMMYT, Mex-
cuka) [55], a IXHIO IHTepIIpeTaIlo 3IIHCHIOBAIN
BIIMOBIZHO 10 OPUTIHAJBHUX HOBIIOMJIEHE [56—
58]. CraTuyuwuil 1 KJIacTepHUN aHAI3 TPOBOIH-
JU 3a [JOIOMOrOl0 KOMITIOTEPHOI IIporpaMu
Statistica 12 (TIBCO, CIIIA). IITo6 cxapaxTepm-

3yBaTH 3B’SI3KM, BUKOPHCTOBYBAJIN TAKy I'paga-
mio koediirierTa Kopesarii: r = < 0,3 — 3B’130K
ciaabkuii, r = 0,3-0,5 — momipumit, r = 0,5-0,7 —
cepenuiit, r = 0,7-0,9 — curbumiA, r => 0,9 — oyxe
CHJIBHIH, HAOJIMKEHUH 10 (PyHKIIIOHAJIHEHOTO.

Jlami poararoBasoi y 6e3mocepeHii 0JI13b-
KOCTl O IOCJIOHUX IIOJIB ArpoMeTeOCTAHINT
«MupoHIBKa» IIOA0 TIAPOTEPMIUHOIO PEKHMY
POKIB IOCJTIKeHDb Iomano B Tabiuin 1. Moskma
IIPOCTEKUTH 3HAYHE BapilOBAHHS ITOKA3HUKIB
CepeqHLOMICAYHOI TeMIIepaTypu IOBITPSI Ta
KI1JIBKOCTI OIIaJIB K BIIHOCHO CepeIHbOro 0ara-
TOPIYHOIO 3HAYCHHS, TAK 1 MI¥K JOCILIKEeHIMI
pOKaMu, IO CYTTEBO BILIMHYJIO HA pPiBEHb
opMyBaHHSA BPOKAMHOCT] SUMEHIO 03MMOI0 Ta
CBOEI0 YEeProi0 CIIPHUAIO AM(pepeHInalii spasKin
3a II1€I0 03HAKOIO.

Tabauys 1
lMppoTtepmiuHuim pexxum BereTayiiHMX poKiB AOCAiAKEHDb 3pa3KiB AYMEHIO 03UMOTO
BereTauiiiHnii pik Micaup
VII[ IX | X [ XTI [ XX [ I [ I [T | IV ][V [VI][VI
Temneparypa nositps, °C
2021/22 p. 205132 | 76 | 48 |-1,1|-12| 1,7 | 23 | 84 | 146 20,7 | 20,4
2020/21 p. 21,1186 |13,2| 38 |-03|-23|-46| 23 | 7,7 | 145 | 20,2 | 23,3
2018/19 p. 220|166 | 106 | 01 | -19|-48| 04 | 48 | 104 | 173|226 | 19,7
CepepHe bararopiyHe| 19,4 [ 143 ] 82 | 22 [-23|-471-37] 1,2 | 90 |153]184 | 20,2
KinbkicTb onapis, MM
2021/22 p. 88,1187 |178] 255633228 92 |[10,1]86,0]293 /417|551
2020/21 p. 7,8 | 21,3 384|275 383|566 |613|283|47,2| 87,0 100,4|111,2
2018/19 p. 14,9 | 850|283 221|717 | 394|252 | 27,2 | 23,4509 | 86,8 | 50,0
CepegHe baratopiuHe| 61,0 | 50,4 | 35,8 | 39,7 | 40,6 | 358 | 30,7 | 32,7 | 415|517 | 788 79,3

OpmHyM 13 3araJIbHUX TPEHIIB 0yJIO IIepeBaAKaH-
HA CepeqHbOl TEMIIEPATyPH IIOBITPA B Y€l POKH J0-
cmmrens (2018/19 p. — 9,8 °C, 2020/21 p. —
9,8 °C, 2021/22 p. — 9,3 °C) Hang ycepeaHeHNM
6araTopqu1/1M suauenuaM (8,1 °C). Taxry camy
TeH,z[eHmIo CIIOCTEPIraJIH M y Meskax OKpeMUX Mi-
CAIIB, 32 BUHATKOM KOBTHSI, KBITHS 1 TPABHS Y
2021/22 p., JIACTOIIANA, TPYAHA Ta JIMIHA y
2018/19 p., 10TOrO, KBITHS 1 TPaBHA y 2020/21 p.

3araJjibHa KUIBKICTH OIIamiB Oyjia BHIIOK 3a
cepenquio Oaratopiuny (578,1 mMm) muie y
2020/21 p. — 625,3 mm. Hatomicts y 2018/19 1
2021/22 pp. Boua cramoBmuiaa 524,9 1 467,6 MM
BimmoBigHo. Taky camMy 3aKOHOMIPHICTE CIIOCTE-
pirajm i B Iepiof BiJ Yacy BIOHOBJIEHHS BereTa-
mii 70 3aBepllleHHs HAJHNBY 3€pHA Ta HMOro Jo-
apiBauH:a (bepe3eHb — YepBEeHD): cepedHe bara-
Topiu"e — 204,7 MM, 2018/19 p. — 188,3 mm,
2020/21 p. — 262,9 mMm, 2021/22 p. — 167,1 M.

Z[eTaanime aHaATI3yI0UHn HOI‘O,I[Hi yMOBU Bec-
HSIHOI'0 neplo,z:y, 3 anpomcnmamefo Ha piBEHb
ypoafcaI/IHocn HaBeJeHUH mail y pe3ysIbTaTax
IOCIIIIKEHD, CJII 3ayBaMKHUTH, II0 MMOBIPHHM
YMHHUKOM, KN CHPHAB (POPMYBAHHIO 3HAY-
HUX ypoxkaiB y 2021/22 p., Oysa BaBidl OLIBIIA,
HIK cepenHa 0araTtopiyHa, KIJIbKICTH OIIAlB.
Taxkil morogHi yMOBH CIIOCTEpirasiy I Yac era-

B KYIIIHHA Ta CTe0JIyBAHHSA SIMEHIO 03UMOTO.
Bomgmouac moxasHukM TemmepaTypu IIOBITPSA Y
JIHOTOMY Ta OepesHi BlL[‘IYTHO TepeBasKaIm bara-
TOPIYHI 3HAYEHHS, a Y KBITHI, HABIIAKH, — JIEIII0
mocrynasiuca im. Ile masmo amory crBopuTH mepe-
IyMOBH 151 POPMYBAHHS II1ABUINEHOI BpOsKai-
HOCT1 BIIMIOBIIHO OO €JIEMEHTIB Ii CTPYKTYypPH —
HPOOYKTUBHOI KYIIMCTOCTL Ta KIJIBKOCTI KOJIOC-
KiB y KoJiocl. Hamuirkosl omagu y TpaBHI Ta
uyepBHl 2020/21 p. mpusBenan [0 3HAYHOIO BIU-
JIATAHHS POCJIMH, III0 HETaTUBHO IIO3HAYMJIOCH
Ha Bpo:kaiHocTI 3paskiB. CBOE0 Yeprow CyTTEBO
BUIIIA 34 CEepemHI0 0araTopluHy TeMmIepaTypa
moBITPA 3 bepesusa mo yepsHa 2018/19 p. crpu-
YMHUJIA [IPUIIBHUAIIEHe IIPOXOJKEeHHs eTairiB
PO3BUTKY AYMEHIO 1, BIJIIOBIOHO, HEraTHBHO
BIUIMHYJIA HA 3aKJIaJeHHS IIOTeHIINHOI IIpo-
OYKTHBHOCTI HA PIBHI OCHOBHUX CTPYKTYPHKX
eneMeHTiB. JogaTKOBUM YHHHUKOM ¥ IILOMY aC-
mekTi OyJia BABIYl MEHIa 3a ycepeqHeHy Oara-
TOPIYHY KUIBKICTH OIIAAIB y KBITHI BKA3aHOIO
BereTaiifHoro poky. JlocTraTHe 3BOJIOMKEHHS,
ajie, K 3a3HAYCHO paHiIlle, HA TJI IIIBUIIEHUX
TeMIIepaTyp TPaBHA — 4YepBH (eramm Qopmy-
BAaHHS Ta HAJIMBY 3€pPeH), He 3MOIJIO IIOBHICTIO
KOMIIEHCYBATH IIOIIEPEIHBO He 3aKJIANeHNUN 10-
CTATHIN IIPOOYKTHUBHUM IToTeHIiasa. Bomaouac,
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1110 BKA3aHO JaJIl, JOCIIIMKeH] KOJIEKITIMHI 3pas-
KU B 3a3HAYEH1 POKU JIOCUTh CUJIBHO PI3HUJIUCT
MI3K CcOo00I0 3a pIBHEM ypoOsKawHOCTL. A TOMy
MOKHA CTBEPKYBATU AK PO IXHIN PISHUMU I10-
TEHI[AJI IPOAYKTUBHOCTI, TAK 1 IIIO0 BIAMITHOC-
Tel 3a KOMIIEHCATOPHUMHU e(peKTaMu.

Pe3ynbTatu gocnigxeHb

Pisenwy npossy sposcaiiHocmi 3paskia

Haiipumniuit piBeHb ypOosKaMHOCTI B cepeIHbO-
My IJISI BCIX JOCJIIIKEHNX 3Pa3KIB 3a(plKCOBAHO
B ymoBax 2021/22 p. — 621 r/m? [i3 BapitoBaHHSIM
Big 855 r/m? y G55 ‘Novosadski 737 (SRB) mo
374 r/m?y G71 ‘(IR 08287) (SYR)] (rabmu. 2), a
HAWHWKINH BigMiveno B mociaimi 2018/19 p. —
436 r/m? [Bim 625 r/m? v G58 ‘Merlo’ (FRA) mo
171 v/m? y G5 JI 562’ (UKR)]. ¥V 2020/21 p.,
sk mopiBHATH 3 2018/19 p., 3pasku chopmyBain
Jemio Olibmry BposkaiHiCTB — 473 1/M2%
[i MmakcumanpHl 3HAYEHHSA B Iel mepion (Tak
camo Ak 1y 2018/2019 p.) mpoaeMoOHCTPYBaB
G58 ‘Merlo’ (FRA) — 738 r/m?, a MmiHIMaIbHIMUI
(ax 1 B ymoBax 2021/2022 p.) Big3HauuBCS
G71 ‘(IR 08287) (SYR) — 138 r/m2. 11 & nBa
3pa3KM XapaKTepu3yBaIncsa HANBUINUM 1 Hall-
HIKYUM 3HAUEHHSAMH JIMITIB BaplOBaHH:I
O03HAKH B CEPEeJHHBOMY 32 TPU POKHU TOCIIIIIKEeHb:
G58 ‘Merlo’ (FRA) — 685 r/m?, G71 ‘(IR 08287y
(SYR) — 245 r/m%. CepenHs BposKaRHICTh yCHO-
ro gocaimy craHoBmiaa 510 r/m2.

Crannapr G1 “Kepap’ (UKR) (534 r/m?) y cepen-
HBOMY 34 POKHU ,HOCJIILDRGHB epeBUIyBaIn 22
3pasky, 12 3 aux — gocrosipro (HIP  — 50 r/v?).
Kpim G58 ‘Merlo’ (FRA), y ciagHoMy HOPAIKY
e G51 ‘Titus’ (DEU)—-656 r/m?, G55 ‘Novosadski
737 (SRB) — 641, G17 ‘Arapgemiuamnit’ (UKR) —
637, G40 ‘MUP 12-11°’ (UKR) - 630, G18 ‘CHiro-
Ba roposeBa’ (UKR) — 606, G66 ‘Manitum’
(FRA) — 605, G38 ‘MUP 12-9' (UKR) — 603, G53
‘Novosadski 525’ (SRB) — 602, G70 ‘Radical /
Pervenets’ (SYR) — 596, G49 ‘Scarpia’ (DEU) —
594, G62 ‘Matador’ (FRA) — 587 r/m2. Bigmosiz-
HO B Meskax rmoxuoku mepeeary Hag G1 ‘WKepap’
(UKR) mamnu gecars 3paskis: G57 ‘Luran’ (CZE),
G2 ‘Tpymsuur’ (UKR), G33 ‘MUP 12-7 (UKR),
G60 ‘Baraka’ (FRA), G56 ‘Okal’ (CZE), G34
‘MUP 4790 (UKR), G23 ‘MUP 4867 (UKR),
G64 ‘Cindy’ (FRA), G48 ‘Augusta’ (DEU), G45
‘MUP 13/1” (UKR) (565-542 r/m?).

Xapakmepucmuka KOJNeKUIUHUX 3PA3KIE 3Q
CMAmMUCMUYHUMUY NAPAMEMPAMU AO0ANMUB-
Hocmi

Jlirmmmmia, vk y G1 ‘H{epap (UKR) (Cv =
23,23%), RoecblmeHT Bapiarnii maau 38 3pasKis,
yTIM JIMIle BICIM 3 HUX JOCTOBIPHO IlepeBakasn
BKA3aHUU CTAHIAPT 3a BposKakHicTio. A came:
G38‘MUP 12-9’ (UKR) (Cv=6,98%), G58 ‘Merlo’
(FRA) (Cv=8,26%), G53 ‘Novosadski 525’ (SRB)

(Cv = 11,89%), G18 ‘Cuirosa xoposeBa’ (UKR)
(Cv =13,47%), G51 ‘Titus’ (DEU) (Cv = 14,39%),
G17 ‘Aragemiunauit’ (UKR) (Cv = 15,29%), G49
‘Scarpia’ (DEU) (Cv = 15,76%), G40 ‘MHUP 12-11
(UKR) (Cv = 16,70%). Ille uricts 3paskis — G33
‘MUP 12-7 (UKR), G60 ‘Baraka’ (FRA), G23
‘MUP 4867 (UKR), G64 ‘Cindy’ (FRA), G34
‘MUP 4790’ (UKR), G57 ‘Luran’ (CZE) — mmocty-
majucsl CTAHAApTy 3a KoediIlleHToM Bapiari
(Cv =9,83-19,86%) Ta Maju OLIBIINY, HIK Y HBO-
r'0, BPOYKAMHICTD, IIPOTE B MEYKAaX IIOXUOKH.

Binmosigso mo koedirrienTa perpecii (b)) ycra-
HOBJIEHO BapilOBAaHHA 3HAUYEHb BKA3aHOI0 Iapa-
MeTpa [IJI1 BUBYeHMX 3pas3KiB — Big b, = —0,09 mo
2,04. IloemguanHsa HAOIMKEHOL 10 ONITUMAJILHOL
JIJIsI ITHOTO HAOOPY 3pa3KiB peaxIiil Ha YMOBH PO-
KiB mociimskeHs (b, = 1,07), HE3LKOTO YHCIIOBOTO
(Jrimmmoro) 3HaveHHs BaplaHCH CTAOLIBHOCTI
(0%, = 0,11) Ta JOCTOBIPHOTO IIePEBUIIEHHS CTAaH-
Iapry 3a BposkaiiHicTio BuaBiaeHo y G40 ‘MUP
12-117" (UKR). Makcumasbauii KoediieHT pe-
rpecii, ToOTO HAWCHUIBHINIY pPeaKIio Ha 3MIHY
yMOB cepenoBuina, 3adgikcoBaro y G55 ‘Novo-
sadski 737 (SRB) — b, = 2,40. Ile mos’a3ano 3
HAMOLIBIINM Ccepe, ,z:ocmmice}mx 3pas3KiB po3-
MaxoM BaplioBaHHsS Bposkatirocti (418 r/m?) 3a
poramu: Bixg 437 r/m%y 2018/19 p. mo 855 r/m? y
2021/22 p.

Boz:Hoqac BHIIe 3a3HAYEHO, IO BIH OyB ypo-
SKAMHIIINM, HIK CTAHZAPT, K y CepeHBOMY 3a
TPHU POKH, TAK 1 B Po3pial OKpeMHX poxiB. 3ara-
JIOM, 3pas3KH, AKl JocToBipHO mepeBasxkain Gl
‘}Kepap’ (UKR) 3a BposxaiiHicTio, MaJu pi3HI
XApPaKTEePHCTUKN 34 BKA3AHMM IIapaMeETPOM.
3okpeMa, HANMEHIINM YMNCJIOBHM 3HAYCHHSIM
(HaiicsrabIon peakilielo Ha 3MIHY YMOB cepe-
opumia) 3 1iel rpymu, Ha wnporuBary G55
‘Novosadski 737, Bi,[[3Han/IBC$I G58 ‘Merlo’
(FRA) (b,=0,16). PemTy BIJTHOCHO MOSKHA Ire-
peumioBaru tak: G38 ‘MUP 12-9° (UKR), G51
‘Titus’ (DEU), G53 ‘Novosadski 525’ (SRB), G49
‘Scarpia’ (DEU) (b, = 0,42-0,64); G18 ‘Crirosa Ko-
ponesa’ (UKR), G17 ‘Axagemiunuit’ (UKR) (b,=
0,81-0,90); G62 ‘Matador’ (FRA), G70 ‘Radical /
Pervenets’ (SYR), G66 ‘Manitum’ (FRA) (b, =
1,44-1,58). TlomiOHO MOMKJIMBO POSIIOMLINTH
3pasKy, II0 MaJk IIepeBary Hajd CTaHIapTOM,
asie B mesxax moxubkm: G34 ‘MUP 4790’ (UKR),
G60 ‘Baraka’ (FRA), G64 ‘Cindy’ (FRA), G33
‘MHP 12-7 (UKR), G23 MHUP 4867 (b,= 0,13—
0,58); G57 ‘Luran’ (CZE) (b, = 1,14); G48
‘Augusta’ (DEU), G45 ‘MUP 13/1’ (UKR), G56
‘Okal’ (CZE), G2 ‘Tpynisrux’ (UKR) (b, = 1,48—
1,76). AbcosfoTHI MiHIMAJIBHI 3HAYEHHS Koedi-
mienta perpecii oyiau y G54 ‘Novosadski 529’
(SRB) (b,= —0,09), G52 ‘Novosadski 519" (SRB)
(b,=-0,01), G67 ‘Sumo’ (FRA) (b,= 0,06). Cepen-
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MesKax MOXMOKM BUSBUJIACA HUIKYOW, HIK Y
craugapry (504-533 r/m?). XapakTepHU# I
HUX MIHIMQJbHUAN po3Max BapilOBaHHS BPO-
sKaffHOCT1 3a poxamu [ymire 18—47 r/m? mporu
235 /Mm%y G1 ‘WKepap’ (UKR)] BiracHe i 3ymoBUB
TaKl 3HAYEHHS I1hOT0 MIOKA3HUKA.

Cepen 3paskiB 13 JOCTOBIPHO BUIIOM0, HIK Yy
cTaHaapTry, BposkaiHicTio TIbKu omumH — G40
‘MUP 12-11’ (UKR) — BumisieHo 3a BaplaHCOO
crabiibHOCTI (0%) Ta ekoBaseHcoo (W). Bin mas
HaMinmn abCcoI0THI 3HAYEHHS X IIapaMer-
piB y mocmini (0% = 0,11, W.= 1,56). BapTo 3Bep-
"ytu yeary i Ha G57 ‘Luran’ (CZE), mo Takosx
masB nepeBary Haxa G1 ‘Hepap’ (UKR) 3a mmokas-
HUKaMU BaplaHcH CTa0lJIBHOCTI Ta €KOBAJIEHCH
(0®> = 1,41, W, = 4,08), aste He BUIBUB JJOCTOBIp-
HOT'O IIEPeBHINEHHS 3a BpoxkaiHicTio. IHIm me-
CATH 3pa3KiB 3a BKA3aHUMU IMapaMeTpamu Oy-
JK cTaOLIBHIMHUME Bin cravmapry (0% = 6,30,
W.= 13,60), mpore mocTymnasmucs oMy 3a cepe-
HBOIO BPOYKAMHICTIO.

3a 4ncI0BUM 3HAYEHHSM IOKA3HUKA [IepeBaru
copry P, mimmmvm, misk G1 ‘WHepap’ (UKR) (P, =
215 43) OyJsm BCl 3pasku 3 ,I[OCTOBlpHI/IM 1epe-
BUIINEHHSIM 34 BPOYKANHICTIO, a TAKOXK BICIM 13
JIeCSITH 3Pas3KiB, 10 XapaKTepU3yBaJIUCS Iepe-
BUIIEHHAM y Meskax moxmbrmu. Cepen ocTaHHIX
BukgoueHHs craHosuam G34 ‘MUP 4790°
(UKR) 1 G23 ‘MUP 4867, ase i1 BOHK CYyTTEBO He
moctynasnucsa craugapry. OTike, BKasaHUil ma-
pameTp JOCUTH CHJILHO OPi€HTOBAHUM HA Cepe/I-
HI0O BPOMKAMHICTE. CIMHOI PISHHUIEI0 MOKHA
BBAJKATU HE3HAYHY 3MIHY PaHTIB (4eproBOCTi)
3pasKiB, AKIIO IX aHaJI3yBaTH IIapaJsieibHO ¥
CIIaJHOMY IIOPSIIKY 34 CePeTHBOIO BPOKANHICTIO
Ta UM ITOKAa3HUKOM.

3a mepmum HeIapaMeTpUIHUM 1HIEKCOM
crabinprocTi SV mimmummu, ik G1 WHepap’
(UKR) [S, M=4 67] OyJsim 14 3pas3kiB. 3 HEUX J0-
CTOBIPHO IT€PEBUIIYBAJIN CTAHIAPT 34 BPOKA-
micrio G18 ‘CamiroBa roposnesa’ (UKR) [S® =
2,00], G51 ‘Titus’ (DEU) [S,V = 4,00], G40 ‘MHP
12-17 (UKR) [S®V=4 OO] ta G58 ‘Merlo’ (FRA)
[S,V = 4,67], memocroBipro — G57 ‘Luran’ (CZE)
[S, ‘™= 3 33]. Oxpim G58 ‘Merlo’ (FRA), yci Bra-
3ami 3pas3ku (3arasiom 16) i 3a Ipyrum Herapa-
METPHYHHIM IOKA3HUKOM CTA0LILHOCTI S, @ Bysu
minmuvuy, Hix G1 WHepap’ (UKR) [S; =57 ,b0].

3a nokasuukoM romeocratuaHocTi (Hom,) me-
pepary Haj craggaprom (Hom, = 229,82) manu
32 3pasku. JlecAaTb 3 HUX JOCTOBIPHO ITI€PEBUIILY -
Basu #oro 3a BposkavHicTio: G38 ‘MUP 12-9°
(UKR), G58 ‘Merlo’ (FRA), G53 ‘Novosadski
525’ (SRB), G51 ‘Titus’ (DEU), G18 ‘Cuirosa ko-
poiesa’ (UKR), G17 ‘Arxamemiunuit’ (UKR), G40
‘MUP 12-11° (UKR), G49 ‘Scarpia’ (DEU), G70
‘Radical / Pervenets’ (SYR), G62 ‘Matador’
(FRA) (Hom, = 862,29-241,53), a mie mIicTs — y

mexxax HIP . G33 ‘MHUP 12-7 (UKR), G60
‘Baraka’ (FRA) G23 ‘MUP 4867 (UKR), G64
‘Cindy’ (FRA), G34 ‘MUP 4790 (UKR), G57
‘Luran’ (CZE) (Hom, = 574,02-284,46). Maxcu-
MaJibHe 3HAYeHHs IThOr0 ITapaMeTpa IPoaeMOH-
CTpYyBaJIu 3pa3Ku, IO paHilre OyJau HaMHU CXa-
paKTepu30BaHl SK TaKi, 110 MAIOTh HANMEHII
YHCJIOBl 3Ha4YeHHA KoedimieHnTa perpecii (b)),
ajie B JIEI0 1HIMN IIOCTIAOBHOCTI, V CIIAQSHOMY
nopanry: G67 ‘Sumo’ (FRA) (Hom, = 2996,44),
G52 ‘Novosadski 519" (SRB) (Hom, = 1620,92),
G54 ‘Novosadski 529 (SRB) (Hom, = 1061,02).

3a mokasHHKOM ceJeKIIiiiHoI IiHHOCTI (Sc)
minmumu, Hixk G1 Hepap’ (UKR) (Sc, = 348 80)
BusiBuiHCs 26 3paskiB. Jlecars 13 HUX mmepeBa-
SKaJIM CTAHIApT 34 BPOKAMHICTIO HA JOCTOBIP-
HoMy piBHI: G58 ‘Merlo’ (FRA) (Sc, = 580,19),
G38 ‘MUP 12-9° (UKR) (Sc, = 525,00), G51
‘Titus’ (DEU) (Sc, = 498,64), G53 ‘Novosadski
525’ (SRB) (Sc, = 477,18), G17 ‘Axanmemiunnit’
(UKR) (Sc, = 476,94), G18 ‘CriroBa ropoJieBa’
(UKR) (Sc, = 463,46), G40 ‘MHP 12-11’ (UKR)
(Sc, =459 79) G49 ‘Scarpia’ (DEU) (Sc, =444,44),
G70 ‘Radical / Pervenets’ (SYR) (Sc, = 367,12),
G62 ‘Matador’ (FRA) (Sc, = 366,85), micTs — Ha
CTATUCTUIHO He,ILOCTOBipHOMy piBui: G33 ‘MUP
12-7 (UKR), G60 ‘Baraka’ (FRA), G23 ‘MUP
4867 (UKR), G57 ‘Luran’ (CZE), G34 ‘MUP
4790’ (UKR), G64 ‘Cindy’ (FRA) (Sc, = 473,78—
384,19). llle mecsarp 3paskiB mocrymaaucs G1
‘WHepap’ (UKR) 3a BposkaiiHicTio, ajie B MeKax
moxnbkm (492-533 r/m?): G67 ‘Sumo’ (FRA), G54
‘Novosadski 529 (SRB), G52 ‘Novosadski 519’
(SRB), G72 ‘(20604)* (SYR), G30 ‘MUP 12-4
(UKR), G29 ‘MUP 12-3’ (UKR), G27 ‘MUP 12-1°
(UKR), G39 ‘MUP 12-10° (UKR), G10 JI 2/1°
(UKR),G13J117/7 (UKR) (Sc,=497,84-364,47).

Orixe, HAMITIIIII 3HAYEHHS BCIX 6e3 BUHATKY
napametpis, gk nmopisaaTu 3 G1 ‘Wepap’ (UKR),
cepejl 3pa3KiB, IO JOCTOBIPHO II€PEBUIILYBAJIH
craHmapT 3a Bpo:katiHictio, MaB G40 ‘MUP 12-11°
(UKR), 3-mromisx rpymnu 3paskiB 13 mepeBasKaH-
HSAM 34 BPOYKAUHICTIO B Meskax moxubru — G57
‘Luran’ (CZE).

Kopenauis misxc napamempamu adanmus-
Hocmi

3aBasSKU KOPeSSIIIIHHOMY aHaJIi3y BUSBJIEHO,
0 cepemHe 3HaveHHa Bposkamnoctl (Mean)
Maiske HA OJHOMY PIBHI JOCUTDH CHJILHO CITIBBII-
Hocmirocsa 3 11 makcumanbamM (Max) Ta MiHi-
masisEEM (Min) mpoasom — r = 0,851 0,88 Bigrro-
Bimeo (Tabs. 3). Mix Max 1 Min ycrauHoBIeHO
cepedHii IMO3UTUBHUU 3B’s130K — r = 0,56. Ile
CBIIYUTH PO HASBHICTH y BKa3aHI# BUOIPII
TpyIu 3pa3kiB, 110 TTOETHYBAJIN K BUCOK] 3HA-
yenHa Max, Tax 1 Min 3a poxu mociimsxeHns. Bu-
IJIEHHS TAKUX 3Pas3KiB Mae BAMKJINBE IIPAKTHY-
He 3HaveHHsd. Jly:e CHMIbHUI HeraTUBHUU
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3B’A30K ycTaHOBJIeHO Mixk Mean Ta mMOKa3HUKOM
nepesaru copty (P) — r = —0,96, momipauii He-
ratuBHUM — Misk Mean Ta Roe(biuieHTOM Bapia-
uu (CV) —r=-0,49. CJIa6Ry KOPeJIAIIo 13 cepes-
HlM piBHeM ypo:kaHHOCTI Maju IapameTpu b,
2, W, 8.0, 8@ (r=-0,04-0,24), a cuneHy — TT0-
Ka3HHUK CeJICKIHOI uiHHOCTi (Sc) (r = 0,79).
[Tomipuwuii 38’s130K 13 Max mmpocreskyBaiu JuIie
B ITOKa3HUKIB Sc, Ta b, —r = 0,381 0,47 BinmoBiz-
Ho. Pemrra mapamerpiB He OyJyi mHOB'si3aHl 3
MaKCUMAaJbHUM piBHEM yposkaiaocTi (r =—0,11—
0,20). Hysxe cunbHy Kopessirio 3 Min BUsiBJI€HO
nns Sc, (r = 0,97), cunbHy HeraTuBHY — aua Cv
(r = —0,80), nomipry — ana Hom, (r = 0,48), mo-
MipHYy HeraTuBHy — 14 b, (r = —0,38).
XapakTepuayoun KOPeJIAINiHl 3B'SI3KU MK
OKpeMHMH ITapaMeTpaMu aJallTUBHOCTI, BAPTO

HacaMIrepe[ 3BepHYTH yBary Ha yHKI[IOHAIb-
Hy 3anexHicTs Mix 0% 1 W, (r = 1,00). Lle osna-
Jae, 110 y IpoIecl aHAIi3y JaHNX JOCTATHBO BH-
3HAYUTH Jiuiie o H 13 HuX. CUIbHY IT03UTHUBHY
KOpeJIAlio BUABIEeHO Mixk mapamu b i Cv (r =
0,77), SV 1 8@ (r = 0,85); cunbHY HeraTHBHY —
Sc.1 Cv (r=-0,89), P.i Sc, (r = —-0,76); CEePEJTHIO —
P, iCv (r= 051) 02 1S(1)(r = 0,62), 0> 1 8@
(r = 0,67), Sc, 1 Hom, (r 0,60); cepe/::mo Hera-
TUBHY — Hom1 i Cv (r = —0,65), b, i Hom,
(r=-0,58), b.iSc, (r =—0,57). ¥V pemru koMm6iHa-
il TapamMeTpiB 3B'A3ku Oysu ciaabkumu. Hase-
JIeH1 3aJIeKHOCTI CJI1T ypax0ByBaTH, IIPUHAMA0YN
BIJMOBIAHI PIIIEHHS IIOJ0 BU3HAYEHHS OIITH-
MaJIbHUX PeakIlii 3pas3kiB 3a TUMHU YU 1HITUMEI
rmapamMeTpaMu, 3 OIJISAy Ha METY iX I0IAJIBIIIOr0
BUKOPHCTAHHSA ¥ CEJICKINIMHOMY IIPOIIEC.

Tabnuys 3

KopenauiitHnin aHani3 ypoxkaHOCTi Ta CTaTUCTUYHMX NapameTpiB aAanTMBHOCTI

MokasHuku | Mean | Max | Min Cv b, o’ W, P, S S® | Hom,
Max 0,85
Min 0,88 | 0,56
Cv -0,49 | 0,00 [-0,80
b, -0,04| 0,47 |-0,38| 0,77
o’ 0,05 | 0,07 |-0,18| 0,23 | -0,11
W. 0,05 | 0,07 |-0,18| 0,23 |-0,11 | 1,00
P, =0,96 -0,83|-0,86| 0,51 |-0,02| 0,06 | 0,06
Si(l) 0,15 | 0,20 | -0,04| 0,09 | 0,01 | 0,62 | 0,62 | -0,19
Si(z) 0,18 | 0,17 | 0,01 | 0,01 |-0,04| 0,67 | 0,67 | -0,21| 0,85
Hom, 0,24 |-0,11| 0,48 |-0,65|-0,58 | 0,14 | 0,14 |-0,22 | 0,08 | 0,25
Sc, 0,79 | 0,38 | 0,97 | -0,89|-0,57|-0,11|-0,11 |-0,76 | 0,04 | 0,04 | 0,60

NMpumitka. Mean, Max, Min — cepefiHe, MakCUMabHE Ta MiHIMaibHe 3HAYEHHS BPOXANHOCTI
BianosigHo, r/m%; Cv — koediuieHT Bapiauii, %; b, — koediuieHT perpecii; o’ - BapiaHca
ctabinsHocti; W, — ekoBanenca; P, — nokasHuk nepesaru copty; S iS.?) — HenapameTpuyHi

NOKa3HNKK cTabinbHOCTi; Hom, — NOKa3HNUK roMeoCTaTyHOCTi; Sc,— ceneKwiiiHa LiHHiCTb.

Knacmepruii ananiz Ha 0cHO8L napamempis
adanmueHocmi

[[lo6 ysarampHUTH pe3yJbTATH aHATI3Y 3a
CTATHCTUYHUMU IIapaMeTpaMu, 0yJI0 IPOBeIeHO
KJIacTepr3aliiio 12 3paskiB 13 0CTOBIPHO BUIIIOIO,
HIK Y CTaHIApTY, Bpomaﬂﬂicno (pI/IC 1). Kpure-
piAME IS RnaCTepI/maLm 6ym/1 pilBEeHb IpOsIBY
BPOKAMHOCTI Ta pOSI‘JIHHYTl BUIILE CTATHUCTHUYHIL
mapamMerpu. 3 PO3PaAXyHKIB BUKJIIOUMJIN JIAIIIE
exoBasiercy (W,), OCKIIbKH, IK 3a3HAUYEHO PaHi-
Ille, BOHA MaJia (PYHKINOHAJIBHY BIOIOBIIHICTD
(r=1,00) i3 BapiaHcoi crabinbHOCTI (0%). MosxHa
crrocTepirat QOpPMYBAHHS I AT JTOCTATHRO BiJI-
MiTHHX KjactepiB. Ileprmuit yrBopmiau 3pasku
G58 ‘Merlo’ (FRA) 1 G38 ‘MUP 12-9’ (UKR), 110
OyJIy HAWBIIIAIEHIIINMEA BII 1HIINX; JPYTHHA —
G55 ‘Novosadski 737 (SRB) 1 G66 ‘Manitum’
(FRA); tperiit — G70 ‘Radical / Pervenets’ (SYR)
1 G62 ‘Matador (FRA); uerBeprmit — G53
‘Novosadski 525’ (SRB) 1 G49 ‘Scarpia’ (DEU);
maruit — G51 ‘Titus’ (DEU), G18 ‘Cuirosa kopo-
nesa’ (UKR), G17 ‘Axamemivuamii’ (UKR), G40

32

‘MUP 12-11" (UKR). IBa ocraHul KJIacTepH, K
IOPIBHATHA 3 TPhOMA IIEPIIUMU, OYJIU BIIHOCHO
OIMAKYMME ONWH 0 OZHOro. PesybTaTy IiHoro
AHAII3Y MIITBEPIMKYIOTH OIIMCAHI BHIIE 3aKOHO-
mipuocti. OcTaHHI BKA3yOTh Ha Te, 10 HaBITH ¥
MesKax IPYIH 3PA3KiB 13 IOCTOBIPHO BUIIOI0, HIsK
y CTaHIapTy, BPO'KANHICTIO BUSBJIEHO BiIMIH-
HOCTI 32 0COOJIMBOCTSIMU 11 PIBHS IIPOSIBY B PI3HI
poru. Ile 3maiimmo cBoe BimoOpaskeHHS y 3HA-
YEHHSIX IMOKA3HUKIB OKPECJIEHNX CTATHCTHYIHIX
mapameTrpiB aJalITHBHOCTI, a BIATAK 1 OpMyBaH-
HA PI3HUX KJIACTEPIB. 3 OISOy HA OTPHUMAHI pe-
3yJIbTaTH, KOMOIHYBaHHS MiK C000I0 K OAThKIB-
CBKHX KOMIIOHEHTIB CXPEIIyBAHHS BHCOKOIIPO-
OYKTUBHHX 3PAa3KiB, III0 HAJIEKATH 0 PISHUX
KJIACTeplB, MOKe MATH BaromMe IpaKTHYHE 3HA-
YeHHs JJIS CTBOPEHHS BUXITHOIO MaTeplayly Ha
HIOBUINCHHA BPOMKAMHOCTI Ta AJalTHUBHOCTL B
ymoBax Jlicocrerry Yepaiuwm. Ille onuu mpaxrmy-
HUM aCIeKT, AKUU Ja€ IMiACTABU CIOMIBATHCA HA
edeKTHBHE BUKOPHMCTAHHS 3a3HAYEHNX 3Pa3KIB
y CeJIeKInil, — IXHsa BIAMITHICTE 3a KpalHaMHu IIO-
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XOJI?KEHHH. Tomy MOIMBHI KOMOIHOBAHMIM IIiI-
X1, 110710 no6opy 0aTBbKIBCLKUX KOMIOHEHTIB: (1)
3a p13H010 PeakKIriero Ha YMOBH POKIB TOCIIMKEHD
Ta (2) PI3HUX 34 IIOXOIKEHHAM (€K0JI0ro-reorpa-
(pIYHMI ITPUHIAIT).

Ward's method
Euclidean distances

G58
(38
G51
G18
G617
G40
G53
G49
G70
(62
G55
(66

uuwm

o

200 400 600 800

Linkage Distance
Npumirtka. G58'Merlo’ (FRA),G38°'MINP 12-9" (UKR), G51 ‘Titus’
(DEU), G18 ‘ChiroBa koponesa’ (UKR), G17 ‘Akagemiynuit’
(UKR), G40 ‘MUP 12-11" (UKR), G53 ‘Novosadski 525" (SRB),
G49 ‘Scarpia’ (DEU), G70 ‘Radical / Pervenets’ (SYR), G62
‘Matador” (FRA), G55 ‘Novosadski 737" (SRB), G66 ‘Manitum’
(FRA).

1000 1200 1400

Puc. 1. Knactepuuit ananis (Metop Bapaa) KonekuinHux
3pa3KiB AYMeHI0 03MMOro 3a piBHEM NposABY
BPOXKaWHOCTI Ta CTaTUCTUYHMMMU NapameTpamm
apanTuBHocri) (2018/19, 2020/21, 2021/22 pp.)

AMMI ananis

BusiBieHo [0OCTOBIPHO BHCOKI YACTKM BHECKY
B [UCIIEPCII0 YCIX TPLOX sKepes Bapialii: yMoB
pory — 41,72%, reroruny — 37,20%, a TakoXK 1X-
HbOI B3aemomili — 21,15% (tabn. 4). Orpumani
Pe3yabTAaTH IATBEePIKYIOTh HaBeAeHe BHUIe. A
caMme: IIOIIPU IIEBHY IEpPeBAry YACTKK BILIUBY
YMOB POKIB JIOCJTI/IsK€Hb, y HASBHINA BHOIPII €
3pa3KH 13 CYTTEBO PI3HOIO PEAKITIEI0 3a BPOKA-
HICTIO HA OJHAKOB1 yMOBH. TOMY MOKJIMBO BUOK-
PEeMUTH 0COOMHM, AKI IIIKABIATH CeJICKIIIoOHepa
y IIPOIIECl PO3B’I3aHHS PI3HUX CEJICKIIINHNX 3aB-
naub. Ilepiri AB1 roJI0BHI KOMIIOHEHTH IIOSICHIO-
Baau 100% Bapiarrii B3aeMomil «TeHOTHUII — PIK»:
Factor 1 — 58,53%, Factor 2 — 41,47%.

Binmosigzo mo AMMI1 biplot (pme. 2), mmo oci
Bposkarigocti (YLD) 3-mmomisk 1HIIMX 3pasKiB
Bapro Bugiiutu G58 ‘Merlo’ (FRA), G51 ‘Titus’
(DEU), G55 ‘Novosadski 737 (SRB), G17 ‘Ara-
meviunuit’ (UKR) 1 G40 ‘MUP 12-11’ (UKR).
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Mpumitka. MNo3HayeHHA POKiB JOCNiAXeHb Ta 3pa3KiB Bif-
NOBiAHO [0 HaBeAeHUX y Tabauui 2.

Puc. 2. AMMI1 biplot - po3nogin reHotunis i
CcepeaoBULY Y KOOPAMHATAX: CePefHA BPOXKANHICTb
(YLD) - nepwa ronosHa komnoHeHTa (Factor 1)
(2018/19, 2020/21, 2021/22 pp.)

Cepen HHX HeI0 MEHIIY CEePEIHI0 BPOKAL-
micte mas G40 ‘MUP 12-11’ (UKR), asne Bim
pO3TAITOBYBABCSA HAKOIMIKYE JTI0 HYJIHOBOI 103-
HAYKM BIJHOCHO OCl IIEPIIOl I'0JIOBHOI KOMIIO-
mHeutu (Factor 1). 3pasxu G58 ‘Merlo’ (FRA),
G51 ‘Titus’ (DEU) 1 G55 ‘Novosadski 737
(SRB) O0ynm cunpHimIe 3MileHl II0 BiJ eMHIA
oci, a G17 — mo momaTHIHA.

Coemnmpiuna peaxiis Ha yMOBH POKIB UITKO
mpocreskyerbesa 3a aHamisy AMMIZ biplot (puc. 3).
Hait6impmn BHPAKEHOI0 BOHA 6yJ1a y 3pas3KiB, 1110
HOTPaIUIIL [0 CEKTOpPIB, PO3OLIIEHUX IIyHKTHP-
HUMHU JIHIIMY, B SKUX TAKOK OIIMHIJINCA BEK-
TopH poKiB gocaimxens (K19, E21, E22).

Hampuriaan, Ha BepIuHI IOJIIT0OHY, ¥ CEKTOP1
3 Bextopom E21 poaramysBasca 3pasorx G34

Tabauus 4

DucnepciitHuit ananis AMMI mopeni (Tect lono6a) (2018/19, 2020/21, 2021/22 pp.)

- Cyma CryniHe | CepepHiii .. | YacTka BHecKky

foxepeno sapiauii KBagpatis | ceoboau KBagpar F-kpurepiit B Aucnepcito, %
Pik 4272360,73 2 2136180,37 | 2142,13 41,72
[eHoTUN 3802476,90 73 52088,72 52,23 37,30
B3aemopis «reHoTun — piky» | 2166064,82 146 14836,06 14,88 21,15
[onoBHa KOMNOHeHTa 1 1267719,23 74 17131,34 17,56 58,53
[0N10BHA KOMMNOHEHTA 2 898345,59 72 12477,02 12,79 41,47
[onoBHa KOMNOHEeHTa 3 0,00 70 0,00 0,00 0,00
3anuniuku 442766,00 444 997,22 - 0,00
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Factor 1 (58,53%)
Mpumitka. MNo3HayeHHs POKiB [JOCNiAXeHb Ta 3pa3KiB Bif-
NOBiAHO 10 HaBeAeHMUX y Tabnuui 2.

Puc. 3. AMMI2 biplot - po3nogin coprie i cepegoBuwy y
KoopauHartax nepwoi (Factor 1) Ta gpyroi (Factor 2)
ronoBHUx KoMnoHeHT (2018/19, 2020/21, 2021/22 pp.)

‘MUP 4790 (UKR), axumii MaB HAHCHJILHIIILY
crrerupiunay peakritiio Ha ymosu 2020/21 p. o
IILOTO ceKTopy «Braym» Takoxk G58 ‘Merlo’
(FRA) Ta G51 ‘Titus’ (DEU). 3pasox G55
‘Novosadski 737 (SRB) LOTPAIIMB HA BEPIIIHY
KyTa non1r0Hy, B CEKTOp 13 BEKTOpOM poKy K22,
110 CBITYUTH IIPO HOT0 CUJIBHY PeaKINio Ha yMO-
Bu 2021/22 p. CxapaxkrepusoBanuii suiie G40
‘MHUP 12-11 (UKR) onmmHHBCA MAKCHMAJIBLHO
01u3bK0 1o meHTpa biplot. Otixe, ftoro peakiris
HA YMOBHU POKIB JOCJIIKEeHb OyJia OINTHMAJIb-
HOIO, BLAIOBIOTHO 0 3HA4YeHb 000X TI'OJIOBHHUX
KOMIIOHEHT.

GGE biplot ananis

3rigao 3 GGE biplot mogesio, meprra (AXIS1)
ta gpyra (AXIS2) roso0BH1 KOMIIOHEHTH IOSCHIO-
Basu 85,14% BaplioBaHHSI B3a€MOZIl «MeHOTHII —
pix» — 67,79 Ta 17,35% Bigmosimuo. Ile mocuThb
BHCOKHI IIOKA3HUK, aJIe HIKINHN, K [IOPIBHATH
3 AMMI anamizom. GGE biplot nudepeniiiio-
BAJIBHOI 3/TATHOCTI T PEIpPe3eHTATUBHOCTI pPO-
KiB mociaimkeHb (prc. 4) ykaaye, 110 HauBigga-
JICHIIIIUMHA OJHEe Bl OJHOI'O 33 0COOJIMBOCTAMU
MPOSIBY BpO?R&fIHOCTi 3paskiB 6yJ11/1 YMOBH
2018/19 (E19) 12020/21 pp. (E21), axi BOJ(HOYAC
MaJIM CHJIBHIITY OU(EepeHIllalbHy 3TaTHICTD,
nopisaooun 3 2021/22 p. (E22). OcranHiit 0ys
HAMOIIMKYMM 10 CePeOHBOr0 IJIs CEePEeIOBHIII
BEKTOPY Ta PO3PAXYHKOBOIO PO3TAIIYBAHHSI
OIITUMAJIFHOIO CePEeIOBHINA HAa HHBOMY, IIO3HA-
YEHOI'0 BEPIIKMHOK CTPLIKH.

Bigmosimzo mo GGE biplot «xorpmii-me-
mepemir» (puc. 5), B OIHOMY CEKTOP]1 OIMHUJINCS
OBa poxu jJociimxens — K21 (2020/21) ta E22

(2021/22). Ha Bepmmuax ta JiHil JJOMAaHOI II0-
JIITOHAJIBHOI (PITypH PO3TAIIyBAJINCA 3Pas3KHU
G58 ‘Merlo’ (FRA), G51 ‘Titus’ (DEU), G55
‘Novosadski 737 (SRB) ta G17 ‘Axamemiunmit’
(UKR). Ilpore ocrammiii OyB OJmKde OO PO3-
MeKyBaJIbHOI JIHII 13 CEKTOPOM, € MICTHBCS
2018/19 p. (E19). 3pasox G40 ‘MUP 12-11
(UKR), sk 1 HuM3Ka 1HIINX, TAKOMK OIMHHUBCA Y
IIEOMY CEKTOpP1, B CEPEIUHI IIOJIITOHY.

GGE biplot cepennbo3BaskeHOl cepemoBHIII-
HOI KoopauHAaIli 3paskiB 3a BPOMKANHICTIO Ta
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MpumiTtka. [lo3HaueHHs POKiB AOCHigXKeHb Ta 3paskis

BiANOBifHO [0 HaBefeHMX y TabnuLi 2.

Puc. 4. GGE biplot gudepeHuioBanbHoi 3gatHocTi
Ta penpe3eHTaTUBHOCTI POKIB fOCAifKeHb
(2018/19, 2020/21, 2021/22 pp.)
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AXIS2 17,35%
0

-300 -200 -100
!

-200 0 200 400
AXIS1 67,79%

MpumiTtka. [o3HaueHHs POKiB AOCHigXKeHb Ta 3paskis
BiANOBifHO [0 HaBefeHMX y Tabnui 2.

Puc. 5. GGE biplot «koTpuit-ge-nepemir»
(2018/19, 2020/21, 2021/22 pp.)
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CTaOLIBHICTIO YITKO JEMOHCTPYE I ATIPKY JIije-
piB: G58 ‘Merlo’ (FRA), G51 ‘Titus’ (DEU), G55
‘Novosadski 737 (SRB), G17 ‘Arxamemiunmii’
(UKR) ta G40 ‘MHP 12-11’ (UKR) (puc. 6). Ha
ymoBu 2020/21 p. (E21) cuibHinie pearyBaJiu
mepmri Tpu 3pasku, a 2018/19 p. (E19) — G17
‘Arxanemiunnit’ (UKR). Bogrouac ir’aTmii 3pasok
G40 ‘MHUP 12-11’ (UKR) maB onrTuMaJIbHY peak-
ITi10 HA YMOBHU PI3HUX POKIB, a BiATaK IlepeBa-
JKAB YOTHUPH 1HINKX 34 crablibHicTio. [le BummO
3 HOoro poa3TralryBaHHS MaliKe Ha CepeIHBOMY
IJISI CePEeHOBHII BeKTOpl. AOCOIIOTHI HAMIIPILIL
3HAYEeHHS BPOKANHOCTI BUPA3HO IIPOCTEKYIOTh-
cay G71 ‘(IR 08287) (SYR).
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Mpumitka. Mo3HayeHHs POKiB AOCNigKeHb Ta 3paskis

BifNOBigHO [0 HaBefeHUX y Tabnuui 2.

Puc. 6. GGE biplot cepegHb03BaXKeHOT cepeA0BULLHOT
KoOpAMHaLii 3pa3KiB 3a BpoXKaMHicTIo Ta cTabinbHicTio
(2018/19, 2020/21, 2021/22 pp.)

GGE biplot pamkyBaHHAM 3pas3KiB BIIHOCHO
MATEMATHUYHO PO3PAXYHKOBOIO «1OeaJIbHOr0 Ie-
HOTHILY» BHUSBJICHO, II[0 HAUOJIMMKYUNM IO HBOT'O
oyB G58 ‘Merlo’ (FRA), poaraloBauuii y 1ieHTp1
HmeHTpuUYHUX K (pmce. 7). Jlo HacTymHOro KoJja
norpanmian 3pasku G40 ‘MHUP 12-11° (UKR),
G51 ‘Titus’ (DEU), G17 ‘Axamemiunamii’ (UKR),
a 1o Tperworo «soamm G38 ‘MUP 12-9° (UKR),
G18‘Cuirosa xoposesa’ (UKR), G53 ‘Novosadski
525’ (SRB), G55 ‘Novosadski 737 (SRB).

To0To0 [0 IMePIINX TPHOX K1 HAJIEHKAJIN JIKIIIE
Tl 3pasKu, IO HOCTOBIpHO mmepeBminyBaau Gl
‘Hepap’ (UKR) 3a cepeqHb0I0 BPOKANHICTIO BiJI-
l'IOBi,ILHO oo HIP0 05 40 IeTBePTOr0 — 3PA3KHU AK 3
JIOCTOBIPHOIO p13HHIEI0 31 crammaprom [G62
‘Matador’ (FRA), G70 ‘Radical / Pervenets’
(SYR), G49 ‘Scarpia’ (DEU), G66 ‘Manitum’
(FRA)], Tak 1 3 mepeBaskaHHSAM HAJ HUM y Me-
skax piBHA gocrtoBipHOcTi [G57 ‘Luran’ (CZE),
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BifNOBiAHO [0 HaBefeHUX y Tabnuui 2.

Puc. 7. GGE biplot paHxupyBaHHA 3pa3kis
BiJHOCHO A0 «ifieaNbHOro reHoTUNy»
(2018/19, 2020/21, 2021/22 pp.)

G60 ‘Baraka’ (FRA), G33 ‘MUP 12-7 (UKR), G2
‘TpyniBHUE’ (UKR)] Cam G1 ‘?Kepap’ (UKR)
PO3TAIIYBABCA y II'ATOMY KOJIL Pa3oM 31 3paska-
MU, STK1 Majau HegocToBipHo Buiny [G56 ‘Okal’
(CZE) G34 ‘MUP 4790’ (UKR), G23 ‘MUP 4867
(UKR), G64 ‘Cindy’ (FRA), G48 ‘Augusta’
(DEU), G45 ‘MHUP 13/1’ (UKR)] abo Hm:xuy, HIxK
Yy HBOT'O, BPOKANHICT.

BucHoBKMU

Buoxpemeno 12 KoJIeKIIMHNX 3pa3KiB Bi-
MITHOT'O 3a IOXOIKEHHAM SYMEHIO O3MMOr0, K1
MAaloTh IJIBUINEHUN PIBEHb YPOIKANHOCTI Ta €
IIHHAMY TeHEeTUYHNMHU IKepeaMy IJIs BIKO-
pUCTaHHSA B ceJIeKINi B ymoBax Jlicocremy Ykpai-
uu. 3okpema, ‘Merlo’ (FRA), MUP 12-11’ (UKR),
‘Titus’ (DEU), ‘Axageviunmit’ (UKR), MHP 12-9’
(UKR), ‘Cuirosa roposesa’ (UKR), ‘Novosadski
525’ (SRB), ‘Novosadski 737 (SRB), ‘Matador’
(FRA), ‘Radical / Pervenets’ (SYR), ‘Scarpia’
(DEU) ‘Manitum’ (FRA) Brim HaBiTh ¥ BHII-
JIeH1# r‘pym 3pasKu BIIPI3HAINCSI 0COOJIMBOCTS-
MU peaRun 3a plBHEM IIPOSIBY BpOQRaI/IHOCTl HA
PI3HOMAHITHI YMOBH POKIB JOC/Iim:keHb. Ile Oy-
JIO CXaPAaKTePH30BAHO K CTATUCTHYHIMU IIapa-
MeTpaMU Ta KJIaCTepHUM aHAJ130M, TakK 1 Bidya-
maamsavu rpadgivanx mogesieir AMMI ta GGE
biplot. Otsxe, KoMOIHYBaHHS MiK cO00I0 STK OaTh-
KIBCBKUX KOMIIOHEHTIB CXPeIyBaHHs BKA3AHUX
BHCOKOIIPOAYKTHUBHUX 3PA3KIB, III0 HAJIEKATD 10
BIIMITHUX KJIACTEPiB, C(pOpMOBAHMX HA OCHOBIL
0CO0JIMBOCTEM PIBHSA IIPOSBY BPOKANHOCTI B Pi3HI
POKH, 1, BIAIIOBIAHO, PI3HUX 3HAYECHEL CTATHUCTHY-
HHX IIapaMeTpiB aJgaITUBHOCTI, JOIIOBHEHE
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Cenekyis ma HacCiHHULMBO

€KO0JIOT0-reorpadiuHuM IIPUHIIUIIOM, MaTHUMe
BaromMe IIPaKTUYHE 3HAYEHHS JJId CTBOPEHHS
BHX1JHOI0 MaTeplajy Ha IIABUIIEHHS BPOKAa-
HOCTI Ta amanTuBHOCTI B ymoBax Jlicocremy
VEpaiun.
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Purpose. To determine the peculiarities of the level of
manifestation and yield variability of winter barley acces-
sions, and to identify genetic sources for breeding in the
Ukrainian Forest-Steppe. Methods. The research was con-
ducted at the V. M. Remeslo Myronivka Institute of Wheat
of NAAS in 2018/19, 2020/21 and 2021/22. A total of 74
spring barley samples of different origins were used for
the research. The interaction “genotype x year” was deter-
mined and the accessions characterized using the statisti-
cal parameters of adaptability and graphical models AMMI
and GGE biplot. The latter were then grouped using cluster
analysis. Analysis of variance and correlation analyses were
used to determine the level of reliability in the experiment
and the relationship between the adaptability parameters,
respectively. Results. Significant variability in yield was
found both between years of the study (from 436 g/m? in
2018/19 to 621 g/m? in 2021/22) and between accessions
within a year (2018/19 - from 625 to 171 g/m? 2020/21 -
from 738 to 138 g/m? 2021/22 — from 855 to 374 g/m?).
According to the AMMI model, statistically high shares of
contribution to the total phenotypic variation were found
for all its sources: year (41.72%), genotype (37.30%), and
“genotype x year” interaction (21.15%). The first two prin-
cipal components of this model covered 100% of the “geno-

type x year” variation, while the GGE biplot covered 85.14%.
There were 12 accessions of winter barley of different origin
[‘Merlo” (FRA), ‘MIR 12-11" (UKR), ‘Titus’ (DEU), ‘Akademich-
nyi” (UKR), ‘MIR 12-9" (UKR), ‘Snihova koroleva” (UKR),
‘Novosadski 525" (SRB), ‘Novosadski 737" (SRB), ‘Matador’
(FRA), ‘Radical / Pervenets’ (SYR), ‘Scarpia’ (DEU), ‘Mani-
tum’ (FRA)], which had significantly higher yields than the
standard ‘Zherar’ (UKR) (587-685 g/m? vs. 534 g/m?). Ho-
wever, even among them, the level of the latter showed dif-
ferent reactions to the conditions of particular years. This
was reflected in different values of statistical parameters of
adaptability and graphical distribution of accessions in the
coordinates of the principal components of the AMMI and
GGE biplot models. Based on the yield variation limits and
statistical parameters of adaptability, the selected acces-
sions were divided into five distinct clusters. Conclusions.
The combination of high-yielding accessions from different
clusters as the parental components of crosses, in accor-
dance with ecological and geographical principles, will be
of great practical importance in creating source material to
increase winter barley yields and adaptability in Ukrainian
Forest-Steppe region.

Keywords: Hordeum vulgare L.; statistical parameter of
adaptability; AMMI; GGE biplot; correlation; cluster analysis.
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Combinational ability of varieties
and self-pollinated lines of industrial hemp
for seed and oil use in the topcross system
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Purpose. To determine the peculiarities of total combining ability (TCA) and variances specific combining ability (SCA)
effects of maternal components and test varieties of intervarietal and linear-varietal hybrids of monoecious hemp on the
basis of seed productivity and oil content, to determine the predominance of additive or non-additive gene effects and
to identify components with the highest breeding value, to give a forecast of the effectiveness of selection in hybrid
populations. Methods. Combining ability was determined in the system of complete topcrosses. The varieties ‘YUSO 371’
‘Demetra’, ‘Artemida’, ‘Aphrodita’, ‘Harmoniia’, ‘Hlesiia’, ‘Hlukhivski 33’, ‘Hlukhivski 51" and their self-pollinated lines of
the fourth generation were used as maternal forms, which were crossed with three test varieties ‘Hliana’, ‘Aphina” and
‘Mykolaichyk’ (48 hybrid variants in total). The results of measurements were interpreted by arithmetic mean, F-test (R. A.
Fisher), least significant difference and ranked. Results. The study of hemp varieties and their self-pollinated lines by the
parameters of combining ability as maternal components of crosses showed significant differentiation by the effects of
TCA (from —22.60 to 21.40 by inflorescence length, from —10.35 to 15.15 by seed weight, from -3.91 to 3.23 by thousand
seed weight, from —2.40 to 3.76 by oil content) and SCA variances (6.72-233.23; 3.25-78.29; 0.01-0.10 and 0.01-2.10,
respectively). The highest SCA was observed in the maternal forms of ‘Aphrodita’, I, Aphrodita’, I, ‘Demetra’ and I, "Hlukhivski 51’
and the tester variety ‘Aphina’. A comparison of the effects of TCA and SCA variances revealed that the Aphrodita’ variety
and its self-pollinated line I, were the best crossing components. Conclusions. In the analysed crosses, the additive effects
of genes prevail in terms of thousand-seed weight and oil content, indicating the feasibility of selecting for phenotype. In
contrast, non-additive effects prevail in terms of inflorescence length and seed weight, indicating the need for genotype
selection. To increase seed productivity and oil content through combination breeding, it is advisable to use linear-varietal
crosses where the maternal components have either high TCA and high SCA or medium TCA and high SCA.

Keywords: Cannabis sativa L.; breeding; hybrid; total and specific combining ability, productivity; heterosis; additive effects
of genes; non-additive effects of genes.

stems and fiber. Two-sided cultivation (until

Introduction biological maturity) using a sparse sowing

Industrial hemp (Cannabis sativa L.) is a
valuable traditional fibre crop. It is usually cul-
tivated until it reaches technical maturity in
order to maximize the yield of high-quality
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method with 45 cm row spacing was usually
employed to produce seed material for propaga-
tion within the seed production system. Seeds
for food purposes were rarely used. In recent
decades, however, there has been a significant
increase in the cost of natural fiber production
and a lack of processing plants, resulting in a
decrease in production. At the same time, there
has been a rapid increase in demand for hemp
seeds as a source of valuable oil containing an
optimal ratio of fatty acids, proteins, vitamins,
and other nutrients [1-3].

A comprehensive study of the biologically ac-
tive substances in hemp seeds of the domestic
variety ‘Hlesiia’, hemp oil and cake [4], showed

@ @ © The Author(s) 2025. Published by Ukrainian Institute for Plant Variety Examination.
@ This is an open access article distributed under the terms of the license CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/), which permits
BY _SA use, distribution, and reproduction in any medium, provided the original work is properly cited.
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the presence of several valuable macro- and mic-
ronutrients in the raw materials under study,
which can be arranged in descending order of
content as follows: Ca, Mg, Si, Fe, Al, Mn, Zn, Sr,
B, Cu, Ba, Cr, Ni, Se, Co, Mo, Cd, Be and I. Six-
teen amino acids were identified, seven of which
are essential (leucine, valine, threonine, lysine,
methionine, isoleucine and phenylalanine), as
well as two amino acids that are essential for
children (histidine and arginine) [4]. The main
fatty acids found in all samples were linoleic,
oleic and linolenic acids. The samples also had a
high content of a- and y-tocopherol. The seeds
and cake contained 32.8-34.6% protein.

Thus, breeding aimed at improving seed pro-
ductivity and increasing oil content is becoming
increasingly important for harvesting oil and
obtaining competitive raw materials for use in
functional food products [5]. At the same time,
however, researchers note that there is limited
scientific justification for the choice of breeding
methods for industrial hemp seed and oil pro-
duction [5]. Recently, advanced hemp breeding
methods using genomics have emerged, inclu-
ding marker-assisted breeding, transgenesis,
and genome editing [6], as well as somaclonal
variation, mutagenesis, and polyploidisation in
vitro [7]. However, the difficulty of cultivating
cannabis in vitro for breeding purposes lies in
the lack of direct correlation between in vitro
and in vivo growth and development parame-
ters, indicating that the performance of canna-
bis plants in vitro is not predictive of in vivo
performance [8]. Classical methods of selection
and hybridization remain the main approaches
in breeding this crop, and including self-polli-
nated lines in crosses produces promising re-
sults [5].

Breeding hemp, a cross-pollinated plant spe-
cies, has its own specific characteristics and is
complicated by the search for parental compo-
nents that ensure high productivity (heterosis)
for one or more traits in successive generations.
Inbred (self-pollinated) lines are often used as
the basis for creating hybrids. Inbred lines used
In crosses are subject to continuous improve-
ment through selection or other methods [9].
The main feature of inbreeding that interests
breeders is the reduction or loss of heterozygo-
sity. Cross-pollinated crops that are heterozy-
gous generally have greater adaptability to en-
vironmental factors than homozygous crops.
However, self-pollination and the transition to
homozygosity are accompanied by inbreeding
depression, which disappears as a result of
crosses.

In addition, it has been experimentally con-
firmed that some hemp traits (particularly bio-

chemical traits) are more strongly influenced
by environmental factors than others. There-
fore, establishing their genetic control and the
patterns by which genotypes are implemented
in phenotypes in relation to environmental in-
fluences, as well as testing the crop under dif-
ferent environmental conditions, is an integral
part of breeding programs to create new varie-
ties [10]. Assessing the variance of breeding
traits due to environmental factors and “geno-
type X environment” interactions has helped
identify traits that are almost entirely geneti-
cally determined, such as the length of the
growing season and the accumulation of tet-
rahydrocannabinol and cannabidiol. Traits that
are strongly influenced by environmental fac-
tors and “genotype X environment” interactions
include seed yield, plant height and water con-
sumption [10]. The level of oil accumulation in
hemp seeds and their fatty acid composition
mainly depend on the genotype (variety) and
air temperature after the flowering phase of the
plants [11-13]. These quantitative traits are
usually more variable than qualitative ones
since hereditary differences are determined by
many genes (polygenic) with a significant im-
pact on trait development and different types of
interaction between them. Quantitative traits
are also highly dependent on external factors
(environmental conditions).

The above features confirm the importance of
studying the combinational ability of crossing
components and identifying additive and non-
additive genes. This allows us to develop strate-
gies and tactics for attracting source forms
based on selection by phenotype (manifested in
specific environmental conditions) or genotype,
with the aim of creating highly productive hy-
brids. When selecting parental pairs to create
hybrids, it is necessary to predict not only the
possibility of heterosis, but also ensure the hy-
brid inherits the desired traits and properties
for economic value. The main requirement for
the parental forms is that they have a high com-
bining ability. The combinational value of any
parental form can be expressed in two ways: as
the average heterosis value for all hybrid combi-
nations, or as the value for a particular cross.
The former characterizes total combining abili-
ty (TCA) and is mainly determined by the addi-
tive effects of a given parental form’s genes,
while the latter characterizes specific combin-
ing ability (SCA) and is mainly determined by
the non-additive effects of genes [14].

The aim of the research is to establish the
peculiarities of the effects of TCA and SCA vari-
ances of maternal components, and to test va-
rieties of intervarietal and linear-varietal hy-
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brids of monoecious hemp based on seed pro-
ductivity and oil content. The research also
aims to determine the prevalence of additive or
non-additive gene effects, identify components
with the highest breeding value and forecast
the effectiveness of selections in hybrid popula-
tions.

Research materials and methods

The research was conducted from 2021 to
2024 at the Institute of Bast Crops of the NAAS
of Ukraine in Hlukhiv, Sumy Region (geogra-
phical coordinates: 51°39' N and 33°59' E). The
effects of TCA and SCA variances were deter-
mined using the complete topcross system ac-
cording to the methodology of P. P. Litun and
M. V. Proskurnin [14]. The following varieties
of domestic breeding were used as maternal
forms: YUSO 31°, ‘Demetra’, ‘Artemida’, ‘Aph-
rodita’, ‘Harmoniia’, ‘Hlesiia’, ‘Hlukhivski 33’
and ‘Hlukhivski 51’, as well as their self-polli-
nated lines of the fourth generation (I,). These
were crossed in isolated nurseries with three
test varieties, ‘Hliana’ (tester 1), ‘Aphina’ (tes-
ter 2) and ‘Mykolaichyk’ (tester 3), which had
different levels of hybridization combining abi-
lity. The male flowers on the maternal plants
were sterilised using the gametocides 2-chloro-
ethylphosphonic acid (0.6% aqueous solution)
and/or dibutyl phthalate (2% aqueous suspen-
sion) as they appeared.

The F, offspring were cultivated in an eva-
luation nursery with a plant nutrition area of
30 x 5 cm (1 m? plot area, six replications) and
analyzed for the primary breeding traits that
determine the suitability of the material for cre-
ating seed-oil varieties for economic use: inflo-
rescence length and weight of a thousand seeds
(indirect traits), as well as seed weight per plant
and oil content in seeds (direct traits). The oil
content of the seeds was determined in six rep-
licates using a Soxhlet extractor with an orga-
nic solvent (diethyl ether) and by measuring
the weight of the degreased residue.

During the years of research, weather condi-
tions were characterized by variability and de-
viations from long-term averages, which had a
positive or negative impact on the successful
growth and development of hemp. Conditions
in 2022 were generally favorable for high yields
of this crop, whereas in 2023 they were only
partially favorable. The average daily air tem-
perature in 2024 was significantly higher than
the long-term average (18.2 °C during the gro-
wing season, compared to 16.0 °C), particularly
in June, July and August when the hemp flo-
wered and formed seeds. However, there was
insufficient precipitation (221 mm in 2023 and

190 mm in 2024 compared to a long-term ave-
rage of 317 mm). Sufficient atmospheric mois-
ture was observed in April, June and July in
these years. August was particularly dry. These
conditions enabled a comprehensive evaluation
of the hybrids in terms of their breeding trait
expression in changing agroecological condi-
tions.

Results and discussion

Topcross intervarietal and linear-varietal hy-
brids in F, were characterized by variability in
breeding traits that determine high seed pro-
ductivity and oil content. Inflorescence length
ranged from 50 cm (I, ‘Hlukhivski 33’/ ‘Hliana’)
to 172 cm (I, ‘Demetra’ / ‘Aphina’), seed weight
per plant from 4.9 g (I, ‘Harmoniia’ / ‘Mykolai-
chyk’) to 64.6 g (I, ‘Aphrodita’ / ‘Aphina’), and
weight of a thousand seeds from 14.0 g (I, ‘Har-
moniia’/ ‘Hliana’) to 22.1 g (I, ‘Aphrodita’/ ‘Aphi-
na’), and oil content in seeds ranged from 30.5%
(‘Artemida’/ ‘Hliana’ and I, ‘Artemis’ / ‘Hliana’)
to 43.5% (‘Demetra’ / ‘Aphina’). In terms of the
level of trait manifestation, first generation hy-
brids usually exceeded the original parental
forms. Based on analysis of variance using the
F-test (R. A. Fisher), significant influences of
the sources of variance of the hybrids, the ma-
ternal forms and the test varieties on the vari-
ability of the quantitative breeding traits of
hemp plants were established. This provided
grounds for establishing the TCA and SCA of
the studied maternal components (varieties
and their self-pollinated lines) and the testers.

In accordance with the average deviation
from the overall average of all hybrids obtained
through crosses involving a particular tester,
the value of each maternal form was deter-
mined by the effects of TCA in the first genera-
tion, which differed significantly in three-tester
crosses.

Significant (at the 0.05 level) positive effects
of TCA were found in the following maternal
components:

— ‘Demetra’ (g, = 14.06), I, ‘Demetra’ (21.40),
‘Aphrodita’ (12.06), I, ‘Aphrodita’ (10.40), ‘Har-
moniia’ (9.06) and I, ‘Hlukhivski 51’ (20.06) for
inflorescence length;

—1I, ‘Artemida’ (g, = 5.11), ‘Aphrodita’ (13.75),
I, ‘Aphrodita’ (15.15) and I, ‘Hlesiia’ (9.61) for
the trait of seed weight per plant;

— I, ‘Demetra’ (g, = 2.39), I, ‘Artemida’ (1.03),
‘Aphrodita’ (1.53), I, ‘Aphrodita’ (3.23) and I,
‘Hlukhivski 51’ (2.53) for the weight of a thou-
sand seeds;

—1,YUSO 31’ (g, = 1.13), I, ‘Demetra’ (3.76),
‘Aphrodita’ (0.90), I, ‘Aphrodita’ (2.90) and I,
‘Hlukhivski 51’ (0.86) for oil content (Table 1).

ISSN 2518-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2025, Vou. 21, No 1 41



Cenekyis ma HacCiHHULMBO

Table 1

Estimates of the TCA (g,) effects on the breeding traits of maternal components

of intervarietal and linear-varietal hybrids of industrial hemp

Variety, self- Traits
pollinated line | Inflorescence length, cm | Seed weight, g | Weight of 1000 seeds, g | Oil content, %
‘YUSO 37 -1.27 -3.35 -1.07 -1.00
I, 'YUSO 31 -8.27 2.91 -0.54 1.13
‘Demetra’ 14.06 -2.82 -0.37 -2.40
I, ‘Demetra’ 21.40 -4.68 2.39 3.76
‘Artemida’ -2.27 2.81 -0.27 -1.10
I, Artemida’ -3.27 5.11 1.03 -0.94
‘Aphrodita’ 12.06 13.75 1.53 0.90
I, Aphrodita’ 10.10 15.15 3.23 2.90
‘Harmoniia’ 9.06 -10.02 -3.91 0.30
I, ‘Harmoniia’ 4.73 2.11 -3.67 0.53
‘Hlesiia’ -18.60 -6.75 -1.91 -0.14
L, ‘Hlesiia’ 2.06 9.61 -0.17 -0.84
‘Hlukhivski 33’ -20.27 -10.35 -0.24 -1.67
I, ‘Hlukhivski 33 -22.60 -8.95 0.53 -1.27
‘Hlukhivski 51’ -17.27 -6.72 0.93 -1.04
I, ‘Hlukhivski 51’ 20.06 2.18 2.53 0.86
LSDg.05 5.79 3.18 0.97 0.73

Thus, ‘Aphrodita’ and I, ‘Aphrodita’ had the
highest TCA for all the studied traits, as well as
I, ‘Demetra’ and I, ‘Hlukhivski 51’ (except for
seed weight). High negative effects of the TCA
were found to be significant at the 0.05 level in
the varieties ‘YUSO 31°, ‘Hlesiia’, ‘Hlukhivski
33", I, ‘Hlukhivski 33’ and ‘Hlukhivski 51’.
These varieties are not desirable for inclusion
in crosses to create initial breeding material for
seed and oilseed production for economic use.
Self-pollinated lines were characterized by
higher positive effects of TCA and less frequent-
ly showed negative values than their original
varieties, indicating their significant value in
combination breeding and the benefits of line-
variety hybridization over intervening hybridi-

zation. It can be assumed that new polygenic Variety, self-  |Tnl S ;raitsw T ol
complexes formed in this case, determining the ariewy, sel- | Inrlorescence) ee Sgnt 0 !
. . . o pollinated line length, weight, | 1000 seeds, | content,
high combinational ability. om g g %
Tester 2 exhibited high positive effects of [*YUSO 37 6.71 7.58 0.03 0.01
TCA (significant at the 0.05 level) for all traits 16 'YUSO 31 5;-43 3%3 88% 88}+
studied. Tester 1 exhibited high negative ef- emetra 13.71 > : :
. ; I, ‘Demetra 139.55 4.15 0.01 0.07
fects (s1gn1f19apt except for segd WGlght), and |‘Artemida’ 11.53 44.36 0.01 1.93
Tester 3 exhibited mostly medium positive ef- |I, ﬁrtednjida’ 17.82 9.31 0.01 2.10
fects (insignificant). See Table 2 for details. Aphrodita’ 90.80 | 30.99 | 0.01 0.01
(insignificant) ! I, Aphrodita’ 93.57 | 27.86| 001 | 0.01
‘Harmoniia’ 7.88 1.17 0.05 0.01
) Table 2|1, 'Harmoniia’ 34,05 |78.29  0.01 | 0.03
Estimates of the TCA (g,) effects of the testers ‘Hlesiia’ 15.61 3.25 0.01 0.04
Variety, self- Characteristics L ‘Hlesiia” 233.23 | 39.18 0.05 0.20
pollinated | Inflorescence | Seed Weight of |Oil content, IHEIL-JIIﬂI:\f?kS]k??g? 11033~9543 égé 8(1)2 88;
li length, ight, g | 1000 seeds, % 4 FLUKNIVSKI . : : :
Tester] T 4T"29 —ae 32 “Hlukhivski 51 4876 | 6.43 | 002 | 0.20
C y : ) I, ‘Hlukhivski 51’ 10.12 31.82 0.01 0.01
Tester 2 10.96 9.69 0.36 2.21 A
Tester 3 3.64 -3.27 | 0.12 1.21 verage 56.14 | 19.22] 0.03 | 0.29
LSDy.05 10.34 7.05 0.34 2.03

The following maternal components have a
high SCA variances (above average):

— I, YUSO 37 (os? = 57.43), I, ‘Demetra’
(139.55), ‘Aphrodita’ (90.80), I, ‘Aphrodita’

(93.57), I, ‘Hlesiia’ (233.23) and ‘Hlukhivski 33’
(103.53) (on the basis of inflorescence length);

—‘Artemida’ (0s.> = 44.36), ‘Aphrodita’ (30.99),
I, ‘Aphrodita’ (27.86), I, ‘Harmoniia’ (78.29),
I, ‘Hlesiia’ (39.18) and I, ‘Hlukhivski 51’ (31.82)
for seed weight per plant;

— YUSO 371’ (0s* = 0.03), ‘Harmoniia’ (0.05),
I, ‘Hlesiia’ (0.05), ‘Hlukhivski 33’ (0.10) and
I, ‘Hlukhivski 33’ (0.04) by weight per thousand
seeds;

— ‘Artemida’ (os? = 1.93) and I, ‘Artemida’
(2.10) by oil content (Table 3).

Table 3
SCA (os,? variances) of maternal components of intervarietal
and linear-varietal hybrids of industrial hemp by breeding traits

Thus, ‘Hlesiia’ had the best SCA for three
traits, as did ‘Artemis’, ‘Aphrodita’, I, ‘Aphrodi-
ta’ and ‘Hlukhivski 33’ for two traits. The ma-

ternal components of ‘Demetra’, ‘Hlesiia’ and
‘Hlukhivski 51’ had values of SCA variances

42 ISSN 2518-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2025, T. 21, N¢ 1



Plant breeding and seed production

that were lower than average for all four of the
studied traits. In some crosses, the varieties
had a higher SCA than their original forms,
while in others, the self-pollinated lines did.
The ‘ideal’ component of the crosses was ‘Aph-
rodita’ and its fourth-generation self-pollinated
line, which had high positive TCA and high
SCA variances.

According to the traits of inflorescence length,
high (above the average value) SCA variances
had tester 2 (0s? = 163.9) and tester 3 (150.63),
seed weight — tester 2 (52.23), weight of a thou-
sand seeds — tester 1 (0.06) and tester 2 (0.05),
oil content — tester 1 (1.05). Thus, tester 2 (va-
riety ‘Aphina’) has a high positive TCA and SCA
and can be successfully used as a pollinator in
hemp crosses (see Table 4).

Table 4
SCA (variances cs?) of testers
Variety, < dTra1ts -
self-pollinated |Inflorescence €€¢ IInflorescence !
line length, cm weight, length, cm content,
gth, g gth, %
Tester 1 16.84 15.10 0.06 1.05
Tester 2 163.60 52.23 0.08 0.52
Tester 3 150.63 18.76 0.02 0.54
Medium 110.39 28.70 0.05 0.70

Having analysed the SCA variances, we can
conclude that it is advisable to approach the de-
velopment of breeding material for a particular
economic use — in this case, seeds and oilseeds —
as well as the prediction of trait manifestation,
breeding characteristics and genetics, in a dif-
ferentiated manner, taking SCA into account.
Maternal components should have either a high
TCA and a high SCA or a medium TCA and a
high SCA. Depending on the purpose of crea-
ting the original breeding material, high SCA
may be required for only one desired trait. Low
and medium SCA variances indicate that the
form with such indicators stably transmits the
studied trait to hybrids, while high SCA vari-
ances indicate that a large proportion of hete-
rotic hybrids can be predicted in the offspring.

By comparing the effects of the TCA and SCA
variances, it was found that in the analysed
crosses the additive effects of genes prevail in
terms of thousand-seed weight and oil content
(this indicates the expediency of phenotype se-
lection), and non-additive effects — in terms of
inflorescence length and seed weight (this indi-
cates the need for genotype selection). This pat-
tern is fully consistent with the fact that the
expression of the last two traits depends on the
area of plant nutrition, i.e. the influence of en-
vironmental factors on the implementation of
the genotype is pronounced. Non-additive ef-

fects of genes are more common in intervarietal
crosses, while additive effects are more common
in hybrid combinations involving self-pollina-
ted lines. If the studied traits are dominated by
additive effects of genes determined by the joint
action of alleles of one locus, and the phenoty-
pic expression of the trait value mainly reflects
its genotypic expression, then the selection will
be effective, and the use of this maternal com-
ponent in breeding, in particular hemp, will be
appropriate (Table 5).

Table 5
The prevalence of additive (A) or non-additive (N)
effects of genes by breeding traits in maternal
components
Traits
Inflorescence oil

length, cm | content, %
A

Variety, self-
pollinated line

YUSO 371
I,°YUSO 31
‘Demetra’

I, ‘Demetra’
‘Artemida’

I, Artemida’
‘Aphrodita’

I, Aphrodita’
‘Harmoniia’

I, ‘Harmoniia’
‘Hlesiia’

I, ‘Hlesiia’
‘Hlukhivski 33
I, ‘Hlukhivski 33
‘Hlukhivski 51’
I, ‘Hlukhivski 51

Seed
weight, g

Inflorescence
length, cm

>Z2T>Z2Z2T>2T222222>=2=2
Z2T>>T>Z2T>Z2P>=2Z2=2=2=2=222
S>> > >
> >>rT>=Z2=222> 2>

It is important to establish the characteris-
tics of the components of crosses for TCA and
SCA, the ratio of their effects and variances in
F,, and the type of gene action (additive or non-
additive), in order to predict the manifestation
of heterosis and the genetic characteristics of
the source material. This information is also
useful for determining the effectiveness of se-
lections in hybrid populations based on quanti-
tative traits, and for justifying further breeding
directions, as has been proven on the example
of many agricultural crops [15-17], including
industrial hemp [18]. When using the hybridi-
sation method, breeders carry out a large num-
ber of cross combinations, but successful hy-
brids are rare. Using parental forms with high
TCA in crosses increases efficiency [14].

Intervarietal hybridisation remains the main
method of creating hemp starting material and,
subsequently, varieties. However, the offspring
of such hybrids are usually heterogeneous in
terms of breeding trait expression, necessita-
ting long-term improvement selection. In con-
trast, with linear-varietal hybridisation, the
offspring are more homogeneous and stable in
terms of the expression of breeding traits, and
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the need for improvement selection is minimal.
The effectiveness of incorporating self-pollina-
ted lines into crosses has been demonstrated by
a number of competitive industrial hemp varie-
ties [19]. At the same time, the monoecious form
of hemp guarantees high seed productivity and
oil content [20].

Conclusions

Studying cannabis varieties and their self-
pollinated lines for their combining ability as
components of intervarietal and linear-varietal
crosses revealed significant differentiation in
terms of the effects of TCA and SCA variances.
The highest TCA was observed in the maternal
forms of ‘Aphrodita’, ‘I, Aphrodita’, ‘I, Demetra’
and ‘I, Hlukhivski 51’, as well as in the tester
variety ‘Aphina’. The most effective cross com-
ponents were ‘Aphrodita’ and its self-pollinated
line I,. Comparing the effects of TCA and SCA
variances revealed that the additive effects of
genes prevail in terms of thousand-seed weight
and oil content, indicating the feasibility of se-
lecting for phenotype. Conversely, non-additive
effects prevail in terms of inflorescence length
and seed weight, indicating the need for geno-
type selection. To increase seed productivity
and oil content through combination breeding,
it is advisable to use linear-varietal crosses
where the maternal components have either
high TCA and high SCA or medium TCA and
high SCA. For synthetic populations, we recom-
mend lines with high or medium TCA and only
low SCA.
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MeTa. YcTaHoBUTU 0C06NMBOCTI edheKTiB 3aranbHOi KOM-
GiHauiiiHoi 3gatHocTi (3K3) Ta BapiaHc cneuudiyHoi KoM-
6iHauiiiHoi 3patHocTi (CK3) mMaTepuMHCbKUX KOMMOHEHTIB i
COpTiB-TECTEPIB MiIXCOPTOBMX Ta NiHiiHOCOPTOBUX riGpUAIB
OLHOLOMHMX KOHOMeNb 33 O3HAaKaMW HacCiHHEBOT MpopyK-
TUBHOCTI 1 ONINHOCTI; BU3HAYUTU AAUTUBHI YN HeaaUTUBHI
e(heKTU reHiB i BUIINUTM KOMMOHEHTH, AKi MaloTb HaiBu-
Wy CenekuiiiHy WiHHICTb ANA NMPOrHO3yBaHHA e(EKTUBHOCTI
pobopis y ribpugHux nonynauisx. Metogu. KombiHauiiiHy
3[1aTHiCTb BU3HAYAN B CUCTEMi MOBHUX TOMKPOCiB. MaTepuH-
Cbkummu dopmamu cayrysanu coptu ‘H0CO 31, ‘Nemetpa’, ‘Ap-
Temiga’, ‘Adpogaita’, ‘Tapmonis’, ‘Tnecis’, ‘Tnyxiscbki 33', ‘Tny-
xiBcbKi 51’ Ta ixHi camo3anuneHi NiHii YeTBEPTOrO NOKONiH-
HS, AIKi cxpelyyBanu 3 coptamu-tectepamu ‘TnaHa’, ‘AdiHa’ Ta
‘Mukonaitumk’ (3aranom 48 BapiaHTis ribpugis). Pesynsratu
iHTepnpeTyBann 3a cepefHiM apudmeTuyHum, F-kputepiem
(P. A. ®iwepa), HallMEHLWO iCTOTHOI Pi3HULEI Ta PaHXKYy-
Banu. Pesynbratu. [locnipeHHs copTiB KOHOMeNb Ta iXHix
CaMo3anuieHnx NiHil AK MaTEPUHCbKUX KOMMOHEHTIB CXpe-
WyBaHb 3a NapamMeTpamMu koMGiHaLiiiHoi 3paTHoCTi nokasano
3HauHy pudepeHuiauito 3a edektamn 3K3 (Big -22,60 o
21,40 3a 03HaKol0 [OBXUHM cyuBiTTS, Big —10,35 o 15,15 3a

Macolo HaciHHg, Big —3,91 0o 3,23 3a Macolo TUCAYT HAaCiHUH
Ta Bif —2,40 no 3,76 33 03HaKoto BMicTy onii) Ta BapiaHcamu
CK3 (6,72-233,23; 3,25-78,29; 0,01-0,101 0,01-2,10 Bigno-
BinHO). HaiBuwy 3K3 manu matepuHcbki dopmu ‘Adpogita’,
I, ‘Adpopita’, I, ‘emetpa’ it I, ‘Tnyxiscbki 51', a Takox copt-
Tectep ‘AdiHa’. Ha ocHoBi nopieHsaHHA edekTiB 3K3 i Bapi-
aHc CK3 BcTaHoBEHO, WO HAWAINWUMKU KOMNOHEHTaMKN s
cxpellyBaHb € copT ‘Adpopita’ Ta ioro camo3anuneHa niHia I,.
BMCHOBKM. Y NpoaHani3oBaHMX CXpeLllyBaHHAX afUTUBHi
eteKTH reHiB nepeBaxaloTb 3a 03HAKAMM MAcCK TUCAY] Ha-
CiHWH i BMicTy 0Aif (140 CBIAYMTbL NPO [OLiNBHICTb NPOBELEH-
HA Bo60piB 33 GeHOTUNOM), @ HEaAUTUBHI — 33 JOBXUHOIO
CYUBITTA Ta Macolo HaciHHaA (e [OBOAUTL HEOOXiAHICTb fO-
6opiB 3a reHotunom). [ins kombiHauiiiHoi cenekuii Ha nig-
BULLEHHSA HACIHHEBOT NPOAYKTUBHOCTI 1 ONIMHOCTI JOUiNbHO
BMKOPUCTOBYBATW NiHINHOCOPTOBI CXpelyyBaHHs, BOAHOYAC
MaTePUHCbKi KOMNOHeHTW NoBMHHI MaTu BMcoki 3K3 Ta CK3
abo cepepnio 3K3 i Bucoky CK3.

Knwyosi cnosa: Cannabis sativa L.; cenekyis; 2ibpud; 3a-
2a/1bHa ma cneyugiyHa Kom6GiHayitiHa 30amHicme; npooyK-
MUBHICMb,; 2emepo3uc; adumuBsHI eghekmu 2eHis; Headumus-
HT echekmu 2eHis.
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Oco6auBocTi TpuBanocri nepioay
nicna3oupanbHOro f03piBaHHA HACiHHA NWeHULi M'AKOT
(Triticum aestivum L.) Ta tBeppoi (T. durum Desf.) apoi

A. A. Cipowrtan?, 0. A. 3aima*", I. B. PepopeHko?,
M. B. ®epopenko’, B. M. KasyHeub?, C. C. KonapeHko?

Muponiscbruli iHcmumym nweHuyi imeHi B. M. Pemecna HAAH Ykpainu, c. LlenmpansHe, 06yxiscokuli p-H, Kuiscbka 0671.,
08853, Yepaina, *e-mail: oleksii.zaima@ukr.net
2YkpaiHcokul iHCMuUmMym exkcnepmu3u copmis pocauH, sya. lopixysamcekuli wiasx, 15, m. Kuis, 03041, Ykpaina

Merta. YctaHoBMTM TpUBanicTb nepiofy nicnsa36upanbHOro fo3piBaHHA HACIHHA 3aNeXHO Big 0COBNMBOCTEN HOBUX COPTIB
nweHuyi m'aKkoi Ta TBepaoi sapoi. Metoau. locnigKeHHs npoBogunmn Bnpoaosx 2022—-2024 pp. Ha 12 copTax nweHuLi M'akoi
Apoi Ta WecTu TBepfoi Apoi, BUPOLEHNUX 33 nonepefHUKoM coeto. Pesynbratu. MpoTarom pokiB NpoBefeHHs LOCHiAXKEHb,
30KpeMa B Nepiof KONOCiHHA — MOBHOT CTUMIOCTI NWeHMULi Apoi, cnocTepirany BiAXMNeHHs MOKA3HMKIB KiNbKOCTi onapis
i cepenHbopo6oBOi TemnepaTypu Bif ixHix 6araTopiuHux 3HayeHb. Lle pano 3mory opepxat 06'€KTUBHI pesynbTaTu.
MpoaHanisyBaBlUM eKCEPUMEHTaNbHI flaHi 3 BU3HAYeHHA nepiody nicna36uMpanbHOro Jo3piBaHHA HACiHHA, BCTAHOBUAM, WO
BiH 3HAYHO TPMBANIWMIA y NweHMLi M'AKOT Apoi, AK NOPiBHATM 3 TBEpAOIO APoio. Y nepwi Tpu fobU AUHAMiKa NPOPOCTAHHA
HaCiHHA NweHuLi Apoi byna gyxe HU3bKot (0-3%), Wo cBifYuTL Npo disionoriyHuit cTaH cnokoio 3epHa ogpasy nicns 36u-
paHHA. Y nweHnui M’sKoi apoi Le cnoctepiranu i Ha N'aTy Ta cboMy 400y — TOAi KifbKicTb ii NpOpoOCa0ro HaciHHA CTaHOBMAA
1-12%, a o1y 6inblWoOCTi copTiB TBEPAOT APOT BKe HA N'ATY A0OY BKasaHM NOKa3HUK gocaras 19-85% (kpim ‘MIN PaigyxHa’
1a ‘MIN KceHis' 3i 3HaueHHaM 0-4%). CTaH cnokolo HaciHHA B 6GinbWwocTi copTiB nweHuui M'akoi apoi Tpueas 30—40 fib.
KopoTkuit nepiog nicnsasbupanbHoro fo3piBaHHs — npubansHo 20 gi6 — 6y y ‘Oybpaska’ 1a ‘MIM 3nata’, a oty ‘MIN BizepyHok’
i‘MaHsaHKa’ BiH HaniyyBae noHap 40 pi6. Cepepn copTiB NweHULi TBepAoi Apoi KOpoTKuit nepioa cnokoto manu Yizenw', ‘MIN
MarganeHa’ Ta ‘MIN Mepnuna’ (5-7 gi6); TpuBaniwmum pig3Hauunucs ‘Aiana’ (15 gi6) Ta ‘MIN PaitgyxHa’ (20 ai6). BUCHOBKM.
HaBeneHi ekcnepumeHTanbHi faHi cigyath nNpo BMAOBY ¥ copToBy chneundiyHicTb peakuii npouecy [03piBaHHA HACiHHA
nweHuui M'sKoi Ta TBEPAOT APOT Ha rigpoTepMiyHi ymoBM. HeobxifHO 3BaXkaTh Ha COPTOBi BiAMiHHOCTI 33 03HaKOO TPUBANOCTI
nicnaz6upanbHOro [o3piBaHHS, W06 BCTAHOBUTH GioNoriyHo 06rpyHTOBAHI CTPOKM 36MpaHHs. Lle Mae Haa3BMYatHO BaxnBe
3HAYeHHSA B TEXHONOTiT BUPOLLYBAHHA HACIHHA 3 BUCOKUMU NOCIBHUMM AKOCTAMM Ta BPOXKANHUMM BNACTUBOCTAMMU.

Knto4oei cnosa: nepiod cnokow HACIHHSA; NPOPOCMAHHSA HACIHHA,; COpmu nweHuyi m’akoi ma mseepdoi Apoi.

Ml 3epPHOBI TUHYTH BiJl HECHPUSATIUBUX YMHHU-

Bctyn

[lmennia apa CTAaHOBHUTH 1HTEpPEC HJIA CLIb-
CBHKOr'OCIOAaPChKOI0 BHPOOHUIITBA, OCKIIBKH
dopmye 3epHO BHCOKOI SKOCTI IIPOTATOM JTOCUTH
KOPOTKOTO BETeTaIllifHOI0 IIePioIy Ta Ja€e 3MOTY
ONTUMI3yBAaTH TEXHOJIOTIYHUM IIpoIlec 3a Ha0O-
Py Pi3HUX KyJbTYyp y rocmogapcrax [1]. Bora e
pe3epBOM JIST OTPUMAHHS BUCOKOSKICHOTO IIPO-
JIOBOJIBYOTO 3epHa, 0COOJIMBO B POKH, KOJIA O3U-
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KIB HABKOJIUIITHBOI'O IIPUPOIHOIO CEPEIOBUIIA,
Ta 3 OIVISAY HA HAYKOBl IIPOTHO3M IIMOMI0 3MIH
raimary [2].

Jloist crabimisaliii pogoBOIEYOTO PUHKY 3€ep-
Ha MOTPiIOHO po3rupioBaTH (B 00cATax He MEeH-
e Hisk 10% BlO IIOCIBHUX ILJIOLI IIMEHUIIl 03H-
MOi1) ITOCIBHI ILIOIM mmreHuIn spoi [3]. 3a pos-
paxyHKaMU BYEHHUX, BOHU MAIOTh CTAHOBUTH IIPH-
O0m3HO 1 MJUIH ra, 30KpeMa IIIIEeHMI[l M SIKOI —
650 Tuc. ra, TBepmoi — 350 tuc. ra [4]. Hatemep
MITEHUINI0 M AKY Apy B YKpaiHi BUPOIILYIOTh IIe-
peBaskHO y mpaBobepesxkHNX paronax Jlicocrerry
ta Ilomices, a TBepay — B IMBOEHHUX 1 CXITHUX
CTeIIOBUX paroHax [5].

Ceimeprxo M. C. Ta im. [6] 3a3Ha4awmTh, 10
IPOTSArOM OCTAHHIX IEeCATH POKIB IIOJIIIIIIEHO
COPTOBI PeCypCH IIIIEHUINl sIPOoi, 3aBIAAKA YOMY
MOKHA 3HAYHO POSIIUPUTH 00CATA BUPOOHUII-
TBa 3epHa. CydacHi copTu ITi€l KyJIbTYPH 30aTHI
dopmyBaTtu BposkaiHicTs Ha piBHl 4,0-6,0 T/Ta
[7]. Bycumisa BITUYM3HAHHX TOBAPOBHPOOHHUKIB

@ @ © The Author(s) 2025. Published by Ukrainian Institute for Plant Variety Examination.
@ This is an open access article distributed under the terms of the license CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/), which permits
BY _SA use, distribution, and reproduction in any medium, provided the original work is properly cited.
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IIPOJIOBOJILYOTO 3€PHA OBMHHI OyTH CIIPSIMOBA-
HI Ha IIOJIIIIIEeHHS HOro SIKICHUX IIOKA3HUKIB
(8], ockiTbEH AJI XaPUOBHUX TaJsIy3ei HOTp16He
3epHO TBEPAUX 1 CHJILHUX IIIIEHUIb 3 I1BHUIIE-
HIM BMICTOM KJIEHKOBHHI.

[Tmenutio TBepay spy (7. durum) Buropuc-
TOBYIOTb y 3€PHOBOMY I'OCIIOHAPCTBI KpaiHu Ha-
camIepes K CHPOBHHY JJI MaKaPOHHUX BHUPO-
01B. Ii mepeBaru Ha I IHIIMMHE — I1€ BICOKA TPAHC-
mopTadesbHICTh, TPUBAJIUI Hepiof 30epiraHHs
B CyXOMY BUTJIsAI1 0€3 BTpAaTH CMAaKOBUX BJIACTH-
BOCTEH, 3HAYHA IIOKHBHICTH 1 3aCBOIOBAHICTD
BYIJIEBOIB Ta OLIKIB IIIIIEHUYHOTO OOPOIITHA.
Taxosx 3 Bucorosikicaoro 3epua 1. durum Bu-
TOTOBJISIOTH KPYIIHM BUCOKOI XapdyoBOI ITIHHOCTI
Ta BIAMIHHOI sTKOCT1 [9].

Ha Bigminmy Big nmennin m'saxol (1. aestivum)
TBepOa MEHIIe yPaKyeThCA XBOPoOaMU Ta ITKII-
HUKAMH, He O00CHIIAETHCSA; HA XOPOIIOMY arpo-
doui gopmye cTabLIBHO BHCOKY BPOMKAMHICTH
[10], mpoTe mocTyIiaeThbes 3a Ti IIOKa3HUKAMU Ha
3eMJIAX 13 cepemaHbo0 pomrouicTio. Lle e omuiero 3
OCHOBHUX IIPHYMH Heromyaapaocri 1. durum B
VEpaiHi i BUPpOOHHUIITBA MAKAPOHHOI IIPOAYKITI]
IepeBa’kHO 3 OOPOIIHA IIIIeHMI[l M SIKOI Ta 1M-
moproBaHoi TBepaol [11].

3epHO MIMeHHUIll APOoi, SK MOPIBHATHA 3 03HU-
MOIO, MiCTUTE Oliblne 6inka — o 15-18% 1 28—
40% weiikoBuHu. Moro BHKOPHCTOBYIOTH Ta-
KOK y KOMOIKOPMOBIH IIPOMMCJIOBOCT]; BUCIBKH
€ KOHIIEHTPOBAHMM KOPMOM, a COJIOMA ¥ II0JIO-
Ba — rpyouM.

OKle BIIPOBA/KEHHSI HOBHUX 1HTEHCHBHUX
COPTIB 1 BAOCKOHAJIEHHSA TEXHOJIOTI IX BHPOIILY-
BaHHS, 000B’I3K0BOI0 YMOBOIO JJISI 301JIBIIEHHS
BPOYKAMHOCT] € BUKOPUCTAHHSA HACIHHS 3 BHCO-
KMMHJ IIOCIBHUMHK SIKOCTSIMHA Ta BPOKAMHHMU
BJIACTHUBOCTSIMH, K1 3HAYHOIO MIpOI0 3aJIeKATh
BIJI TPHBAJIOCTI IEPloay MiCIAA30HMPaIbHOro II0-
apiBamHsa [12, 13].

SHMKEHHI BPOMKANHOCTI Ta IKOCTI 3epHa (a
BIANOBIZHO ¥ BHPOIIEHOrO HACIHHSA) 4YacTo
CIIpUYMHEHEe #Horo mepemvyacHuM (mepen3dr-
panbEuM) npopocranaam [14, 15]. e cxian-
HUM medeKT, BJIAaCTUBUM HACIHHIO 3 KOPOTKIM
IEeplooM CIIOKOIO, CTae OedaJil CepHOo3HIIIO0
Hpo0JIeMOI0 3 OIVIALY HA 3MIHM KJIIMATHYHHAX
yMoB [16, 17]. HaBiTh y 4acTKOBO IIpOPOCIIOro
HACIHHS 3HUKYIOTHCS IIOCIBHI SKOCT1 3a 30epi-
rauua moro mo cisom [18]. Criagma B3aemomis
FeHeTUYHMNX, OIOXIMIYHMX 1 MOJEKYJISAPHUX
(hakTOpIB, TICHO IIOB’A3aHNX 3 YMOBAMU HABKO-
JIMIITHBOTO CEPEeIOBHUINA, BIIJIMBAE HA IIPOIIEC
IIepe4acHOr0 IIPOPOCTAHHS 3epHa (xoua TOUY-
HUHA MeXaHI3M H0ocCi HQSpOSYMlJ'II/II/I) [19] Ile
SIBUIIIE CIPUYMHSIE IIIOPIYH] €KOHOMIYHI BTPATH
Ha cymy moHan 1 murpg gosapis CHIA y Bcbomy
cBiTi [20].

CrpuaTInBoI0 03HAKOIO JIJIS COPTIB IIIIICHUIT] €
IEeBHUH CTYIIIHB CIIOKOI0 HacluHdA. Ilei cram mo-
moMarae 3aro0irTH MepeguacHOMY IIPOPOCTAH-
HIO, HAWBHUIIUHA PIBEHb CTIAKOCTI IPOTU SIKOIO
CIIOCTEPIraloTh Oe3ImocepesHbo Ieperd 30mpaH-
HaM Bposkar. CTaH CIIOKOI0 PeryIoeThbest 0e3iy-
U0 eHIOreHHNX (PAKTOPIB TA YMOB CEPEeIOBHIIA
[21], a mBUOKICTE 00 BTPATH, IO BIIOYyBAETHCS
3 4acoM, 3aJIeKUTDh Bl HU3KM YMHHUKIB. Ha 1e-
plof micasa30MpaIbHOrO JO3PIBAHHS BILINBAIOTE
Takl PaKTOpH HABKOJIUIIHLOIO CEPEIOBUIIA, SIK
KLIBKICTH 1 TPHUBAJICTD IOIIY, TEMIIEpaTypa Ta
BOJIOTICTB, 4 TAKO MOP(OJIOriYHl 0COOJIMBOCTI
3epen [22]. Kpim Toro, cTI¥KICTH HPOTH II€pes-
YACHOI'0 IIPOPOCTAHHS 3aJIEKUTH BII BOIOIIPO-
HHUKHOCTI Ta KOJILOPY HACIHHEBOI'O APy, AKTHUB-
HocTl a-amiiasu. HaasHi B HacigHI abciii3oBa Ta
ribepesIiHOBA KHCJIOTH € OCHOBHMMMY PEryJIsaTopa-
MU IHIYKIINI Ta BIOIrPalOTh BAXKJIMBY POJIb Y M-
TPUMAHHI HOT0 CTAHy CIIOKoI0 [23-25]. 30epe-
SKeHHS PIBHIB OCTAHHBOTO TAKOMK BHKJIMKAHE
PI3HMMM TEMIIEPATYPaMHU 34 POSBUTKY HACIHHS ¥
daszax miciia gocruranua [26-28].

TpuBaJicTs Iepiogy IICIA30HMPATIBHOIO II0-
3pIBaHHS 3aJIEKHO BIJ KYJIBTYPH Ta COPTY CTa-
HOBUTBD B1JI KIJIBKOX J10 10 KIJILKOX MicAIlB [29].
Tarosx Ha Hel 3HAYHOI0 M1POIO BILTUBAIOTEH KiJIh-
KICThb Ta YacTKa OIIaIiB y IIeplof BiJ BOCKOBOIL
CTHUIJIOCTI 3epHa 10 oomoJrory [30], 1m0 BCTAHOB-
JIEHO 3a Pe3yJIbTaTaMM IOCJIIIKeHb, IIpoBee-
HX y MUpPOHIBCHKOMY 1HCTHUTYTI IIIEHHUIIl iMe-
i B. M. Pemecia HAAH (MIII). Axmio B mei
yac Bumnagae moaan 40 MM armocdepHol Bosoru,
SHUKYETBCSA J1abOpaTOpHA CXOMKICTH HACIHHS,
KA Mae TICHUM Kopesainiumii 38’130k (0,94) 13
BIJCOTKOM IIPOPOCJIOro 3epHa Ha pocauHl [31].

JlocmimxeHHAa TPUBAJIOCTI IIePlomy ITICIIA30M-
PaJILHOTO MO3PIBAHHSA HACIHHS HOBHUX COPTIB
MIIIIeHUIN M AK0l Ta TBepaol apoi ceneririi MIII e
AKTYaJILHUMM, OCKLIBKM IAaHlI CTOCOBHO I[HOI'O
MOKA3HUKA, 1[0 MA€ BeJINKe IPAKTUIHE 3HAYCH-
HsI, Hapaal BiACyTHI.

Mema docniidocers — yCTAHOBATH TPUBAJIICTD
meplony Iicas30MpaIbHOrO T03pIBAHHS HACIH-
HS 3aJICKHO BlJ 0COOJIMBOCTEM HOBUX COPTIB
IIIIEeHUII M SIKOI Ta TBepIol Apoi.

Marepianu Ta MeTOAMKA ROCNIAKEHD

JlocmimxeHHa IIPoBOAMIN BIIPOmoB:xk 2022—
2024 pp. HA IITeCTH COPTAX ITIIEHUIT] TBEP/I01 Ipol
(‘Miauma’, ‘Wisesns’, MIIT Kcemis’, ‘MIIT Marnoase-
ga', ‘MIII Ilepsuua’, ‘MIII Paiiny:xua’) ta 12

vmsaxoi  spoi  (‘Boskena’, ‘MIII Bisepymor’,
‘MIII Jlama’, ‘/lyopaska’, ‘Eneris mupoHiBchbEa’,
‘MIII 3mara’, ‘Orxcamur muponiBcbrmit, ‘MIII
Onercamnpa’, ‘Tlamauxa’, ‘MIII Csitnaua’,

‘MIII Cosmomist’, ‘CtpyHa MUpPOHIBCHKA’), BUPOIIIE-
HUX 3a TOIIePeTHUKOM Co€io, 3riguo 3 Meroau-
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KOO JepP:KaBHOI0 copTOBI/Inpo6yBaHHﬂ [32]. Cis-
oy IIPOBOJIMIIY Ha ,z:ocmmmx IUISHEAX Y OTUPH-
KPAaTHIN OBTOPHOCTI, BUKOPUCTOBYIOUM CIBAJIKY
CH-10 II. Hopma BuciBy cTaHOBMJIA 5 MJIH CXO-
SKUX HACIHHH/TA. ATpoTexHIKA B Jocaial OyJia 3a-
raJIbHOIIPUMHATO0 A1 JlicocTenmy YEKpaium.

Ha mouaTky dasu tBepmoi cTursiocTi 3epHa 3
MUISHOK Biooupasiy mo 50 KoJIOCIB KOMKHOIO COp-
1y. Ilicsss oOMos0TY 3epHO IpocitoBaJI Ha pe-
mreri (1,7 X 20 mm) 1 poskmamanan mo 100 1T,
OTPHMAHOI0 HACIHHS HA MIIIAHEe JIOKe BOJIOTIC-
TI0 10 60% B1J1 IIOBHOI BOJIOTOMICTKOCTI, CT@PHLIII-
3oBane 3a temnepatypu 130 °C mporsirom rogu-
uu. [loBTOpHICTE — YoTHMpHpas3oBa. PoctuiibHi
IIOMIIIAJIK B TEPMOCTAT 13 IIOCTIAHOI0 TeMIiepa-
typoio +20 °C, a mortim, Ha TPeTIO, I ATy, ChOMY,
10, 15, 20, 30, 40 Ta 50-ry mo0y, miapPaxoByBaJIK
KLJIBKICTB IIPOPOCJIOro HaCIHHA. [laml BusHavam
HOro MOCIBHI SAKOCTL: aKTUBHICTH KIJIbUEHHS — 3a
meromuror M. M. Maxpymmua [33]; emepriio
IIPOPOCTAHHS, JIAOOPATOPHY CXOXKICTEH TOIIO — 34
JICTY 4138-2002 [34].

Pe3ynbTatu gocnigxeHb

[To6 cXapaKTepu3yBaTH rl,upOTeleqHI/m pe-
SKMM POKIB IIPOBEMIEHHS JOCJIIIKeHb, BUKOPUC-

ToByBaJX AaHI MHpOHIBCBEKOI arpomeTeocTaH-
mi. Ix agamayBasy BIAIOBIAHO Bl IIOYATKY Ta
3aKIHYEHHS I1epioiB PO3BUTKY ¥ [103piBAHHS
HacigHA mmeHuirl Apoi. ITig gac Bererarii mo-
cmmRyBaHm KYJIbTYpU (2022—-2024 pp.) cocre-
plraJm MIHJIMBICTh IIOKA3HHUKIB TeMIIepaTypHu
IOBITPA TA KIJIBKOCTL OIIaIB, IO IAJI0 3MOLY
OTpUMAaTH 00’ €KTUBHI TAHI.

BinxuieHHa mOKa3HMKIB KIJIBKOCTL OIIAIlB
Ta cepeIHbOI000B01 TeMIeparTypu MOBITPA QiK-
CYBaJIM BIIPOJOBIK KOJIOCIHHSI — IIOBHOI CTHI-
snocti (Tabi. 1, 2).

Bokpema, HaWBUII TeMIIepaTypPHI 3HAYECHHS
(22,7 °C) omepsxanu y 2024 p., HaHHMKYIL
(20,4 °C) — y 2022 p. MarkcumasibHy KIJIBKICTD
omamiB (199,2 MM) y mel mepion BIA3HAYNIIN B
ymoBax 2023 poky, miHiMaabHy (92,8 Mm) —
2022-ro.

IIpoamamiayBaBIIN eKCIIEPHMEHTAJILHI JTaHI
(Tabm. 3, 4) 3 BUBHAYEHHS IIePlOmy IIiCJIs30M-
PaJIbHOIO [O3pIBAHHS HACIHHS, BCTAHOBUJIM,
II0 BiH 3HAYHO TPUBAJIIIHNK y IIIIIEHNII M SIKOI
Apoi (AK HOPIBHATU 3 TBEPHOI SPOI0), IO PO-
OuTh 11 CTIAKIIIOKN IIPOTH HECIIPUATIMBUX II0-
FOJHMX YMOB (HAIMIPHUX TPUBAJIMX OHAIIB) I
Jac JOCTUTaHHS 3epHA.

Tabauus 1

TemnepartypHuit pexxum nositpsa (°C) y mixdasni nepioau Beretayii nwenuui apoi

Pik (iB6a — cxopu | Cxopm — Buxig y TpybKy | Buxig y Tpy6Ky — KonociHHs |KonociHHs — nosHa cturmicts
2022 78 11,2 18,0 20,4
2023 83 12,5 18,2 20,6
2024 10,2 13,4 19,8 22,7
X 8,8 12,4 18,7 21,2
min 7,8 11,2 18,0 20,4
max 10,2 13,4 19,8 22,7
R 2,4 2,2 1,8 2,3
CepepHi 6aratopiyHi gaHi 7,1 12,5 16,4 19,6
MpumitKa. X, min, max — cepeiHe MiHiManbHe Ta MaKCMMabHe 3HaYeHHs BifNoBigHo; R — po3max BapiloBaHHs
(max—min).
Tabauuys 2
Kinbkictb onagiB (Mm) y mixkcdhasHi nepioan Beretauii nwenuui apoi
Pik Cis6a — cxopu | Cxopm — Buxig y TpybKy | Buxig y TpybKy — KonociHHs |KonociHHa — noBHa cturmicts
2022 42,8 72,1 13,0 92,8
2023 54,6 57,4 19,9 199,2
2024 44,3 715 26,1 1024
X 47,2 67,0 19,7 1315
min 42,8 57,4 13,0 92,8
max 54,6 72,1 26,1 199,2
R 11,8 14,7 131 106,4
CepepHi baratopiyHi gaHi 37,0 58,0 48,0 128,0

Mpumitka. X, min, max — cepefHe; MiHiManbHe Ta MaKCUManbHe 3HaYeHHs BiANoBigHO; R — po3max BapitoBaHHA

(max-min).

Y mepuri tpm ,u061/1 TUHAMIKa TIPOPOCTAHHS
HACIHH IIIIeHHUI] Apoi OyJia mysxe HU3bKOW (0—
3%), 1110 CBI,E[‘II/ITL PO (piziosoriyHMi cTaH CIO-
KOI0 3epHa BIIpa3dy micsist 30upanHs. Y MIIeHnIl
M’SIKOI SIPOI IIe CIIOCTEPIrajIn M Ha I ITY Ta ChbOMY
100y — TOAl KUIBKICTH 11 IPOPOCJIOT0 HACIHHS

cranoBmwia 1-12%, a oT y OLJIBIIIOCTI COPTIB TBEP-
JI01 STPO1 BiKe Ha ITATY 100y BKa3aHUM OKA3HUK
mocaras 19-85% (xpim ‘MIII Paiiny:xma’ Ta
‘MIII Kcenist’ 31 aauennam 0—4%).
MaxcumaJibHe 301TbIIIeHHS K1IJTBKOCT1 IIPOPOC-
JIOT'0 HACIHHS MIITEHMII M SIKOI sIpol BIIOyBAaJIOCs
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Tabauys 3
TpuBanictb nepiogy nicnAséupanbHOro fo3piBaHHA HaCiHHA NweHULi M'AKOT Apoi

(cepepte 3a 2022-2024 pp.)

ConTu Kinbkicte npopocnoro HaciHHs (%) 3a Temneparypu 20 °C Ha ... foby
P 3 5 7 10 15 20 30 40 50
‘boxeHa’ 0 2 4 8 14 41 84 90 92
‘MIN BizepyHok’ 0 1 2 5 15 34 50 63 86
‘MIN fana’ 0 2 4 13 35 50 81 90 92
‘NybpaBka’ 0 1 4 34 61 78 90 93 94
‘Eneris mupoHiBcbka' 0 2 3 12 31 53 70 82 93
‘MIN 3nara’ 0 1 2 13 36 64 84 92 95
‘OKcamuT MUpOHiBCbKMiA" | 0 2 12 25 45 60 75 88 92
‘MIN OnekcaHgpa’ 0 1 2 4 15 39 63 78 88
‘NMaHsHka’ 0 1 2 10 24 38 56 70 92
‘MIN CeitnaHa’ 0 2 3 21 42 62 75 81 88
‘MIN Conomis’ 0 4 6 21 38 55 76 87 92
‘CtpyHa MUpOHiBCbKa' 0 6 8 14 24 32 68 88 93
X 0 2 4 15 30 51 73 83 91
S 0 15 | 30 | 88 | 141 | 141 | 11,9 | 92 | 27
V, % - 753 | 756 | 585 | 47,1 | 27,6 | 16,3 | 11,1 | 2,9
HIP,,, - |08 [ 11 |17 182220 22| 14

MpumiTtKa. X — cepefHe 3HaueHHs; S — cTaHaapTHe BigxunenHs; V — koediuieHT Bapiauii, %.

Tabnuys 4
TpuBanicte nepiofy nicnaséupanbHoro fo3piBaHHA HaCiHHA nweHuLi TBepaoi apoi

(cepepnte 3a 2022-2024 pp.)

‘MIN KceHis’
‘MIN Mepnuna’

‘MIN Marpganexa’

70 80 85 90 93 93 -
85 87 90 93 93 93 -

0
2
0 4 27 61 87 89 93 94
3
0
0 0 9 34 52 82 95 97

ConTw KinbKictb npopocnoro HaciHHa (%) 3a Temnepatypu 20 °CHa ... noby
P 3 7 10 [ 15 | 20 | 30 | 40 | 50
‘OiaHa’ 19 40 63 75 93 95 - -
‘Kizenw’ 62 82 91 94 94 95 - -

‘MIN PangyxHa'
X

1 40 54 71 82 91 94 -

S 13 | 367 | 332|223 | 161 | 46 | 11 | 21 | -
V, % 1329 | 91,8 | 614 | 314 | 197 | 50 | 12 | - | -
HIP,,, 06 | 22 | 27 | L9 | 19 | L7 | L& | - | -

MpumiTtKa. X — cepefHe 3HaueHHs; S — cTaHaapTHe BigxunenHs; V — koedidieHT Bapiauii, %.

Misk chomoro Ta 30-10 J000I0, a TBEPIOl SPOi — MIK
TpeTboio Ta 10-10. Ha 15-20-Ty n00y B O1/1b1I10CT1
COPTIB IIMIEHUII M SIKOI SIPOi (piKCyBaI aKTUB-
He TPOPOCTAHHS HACIHHS, a 1o 50-1 BCl BOHH
C(bOpMYBaIII/I MOKA3HUKH Ha piBHI 86-95%. lle
CBIYUTH IIPO 3aBEpIIEHH: MiCJAA30UPaIBHOTO
JTI03piBaHHA. Y COPTIB HITEHUIT TBEP/IOI SIPOi Be-
JINKY KLJIBKICTH IIPOPOCJIOr0 HACIHHS — HA PIBHI
82-94% — Bigmivasu B:xe Ha 20-Ty D00y .
[Tepion 1mic/ig30UpaTbHOTO JO3PIBAHHS O1/Ib-
IIOCTI COPTIB IIIIEHHUINl M SKOI SpOl CTAHOBHB
30—40 m16. Koporkum — mpubiauano 20 116 — Big
oyBy ‘Jlyopaska’ ta ‘MIII 3iara’, a oty ‘MIII Bi-
3epyHok’ 1 ‘Tlanauka’ TpusBas mmouasn 40 mio.
Cepen copTiB mImeHHUIrl TBepAol sSIpoi KOPOT-
KHU 1epiof Mmicasi30MpaIbHOTO JT03PIBAHHS
masm ‘Kizens’, ‘MIII Margamnena’ ta ‘MIII Ilep-
auua’ (5—7 mi0); TPHBAJIIINM BII3HAYUNJINCS
‘Miana’ (15 gi6) Ta ‘MIII Paiinyskua’ (20 mio).

BucHoBKHU

Hasemeni excreprMeHTa IbHI JaHI CBIIYATH
PO BUIOBY M COPTOBY CIIEIM(PIYHICTDL pearIni

mIpoliecy ,E[OSpiBaHHﬂ HAClHHA l'IH_[eHI/ILIi M AKO1L
Ta TBEP/oi Apoi Ha rixporepmiuHi ymosu. Heob-
X1JTHO 3BasKaTH HA COPTOBI BIAMIHHOCTI 32 03HA-
KO0 TPHUBAJIOCT] ITCJISA30MPAIFHOTO J03piBaH-
Hs, 100 yCTAHOBUTU 010JIOTIYHO OOIPYHTOBaHI
cTtpoku 30mpanus. Ile mMae Hag3BUYANHO BaK-
JIMBe 3HAYEHHS B TEXHOJIOT1l BUPOIIyBaAHHS HAa-
CIHHS 3 BUCOKMMH IIOCIBHIMH SIKOCTSIMI TA BPO-
sadHuMy Biacrupoctamu. Omrumisalris crpo-
KiB 30MpaHHS 3aJIeKHO BIJT COPTOBUX OCOOJIH-
BOCTEH TAKOMK Ja€ 3MOTY MIHIMI3yBaTH BTPATH
Bposkaro. OTpumani pe3yIbTaTA MOKHA BUKO-
PUCTOBYBATH [JIsI BIOCKOHAJIEHHS arpOTeXHIY-
HUX 3aXOIiB, CIPSMOBAHHX HA IIIIBUIIEHHS
ePeKTUBHOCT] BUPOIILyBAHHS HACIHHS IIIIEHMIIL
spoi.
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Purpose. To determine the duration of post-harvest seed
ripening in new varieties of spring durum and bread wheat
depending on varietal characteristics. Methods. The research
was carried out in 2022-2024. 12 spring bread wheat varie-
ties and 6 durum wheat varieties were grown under soybean
as a preceding crop. Results. During the years of research,
particularly during the earing period — full maturity of spring
wheat — we observed deviations in precipitation and average
daily temperature from their long-term values. This allowed
us to obtain objective results. After analysing the experi-
mental data to determine the post-harvest seed ripening pe-
riod, it was found that it was much longer for spring bread
wheat than for spring durum wheat. In the first three days,
the dynamics of spring wheat seed germination was very low
(0-3%), which indicates the physiological state of grain dor-
mancy immediately after harvest. In spring bread wheat, this
was also observed on the fifth and seventh day - then the
number of germinated seeds was 1-12%, but in most durum
varieties, this figure reached 19-85% on the fifth day (only in

varieties ‘MIP Raiduzhna’ and ‘MIP Kseniia” it was at the level
of 0-4%). Seed dormancy lasted 30-40 days for most spring
bread varieties. ‘Dubravka” and ‘MIP Zlata’ had a short post-
harvest ripening period of about 20 days, while ‘MIP Vizeru-
nok’ and ‘Panianka’ had a period of more than 40 days. Among
spring durum wheat varieties, Zhizel/, ‘MIP Mahdalena” and
‘MIP Perlyna’ had short dormancy periods (5-7 days), ‘Diana’
(15 days) and ‘MIP Raiduzhna’ (20 days) had longer dormancy
periods. Conclusions. The presented experimental data indi-
cate the species and varietal specificity of the reaction of the
process of ripening of spring bread and durum wheat seeds to
hydrothermal conditions. Varietal differences in the duration
of post-harvest ripening in spring wheat varieties should be
taken into account when determining the biological justifi-
cation of the harvest time, which is extremely important in
the technology of growing seeds with high sowing qualities
and yield characteristics.

Keywords: duration of seed dormancy; seed germination;
spring bread and durum wheat varieties.
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The possibilities of GAIA method application
for DUS examination in Ukraine
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Purpose. To determine the applicability of the GAIA method for comparison of reference collection of maize lines based
on weights of the difference for morphological characteristics and SSR markers. Methods. Field methods (descriptive plant
morphology), molecular methods (PCR, capillary electrophoresis), and statistical methods (principal component analysis,
correlation analysis). Results. The study examined 57 lines of maize reference collection to determine their differences
based on phenotypic and molecular distances using the GAIA method. The comparison of maize lines, considering the
difference for morphological characteristics, identified 12 lines classified as “Distinct Plus” compared to other studied maize
lines. The obtained data indicate that most of the “Distinct Plus” lines were classified as distinct according to distinctness,
uniformity, and stability (DUS) testing. However, three pairs of lines identified as “Distinct Plus” were classified by the DUS
expert as similar or very similar. It was determined that the first two principal components explain 23.37% of characteristic
variability. Principal component analysis revealed that the high level of variability attributed to the differences of grouping
characteristics and traits which are not used for variety grouping during DUS testing. This suggests that to enhance
the effectiveness of the GAIA method, it is advisable to increase weights of the difference for qualitative morphological
characteristics. Based on the combination of phenotypic and molecular distances, an additional 35 pairs of maize lines were
identified with a high degree of distinction, eliminating the need for side-by-side field comparisons in the next growing
season. Conclusions. The application of the GAIA method for maize line analysis helps reduce the number of side-by-side
field comparisons by integrating morphological traits and molecular markers.

Keywords: weights of the difference for morphological characteristics; SSR markers; principal components; phenotypic and
molecular distances; maize.

the number of side-by-side field comparisons

Introduction and helps to select varieties for the reference

The use of molecular markers in plant varie-
ty evaluation has become routine, providing an
additional method of DUS testing. This reduces

Larysa Prysiazhniuk
https://orcid.org/0000-0003-4388-0485
Yevhenii Starychenko
https://orcid.org/0000-0001-8608-5268
Maryna Tahantsova
https://orcid.org/0000-0003-3737-6477
Yuliia Shytikova
https://orcid.org/0000-0002-1403-694X
Svitlana Hryniv
https://orcid.org/0000-0002-2044-4528
Olha Stadnichenko
https://orcid.org/0000-0002-5924-3344

collection. It also helps to determine specific
traits, such as resistance to diseases or environ-
mental stressors and starch type [1, 2].

The International Union for the Protection of
New Varieties of Plants (UPOV) has approved
three models for using molecular markers in
DUS testing: gene-specific marker use, combi-
ning phenotypic and molecular distances to se-
lect varieties of reference collection, and using
calibrated molecular distances to manage re-
fence variety collections [3].

A number of UPOV member states use mo-
lecular markers in the initial stage of DUS tes-
ting, combining phenotypic and molecular dis-
tances to manage a reference collection [4].
Among these molecular analysis methods, DNA

@ @ © The Author(s) 2025. Published by Ukrainian Institute for Plant Variety Examination.
@ This is an open access article distributed under the terms of the license CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/), which permits
BY _SA use, distribution, and reproduction in any medium, provided the original work is properly cited.
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markers, particularly SNP (single nucleotide
polymorphism) and SSR (simple sequence re-
peat) markers, are widely used. Although SNPs,
particularly when used with KASP (competi-
tive allele-specific PCR) technology, are the
most commonly used as they allow maximum
automation of the polymerase chain reaction
(PCR) and data analysis, SSR markers remain a
reliable research method due to their high repro-
ducibility and ability to create a genetic profile of
a variety. This profile can be used in future re-
search, particularly to confirm varietal purity in
post-control testing or in cases of intellectual
property rights infringement at the initial stage
of establishing such infringement [5-7].

Although the combination of molecular me-
thods and phenotypic evaluation of varieties is
widely used among UPOV member states, recent
studies indicate that this approach must be vali-
dated for each country, considering the species
composition of botanical taxa for DUS testing
and the type of molecular markers used [8-10].

Given the increasing number of new plant
varieties being examined by the DUS for intel-
lectual property rights, the range of morpho-
logical characteristics used to determine com-
pliance with DUS criteria is narrowing. There-
fore, it is important to use molecular markers,
particularly DNA markers, when examining
plant varieties for DUS, to increase the accu-
racy of the examination and reduce labor costs
for side-by-side field comparisons research, as
well as reducing the number of varieties in the
reference variety collection. One approach to
using DNA markers to determine differences
between varieties during DUS testing is the
GAIA method. This method calculates pheno-
typic distances between each pair of varieties,
which are the sums of the distances between
each individual trait according to a particular
methodology’s table of traits. In combination
with molecular markers, comparisons are car-
ried out using molecular distances [11].

The aim of the research is to determine the
suitability of the GAIA method for comparing
maize lines based on the weighting coefficients
of differences in the degree of manifestation of
morphological traits and SSR markers.

Materials and Methods

The research was conducted at the Ukrainian
Institute for Plant Variety Examination
(UIPVE) between 2021 and 2023. One hundred
and fourteen maize lines from the common
knowledge variety collection were analyzed. Of
these, 38 were in the first year of testing, 66
were common knowledge varieties and 10 were
lines from the reference variety collection. Fif-

ty-seven lines were selected by the expert for
comparative evaluation of the GAIA method
and expert evaluation of the differences be-
tween the lines, including five reference lines.

Determination of morphological characteristics

The morphological characteristics of the
studied lines of maize were determined in the
field at the Poltava and Kirovohrad affiliates of
the UIPVE, in accordance with the methodology
for examining varieties of maize (Zea mays L.)
for DUS, according to 35 qualitative and quan-
titative traits [12]. The degree to which qualita-
tive morphological features were manifested
was indicated by numerical values from 1 to 9.
Quantitative traits were presented as the abso-
lute values of measurements taken at two re-
search points.

Principal component analysis was used to de-
termine the variability of morphological traits
using the XLSTAT trial version computer pro-
gram [13].

Determination of molecular characteristics

To determine the molecular characteristics,
PCR analysis of the maize lines was performed
using nine SSR markers, taking into account
the Polymorphic Index Content (PIC), accor-
ding to the following protocol: phi064, umc1448,
umcl061, bnlgl782, bnlgl129, phi093,
phi233376, phi083 and phi96100 [14]. The PCR
products were visualised by capillary electro-
phoresis using an Agilent Fragment Analyzer
(USA). The DNF 905 reagent kit (dsDNA 905
Reagent Kit, 1-500 bp, 55 cm matrix length)
was used and the analysis was performed ac-
cording to the manufacturer’s protocol.

Based on the obtained data, the presence or
absence of a particular allele in the maize lines
under study was indicated as 1/0. The R pro-
gramming language was used to convert the
sizes of the alleles obtained into binary code
and calculate Roger molecular distances [15].

Determining differences between maize lines
using the GAIA method

GAIA software, provided free of charge by
GEVES (the official French organization that
evaluates new varieties), was used to analyze
maize lines for the purpose of determining “Dis-
tinct Plus” lines, i.e. lines that exceeded the
threshold value of difference in phenotypic dis-
tances. To prepare the analysis data in GAIA, a
database was created containing downloadable
files with the following information: type of crop
being tested; test points (two geographical loca-
tions); list of lines (application number and line
denomination); years of testing; morphological
traits (qualitative and quantitative), molecular
data (names of SSR markers and sizes of iden-
tified alleles); significance matrices of the
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difference in the degree of manifestation of each
trait (for quantitative traits, the upper and lo-
wer limits of the difference in weight between
two lines were calculated at 15% and 20% of the
average for each experiment); molecular dis-
tance types (Roger’s distances); the degrees of
manifestation of the traits for each line were cal-
culated for qualitative and quantitative traits,
as well as for molecular characteristics by SSR
markers and molecular distances; session pa-
rameters were used to compare varieties with
each other and with lines from the reference va-
riety collection. This included threshold values
for differences in the total weight of the studied
characteristics, such as qualitative and quanti-
tative morphological traits and SSR markers.

To analyze and determine the differences
between the studied lines using phenotypic
and molecular distances, a session was created
with the following parameters: a threshold
value of 8, a phenotypic limit of 6, and a geno-
typic limit of 0.30. According to the analysis
algorithm, the difference between the maize
lines was first determined by qualitative mor-
phological traits, for which the overall signifi-
cance of the difference was greater than or
equal to the threshold value. Then, the lines
that were not “Distinct Plus” were compared
by quantitative traits [11].

Research results

Comparisons of maize lines according to es-
tablished parameters for a combination of qua-
litative and quantitative morphological traits
identified 12 lines as “Distinct Plus”: LN26,
LN41, LN56, LN54, LN50, LN17, LN51, LN27,
LN39, LN11, LN47 and LN46. The largest
number of lines (35 and 36 pairs, respectively)
had phenotypic distances of 7 and 6 (Fig. 1).

Based on the results of the comparisons, it
was determined that most of the lines found to
be “Distinct Plus” were also identified as “Dis-
tinct” in the DUS testing results. However, the
expert classified pairs of lines LN56 and LN53,
LN54 and LN57 as similar, and lines LN40 and
LN27 as very similar; the difference between
these could only be determined using additional
molecular methods. Conversely, lines LN50
and LN39 were not assigned to any group as
they were found to be different according to the
DUS testing results. However, the expert did
not identify a sufficiently different pair among
the tested lines [16]. Obtaining such a result
may be due to the peculiarities of the GAIA
method and depend on the different signifi-
cance of the differences in traits that are taken
into account by the expert when grouping maize
lines and are not taken into account during the
analysis using the GAIA method. The DUS ex-
pert determines the significance of the differ-
ence in the degree of trait expression based on
professional knowledge and experience using
the ‘try-and-verify’ approach [11]. As this is the
first time the method hasbeentested in Ukraine,
it is assumed that the difference in the degree
of manifestation of the grouping features re-
commended by the methodology [12] is maxi-
mum. The significance of differences in other
qualitative traits was determined by the relia-
bility with which each trait was manifested un-
der certain environmental conditions, taking
genetic variability into account.

To determine the variability of the morpho-
logical traits of the studied lines, and to use the
results to improve the determination of the sig-
nificance of differences in quality traits, the
principal components method was employed.
The results of the principal components analy-
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sis of maize morphological traits revealed that
only 12 out of 35 components were significant
at a level greater than 1.0, accounting for ap-
proximately 75.14% of the variability among
the studied traits (see Table 1).

Table 1
Significance of the principal components
for the morphological traits of the maize lines

cong:g:ﬁil(m) Eigenvalues | Variability, % | Cumulative, %
PC1 4.578 13.081 13.081
PC2 3.601 10.289 23.370
PC3 2.611 7.460 30.830
PC4 2.339 6.682 37.512
PC5 2.271 6.488 44.000
PC6 2.028 5.794 49.794
PC7 1.927 5.507 55.301
PC8 1.599 4.569 59.870
PC9 1.519 4.340 64.210
PC10 1.391 3.974 68.184
PC11 1.318 3.765 71.949
PC12 1.117 3.191 75.140

It was determined that PC1 accounted for
13.081% of the variation in maize morphologi-
cal traits in this study, PC2 for 10.289%, and

PC3 for 7.460%. PC1 is associated with trait 13
(panicle: position of lateral branches in space),
and PC2 is associated with trait 17 (stem: an-
thocyanin color of aerial roots) (Table 2).

According to the obtained data, the most in-
fluential trait in explaining the variability of
PC11 is trait 38 (ear: color of the top of the
grain, with a value of 0.522), while trait 7 (stem:
degree of zig-zag) is associated with PC12. No-
tably, PC1 and PC2, which together explain
23.37% of the variability among the traits, were
unaffected by the manifestation of grouping
traits. However, in PC3, the grouping traits
were the most decisive, namely trait 8 (tassel:
time of anthesis ) and trait 24.1 (plant length:
quantitative trait).

In [17], maize lines were studied for agromor-
phological traits in order to identify patterns of
variation in morphology. The results obtained
by the authors showed that PC1 explained
54.794% of the variation in traits and was as-
sociated with plant length and ear length. PC2
was responsible for variation in 1000-seed
weight, while PC3 was responsible for the

Table 2
Eigenvectors of principal components for morphological traits of maize lines
Trait PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12
1 0.010 | 0.012 | -0.076 | -0.227 | 0.446 | -0.003 | -0.102 | -0.022 | -0.087 | -0.165 | 0.207 | -0.218
2 -0.105 | 0.231 | 0.130 | -0.076 | -0.202 | 0.042 | 0.235 | -0.058 | 0.133 | -0.083 | 0.133 | -0.162
3 0.021 | 0.065 | -0.049 | 0.358 | -0.087 | -0.216 | 0.153 | 0.051 | -0.159 | -0.022 | 0.188 | -0.311
4 0.173 | 0.041 | -0.037 | 0.294 | -0.006 | —0.062 | 0.250 | -0.030 | 0.154 | 0.048 | -0.310 | 0.307
5 0.246 | 0.113 | 0.215| 0.286 | 0.026 | -0.027 | -0.082 | -0.217 | -0.094 | -0.227 | 0.138 | 0.121
6 0.222 | -0.078 | 0.300 | 0.086 | 0.088 | 0.068 | 0.101 | -0.061 | 0.244 | 0.269 | 0.120 | 0.129
7 -0.058 | -0.135 | 0.214 | -0.121 | 0.205 | -0.067 | 0.208 | -0.028 | -0.056 | -0.139 | -0.106 | 0.541
8** 0.015 | 0.196 | 0.318 | -0.200 | -0.205 | -0.077 | -0.165 | —-0.113 | -0.282 | 0.021 | -0.079 | 0.054
9** 0.092 | 0.208 | 0.166 | -0.027 | 0.093 | -0.295 | 0.205 | 0.042 | 0.061 | -0.172 | -0.321 | -0.212
10** 0.224 | 0.232 | -0.124 | 0.072 | -0.052 | 0.127 | 0.070 | 0.084 | 0.016 | -0.248 | 0.119 | -0.013
11** 0.063 | 0.278 | 0.164 | -0.281 | -0.083 | 0.117 | -0.092 | 0.177 | 0.067 | -0.053 | -0.196 | 0.203
12 0.284 | 0.010 | 0.068 | 0.143 | 0.171 | 0.143 | 0.089 | 0.078 | -0.304 | -0.175 | -0.028 | —-0.054
13 0.344* | -0.018 | 0.094 | 0.168 | 0.119 | 0.133 | -0.026 | -0.011 | -0.138 | -0.044 | 0.006 | 0.014
14** 0.070 | -0.072 | 0.145 | -0.195 | 0.084 | 0.419 | 0.060 | 0.005 | 0.137 | -0.213 | 0.040 | —-0.064
15** 0.155 | 0.263 | 0.024 | -0.117 | -0.229 | -0.094 | -0.168 | -0.188 | -0.284 | -0.096 | 0.168 | 0.144
16** 0.194 | 0.227 | -0.083 | -0.073 | -0.030 | 0.082 | -0.122 | 0.100 | 0.381 | 0.207 | -0.025 | -0.085
17 0.073 | 0.379 | 0.027 | 0.043 | 0.105 | -0.057 | -0.030 | 0.125 | 0.040 | -0.005 | -0.182 | —-0.180
18 -0.014 | -0.193 | -0.105 | 0.109 | -0.028 | 0.048 | 0.274 | 0.490 | -0.169 | -0.111 | -0.035 | 0.105
19 -0.145 | 0.180 | 0.059 | 0.062 | 0.017 | 0.223 | 0.128 | 0.131 |-0.287 | 0.449 | 0.057 | 0.003
20 -0.218 | 0.143 | -0.009 | 0.157 | 0.177 | 0.375| 0.001 | -0.093 | -0.216 | 0.096 | -0.038 | 0.005
21 0.191 | -0.264 | 0.155 | -0.150 | 0.096 | -0.055 | -0.178 | -0.252 | -0.003 | 0.047 | -0.185 | -0.187
22 0.284 | -0.192 | -0.298 | -0.015 | 0.027 | -0.149 | -0.126 | 0.029 | 0.012 | 0.141 | -0.076 | -0.015
23 0.207 | -0.174 | 0.174 | 0.182 | -0.092 | -0.011 | -0.259 | 0.194 | -0.094 | 0.022 | 0.188 | 0.056
24.1** | 0.038 | -0.152 | 0.345 | -0.205 | 0.028 | 0.035| 0.146 | 0.191 | -0.203 | 0.281 | -0.040 | —-0.205
25 -0.057 | 0.145 | -0.088 | 0.116 |-0.228 | 0.361 | 0.110 | -0.126 | 0.061 | -0.046 | -0.018 | 0.038
26 0.100 | 0.083 | -0.252 | -0.280 | -0.123 | -0.132 | -0.002 | 0.325 | -0.153 | -0.165 | -0.079 | 0.148
27 0.293 | 0.002 | -0.020 | -0.095 | 0.055 | 0.269 | -0.059 | 0.269 | 0.159 | -0.029 | 0.155 | -0.080
28** 0.198 | 0.113 | 0.014 | 0.032 | 0.046 | -0.121 | 0.307 | -0.201 | 0.123 | 0.189 | 0.000 | -0.034
29** 0.106 | -0.074 | -0.210 | -0.270 | -0.041 | 0.046 | 0.316 | -0.291 | -0.109 | 0.013 | 0.306 | 0.128
30** -0.218 | 0.050 | -0.063 | 0.119 | 0.303 | 0.071 | -0.157 | -0.088 | 0.183 | -0.242 | 0.052 | 0.102
31** 0.138 | -0.043 | -0.095 | -0.223 | 0.096 | 0.051 | 0.401 | -0.158 | -0.076 | -0.097 | -0.072 | -0.191
36%* 0.166 | -0.149 | -0.173 | -0.052 | -0.393 | 0.079 | 0.008 | -0.117 | 0.016 | 0.050 | 0.054 | 0.016
38** -0.021 | 0.092 | 0.209 | -0.081 | 0.063 | -0.230 | 0.107 | 0.221 | 0.242 | 0.055 | 0.522 | 0.151
39** -0.196 | -0.153 | 0.244 | 0.066 | -0.205 | -0.115 | 0.123 | 0.051 | 0.067 | -0.297 | 0.124 | -0.174
41** -0.009 | -0.257 | 0.199 | 0.036 | -0.316 | 0.217 | -0.002 | 0.015 | 0.141 | -0.208 | -0.177 | -0.128

* FEigenvectors of the principal components with an absolute value greater than 0.3 are marked in red;

**Grouping features according to the methodology [12].
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number of ear rows, ear length, and plant
length. However, the authors did not demon-
strate variability in the qualitative morpho-
logical features used for DUS testing. They
explained this by stating that only three prin-
cipal components had weights greater than
one. Similar studies were conducted by the
authors [18—-20]. These studies aimed to iden-
tify the principal components of variation in
valuable economic traits, such as yield, 1000-
seed weight, ear length, number of grains per
row and number of rows of grains. The au-
thors generally studied morphological traits
affecting maize maturity and yield, such as
the number of days to flowering and silking in
50% of plants, no of grains per the ear and ear
quantity without focusing on morphological
traits that determine the difference between
lines.

However, if we consider other studies in
which the authors focused on the variability of
morphological traits that determine differences
between varieties during DUS testing, this va-
riability is due to the manifestation of qualita-
tive and quantitative traits, as well as traits
that are not recommended for grouping varie-
ties. Work [21] shows that PC1 exhibits the
greatest variability (23.09%), associated with
leaf shape (0.963), spot intensity on petals
(0.963), and the boll surface (0.963). The first
characteristic is used for grouping in DUS tes-
ting, while the second and third are not. PC2
accounted for 9.66% of the variability and in-
cluded traits such as the pubescence of the leaf
hairiness (0.604), the growth habit (0.579), the
seed fuzz density (0.394) and the flower petal
color (0.273). Of these traits, only flower petal
color is a grouping trait [22].

Similar results were obtained by the authors
of [23], who conducted a comparative analysis
of morphological assessments for DUS in the
field and of DNA genotyping using SNP mar-
kers in cucumbers. The authors determined
through principal component analysis that the
greatest variability was due to the fruit length-
to-diameter ratio and the presence or absence
of warts. However, these traits were not useful
for grouping during DUS testing. However,
traits such as fruit length, the plant sex expres-
sion, and the ground color of fruit skin at mar-
ket stage also showed a high percentage of vari-
ability and are grouping traits [24]. Our re-
search also yielded similar results from the
analysis of the principal components based on
the morphological characteristics of maize stu-
died during the DUS testing. This indicates
that, in order to apply the GAIA method to de-
termine the significance of differences in trait

manifestation, attention must be paid to ad-
justing the weighting values for traits that
caused a high percentage of variability in the
principal component analysis.

According to the GAIA analysis algorithm,
after a cycle of comparisons based on qualita-
tive and quantitative morphological traits, line
pairs that were not “Distinct Plus” but over-
came the established phenotypic limit of 6 (35
line pairs) were compared in the next cycle of
comparisons based on molecular distances.

The genotypic boundary shows that, when
choosing a comparison based on qualitative and
quantitative, or qualitative/quantitative and
molecular distances, phenotypic and molecular
distances will be combined for a pair of lines
whose molecular distances are greater than or
equal to 0.30. In other words, when combining
qualitative and quantitative or qualitative/
quantitative and molecular distances, both
analyses will only be taken into account for
pairs of lines that meet the following conditions
simultaneously: a phenotypic limit greater than
or equal to 6 and a molecular distance greater
than or equal to 0.30.

As aresult of comparing maize lines based on
qualitative and quantitative traits and molecu-
lar distances, 12 “Distinct Plus” lines were ob-
tained that differ from the comparison group
only in terms of qualitative and quantitative
traits. A similar example is described in UPOV
TGP/8, where electrophoresis results confirm
the presence of “Distinct Plus” varieties for
qualitative and quantitative traits. However,
the molecular distance approach identified ad-
ditional pairs of “Distinct Plus” lines based on
established phenotypic and genotypic bounda-
ries. Based on these comparisons, four zones
were identified on the results display graph in
which pairs of maize lines were distributed ac-
cording to their phenotypic and molecular dis-
tances (see Fig. 2).

In accordance with the defined conditions
for combining morphological and molecular
distances, zone 4 is important when deciding
whether to compare lines side-by-side in the
field.

Zone 4 contains maize lines that exceed the
established limits in terms of both phenotypic
and molecular distances (phenotypic limit of 6
and genotypic limit of 0.30). Therefore, these
pairs of lines can be considered “Distinct Plus”
and do not require side-by-side testing in future
research years. According to the obtained data,
Zone 4 included 35 pairs of maize lines under
study (see Fig. 3).

Two pairs of lines in Zone 1 deserve special
attention: LN23 and LN55, and LN30 and
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Fig. 3. Maize lines included in zone 4 by total phenotypic and molecular distances

LN37. According to the values obtained for total
significance by phenotypic and molecular dis-
tances, these lines were the most similar. It is
worth noting that the line pairs identified as
the most similar based on a comparison of phe-
notypic and molecular traits differ from the
conditional distribution of the studied lines, as
determined by an expert based on the results of
the DUS testing [16]. For instance, line LN30
was identified as being highly similar to line
LN29, whereas line LN23 was classified as being
similar to line LN25.

Paper [9] presents the results of an integra-
ted approach to evaluating new alfalfa varie-
ties, combining genotyping by sequencing with

morphological traits using the GAIA method.
The authors demonstrate the effectiveness of
combining molecular analysis and morphologi-
cal traits to determine the significance of diffe-
rences in trait expression. As the GAIA method
is one of the UPOV-approved approaches for
identifying differences between varieties du-
ring DUS testing and is employed in routine
testing of new varieties, it is also being consi-
dered for studying significantly derived varieties
[25]. The effectiveness of combining phenotypic
and molecular distances to distinguish durum
wheat varieties was also demonstrated in [26].
Our research indicates that the GAIA me-
thod can be used in DUS testing to determine
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differences in the combination of phenotypic
and molecular distances in maize lines in
Ukraine. However, while many UPOV member
states use molecular markers as part of DUS
testing, in Ukraine there are currently certain
legal restrictions on the use of molecular meth-
ods, which create additional difficulties for de-
tecting differences in new varieties given the
significant increase in number of common
knowledge varieties. Additionally, for botanical
taxa represented by hybrids, UPOV defines
testing approaches for hybrids and their paren-
tal components. When combining phenotypic
and molecular distances, for example, the total
significance of the difference is determined
based on the weights of the parental compo-
nents rather than by comparing hybrid to hy-
brid [11]. Currently, this approach is limited in
Ukraine, as according to the legislation, the pa-
rental components of a hybrid undergoing DUS
testing are not made available for research pur-
poses [28]. This, in turn, leads to problems with
outdated methods being used, creating addi-
tional obstacles to international cooperation in
plant variety rights protection and maintaining
the current level of DUS testing.

Thus, the research shows that it is currently
possible to use modern research methods, par-
ticularly molecular markers, to minimize the
risk of disclosing genetic information about the
varieties under study by comparing only statis-
tically processed data.

Conclusions

The study of 57 lines of maize revealed that,
based on the significance of the difference in
the manifestation of morphological traits
using the GAIA method, 12 “Distinct Plus”
lines were identified that do not require side-
by-side comparisons in the field during the
next vegetation cycle.

Based on the data obtained from the princi-
pal component analysis, it was determined
that, to improve the identification of significant
differences in qualitative morphological traits,
the range of traits for which maximum signifi-
cance values are set should be expanded beyond
grouping traits.

An additional 35 pairs of maize lines were
identified as sufficiently different based on
the results of combining phenotypic and mo-
lecular distances, and these lines do not re-
quire side-by-side comparisons. The use of
molecular markers has been identified as a
powerful modern auxiliary tool for DUS
testing that allows reliable results to be ob-
tained using methods approved and used by
UPOV member states.
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Meta. BusHauutu npupatHicte metoay GAIA pns
NOPiBHAHHA NiHi/ KYKYpYA3M 3BUYANHOT HA OCHOBI BaroBux
KoediLieHTiB BIAMIHHOCTI cTyneHiB NposBY MOPGONOriyHNX
o3Hak Ta SSR mapkepis. Mertoau. [MonboBi (onucosa
mopdonoria pocnun), monekynapHi (MJIP, kaninapHuit
enexkTpotopes), CTaTUCTUYHI (MeTOL rONIOBHUX KOMMOHEHT,
KopensauinHuit aHaniz). Pesynbratu. JocnigxeHo 57 niHii
KYKYPYA3M 3BUYANHOT KoneKuii 3aranbHOBifOMWUX cOpTiB
AN BCTAHOBNEHHA BiAMiHHOCTi Ha OCHOBi ()eHOTUNOBMX i
MOJNEKYNAPHUX AUCTAHUIN meTopoM GAIA. 12 niHiii BusABU-
aucs «BigMiHHMMUM NAC» [0 THWUX JOCHiAXYBAHUX, WO
BU3HAYEHO 3a pe3yNbTaTaMy iX NOPiBHAHHA 3 ypaxyBaHHAM
BaromocCTi pi3HMUi cTyneHiB nposBy MOpdONOriyHNX 03HaK.
3rigHo 3 OTPMMAHUMK AaHUMKM cepeq «BigMiHHUX naocy ni-
Hil 6inbwicTb KNacUdikoBaHO AK BiAMiHHI 3a pe3y/ibTaTamu
eKcnepTusu Ha BigMiHHiCTb, OAHOPiAHiCTb i cTabinbHicTb
(BOC), BTimM TpU Napu eKcnepToM 3apaxoBaHO A0 rpynu no-
Li6HMX i pyxe nofibHux. 3'acoBaHo, Wo nepwi fBi roNoBHi
KOMMNOHEHTU NOosACHI00Tb 23,37% BapiabenbHOCTi O3HaK.

3a pesynbTataMu aHanisy rofIOBHUX KOMMOHEHT BCTaHOB-
NEHO, W0 BWCOKMIA piBeHb BapiabenbHOCTi 3YMOBNEHUN
BiMIHHOCTAMM 33 rpynyBafbHUMU O03HAKaMW Ta O3HaKaMu,
fIKi He BMKOPWCTOBYIOTb ANA TPYMyBaHHSA COPTiB Mif yac
ekcneptusu Ha BOC. Lle cBigunTb npo Te, wWo Ana nigBu-
LWeHHsA edeKTUBHOCTI 3acTocyBaHHA MeTony GAIA pouinbHo
30iNbWWTK BaroMicTb BiAMIHHOCTI pi3HUMUi CTyNeHiB NposBy
UMX 03HaK. BHacnigok noepHaHHA ¢eHoTMNoBMX i Mone-
KYNSPHUX AUCTaHLiA BU3HA4YeHO [0AATKOBO 35 nap NiHiil
KYKYPYA3MY, WO MaloTb BUCOKMI CTYNiHb BifMiHHOCTI Ta He
noTpebyloTb NPAMUX NOPiBHAHbL Y MOALOBUX YMOBAX B Ha-
CTYNHOMY BereTauiiiHomy umkni. BucHoBKM. BctaHoBneHo,
wo 3actocyBaHHa metony GAIA ans mocnifgXeHHs HOBUX Ni-
Hil KYKYPYA3M JONOMAra€e 3MeHWMUTHN KilbKiCTb NPAMUX No-
PiBHAAHb Y MNOJILOBUX YMOBAX 3a NOERHAHHA MOP(ONOFiYHUX
03HaK i MONeKyNAPHUX MapKepiB.

Knrouosi cnosa: sacomicms pi3HUYi cmyneHig npossy
03HaK; SSR mapkepu; 207108HT KOMNOHeHMU,; heHomMuUNosi ma
MOSIeKYNAPHT QUCMAHUTT; KyKypyd3a 38uYaliva.
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