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BIIAHB YMOB 3BOAOKEHHSI, BIOAOTTYHUX OCOBAHUBOCTEM I''EPUIIB
I TYCTOTH CTOSIHHSI POCAUH HA BMICT CHPOTI'O ITPOTEIHY
B SEPHI KYKYPYI3H

M. O. IBaniB!, O. B. Cuaakiuna?, €. A. F'amyaa®

Bnawue 2ibpudHo20 ckaady ma 2ycmomil CMOstHHSL POCAUH HA NOKA3HUKU SIKOCMI 3epHA KYKYpYOo3u € aKmy-
ANLHUM NUMAHHSM SIK 3 0271510y HA HAYKo8e 00TPYHMYBAHHS, MAK I w000 NPAKMUUHO20 8NPOBAOINEHHS
8 cyuacHe azpapHe supobHUYME0. Memoro 00CniOIKeHHSL € OYIHIOBAHHSL BNIUBY 2YCMOMIU CIMOSTHHSL POC-
JIUH HA 8MICM CUP020 Npomeiny 8 3epHi 2ibpudis Kykypyou pisHux epyn cmuzrocmi (PAO) e ymosax
ITisHiuno20 Cmeny Ykpainu. ITonwosi 0ocniozeHHs npogoounu npomsizom 2022-2024 pp. Ha docnioHomy
noai TOB «AepomexHonoeis-ILiocy, wo 3Haxooumscs 8 KponusHuuybkomy patioHi Kipogoepadcweioi obnacmi.
Busguanu cim 2ibpudie mapku DEKALB 3 ®AO 6io 310 do 420 ([IKC 4098, /IKC 4109, /IKC 4391, /IKC 4598,
AKC 4712, IKC 5075, IKC 5206) 3a 80cb MU PiBHI8 2ycmomu CMOsIHHsL pociuH — 8i0 55 do 110 muc./2a.
Y ¢pazax 3-5 ma 7-9 aucmxkie nposoousiu no3arxopeHesl NiOsKUBNEHHSL MIKpooobpugom AmiHo Yaempa
Kyrypyosa. ¥ 0ocnioimeHHsIX 3aCcmoco8aHo NOMbO8ULL, IA60PAMOpPHULL, MOMEMAMUUHUT T CIAMUCTIUYHUT
Memoou 015t OYIHEHHSL 83AEMO0IL MIN 2EHOMUNOM, 2YCMOMOI0 CMOSIHHSL POCAUH I eKON02TUHUMU UUHHUKAMU.
BcmarosneHo, wo eUpIULATLHUM (PaKMOPOM, SIKUTE BNUBAE HA 8MICM CUPO20 NPOMeEIHY 8 3epHi KYKYpPY-
03U, € N0200HI YMO8U POKY 8UPOULY8aHHS. Hallsuuy KoHUeHMpayito cupozo npomeiHy 8 3epHi BUSHAUEHO
8 nomipHo nocywueomy 2023 p. (y cepedrvomy 7,75%), a Halinuxuy —y 2024 p. (7,16%), sicuii xapaxmepu-
3yeascst 20cmpum 0eiyumom 8o102U Yy KpumuuHi gpasu pocmy it possumxy. Ceped 00Cni0HY8aAHUX 2i0pu-
0ig Hatisuwl Ui Hallbitbul cmabibHi nokasHuku b6itkogocmi 3epHa gpopmyeas 2ibpud IKC 4391 (PAO 350),
3 marcumymom 8,45% y 2023 p. 3a eycmomu cmosiHHst pocaur 80 muc./za. 3azanom, onmumaibHe HaKo-
NUUYEHHs CUpo20 NpomeiHy 8 3epHi cnocmepizanu 3a winbHoemi nocigie 75-80 muc./za. SHUXKeHHSs zycmomu
CMOSIHHSL pocauH (<60 muc./2a) abo HaoMipHe 3azyuieHHs nocigig (290 muc./2a) npussoouno 00 3HUIKEHHSL
6inkogocmi 3epHa, W0 C8I0UUMb NPO 0OMEIKEHHSL SIK PECYPCHO20, MAK | ANIeSI0NAMUUHO20 XapaKmepy.
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Ompumani pesysnomamu niomeeporKyroms cymmeaguil 8NIU8 2eHOMuUNY ma 2YCmomu CMOstHHSL POCIUH
HQa AKiCMb 3epHa KYKYpyo3u, 0COOUBO 30 KOHMPACMHUX 2l0pomepMiuHUx ymog. O0eprKaHi OaHI MOIKYMb
6ymu suKopucmari 01k ONMUMI3AULL MexXHO02il BUPOUUYBAHHS KYKYPYO3U 3 Memoro cmadinizayii nokas-

HUKIB SIKOCMI 3epHA 8 YMO8AX KAIMAMUUHUX 3MIH MA eKOHOMIUHOT HecmabiibHoCcmI.

Knrouoei cnoea: kyrxypyosa, 2ibpudu, A0, cupuil npomein, siKicmos 3epHQA, 2ycmoma CMOsIHHSL POCIUH,
YMOBU 380J102KEHHS, NOCYXA.

INFLUENCE OF MOISTURE CONDITIONS, BIOLOGICAL CHARACTERISTICS
OF HYBRIDS, AND PLANT DENSITY ON CRUDE PROTEIN CONTENT
IN MAIZE GRAIN

M. O. Ivaniv, O. V. Sydiakina, Ye. A. Hamula

The influence of hybrid composition and plant density on maize grain quality parameters remains
a relevant issue both from the standpoint of scientific justification and for its practical implementation
in modern agricultural production. The aim of the study was to evaluate the effect of plant density
on the crude protein content in the grain of maize hybrids of different maturity groups (FAO) under
the conditions of the Northern Steppe of Ukraine.

Field experiments were conducted during 2022-2024 at the experimental field of Agrotechnology-Plus
LLC, located in the Kropyuvnytskyi district of Kirovohrad region. Seven DEKALB hybrids with FAO from
310 to 420 (DKC 4098, DKC 4109, DKC 4391, DKC 4598, DKC 4712, DKC 5075, DKC 5206) were
studied at eight levels of plant density ranging from 55 to 110 thousand plants/ha. Foliar feeding with
the micronutrient fertilizer Amino Ultra Corn was performed at the 3-5 and 7-9 leaf stages. The study
applied field, laboratory, mathematical, and statistical methods to assess the interaction between
genotype, plant density, and environmental factors.

It was established that the determining factor influencing the crude protein content in maize grain
was the weather conditions of the growing year. The highest protein concentration was observed in
the moderately dry 2023 season (average 7.75%), while the lowest was recorded in 2024 (7.16%), which
was characterized by severe moisture deficiency during critical growth and development phases. Among
the studied hybrids, the highest and most stable protein content was formed by hybrid DKC 4391
(FAO 350), with a maximum value of 8.45% in 2023 at a plant density of 80 thousand/ha. Overall,
optimal protein accumulation in the grain was observed at a planting density of 75-80 thousand/ ha.
Reducing plant density to <60 thousand/ha or excessive thickening of stands (290 thousand/ha) led to
decreased grain protein content, indicating both resource-related and allelopathic limitations.

The obtained results confirm the significant influence of genotype and plant density on maize grain
quality, particularly under contrasting hydrothermal conditions. These findings can be used to optimize
maize cultivation technologies with the aim of stabilizing grain quality indicators under conditions
of climate change and economic instability.

Key words: maize, hybrids, FAO, crude protein, grain quality, plant density, moisture conditions,
drought.

Beryn

3a cy4yacHHX yMOB TI'AODaABHUX KAiMaTH4-
HUX 3MiH, IOCHUACHHS KOHKYPEHIIl Ha arpap-
HOMYy PHHKY Ta HeoOximHocTi 3abe3nedeHHS
IIPOMOBOABYOI Ta eHepreTH4Hoi Oe3neku
IIUTAaHHS] IKOCTI 3epHA KyKypyI3U IIPHUBEPTAE
o cebe Bce OiabIlly yBary. 3 Oragay Ha TpaH-
copmalli€ro arpoBUPOOHHUIITBA Bifl €KCTEH-
CHUBHOI [0 IHTEHCHUBHOI MOMEAi, Opi€eHTOBAHOI
Ha cTabiAbHI pPiBHI BPOXKAMHOCTI Ta BHCOKY
SIKICTh TIPOAYKILi, BUHUKaE moTpeba B ymO-
CKOHAA€HHI arpoTeXHOAOTIH BHPOIIyBaHHH
KyKyPyZA3HU 3 ypaxXyBaHHSM ITOKA3HHKIB SIKO-
cTi B 3araapHi# o1iHIi. OCOOAMBOI aKTyaAbHO-
cTi HaOyBa€e MOCAIMKEHHS B3a€EMO3B’I3KY MiXK
TTIOKa3HUKaMH SKOCTi 3epHa Ta OKPEMUMH eAe-

MEHTaMHU TEXHOAOTII, 30KpeMa mo60pom ribpu-
OiB Ta rycroToio cTogHHS pocanH (Obeng-Bio
et al., 2019; Feng, 2024; Popa et al., 2025).
OpHuM 13 TPOBiAHUX (PAKTOPIB, SKHUYU BIIAU-
Ba€ Ha SdKICTh 3epHA, € I'eHeTHYHHUH II0TEH-
miaa ribpumiB Kykypyaszu. CydacHi ribpuomn
PI3HATBCA 3a THUIOM 3€pHa, CTifiKicTIo Ho abi-
OTUYHUX 1 OIOTUYHHUX CTPECiB, piBHEM HaKO-
nuyeHHs Oiaka 1 Kpoxmaar. [obip ribpumiB
BIATIOBIIHO [0 I'PyHTOBO-KAIMATHYHUX YMOB
Ta I[ABOBOIO IIPU3HAYEHHS BPOKAIO (KOPM,
riepepoOAeHHS, €KCIIOPT) € BazKAMBUM YNHHHU-
KOM He€ AWIIIE 1A OTPUMAaHHS BHCOKOTO PiBHS
BPOZKAMHOCTI, a B Aad 3a0e3redeHHsa HeoOXim-
HUX IapaMeTpiB gkocti 3epHa (Owusu et al.,
2022; Djalovic et al., 2024; Meng et al., 2024).
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3a pesyapTaTaMH  EKCIIEPUMEHTAABHUX
OCAI/IZKEHb, IIPOBEAEHUX IIPeACTaBHUKAMH
KoMItaHii «AimarpediH» y IPYHTOBO-KAiMa-

TUYHUX yMoBax LleHTpaarHOro Aicocrery
YKpaiHH, BCTAHOBAEHO, IO 30iABINIEHHS TycC-
TOTH CTOSHHS POCAVMH KYKypPyA3W IIPU3BO-
OUTH [0 ITABUIIEHOI KOHKYPEHIli 3a CBiTAO,
BOAOTY Ta €A€MEHTH KHUBAEHHS, 1110 HETATUBHO
[I03HAYAEThCA Ha (opMmi KadaHiB, KIABKO-
cti B HUX 3epeH Ta ix maci. Tak, 3arymeHHda
ociBiB KyKypya3u 3 60 mo 100 Tuc./ra 3meH-
LIye iHAWBIAYaABHY IPOAYKTUBHICTE POCAWH
y 1,5-1,8 pa3a (Augpienko i Pomanenko, 2013).
HanwmipHe 3aryineHHS HOCIBIB IIPU3BOAUTD 10
3MEHIIIEHHsS BMICTy B 3€pHi KyKypya3u 0Oiaka
Ta Xupy Ha 4-11%, 30iAbLIEeHHS BMICTy KpO-
xMaato Ha 0,65-2,00% Ta po3YMHHUX LYKpPiB
Ha 39-69% (Wang et al., 2023), a TakoX 10
nigBuIleHHA BoaorocTi 3epHa (Llyabir, 2022).

HesBarkarouu Ha 3HUXKEHHS 3araabHOI BpPO-
KarHOCTI Ta e(pEeKTUBHOCTI BUKOPUCTAHHSI
IIAOIILI B PO3PIMKEHUX IIOCiBaxX KYKYPYA3H,
TAaKUHA €AEMEHT TEXHOAOTII BHPOIIyBaHHA Ma€e
HU3KYy IIO3UTHBHUX BIIAUBIB Ha IIOKa3HUKU
AKOCTI 3epHa. Y po3pizKeHHuX I1ociBax popmy-
€ThbCA OiABINIa ITAOIIA KUBAEHHS, III0 3MEHIILYE
KOHKYPEHIIII0 POCAWH 3a MOXKWBHI PEYOBUHU
(Gong et al., 2022); cnocrepiraeTbcs Kpaiia
OCBITAEHICTb AMCTKOBOI ITOBEPXHi, III0 CIIPUSIE
OiApII TpuBaAOMy (PYHKIIIOHYBAHHIO HHKHIX
AVICTKIB 1 HakonmdeHHI0 acuMiagariB (Li et al.,
2018); mociBu Kpalte 3a0e3nedyiThCs BOAO-
TOI0, III0 0COOAMBO BazKAMBO B YMOBaX HECTiH-
Koro 3BoAokeHH4 (Qin et al., 2022); ak pe3yab-
TaT — MOKPAIIyIOThCS IOKA3HUKU IKOCTi 3epHA.
Hampukaan, 3a pesyabTaTaMU HdOCAIIKEHB,
NIPOBEAEHUX Y IPYHTOBO-KAIMATUYHUX YMO-
Bax IIiBHi4HOro cxoxy Kuraio, BcTaHOBAEHO,
110 3HUIKEHHS T'YCTOTH CTOAHHS pocAuH 3 80
mo 50 THc./ra IpU3BOANAO OO CYyTTEBOTO 30iAb-
meHHsd Macu 1000 3epeH Ta 3pocTaHHS BMICTY
biaka B 3epHi (Zhang et al., 2020). 3a pe3yas-
TaramMu nocaimzkedp lzgn IO Ta iH. 3 BuHco-
KOIIPOAYKTHUBHUM A yMoB Kurtaro ribpumom
KyKypyasu Zhengdan 958, BcTaHOBAEHO, IIO
3MEHIIIeHHS TYCTOTU CTOSHHS pocAauH 3 90 mo
60 Tuc./ra TIpuU3BEAO A0 30iABIIIEHHS BMICTY
binka B 3epHi Ha 0,7%, a BMicTy XuUpy — Ha
0,3% (Jiang et al., 2023).

Y 3pimKeHuxX IociBax BinOyBaeTbCs Kpa-
U TOBITPOOOMIH, 3pocTae e(eKTUBHICTH
TpaHcmipamii 1 cHoocrepiraroTbCa — MEHIIII
PU3UKH CaMO3aTiHEHHS POCAMH, III0 CBOEIO
YEeprolo CIPHd€E 3HUKEHHIO BOAOTOCTI 3€pHa
Ha MOMEHT 30MpaHHs, 3MEHIIEHHIO YPaskeHHS
KaJaHiB 'PHOHUMU IaTOT€HAMH, KPAIIM YMO-
BaM [I03piBaHHS 3€pHA A0 CTaHYy (Pi3i0A0OTiYHOI

CTUTAOCTi, (POPMYBaHHIO 3€pHA 3 BHUCOKHUMH
IIOKa3HUKaMHu gkrocti (Zhang etal., 2021;
Djaman et al., 2022).

TakuM YHMHOM, [OCAIPKEHHSI BIIAMBY TiOpHI-
HOTO CKAQTy Ta I'yCTOTH CTOSIHHS POCAHH Ha (hop-
MyBaHHS IIOKAa3HUKIB SKOCTI 3€pHA KYKYypPyA3U
€ aKTyaAbHUM IIUTAHHAM 3 IIOTASIAYy K HAyKO-
BOro OOIPYHTYBAaHHS, TakK i IIPAKTUYHOIO BIIPO-
Ba/KEHHS B arpapHOMY BHPOOHUIITBI. OTpuMaHi
PE3YABTATH [03BOASITH YAOCKOHAAUTH CydacHi
TEXHOAOTI] BHPOIIYBaHHS, IO 3a0e3NeYUTh CTa-
OiABHY FKICTh MPOAYKIL, HABITH B yMOBax 3MiH
KAIMATy Ta €KOHOMIYHOI HECTAa0IABHOCTI.

MeTor0 mOCAiIzKEeHHS OYyAO OCAITHUTH BIIAUB
T'YCTOTH CTOSSHHS POCAMH Ha ITOKA3HUKHU IKOCT1
3epHa TiOpHUAIB KyKypya3u pisHux rpyn ®AO
B I'PYHTOBO-KAIMATHYHUX yMOBax [liBHiYHOTO
Creny Ykpainu.

Marepiaa i meToau

Yy 2022-2024 pp. Ha 6azi TOB Ad
«ArporexHoaoris-IIatoc» (KpormnBHHLILKU M
paition KipoBorpaacekoi obaacti; reorpa-
diuni koopmunHaTh: 48°24'54" mH. I,
32°01'02" cx. A.) IPOBOAUAM IIOABOBI HOCAi-
KeHHs 3 ribpugaMu KyKypyAsH MapKu
DEKALB pi3aux rpyn cruraocti (PAO).
[PyHTOBHI ITOKPHUB MOCAIIHOI MIASHKH TIpem-
CTaBACHUN YOPHO3€MOM 3BUYaWHHUM MaAOry-
MYCHHM i3 TAMOOKHM TYMYyCOBHM T'OPH30HTOM
Ta cepegHIM piBHeM 3a0e3nedYeHOCTi pPyxXo-
MUMU (POpMaMU OCHOBHHX MaKpPOEAEMEHTIB.

l'6puau AKC 4098 (PAO 310), AKC 4109
(PAO 320), AKC 4391 (PAO 350), AKC 4598
(PAO 360), AKC 4712 (PAO 370), AKC 5075
(PAO 410), IKC 5206 (PAO 420) BupoUyBarH
3a Pi3HOI I'YCTOTH CTOSIHHS POCAWH: 535, 60, 65,
70,75, 80,90 Ta 110 Tuc. /ra. 3arasbHa OAOIIA
nocaigHaoi giagaku — 100 m?, obaikoBa — 60 M2,

Y xomi [OCAIIKEHb BHUKOPHUCTOBYBAAU
TIOABOBUH, AaOOpPaATOPHUM, MaTeMaTUIHUH
1 CTaTUCTUYHUM METOAU, a TAKOXK PEKOMEH-
[OBaHy [Ad AHOI 30HU TEXHOAOTII0 BHPOIILY-
BaHH{ KyABTYPH, 382 BUHSITKOM (PaKTOPIB, y3s-
TUX Ha BUBYEeHHH. Y (azax 3-51 7-9 AuCTKIB
IIPOBOJAVAY T103aKOPEHEBI MiIKUBACHHS IIOCI-
BiB MikpomobpuBoMm AMiHo YabTpa KyKypynza.

BwmicT cuporo nporeiny B 3epHiI KyKypyA3H
BH3Ha4aAu 3a MeTonoM K’eapnaad, akuit IpyH-
TYETBCSI HA BHU3HAYEHHI 3araAbHOI'O BMICTY
a30Ty 3 IOAAABIIHM II€PEePaxyHKOM Ha 0ir0K
IIAIXOM MHOXKEHHd Ha KoedillieHT 6,25.
Metonuka nepenbadasa MiHepaaisalliio 3pas-
KiB KOHIIEHTPOBAHOIO CipYaHOI KHCAOTOIO
3a MPHUCYTHOCTI KaTaai3aTopiB, MAUCTHASIIIO
aMiaky Ta TuTpyBaHHd. OnepikaHi pe3yAbTaTH
BUpasKaAW y BiCOTKax cuporo mnporeiny (%
BiZl Macu abCOAIOTHO CyXOi pEYOBHHH).

275



Ukrainian Journal of Natural Sciences Ne 13

Yrpainceruil okypHan npupooHuuux Hayk Ne 13

CratuctudHe O0OpOOA€HHS eKCIIepUMEeH-
TAaABHUX NaHUX 3IiHCHIOBaAW 3 BHUKOPHUCTAH-
HaM IporpamMHoro makety Microsoft Office
Excel Ta mporpamHO-iH(OPMAIIITHOTO KOMII-
Aekcy Agrostat (Ymikapenko ta iH., 2008).

Pe3yasTaTh

Anaaiz guHaMiKH BMICTy CHPOTO IpPOTEiHy
B 3€pHIi KyKypy/3HU 3a TPUPIYHUH IIepion CBif-
YUTBH IIPO CYTTEBUH BIIAUB IIOTOJHUX YMOB POKY
BUPOLIyBaHHSA, 0i0AOTiYHMX 0COOAMBOCTEH
ribpuniB (parTop A) Ta I'YCTOTH CTOSHHS POC-
AvH (parrop B) Ha dopMyBaHHI NOKA3HUKIB
SIKOCTi Bpokato. BcTaHOBAEHO, 1110 HabiAbIIa
KIABKICTB CHPOTO IIPOTeiHy B 3€PHI HAKOIINYY-
Basaca y 2023 p., a gHariHumk4a — y 2024 p.
(Taba. 1).

Y 6iapmr Boaoromy 2022 p. IOCAIIKEHB
CHpOro MpoTeiHy B 3€pHI HAKOIHNIYBaAOCH
MeHIIIe, HiXK y 0iabI rmocyrnanBoMy 2023 p., 10
Y3TOIKYETBCS 13 3araAbHOBIZIOMUM ITOAOXKEH-
HSM PO HAKOHUYEeHHS 0iABIIOT KiABKOCTI Oiaka
3a yMOB AedinuTy Boaory. Hatimocymansinui
2024 p. mocaimKeHb XapaKTepU3yBaBCsS BOM-
HUM CTPECOM y KPUTHUYHI (Ppas3u pPocTy ¥ pos-
BUTKY POCAWH KYKYPYA3H, IO IIPHU3BEAO [0
raAbMyBaHHS IIPOIIECIB a30THOTO OOMiHY, 0CO-
06AMBO y (pasi HAAUBY 3epHA, 110 3yMOBHAO Haii-
HIXKYi 32 TPU POKH [OCAIMKEHb ITOKa3HUKHU
BMICTy cHporo mporeiHy. Y cepenHpoMy 3a
nocaimkyBaHuMu dakropamu y 2022 p. BmicT
CHPOTro PoTeiHy B 3€PHI KyKypyA3U CTAHOBUB
7,53%,y 2023 p. - 7,75%,ay 2024 p. - 7,16%.

Cepen ribpuaiB HaWBUIIMIH PiBEHL CHPOTO
nmpoteiny  crabiabHO — ¢hopMyBaB  TiOpHUA
AKC 4391 (®AO 350), 3 MakCHUMaAbHUM 3Ha-
yeHHaM 8,45% y 2023 p. 3a I'yCTOTH CTOSHHS
pocamH 80 THC./Ta. 3arasoM, HHABHICTB IIOCI-
BiB y Mmexkax 75-80 Ttuc./ra 3abe3rnedyBasa
HaMbIABIII ONTHMaAbHI YMOBH [Ad (popMy-
BaHHSA OIAKOBOTO IIOTEHIliaAy 3aBAIKU edeK-
TUBHOMY IIO€THAHHIO IIAOII KUBAEHHS, (POTO-
CHUHTETUYHOI aKTHUBHOCTI Ta a30THOTO OOMiHY.
3MeHIIeHHS TYCTOTH POCAUH 10 55-60 THcC. /ra,
4K 1 HaaMipHe 3arylleHHs IIOCiBiB (IIoHaf
90 Tuc./ra), TPU3BOAUAO A0 3HUKEHHS BMICTY
mporeiHy B 3€pHi, II0 CBiMYUTH PO MiI0 K
€KOAOTIYHUX, TaK i aAeAOIATUYHUX 0OMEKEHD.

Y cepenHbpOMYy 3a TPUPIYHUM mepiond mOCAi-
[DKEeHb YCTAHOBAEHO CYTTEBY AW(EpeHIlaIlio
ribpuaiB KyKypya3u 3a piBHEM HAKOIHUYEHHS
cuporo mporeiHy B 3epHi. HalBummwMm e
IIOKa3HUK BH3HadeHOo B Tiopupa [IKC 4391
(PAO 350) - 7,81% (puc. 1), mo cBITUIUTH
IIpo HOTO0 IiABUINEHY IIOTEHINHHY 30aTHICTb
o ¢opMyBaHHSA 0IAKOBOTO KOMIIOHEHTA BPO-
KAl HaBITh 3a MIHAHMBHUX TiIpOTEPMIYHHUX
yMmoB. [emo HuX4Yi, ase cTabiAbHO BHCOKI

MMOKa3HUKH 3abe3reunan Tiopuaun [AKC 4598
(®AO 360) - 7,52%, AKC 4712 (PAO 370) -
7,46%1aJKC4098 (PAO 310)-7,42%. Ban3bki
3Ha4YeHHd crioctepiraan B ribpuais AKC 5075
(®AO 410) i AKC 5206 (PAO 420) — 7,41 Ta
7,40% BigmoBinHO. HaHUK4YKUH BMIiCT CHUPOTO
nporeiny B 3epHi MaB Tiopum [AKC 4109
(PAO 320) - 7,34%. OrpumaHi maHi nmiaTBEpP-
JKYIOTh BasKAUBE 3HAYEHHS 0iOAOTIYHHX OCO-
O6amBocTeil ribpumiB y ¢opMyBaHHI IIOKa3-
HUKIB SIKOCTi 3€pHa, 30KpeMa BMICTy CHPOTO
npoTeiHy, Ta MOXKYTh OyTH BHKOPHCTaHI OAd
omrTuMi3arlil ribpuaHOr0 CKAaLy IIOCIBiB KYKY-
PYZ3H 3aA€XKHO Bifl [IIABOBOTO HAIPSAMY BHKO-
PHUCTaHHS IIPOAYKILi.

79

7,81
78

7,46
742 741 7,40
74 7,34

JIKC 4098 JIKC 4109 JIKC4391 JIKC 4598 JIKC4712 JIKC 5075 JIKC 5206
(DAO310) (PAO320) (DAO350) (PAO360) (PAO370) (DAO410) (PAO 420)

Puc. 1. BumicT cuporo mpoteiny B 3epHi
ribpuaiB KyKypyasu pisHux rpyn @AO
B cepeqHbOMY 3a (pakTopoMm B
(cepenne 3a 2022-2024 pp.), %

PesyapTaTH amcmepciiHOro aHaaily Imig-
TBEPAUAU OOCTOBIPHUM BIAUB JAOCAIIZKyBaHUX
dakTopiB, a TAKOXK B3aEMOLIl MixK HHUMH, 10
CBIYUTH IIPO TICHY 3aA€XKHICTH YMICTY CHPOTO
mporeiHy B 3€pHi Bif HoeqHAHHS TE€HOTHILY,
TYCTOTH CTOSHHSI POCAMH i CTPECOBOTO HaBaH-
TasKEHHS 38 BOOHUM (PAKTOPOM.

OGroeopeHHs

OpepskaHi HaMu pPe3yABTATH [IOCAIIZKEHD
y 2023 p., BiAIOBIAHO [0 9KHUX BMICT CHPOTO
npoTeiHy B 3epHi KyKypyA3u OyB BHUIIMM Ha
doHi BogHOTO AedinuTy, Ha BigMiHY Bin 3BO-
aoxeHoro 2022 p., y3roaXyroOTbCd 3 NaHUMHU
AlTepaTypHHUX IKEpPeA, SIKi CBif4aTh IPO MOCHU-
AeHHUH cuHTe3 0iAKa B ymMoBax mocyxu (Safian
etal., 2022). 3a pesyabTaTaMH HOOCAIIKEHb
Y. XyaH Ta iH. BCTAHOBAEHO, 1110 BOOHUH aedi-
IIUT Yy KPUTUYHUX (pa3ax PoCTy # PO3BUTKY
TIOCUAIOE CHHTEe3 OIAKOBHUX CIIOAYK Yy 3€pHi
KyKypyZA3W dYepe3 3HHXKEHHS (POpMyBaHHSI
KPOXMAaAI0, III0 3yMOBAEHO KOHIIEHTpPAIlifHUM
edexktroMm (Huang et al., 2023). A.A. Koppenzo
Ta iH. 3a3HA4Yal0Th, L0 IIOCyXa ITiCAS 3alu-
ACHHS CIIPUSIE CYTTEBOMY 30iABIIIEHHIO 0iAKO-
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Tabaung 1

BMmicT cHporo nmpoTeiny B 3epHi riopuais Kyxkypyasu pizuux rpyn A0
3aA€XKHO BiJl TYCTOTH CTOSHHSI POCAHH

. cTOTAa CTOSIHHSA POCAHH, THC./Ta
TiGpuz A ry (@ax’ropp B) /
(paxTop A) 55 | 60 | 65 | 170 75 80 90 | 110
2022 pix
JIKC 4098 (PAO 310) 7,10 | 7,20 | 7,40 | 7,57 | 7,65 | 7,80 | 7,70 | 7,30
JIKC 4109 (®AO 320) 6,95 | 7,15 | 7,35 | 7,50 | 7,62 | 7,70 | 7,60 | 7,25
JIKC 4391 (®AO 350) 720 | 8,15 | 7,95 | 7,81 | 7,90 | 820 | 8,05 | 7,60
JIKC 4598 (PAO 360) 7,05 | 7,30 | 7,60 | 7,75 | 7,80 | 7,88 | 7,75 | 7,40
JIKC 4712 (PAO 370) 6,90 | 7,10 | 7,45 | 7,65 | 7,78 | 7,90 | 7,80 | 7,50
JIKC 5075 (®AO 410) 6,75 | 7,05 | 7,35 | 7,60 | 7,70 | 7,85 | 7,80 | 7,55
JIKC 5206 (PAO 420) 6,85 | 7,10 | 7,30 | 7,61 | 7,75 | 7,80 | 7,70 | 7,45
2023 pix
JIKC 4098 (PAO 310) 731 | 7,42 | 7,62 | 7,83 | 7,89 | 8,04 | 7,94 | 7,51
JIKC 4109 (PAO 320) 7,16 | 7,36 | 7,57 | 7,73 | 7,85 | 7,92 | 7,81 | 7,47
JIKC 4391 (PAO 350) 742 | 8,39 | 8,19 | 8,05 | 814 | 845 | 829 | 7,83
JIKC 4598 (A0 360) 726 | 7,51 | 7,83 | 7,98 | 8,05 | 811 | 7,98 | 7,66
JIKC 4712 (PAO 370) 711 | 7,31 | 7,67 | 7,88 | 7,96 | 8,13 | 8,06 | 7,73
JIKC 5075 (PAO 410) 6,98 | 7,27 | 7,62 | 7,83 | 7,92 | 809 | 8,06 | 7,71
JIKC 5206 (A0 420) 705 | 7,31 | 7,52 | 7,84 | 7,97 | 8,04 | 7,94 | 7,67
2024 pik
JIKC 4098 (PAO 310) 6,75 | 6,91 | 7,03 | 7,19 | 7,27 | 7,41 | 7,32 | 6,94
JIKC 4109 (PAO 320) 6,60 | 6,79 | 6,99 | 7,13 | 7,24 | 7,31 | 7,20 | 6,89
JIKC 4391 (®AO 350) 6,84 | 7,74 | 7,55 | 7,42 | 7,50 | 7,80 | 7,66 | 7,22
JIKC 4598 (PAO 360) 6,70 | 6,94 | 7,24 | 7,36 | 7,42 | 7,48 | 7,36 | 7,04
JIKC 4712 (PAO 370) 6,55 | 6,78 | 7,07 | 7,27 | 7,34 | 7,51 | 7,46 | 7,04
JIKC 5075 (PAO 410) 6,41 | 6,69 | 7,03 | 7,24 | 7,31 | 7,47 | 7,46 | 7,18
JIKC 5206 (PAO 420) 6,51 | 6,78 | 6,99 | 7,23 | 7,37 | 7,42 | 7,32 | 7,18
Cepenne 3a 2022-2024 pp.
JIKC 4098 (PAO 310) 705 | 7,18 | 7,35 | 7,53 | 7,60 | 7,75 | 7,65 | 7,25
JIKC 4109 (PAO 320) 6,90 | 7,10 | 7,30 | 7,45 | 7,57 | 7,64 | 7,54 | 7,20
JIKC 4391 (PAO 350) 7,15 | 8,09 | 7,90 | 7,76 | 7,85 | 8,15 | 8,00 | 7,55
JIKC 4598 (A0 360) 700 | 725 | 7,56 | 7,70 | 7,76 | 7,82 | 7,70 | 7,37
JIKC 4712 (PAO 370) 6,85 | 7,06 | 7,40 | 7,60 | 7,69 | 7,85 | 7,77 | 7,42
JIKC 5075 (PAO 410) 6,71 | 7,00 | 7,33 | 7,56 | 7,64 | 7,80 | 7,77 | 7,48
JIKC 5206 (PAO 420) 6,80 | 7,06 | 7,27 | 7,56 | 7,70 | 7,75 | 7,65 | 7,43
2022 p. A-0,17,B-0,14;,C-0,11; AB- 0,23
HIP,., %: 2023 p. A-0,21;B-0,18; C-0,14; AB- 0,29
2024 p. A-0,14;B-0,11; C-0,09; AB- 0,19

BOCTi 3€pHa KYKypyZ[3H, He3BasKal04YH Ha 3HU-
JKEHHSI BMICTY KPOXMAAIO Ta PiBHS 3araAbHOI
BpoxkaiiHocti (Correndo et al., 2021). ¥ mocai-
mkenuax 1. 'o Ta iH. omHcaHO MeXaHi3MU, 3a
AKUX TIOCYILIAVBI YMOBU aKTHUBI3YIOTh IIPOIIECH
cuHTe3y OiAKa B €HIOCIIepMi 3epHa KyKypPyA3Hu
Ha MOAEKYASPHOMY PiBHI, III0 HiATBEPAIKYE
MIIBUIIIEHHA  CHOiBBigHOLIEHHS 0iAOK/Kpo-
xMaab 3a aedinuty Bosoru (Guo et al., 2021).
Y 2024 p. OocaAimKeHb, KOAH BeTeTallisd
IIPOXOAMAA B YMOBaxX BHPAaKEHOTO TigpoTep-
Mi9HOTO CTPECy, CIIOCTepirasocs iCTOTHE 3HU-

KEHHS BMIiCTy CHPOTo IIPOTeiHy B 3epHi MalixKe
BCix ribpumiB — y cepemuboMmy Ha 0,5-0,8%
IIOPiBHAHO 3 IIOIEPENHIM POKOM, IO Y3TOIKY-
€TbCd 3 pesyabTaramMu aocaizkeHs X.C. Catini
Ta M.E. Becrtredit, gaki 3asHadgasu, 10 Ha-
MipHa mocyxa y ¢pasi HaAUBY 3epHa 00MeEXKye
TPaHCIOPTYBAHHS aCUMIASTIB 1 HOPYIIy€E a30T-
HHUH MeTaboAi3M, BHACAIIOK 4OTr0 (POPMYETHCST
OiapI apibHE Ta MeHI OiAKOBe 3epHO (Saini &
Westgate, 1999).

[HTeHCHUBHa IIOoCcyxXa 34aTHa CYTTEBO 3HU-
3UTH 3€pPHOBY IIPOAYKTUBHICTb KYKYpPYyHA3H,
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HEraTUBHO BIIAMBAIOYHM Ha PICT 1 PO3BUTOK
pocarH, (i3i0A0TidHI mponecH, 9Ki B HUX Bifl-
OyBaroTbcs, Ta (POPMyBaHHS PEIIPOAYKTUBHUX
oprauiB (Verbraeken et al., 2021; Yasin et al.,
2024). Haiibiapmri Brpatu Bpoxaio (mo 90%)
BimOyBalOThCA B pasi AediluTy BOAOTH B KPH-
TUYHI pa3u pocTy ¥ PO3BHUTKY, 30KpeMa Hesa-
JOBIO [0 IBITIHHSA Ta I Yac HaAHUBYy 3€pHaA
(Sheoran et al., 2022; Li et al., 2023).

1106 po3B’a3aTu IpoOAEMY ITOCYXH, IKa CYT-
TEBO MO3HAYAETHCS HA 3€PHOBIHM IIPOLYKTUB-
HOCTI KYKYPYZA3H, IIPIOPUTETHUM 3aBAAaHHIM
Cy4acCHOI'0 arpapHOro BUPOOHHUIITBA € BIIPOBa-
DKEHHS y BHPOOHUIITBO TiOPUAIB, sIKi MarOTh
MiABHUIIIEHY CTiHKICTh M0 abiOTHYHUX CTpPECiB,
30KpeMa BogHoro aedimury. Came Taki agar-
TUBHI ribpuam 3paTHi 3abe3nednTtu crabisbHe
opMyBaHHS BpOKaIO B yMOBax HeCTaOIABHUX
yMOB Boaoro3abesrnedenHs (Adee et al., 2016;
Salika et al., 2021; Yousaf et al., 2022).

[ migBUIIEHHS CTiHKocTi TiOpuAiB 1o
IIOCYXHU arpapHa HayKa aKTHBHO BIIPOBAJIKYE
inTerpoBaHi crparerii ceaexii i deHOMIU-
HOTO aHaaily. 30Kpema, OTAsSl CyJacHUX Mifl-
XOMIB y CEAeKIii IToKa3aB, 110 BUKOPUCTAHHSI
T€HOMHHX TEXHOAOTiH, BHCOKOIIPOAYKTHUBHOTO
(beHOTUITyBaHHS 1 TPAHCKPUIITOMHOIO aHa-
Ai3y CYTTEBO IPUIIBHAIIYE CTBOPEHHS TiOpHU-
OiB 3 MiABHUIIEHOIO IocyXocTitikicTio (McMillen
etal., 2022). lle miaATBEPAXKYETBCA PE3YAB-
TaTaMH JOCAIIKeHb A. Pamma Ta iH., 9KUMU
JOBeIeHO, 10 HOBIi TriOpuaH, aganToBaHi m0

HECTiHKHX yMOB 3BOAOXKEHHS, 3a0€3Ie4YyIoTh
cTabiABHO BUILI PiBHI BPOXKAMHOCTI Ta €KOHO-
Mil0 BOAM TOPIBHSIHO 3i 3BUYAaHHUMH TiOpH-
namu (Rasheed etal., 2023). [JouiabHiCTbH
TAKOT0 MiAXOoay OOIPYHTOBYE 1 HaIlle IOCAi-
JKE€HHSI, CIIPsIMOBaHE Ha OIliHIOBAHHS SKO-
cTi 3epHa TiOpUAIB KyKypyA3U Pi3HUX TPy
®AO 3a yMOB pPi3HOr0O PiBHS 3BOAOXKEHHS, IIIO
€ aKTyaAbHUM y KOHTEKCTi 3MiHM KaiMaTy Ta
HeoOXiAHOCTI amanTallii TEeXHOAOTIH BHPOIIY-
BaHHS /10 HOBHUX arpOKAIMaTHYHHUX YMOB.

BHCHOBKH

3a peayabTaTaMH TPHUPIYHUX [IOCAIIZKEHD
YCTaHOBAEHO CYTTEBHM BIIAUB METEOPOAOTIid-
HHUX YMOB BeTeTallifiHOro Iepioay, 010AOTIYHUX
0COOAMBOCTEH TiOPHUAIB Ta TYCTOTH CTOSHHS
POCAMH Ha BMICT cHporo IpoTeiHy B 3epHi
KyKypyZa3u. HafiGiAbIII CIPpUATANBI YMOBH OAS
dopmyBaHHS 6GIAKOBOTO ITOTEHIliaAy BU3HAYEHO
3a TYCTOTH CTOSHHHA pocamH 75-80 THC./Ta.
Y HazaMmipHO 3aryiieHux abo 3piIzKeHUX II0Ci-
Bax BMICT CHPOro IpoTeiHy B 3€pHiI 3HHUXKY-
BaBCsd. BuaBAeHO CrTiiKy mnepeBary ribpuma
JOKC 4391 (PAO 350) 3a piBHeEM 0iAKOBOCTI
3€pHA, 0 3aCBiIdy€e HOTO0 BUCOKY aJaIlITHBHY
3[IaTHICTh OO0 3MiH TiAPOTEPMIYHOTO PEKHUMY.
PesyapTaTi mocaimmeHb MOXKYTHb OyTH BHKO-
pHUCTaHi IAT HAYKOBO OOIPYHTOBAHOTO H000PY
ribpumiB Ta TYCTOTH CTOSHHS POCAMH 3 ypa-
XYBaHHSAM PIiBHS 3BOAOKEHHS 3 METOIO OIITH-
Mizallii MOKa3HUKIB SKOCTi 3epHa KyKypyA3H
B YMOBaxX KAIMaTUYHUX 3MiH.

CIHCOK BHKOPHCTAaHOI AiTepaTypH

Anppienko A., Pomanenko M. I'ycrora 9K pakTop MpoaAyKTUBHOCTI KyKypya3u. [Iponosuyis. 2013
[EaexTponnuii pecypc|. URL: https://surli.cc/rhenua (mata 3BepHenHsa: 01.07.2025).

Olyabry [I. BrauB IycTOTH BUCIBY KyKypyZA3UW Ha ypoxkadHicTb. AzpoHom. 2022 [EaeKTpoHHUH
pecypc]. URL: https://surl.li/fxyexz (mata 3BepHenHsa: 01.07.2025).

Ymkapenko B.O., Hikimenko B.A., T'oaoboponrko C.I1., Kokosixia C.B. [ucnepciiinuii i Kopeadrii-
HUH aHaai3 y 3eMAepoOCTBi Ta POCAMHHHUIITBI : HABYAABHUI ITOCIOHUK. XepcoH : AfiaanT, 2008. 272 c.

Adee E., Roozeboom K., Balboa G.R., Schlegel A., Ciampitti I.A. Drought-tolerant corn hybrids
yield more in drought-stressed environments with no penalty in non-stressed environments.
Frontiers in Plant Science. 2016. Vol. 7. P. 1534. https://doi.org/10.3389/fpls.2016.01534.

Correndo A.A., Fernandez J.A., Vara Prasad P.V., Ciampitti [.LA. Do Water and Nitrogen
Management Practices Impact Grain Quality in Maize? Agronomy. 2021. Vol. 11. Ne 9. P. 1851.

https://doi.org/10.3390/agronomy11091851.

Djalovic I., Prasad P.V.V., Dunderski D., Katanski S., Latkovi¢ D., Kolari¢ L. Optimal Plant
Density Is Key for Maximizing Maize Yield in Calcareous Soil of the South Pannonian Basin. Plants.
2024. Vol. 13. Ne 13. P. 1799. https://doi.org/10.3390/plants13010143.

Djaman K., Allen S., Djaman D.S., Koudahe K., Irmak S., Puppala N., Darapuneni M.K., Angadi
S.V. Planting date and plant density effects on maize growth, yield and water use efficiency.
Environmental Challenges. 2022. Vol. 6. P. 100417. https://doi.org/10.1016/j.envc.2021.100417.

Feng X.Z. Genetic and environmental factors influencing grain quality in maize. Maize Genomics
and Genetics. 2024. Vol. 15. Ne 2. P. 93-101. https://doi.org/10.5376/mgg.2024.15.001.

Gong H., Xiang Y., Wako B.K., Jiao X. Complementary effects of phosphorus supply and planting
density on maize growth and phosphorus use efficiency. Frontiers in Plant Science. 2022. Vol. 26.
No 13. P. 983788. https://doi.org/10.3389/fpls.2022.983788.

278



Ukrainian Journal of Natural Sciences Ne 13
Yrpainceruil skypHan npupooHuuux Hayk Ne 13

GuoJ.,QulL.,, HuY., Lu W., Lu D. Proteomics reveals the effects of drought stress on the kernel
development and starch formation of waxy maize. BMC Plant Biology. 2021. Vol. 21. P. 434. https://
doi.org/10.1186/s12870-021-03214-z.

Huang C., Qin A., Gao Ya., Ma S., Liu Z., Zhao B., Ning D., Zhang K., Gong W., Sun M.,
Liu Z. Effects of water deficit at different stages on growth and ear quality of waxy maize. Frontiers
in Plant Science. 2023. Vol. 14. P. 1069551. https://doi.org/10.3389/{pls.2023.1069551.

Jiang Y., Wei H., Hou S., Yin X., Wei S., Jiang D. Estimation of Maize Yield and Protein Content
under Different Density and N Rate Conditions Based on UAV Multi-Spectral Images. Agronomy.
2023. Vol. 13. Ne 2. P. 421. https://doi.org/10.3390/agronomy13020421.

LiJ.,XieR.Z., Wang K.R., HouP., MingB., Zhang G.Q., LiuG.Z., Wu M., YangZ.S., Li S.K. Response
of canopy structure, light interception and grain yield to plant density in maize. The Journal of Agricultural
Science. 2018. Vol. 156. No 6. P. 785-794. https://doi.org/10.1017/S0021859618000692.

Li Ya., Zhang P., Sheng W., Zhang Z., Rose R.J., Song Y. Securing maize reproductive success
under drought stress by harnessing CO, fertilization for greater productivity. Frontiers in Plant
Science. 2023. Vol. 14. P. 1221095. https://doi.org/10.3389/pls.2023.1221095.

McMillen M.S., Mahama A.A., Sibiya J., Ltibberstedt T., Suza W.P. Improving drought tolerance
in maize: Tools and techniques. Frontiers in Genetics. 2022. Vol. 13. P. 1001001. https://doi.
org/10.3389/fgene.2022.1001001.

Meng L., Zhang J., Clarke N. A Critical Review of Recent Advances in Maize Stress Molecular
Biology. International Journal of Molecular Sciences. 2024. Vol. 25. No 22. P. 12383. https://doi.
org/10.3390/ijms252212383.

Obeng-Bio E., Badu-Apraku B., Ifie B.E., Danquah A., Blay E.T., Annor B. Genetic analysis
of grain yield and agronomic traits of early provitamin A quality protein maize inbred lines in
contrasting environments. Journal of Agricultural Science. 2019. Vol. 157. P. 413-433. https://doi.
org/10.1017/S0021859619000753.

Owusu G.A., Ribeiro P.F., Abe A. Genetic analysis of grain yield and agronomic traits of quality protein
maize inbred lines and their single-cross hybrids under drought stress and well-watered conditions.
Ecological Genetics and Genomics. 2022. Vol. 22. P. 100105. https://doi.org/10.1016/j.egg.2021.100105.

Popa C., Calugar R.E., Varga A., Muntean E., Bacila 1., Vana C.D., Racz 1., Tritean N.,
Berindean I.V., Ona A.D., Muntean L. Evaluating Maize Hybrids for Yield, Stress Tolerance, and
Carotenoid Content: Insights into Breeding for Climate Resilience. Plants. 2025. Vol. 14. Ne 1.
P. 138-157. https://doi.org/10.3390/plants14010138.

Qin J., Wang X., Fan X., Jiang M., Lv M. Whether Increasing Maize Planting Density Increases
the Total Water Use Depends on Soil Water in the 0-60 cm Soil Layer in the North China Plain.
Sustainability. 2022. Vol. 14. No 10. P. 5848. https://doi.org/10.3390/su14105848.

Rasheed A., Jie H., Ali B., He P., Zhao L., Ma Yu., Xing H., Qari S.H., Hassan M.U., Hamid M.R.,
Jie Yu. Breeding Drought-Tolerant Maize (Zea mays) Using Molecular Breeding Tools: Recent
Advancements and Future Prospective. Agronomy. 2023. Vol. 13. Ne 6. P. 1459. https://doi.
org/10.3390/agronomy13061459.

Safian N., Naderi M.R., Torabi M., Soleymani A., Salemi H.R. Corn (Zea mays L.) and sorghum
(Sorghum bicolor (L.) Moench) yield and nutritional quality affected by drought stress. Biocatalysis and
Agricultural Biotechnology. 2022. Vol. 45. P. 102486. https://doi.org/10.1016/j.bcab.2022.102486.

Saini H.S., Westgate M.E. Reproductive development in grain crops during drought. Advances in
Agronomy. 1999. Vol. 68. P. 59-96. https://doi.org/10.1016/S0065-2113(08)60843-3.

Salika R., Riffat J. Abiotic stress responses in maize: a review. Acta Physiologiae Plantarum.
2021. Vol. 43. Ne 9. P. 130. https://doi.org/10.1007/s11738-021-03296-0.

Sheoran S., Kaur Y., Kumar S., Shukla S., Rakshit S., Kumar R. Recent Advances for Drought
Stress Tolerance in Maize (Zea mays L.): Present Status and Future Prospects. Frontiers in Plant
Science. 2022. Vol. 13. P. 872566. https://doi.org/10.3389/1pls.2022.872566.

Verbraeken L., Wuyts N., Mertens S., Cannoot B., Maleux K., Demuynck K., De Block J., Merchie J.,
Dhondt S., Bonaventure G., Crafts-Brandner S., Vogel J., Bruce W., Inzé D., Maere S., Nelissen H. Drought
affects the rate and duration of organ growth but not inter-organ growth coordination. Plant Physiology.
2021. Vol. 186. Ne 2. P. 1336-1353. https://doi.org/10.1093/plphys/kiab155.

Wang F., Wang L., Yu X., Gao J., Ma D., Guo H., Zhao H. Effect of Planting Density on the
Nutritional Quality of Grain in Representative High-Yielding Maize Varieties from Different Eras.
Agriculture. 2023. Vol. 13. Ne 9. P. 1835. https://doi.org/10.3390/agriculture13091835.

Yasin S., Zavala-Garcia F., Nino-Medina G., Rodriguez-Salinas P.A., Gutiérrez-Diez A., Sinagawa-
Garcia S.R., Lugo-Cruz E. Morphological and Physiological Response of Maize (Zea mays L.) to
Drought Stress during Reproductive Stage. Agronomy. 2024. Vol. 14. Ne 8. P. 1718. https://doi.
org/10.3390/agronomy14081718.

Yousaf M.I., Riaz M.W., Jiang Yu., Yasir M., Aslam M.Z., Hussain S., Shah S.A.S., Shehzad A.,
Riasat G., Manzoor M.A., Akhtar I. Concurrent effects of drought and heat stresses on physio-

279



Ukrainian Journal of Natural Sciences Ne 13
Yrpainceruil okypHan npupooHuuux Hayk Ne 13

chemical attributes, antioxidant status and kernel quality traits in maize (Zea mays L.) hybrids.
Frontiers in Plant Science. 2022. Vol. 13. P. 898823. https://doi.org/10.3389/{pls.2022.898823.

Zhang D., Sun Z., Feng L., Bai W., Yang N., Zhang Z., Du G., Feng C., Cai Q., Wang Q.,
Zhang Yu., Wang R., Arshad A., Hao X., Sun M., Gao Z., Zhang L. Maize plant density affects yield,
growth and source-sink relationship of crops in maize/peanut intercropping. Field Crops Research.
2020. Vol. 257. P. 107926. https://doi.org/10.1016/j.fcr.2020.107926.

Zhang Y., Xu Z., Li J., Wang R. Optimum Planting Density Improves Resource Use Efficiency
and Yield Stability of Rainfed Maize in Semiarid Climate. Frontiers in Plant Science. 2021. Vol. 12.
P. 752606. https://doi.org/10.3389/1pls.2021.752606.

References

Andriienko, A., & Romanenko, M. (2013). Hustota yak faktor produktyvnosti kukurudzy [Density
as a factor in corn productivity|. Propozytsiia [Proposal]. [Electronic resource]. URL: https://surli.
cc/rhenua (access date 01.07.2025) [in Ukrainian)].

Shults, P. (2022). Vplyv hustoty vysivu kukurudzy na urozhainist [The effect of corn seeding
density on yield]. Ahronom [Agronomist]. [Electronic resource]. URL: https://surl.li/fxyexz (access
date 01.07.2025) [in Ukrainian)].

Ushkarenko, V.O., Nikishenko, V.L., Holoborodko, S.P., & Kokovikhin, S.V. (2008). Dyspersiinyi i
koreliatsiinyi analiz u zemlerobstvi ta roslynnytstvi : navchalnyi posibnyk [Dispersion and correlation
analysis in agriculture and crop production : a textbook]. Kherson : Ailant, 272 [in Ukrainian)].

Adee, E., Roozeboom, K., Balboa, G. R., Schlegel, A., & Ciampitti, I. A. (2016). Drought-tolerant corn
hybrids yield more in drought-stressed environments with no penalty in non-stressed environments.
Frontiers in Plant Science, 7, 1534. https://doi.org/10.3389/1pls.2016.01534 [in English].

Correndo, A.A., Fernandez, J.A., Vara Prasad, P.V., & Ciampitti, I.A. (2021). Do Water and
Nitrogen Management Practices Impact Grain Quality in Maize? Agronomy, 11 (9), 1851. https://
doi.org/10.3390/agronomy11091851 [in English].

Djalovic, 1., Prasad, P. V. V., Dunderski, D., Katanski, S., Latkovi¢, D., & Kolari¢, L. (2024).
Optimal Plant Density Is Key for Maximizing Maize Yield in Calcareous Soil of the South Pannonian
Basin. Plants, 13 (13), 1799. https://doi.org/10.3390/plants13010143 [in English].

Djaman, K., Allen, S., Djaman, D. S., Koudahe, K., Irmak, S., Puppala, N., Darapuneni, M. K., &
Angadi, S. V. (2022). Planting date and plant density effects on maize growth, yield and water use
efficiency. Environmental Challenges, 6, 100417. https://doi.org/10.1016/j.envc.2021.100417 [in
English].

Feng, X.Z. (2024). Genetic and environmental factors influencing grain quality in maize. Maize
Genomics and Genetics, 15 (2), 93-101. https://doi.org/10.5376/mgg.2024.15.0010 [in English].

Gong, H., Xiang, Y., Wako, B. K., & Jiao, X. (2022). Complementary effects of phosphorus supply
and planting density on maize growth and phosphorus use efficiency. Frontiers in Plant Science, 26
(13), 983788. https://doi.org/10.3389/1pls.2022.983788 [in English].

Guo, J., Qu, L., Hu, Y., Lu, W., & Lu, D. (2021). Proteomics reveals the effects of drought stress
on the kernel development and starch formation of waxy maize. BMC Plant Biology, 21, 434. https://
doi.org/10.1186/s12870-021-03214-z [in English].

Huang, C., Qin, A., Gao, Ya., Ma, S., Liu, Z., Zhao, B., Ning, D., Zhang, K., Gong, W., Sun, M.,
& Liu, Z. (2023). Effects of water deficit at different stages on growth and ear quality of waxy maize.
Frontiers in Plant Science, 14, 1069551. https://doi.org/10.3389/fpls.2023.1069551 [in English].

Jiang, Y., Wei, H., Hou, S., Yin, X., Wei, S., & Jiang, D. (2023). Estimation of Maize Yield and
Protein Content under Different Density and N Rate Conditions Based on UAV Multi-Spectral
Images. Agronomy, 13 (2), 421. https://doi.org/10.3390/agronomy13020421 [in English].

Li, J., Xie, R.Z., Wang, K.R., Hou, P., Ming, B., Zhang, G.Q., Liu, G.Z., Wu, M., Yang, Z.S.,
& Li, S.K. (2018). Response of canopy structure, light interception and grain yield to plant
density in maize. The Journal of Agricultural Science, 156(6), 785-794. https://doi.org/10.1017/
S0021859618000692 [in English].

Li, Ya., Zhang, P., Sheng, W., Zhang, Z., Rose, R.J., & Song, Y. (2023). Securing maize reproductive
success under drought stress by harnessing CO, fertilization for greater productivity. Front. Plant
Sci, 14, 1221095. https://doi.org/10.3389/pls.2023.1221095 [in English].

McMillen, M.S., Mahama, A.A., Sibiya, J., Libberstedt, T., & Suza, W.P. (2022). Improving
drought tolerance in maize: Tools and techniques. Frontiers in Genetics, 13, 1001001. https://doi.
org/10.3389/fgene.2022.1001001 [in English)].

Meng, L., Zhang, J., & Clarke, N. (2024). A Critical Review of Recent Advances in Maize
Stress Molecular Biology. International Journal of Molecular Sciences, 25(22), 12383. https://doi.
org/10.3390/ijms252212383 [in English].

Obeng-Bio, E., Badu-Apraku, B., Ifie, B.E., Danquah, A., Blay, E.T., & Annor, B. (2019). Genetic
analysis of grain yield and agronomic traits of early provitamin A quality protein maize inbred lines in

280



Ukrainian Journal of Natural Sciences Ne 13
Yrpainceruil skypHan npupooHuuux Hayk Ne 13

contrasting environments. Journal of Agricultural Science, 157, 413-433. https://doi.org/10.1017/
S0021859619000753 [in English].

Owusu, G.A., Ribeiro, P.F., & Abe, A. (2022). Genetic analysis of grain yield and agronomic
traits of quality protein maize inbred lines and their single-cross hybrids under drought stress and
well-watered conditions. Ecological Genetics and Genomics, 22, 100105. https://doi.org/10.1016/].
€gg.2021.100105 [in English].

Popa, C., Calugar, R.E., Varga, A., Muntean, E., Bacila, 1., Vana, C.D., Racz, 1., Tritean, N.,
Berindean, I.V., Ona, A.D., & Muntean, L. (2025). Evaluating Maize Hybrids for Yield, Stress
Tolerance, and Carotenoid Content: Insights into Breeding for Climate Resilience. Plants, 14 (1),
138-157. https://doi.org/10.3390/plants14010138 [in English].

Qin, J., Wang, X., Fan, X., Jiang, M., & Lv, M. (2022). Whether Increasing Maize Planting Density
Increases the Total Water Use Depends on Soil Water in the 0-60 cm Soil Layer in the North China
Plain. Sustainability, 14 (10), 5848. https://doi.org/10.3390/sul14105848 [in English].

Rasheed, A., Jie, H., Ali, B., He, P., Zhao, L., Ma, Yu., Xing, H., Qari, S.H., Hassan, M.U.,
Hamid, M.R., & Jie, Yu. (2023). Breeding Drought-Tolerant Maize (Zea mays) Using Molecular
Breeding Tools: Recent Advancements and Future Prospective. Agronomy, 13 (6), 1459. https://
doi.org/10.3390/agronomy13061459 [in English].

Safian, N., Naderi, M.R., Torabi, M., Soleymani, A., & Salemi, H.R. (2022). Corn (Zea mays L.)
and sorghum (Sorghum bicolor (L.) Moench) yield and nutritional quality affected by drought
stress. Biocatalysis and Agricultural Biotechnology, 45, 102486. https://doi.org/10.1016/].
bcab.2022.102486 [in English].

Saini, H.S., & Westgate, M.E. (1999). Reproductive development in grain crops during drought.
Advances in Agronomy, 68, 59-96. https://doi.org/10.1016/S0065-2113(08)60843-3 [in English].

Salika, R., & Riffat, J. (2021). Abiotic stress responses in maize: a review. Acta Physiologiae
Plantarum 43(9), 130. https //doi.org/10.1007/s11738-021-03296-0 [in English].

Sheoran, S., Kaur, Y., Kumar, S., Shukla, S., Rakshit, S., & Kumar, R. (2022). Recent Advances
for Drought Stress Tolerance in Maize (Zea mays L.): Present Status and Future Prospects. Frontiers
in Plant Science, 13, 872566. https://doi.org/10.3389/pls.2022.872566 [in English].

Verbraeken, L., Wuyts, N., Mertens, S., Cannoot, B., Maleux, K., Demuynck, K., De Block, J.,
Merchie, J., Dhondt, S., Bonaventure, G., Crafts-Brandner, S., Vogel, J., Bruce, W., Inzé, D,
Maere, S., & Nelissen, H. (2021). Drought affects the rate and duration of organ growth but not
inter-organ growth coordination. Plant Physiology, 186 (2), 1336-1353. https://doi.org/10.1093/
plphys/kiab155 [in English].

Wang, F., Wang, L., Yu, X., Gao, J., Ma, D., Guo, H., & Zhao, H. (2023). Effect of Planting Density
on the Nutritional Quality of Grain in Representative High-Yielding Maize Varieties from Different
Eras. Agriculture, 13 (9), 1835. https://doi.org/10.3390/agriculture13091835 [in English].

Yasin, S., Zavala-Garcia, F., Nino-Medina, G., Rodriguez-Salinas, P.A., Gutiérrez-Diez, A.,
Sinagawa-Garcia, S.R., & Lugo-Cruz, E. (2024). Morphological and Physiological Response of Maize
(Zea mays L.) to Drought Stress during Reproductive Stage. Agronomy, 14 (8), 1718. https://doi.
org/10.3390/agronomy14081718 [in English].

Yousaf, M.I., Riaz, M.W., Jiang, Yu., Yasir, M., Aslam, M.Z., Hussain, S., Shah, S.A.S., Shehzad, A.,
Riasat, G., Manzoor, M.A., & Akhtar, 1. (2022). Concurrent effects of drought and heat stresses on
physio-chemical attributes, antioxidant status and kernel quality traits in maize (Zea mays L.) hybrids.
Frontiers in Plant Science, 13, 898823. https://doi.org/10.3389/1pls.2022.898823 [in English].

Zhang, D., Sun, Z., Feng, L., Bai, W., Yang, N., Zhang, Z., Du, G., Feng, C., Cai, Q., Wang, Q.,
Zhang, Yu., Wang, R., Arshad, A., Hao, X., Sun, M., Gao, Z., & Zhang, L. (2020). Maize plant density
affects yield, growth and source-sink relationship of crops in maize/peanut intercropping. Field
Crops Research, 257, 107926. https://doi.org/10.1016/j.fcr.2020.107926 [in English].

Zhang, Y., Xu, Z., Li, J., & Wang, R. (2021). Optimum Planting Density Improves Resource Use
Efficiency and Yield Stability of Rainfed Maize in Semiarid Climate. Frontiers in Plant Science, 12,
752606. https://doi.org/10.3389/fpls.2021.752606 [in English].

Orpumano: 18.07.2025
[puituaro: 26.08.2025
OmnybaikoBano: 17.10.2025

[CHOM

281



