AHOTANIA

Cimuux A.A. OcobmuBocTi (OpMYBaHHS MPOJYKTUBHOCTI O10€HEPTETHUYHUX
KyJIbTyp B yMOBaxX 3MiHHM KJIIMaTy 3axiHOTO perioHy Ykpainu. — Ksamidikariitna
HAyKOBa Ipallsd Ha MpaBax PyKOIUCY.

Juceprariis Ha 3100yTTs CTyneHs AokTopa (inocodii 3 ramysi 3Hanb 20 Arpapsi
HAayKd Ta TPOAOBOJIBLCTBO 3a cremianbHicTIO 201 Arponomisa. — Kapnatcekuit
HalllOHAIBHUI yHiBepcuteT iMeHi Bacung Credannka, MiHICTEpCTBO OCBITH 1 HayKH

VYkpainu, M. [Bano-®pankiBcebk, 2025.

VY nucepraniiiniii poOOTI 311MICHEHO TEOPETUYHE y3arajabHEHHS Ta 3alPOINOHOBAHO
HAyKOBO-TIPAKTUYHE PO3B’SI3aHHS MPOOJeMU 30UIbIICHHS BPOXAWHOCTI OloMacH, IO
MOJIATa€ y BCTAHOBJIEHH1 3aKOHOMIPHOCTEN OPMYBaHHS NPOAYKTUBHOCTI €EHEPTE€TUYHUX
KyJbTyp 3a pi3HOro yaoOpeHHs. Ha OCHOBI eKCIEpUMEHTAIBHUX JOCIIKEHb
OOTPpYHTOBAaHO  OINTHMMAaJIbHI ~ BapiaHTH  3aCTOCYBaHHS  MIHEpAJbHUX  JI0OpUB,
010CTUMYJISITOpPA POCTY Ta TUTAHOBOTO MIKPOAOOPHBA Y TEXHOJOTISIX BHUPOILYBAHHS
0aratopiuHUX 1 OJHOPIYHMX KYJBTYp Ha JIEPHOBO-MIA30JIUCTOMY IPYHTI 3aXiJIHOTO
periony YkpaiHu.

VY po6oTi mojmaHo pe3yiabTaTh HAYKOBHX JOCIHIKEHb, SIKI OTPUMAaHl y JIBOX
MOJIbOBUX eKcriepuMeHTax. [lepmmii monboBHii qociig OyB CpsIMOBaHUI HA BUBYCHHS
BIUIMBY BIKYy HAcCa/p)KeHb Ta PIBHIB YJOOpPEHHS Ha MNPOAYKTHUBHICTh OaraTOpIYHUX
€HEPreTUYHUX KYJIbTYp — MICKAHTYCy Tirantcbkoro (Miscanthus giganteus) Ta mpoca
npytonoaionoro (Panicum virgatum L.). Jlpyruit pocnig mepeadavyaB BHU3HAYCHHS
ONTUMAJIbHUX BaplaHTIB yIOOPEHHS ISl OJHOPIYHUX €HEPreTUUHHUX KYJIbTYp, 30KpemMa
copro 1tykpoBoro (Sorghum saccharatum (L.) Moench) Tta xykypyn3u 3BudaitHoi (Zea
mays L.).

CrpykTtypa aucepTaiiiHoi poOOTH BU3HaYEHA JIOT1KOIO MTPOBEACHHS TOCTIIKEHb 1
MOCTABJICHUMH 3aBJIAHHSIMHU Ta BKJIFOYAE BCTYII, IIICTh PO3/LTIB, 3arajibHi BHUCHOBKH,

peKoMeHaIli 711 BUpOOHUIITBA, CTMCOK BUKOPUCTAHUX JHKEPEIT 1 TOAATKHU.



MeTteoposoriydi yMOBH Miclii TPOBEIEHHS JOCHIKEHb YHOpoAoBK 2022—
2025 pp., 30KkpeMa TeMIepaTypHHN peXuM, KUTBbKICTh aTMOC(HEpPHUX OMaJiB 1 BITHOCHA
BOJIOTICTh MOBITPS, XapaKTepU3yBaIuCI MIKPIYHOK MIHJIMBICTIO. BogHOYac 3a3HayeH1
KOJIMBaHHS HE JOCATANIM KPUTUYHUX 3HAYCHb, MPOTE€ MalM ICTOTHUHA BIUIUB Ha
dbopMyBaHHS PiBHS BPOXKAWHOCTI 010€HEPTETUYHUX KYJIbTYP.

B ymoBax 3axigHOro perioHy Ha JIE€pHOBO-MIA30JUCTOMY IPYHTI 3aCTOCYyBaHHS
MiHEpaTbHUX A00PUB, 610CTUMYIISATOPA POCTY Ta MIKPOJOOPHBA Ha OCHOBI TUTAHY y BCIX
JOCITITHUX BapiaHTax MO3WTHBHO BIUIMBAJIO Ha PICT 1 MPOAYKTHUBHICTh €HEPTEeTUUHUX
KyJbTyp. BucoTa 0CHOBHOr0 maroHa MiCKaHTYCy ICTOTHO 3ajieXaJla BiJl pOKY Bereraii
Ta CHUCTEMHU yAO0OpeHHs. VY mepliuii pik BUPOIIYBAaHHS HalMEHIIl TOKa3HUKU
3adikcoBano Ha kKoHTpomi (111 cm). 3acrocyBanusi Intepmar Tutan copusio
N1JBUILIEHHIO IbOT0 3HaueHHs 10 128 M,, a y BapianTax N3oP30K30+ BJIEK JDKEK KC Ta
N3oP30K30+ InTepmar Tutan — no 136—140 cm. Ha npyruii pik Bererairii BUcoTa 3pocia
no 205 cm Ha KoHTpomi Ta 255-259 ¢cM y BapiaHTax 3 MIHEpaJIbHUMHU AOOpPUBaAMHU.
MakcumalnbHi MOKa3HUKH 32 TIEP10J1 TOCTIPKEHb BIIMIYE€HO Y TPETIii pik BereTarii (282—
289 cm). Y yeTBepTHl piK crOCTepiraiocs He3HAYHe 3HMKEHHS BUCOTH (209-271 cm),
OJIHAK BaplaHTU 3 TOE€JHAHMM 3aCTOCYBaHHSIM MIHEpaJIbHUX 1 MIKpPOJOOpUB
3a0e3mnedyBaiiy CTablIbHO BUII TOKA3HUKU TOPIBHSIHO 3 KOHTPOJIEM.

JloBeieHo, 110 MICKaHTYC TraiTchkuil copTy OCiHHIN 30pEUBIT XapaKTepU3YyETHCS
BHCOKOIO PEAaKII€l0 Ha CHCTEMH YIOOpEHHS, IO MIATBEPIKYETHCS 3POCTAHHIM
BpokaitHocTi B 1,2-1,4 paza moOpiBHSAHO 3 KOHTposieM. HalOinpImmuii BIUIMB Ha
dbopmyBaHHs Ol0OMacH MalOTh MaKpOEJIEMEHTH, TOAl SIK MIKpO10OpHUBa BUKOHYIOTh POJIb
KaranizaTopiB (izionoridyaux ¢izionoro-6ioxiMiyHUX mporeciB. KomOGiHOBaH1 BapiaHTH
13 3actocyBaHHsM MiHepanbHUX a00puB (NPK) y moemnanni 3 wmikpomoOpuBamu
3a0€3Meuyl0Th CUHEPTiYHUNA €(QEeKT >KUBJICHHS, CTBOPIOIOYM HAWOLIBII CHPHUSATIMBI
YMOBH JUIsI POCTYy Ta PO3BUTKY KYyJbTypH. A 3a BCl POKH JOCHIJKEHb HaWBHIILY
IPOIYKTUBHICTh MICKAHTyCy Tirantcbkoro (36,87 1/ra) 3adikcoBaHO y BapiaHTax
N30P30K;30+BJIEK JDKEK KC.

Y craHoBieHo, 10 POCco MpyTonoaioHe copTy Mopo3ko sk GararopiyHa 37aKoBa

€HepreTuyHa KyJbTypa XapaKkTepU3yEThCS MOCTYIOBUM HapOULyBaHHSIM YPOKalHOCTI B
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nporieci (opMyBaHHS TPABOCTOIO Ta CTA0UIBHOIO PEAKIIIEI0 HA CUCTEMH YIOOPEHHS, 110
3a0e3nedye MpupicT ypoxkaro Ha 14-34 % 3amexHO BiJ 3aCTOCOBAHUX IpENaparis.
MakcuMaibHi TOKa3HUKHU MpoaykTuBHOCTI (20,15-20,33 T/ra B cepeAHbOMY) OTPUMAHO
y KoMOiHOBaHMX BapiaHTax i3 BHeceHHAM NPK i mikpomoOpuB. OCHOBHHI TpUpPICT
ypoxkaitHocTi  (opMyBaBcsi uepe3 MiHepaibHoro yaoopenns (NPK), Ttomi sk
MIKpO/I0OpHBa BHUKOHYBaNM (YHKIIIO MiACHIIOBAIFHOTO 4YHHHHKA. CTaOlIbHICTD
IPOAYKTHUBHOCTI MiJBUIIyBajacs y BapiaHTax 13 MOBHUM MiHEPAJIbHUM XUBJICHHSM, IO
CBIIYUTH MpPO 3POCTAHHS AJANTHUBHOCTI KyJIbTYpHU [0 MIHJIMBUX MOTOJHUX YMOB.
[I{opiuHe 3pocTaHHs BPOKAMHOCTI BIPOAOBK JOCIIIKYBAHOTO TMEPIOAY MIATBEPIKYE
BHUCOKY IUJIACTUYHICTh 1 3HAYHUUN TMPOIYKTUBHUM MOTEHIIIAT MpOca MPYTONOAi0HOTO SIK
€HEpreTUYHOI KYJIbTYpH.

Copro mykpoBe copty DPaBOPUT XapaKTEPU3YEThCS BUCOKUM O10€HEPTeTUUHUM
noTeHiianoM, popmytouu 51,7-70,5 1/ra 3e1€HOT MaCH 3aJI€KHO BiJl CUCTEMH KUBIICHHS.
OCHOBHMM YMHHUKOM MIABUIICHHS BPOXXAMHOCTI € MiHEpalibHEe YIOOpEHHs, SKe
3abe3neuye +27 % mpupocTy Bpoxkaro 10 KoHTpodto. Kykypynsa riopuay ManTikopa
Ma€ BUCOKUH M€HETUYHUI NMOTEHL1a] IPOAYKTUBHOCTI, 10 PEali3y€eThCs JIUILE 32 YMOB
ONTUMAJIBHOTO MIHEPAJIbHOIO Ta MIKPOEJIEMEHTHOIO >XKHMBJIEHHs. 3acTtocyBaHHs NPK
70 HaUTOTYKHIUK edekT — +54 % npubaBKu MOPIBHIHO 3 KOHTPOJIEM, TIPH IILOMY
ypoxaiHicte craHoBwia 10,36 T/ra. MikpoaoOpuBa, 10 BHECEHHI OKPEMO
3a0e3neuyBanu mnpupict +51 %, a HaWBUIIMN BIUIMB CHOCTEpIraBCS MNPU IXHbOMY
noennandi 3 NPK, mo migBumgyBano yposxaitHicts mo >10,63 1/ra. Busnadyeno, 1o
KOMOiHOBaHEe yJ00peHHs (OpMyBajio HaWBUIIY Ta HAWCTAOUIBHINIY MPOIYKTHUBHICTS,
BHU3HAYAIOYH HOTO K ONTUMAIBHUIN BaplaHT JIJIsl IHTCHCUBHUX TEXHOJIOT1H BUPOIIYBaHHS
ribpuay KyKypya3u MaHTikopa.

VYei pocnipkyBaHi KyJdbTypU pearyrTh MO3WTUBHO HA ONTUMIZAIIIO JKUBJICHHS,
HAWOUIbIIE — MICKAaHTYC TITaHTChKUK 1 copro ItykpoBe. KomOiHOBaHI BapiaHTH
3actocyBaHHA NooP9oKgg + MikpomoOpuBa 3abesneuyroTh s MickaHTycy: +35 %
npupocTy Olonmayivpa, y mpoca npytomaionoro: +20 %, y kykypyasu: +10 %, y copro

mykpoBoro: +39 % Oiorazy Tta +39 % TBepmoro 3amumiky. lle memoHcTpye, 110



MIKpO100pHUBa MiACHITIOITh €()EeKT MaKpPOEIEMEHTIB 1 (OPMYIOTh HaliBHIILy EHEPTE€THUHY
MPOYKTUBHICTB arpo(diTOIICHO31B JAHUX CHEPTOKYJIbTYD.

Pe3ynbratd MOCHIIKEHHST XIMIYHOTO CKJIQQy 3€pHa KyKypyI3U CBIIYaTh IPO
CYTTEBUH BIUIMB YJIOOpeHHsS Ha (opMyBaHHA HOro SKICHMX TMOKa3HHUKIB. Ha
KOHTPOJILHOMY BapiaHTi 0e3 yJ0OpeHHsS BMICT KpOXMalll0 cTaHOBUB 66,90 %, cuporo
npoteiny — 8,31 %, xupy — 4,03 %. 3acTocyBaHHS TOBHOTO MIHEPAJILHOTO J100OpUBa y
HOpMi  NgoP9oKoy 3a0e3meumsio migBUIIEHHS KOHIEHTpAIli OCHOBHUX MOXHUBHUX
KOMITOHEHTIB 3epHa, 30kpema kpoxmaito (1,2 %), mporeiny (0,9 %) Ta xupy (0,4 %),
MOPIBHSHO 3 KOHTPOJIBHUM BapiaHTOM.

[Tozakopenei mpenapatu BJIEK JIXKEK KC Tta Intepmar TutaH MO3UTHUBHO
BIUIMBAJIM HA MPOIECH IIYKPOHAKOIMYEHHS B POCIMHAX COPro IyKpOBOTO, OJHAK iX
e(EeKTUBHICTh OyJa HUKYOIO TTOPIBHIHO 3 JII€0 OCHOBHOTO MIHEPAJILHOTO YA0OpeHHs. Y
¢da3zi MOJOYHOI CTHUIJIOCTI BMICT 3arajlbHUX I[yKpiB 3a iX OKPEMOTO 3aCTOCYBaHHS
ctaHoBUB 14,5 Ta 14,7 % BiANOBIIHO, 10 MEPEBUILYBAIO0 KOHTPOJBLHUM BapiaHT, ajie
MOCTYIAJOCsT TOKa3HWKY BapiaHTy 3 BHeceHHsIM Ns3oP30Kso HaiiBumi 3naueHHs
IyKPOHAKOIMYEHHS ¢(hOpMyBaHCs 3a OEIHAHOTO 3aCTOCYBAHHS MIHEpAJIbHUX J100pUB
13 010CTUMYJIATOPAMH.

3acTocyBaHHS MIKpOJOOPHUB ICTOTHO BIUIMBAJIO Ha €JIEMEHTHHM CKIIaJ POCIWH
KyKypyn3u. HaiiBummii BMicT docdopy 3adikcoBaHo y Bapianti 3 [HTepmar Turan —
184 mr/100 r y muctkax ta 114 mr/100 r y kopensix, Toai sik 3a BHeceHHst BJIEK JXKEK
KC wmakcumansna xonieHTpaiis (ochopy Bimmiuena y crebmax — 164 mr/100 r.
HaiiOinpmmii  BmicT Kamiro copmyBaBcst 3a yaoOpeHHsT NogPoKoy 1 cTanoBuB
1205 mr/100 Tty mmctkax, 1362 mr/100r y crebmax Tta 725 mMr/100r y 3epHi.
BukopucranHas MikpogoOpHB TakoXK 3a0e3Meunsio MiaBHINCHHS KoHmeHTparii Fe, Mn,
Ti, Zn 1 Ni, 1110 MATBEPKYE IX CTUMYJIIOIOUY 110 HA MOIJIMHAHHS Ta HArPOMAaXKEHHSI
€JIEMEHTIB HUBJICHHS POCIMHAMU KYKYPY/I3H.

ExoHoMiuHMI aHali3 MoKa3aB, 110 JAOCHIKYBaH1 KyJbTYpHU (POPMYIOTH CYTTEBO
pi3Hi ¢iHaHCOBI Mojenl BUpoOHULTBA. HailOuibll BUCOKOpPEHTAOETbHUMH BUSIBUIIUCS
BUPOILIYBaHHS KyKypyA3u Ta MICKaHTYCy TIraHTCBKOIO, TOAl SIK MPOCO MPYTOMOiOHE

JIEMOHCTPYBAJIO MIOMIPHY MPUOYTKOBICTh, @ COPTO IyKPOBE MPHU ICHYIOUIN IT1HI 3€J€HO1



macu Oysio 30MTKOBUM. MICKaHTYC TITaHTChKHI XapaKTepu3yBaBCsS HAWBUIINM pPiBHEM
HAKOIMWYEHOT0 MpUOYTKY Yy JOBrOCTpoKOoBOMYy mepiofi. He3Bakaioun Ha 3HaAYHI
NepBUHHI 1HBeCTHIl (~65 THC. TpH/Ta), TOYKAa OKYIMHOCTI HacTaBajla Ha 3—4-il pik
BUPOIIYBaHHS, MICIS YOro KyJbTypa TreHepyBajia 20—35 THC. TpH YUCTOrO MPUOYTKY
mopiyHo. KombiHoBaHi Bapiantu BHeceHHss NPK + wikpomoOpuBa 3a0e3neunsiu
HAWBUIIMI CyMapHU# NpUOYTOK 5K y 4-piuHii, Tak 1 15-piuHiil mepcreKTHBI.

Jlist mpoca TPYTOMOAiOHOTO BCTAHOBJIEHO, IO €KOHOMIYHA €(EeKTHUBHICTH
3HAQYHOIO MIPOI0 3aJeKUTh BIJI CHIBBIIHOIIEHHA e(EKTy Ta 3aTpaT YI0OpCHHS.
MikpoaoOpuBa 3011bIIYBAJIM BPOKAWHICTh IPU MIHIMAJIBHUX BUTpATaXx, 1€ 3a0€31MeYniI0
npuOyTKOBICTh 3,5—7,9 Tuc. rpu/ra Ha pik. Buecennss NPK y cranmaptHiii HopMi OyJio
€KOHOMIYHO HEJIOIILBHUM 4epe3 BUCOKY COOIBAPTICTh MPOIYKITIi.

Copro 1ykpoBe BHUSBWIOCS €KOHOMIYHO 30MTKOBUM IIpU I[1HI 3€J€HOI Macu
350 rpH/T, He3ameXHO Bl 3acToCcyBaHHS HoOpuB. BuTpatu Ha BupomryBaHHs (27,5—
33 THUC. rpH/Ta) HE KOMIIEHCYBAJIKCS BaJIOBOIO BUPYUKOI0. TE€XHOJIOT1sI BUPOILYBAaHHS II€1
KyJIbTYpHU CcTa€ MpuOyTKOBOIO JIMIIIE 32 YMOBH MiJiBUIEeHHS iHU 10 S00—550 rpH/T abo
nepeopieHTaIlli MPOAYKIIii Ha EHEPreTUYHY nepepoOKy (MeNeTH, CUI0c, OpUKETyBaHH).
Kykypyn3a npoaeMoHCTpyBajia HaliBUILLy PEHTA0ENbHICTh Cepell OAHOPIYHUX KYJIbTYP
3aBJISIKM JBOCTOPOHHBOMY MOTOKY MPOAYKIli: BUPOOHUIITBA 3€pHA Ta TOOIYHOT Oi0MacH.
3a OLIHKM OCTaHHBOI SIK MOBHOLIHHOI eHepreTu4Hoi npoaykuii (1000 rpu/T), ynctuit
npuOyTOK cTaHOBUB 17—-35 TucC. rpH/ra y pi3Hux Bapianrtax, npu BHeceHH1 BJIEK JIDKEK
KC Ta Intepmar Tutan cnioctepirajioch HalBHIIE CITIBBIIHOIICHHS JOXOIB 1 BUTpAT, a
Takox nepeBuinHHA 100 % peHTadenbHOCTI.

MickaHTyC TITaHCHKUIM MaB MaKCHMallbHI 3HAUYE€HHS KOe(illieHTa €HepreTUYHOi
edextuBHOCTI (KEE) — 34-39, sika mOSICHIOETHCS BUCOKMM BUXOJIOM CyX0i 6ioMacu (10
51 T/ra y Halikpani pokH) Ta HU3bKUMHU €HEPreTUYHUMHU BUTpaTaMU MICHS 3aKJIaIKU
rianTanii. Kom6iHOBaHI BapiaHTH yJ0OpeHHs 3abe3nedyBaiy HalBHILI €HEPTrOBUXOAU
(mo 886 tuc. M]Ix/ra). Ilpoco mpyronoxione mano KEE y wmexax 15-18. Bucoki
3HAYEHHS [IOT0 MOKAa3HUKA Ha BaplaHTaX 3aCTOCYBaHHS MIKpOAOOPHUB 3aCBIAUYIOTh, 1110
I KyJIbTypa € €HEPreTUYHO JOIIIBHOI0 32 YMOB MIHIMAIbHUX BHUTPAT 1 CTA01JILHOTO

piBHS IPOAYKTUBHOCTI. COpro 1yKpoBe Miciisi KOPEKI[li EeHeproBUXO/AIB 13 ypaxyBaHHSIM
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¢dakTuyHOi BosorocTi Oilomacu xapaktepusyBanocsi KEE 9-11. lle 3HauHo Hmxue
MOKA3HUKIB 0araTopiyHuX KyJbTYp, ajie BIATOBIA€ PIBHIO OJHOPIYHUX 3€JIEHOMACOBHUX
KyJnbTyp. HaliBuii 3HauenHs QikcyBanucs y BapianTax i3 MikpoaoOpuBamu. Kykypyaza
dopmyBaia KEE Ha piBai 11-13. Bucoka eHeproBiggada 3yMOBJICHA IOEIHAHHIM
SHEePIreTUYHO I[IHHOTO 3epHa Ta Mo0iuHoi 6ioMacH. KynbTypa 3anuiianacs eHepreTHIHO
e(eKTUBHOIO Yy BCIX BapiaHTax YJIOOpEHHs, MpHUOMY MiKpoaoOpuBa 3abe3nedyBaiu

MaKCHUMaJbHY BiJiJlauy €HEprii Ha BKIIAJCHY OJIMHUIIO PECYPCIB.

Knrouosi cnosa: OGloeHepreTUdHl KyJIbTYypH, MICKAHTYC TIraHTCbKUH, MPOCO
MPYTOIO/II0HE, COpro IIyKpoBe, KYKypyA3a, 3€pHO, IMOOIYHA MPOIYKIIis, IePHOBO-
M130UCTHI TPYHT, YAO0OPEHHS, T03aKOPEHEBE MMIKUBIIECHHS, 010METPUYHI TOKA3HUKH,
YPOKaMHICTh Ta MPOAYKTHUBHICTh, €KOHOMIYHA Ta €HEpPreTU4Ha e(PEeKTUBHICTh, 3MiHA

KJIIMaTy, 3axiJHUi perioH YKpaiHu.

ABSTRACT

Sitnyk A.A. Features of Productivity Formation of Bioenergy Crops under Climate
Change Conditions in the Western Region of Ukraine. Qualification scientific work
submitted as a manuscript.

Dissertation for the degree of Doctor of Philosophy in the field of knowledge 20
Agricultural Sciences and Food, specialty 201 Agronomy. Vasyl Stefanyk Carpathian
National University, Ministry of Education and Science of Ukraine, Ivano-Frankivsk,
2025.

The dissertation presents a theoretical generalization and proposes a scientific and
practical solution to the problem of increasing biomass yields through identifying the
patterns of productivity formation of bioenergy crops under different fertilization
regimes. Based on experimental research, optimal options for the application of mineral
fertilizers, growth biostimulants, and titanium-based micronutrient fertilizers in the
cultivation technologies of perennial and annual crops on sod-podzolic soils of the

Western region of Ukraine are substantiated.
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The study is based on the results of two field experiments. The first experiment
investigated the effects of plantation age and fertilization levels on the productivity of
perennial bioenergy crops — giant miscanthus (Miscanthus giganteus) and switchgrass
(Panicum virgatum L.). The second experiment focused on determining optimal
fertilization regimes for annual bioenergy crops, namely sweet sorghum (Sorghum
saccharatum (L.) Moench) and maize (Zea mays L.).

The structure of the dissertation follows the research logic and objectives and
includes an introduction, six chapters, general conclusions, practical recommendations, a
list of references, and appendices.

Meteorological conditions at the research site during 2022-2025, including air
temperature, precipitation, and relative humidity, were characterized by interannual
variability. Although these fluctuations did not reach critical levels, they had a significant
effect on biomass yield formation in bioenergy crops.

Under the conditions of the Western region on sod-podzolic soils, the application
of mineral fertilizers, growth biostimulants, and titanium-based micronutrient fertilizers
positively influenced plant growth and productivity across all experimental treatments.
The height of the main shoot of giant miscanthus was significantly affected by both the
year of vegetation and the fertilization system. In the first year of cultivation, the lowest
plant height was recorded in the unfertilized control (111 cm). Application of Intermag
Titan increased plant height to 128 cm, while treatments with N3oP30K30 + Black Jack KS
and N3oP30K30 + Intermag Titan resulted in heights of 136—140 cm. In the second year,
plant height increased to 205 cm in the control and to 255-259 cm under mineral
fertilization. The maximum values were observed in the third year of vegetation (282—
289 cm). In the fourth year, a slight decrease in plant height (209-271 cm) was recorded;
however, combined mineral and micronutrient fertilization consistently ensured higher
values compared with the control.

Giant miscanthus cv. Osinnii Zoretsvit exhibited a high responsiveness to
fertilization systems, with biomass yield increasing by 1,2—1,4 times compared with the
control. Macronutrients played a dominant role in biomass formation, while

micronutrients acted as catalysts of physiological and biochemical processes. Combined
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application of mineral fertilizers (NPK) and micronutrients produced a synergistic
nutritional effect, creating optimal conditions for plant growth and development. Over
the entire research period, the highest productivity of giant miscanthus (36,87 t/ha) was
recorded under the treatment N3oP30K30. + Black Jack KS.

Switchgrass (Panicum virgatum L.) cv. Morozko, as a perennial grass bioenergy
crop, demonstrated a gradual increase in yield during sward establishment and a stable
response to fertilization systems, resulting in yield increases of 14-34 % depending on
the applied treatments. The highest average productivity (20,15-20,33 t/ha) was obtained
under combined NPK and micronutrient fertilization. Yield increases were primarily
driven by mineral fertilization, while micronutrients served as yield-enhancing factors.
Treatments with complete mineral nutrition improved yield stability, indicating enhanced
adaptability of the crop to variable weather conditions. Annual yield increases throughout
the study period confirmed the high plasticity and substantial productive potential of
switchgrass as a bioenergy crop.

Sweet sorghum cv. Favorit exhibited a high bioenergy potential, producing 51,7—
70,5 t/ ha of green biomass depending on the fertilization system. Mineral fertilization
was the main factor contributing to yield increase, providing a 27 % gain over the control.
Maize hybrid Manticora showed a high genetic yield potential, which was fully realized
only under optimal mineral and micronutrient nutrition. Application of NPK resulted in
the strongest effect, increasing yield by 54 % compared with the control (10,36 t/ ha).
Micronutrient fertilizers applied alone increased yield by 51 %, while their combination
with NPK produced the highest and most stable yields (>10,63 t/ha), identifying
combined fertilization as the optimal strategy for intensive maize cultivation. It was
determined that combined fertilization produced the highest and most stable yield,
making it the optimal option for intensive cultivation technologies for the Manticore corn
hybrid.

All studied crops responded positively to optimized nutrition, with giant
miscanthus and sweet sorghum showing the greatest responsiveness. Combined
application of NoyoPgKogy with micronutrient fertilizers increased biofuel yield of

miscanthus by 35 %, switchgrass by 20 %, maize by 10 %, and sweet sorghum biogas
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and solid residue yields by 39 %. These results demonstrate that micronutrients enhance
the effectiveness of macronutrients and ensure maximum energy productivity of
bioenergy crop agrophytocenoses.

Fertilization significantly affected the chemical composition of maize grain. In the
unfertilized control, starch content was 66,90 %, crude protein 8,31 %, and fat 4,03 %.
Application of NooP9oKgg increased starch content by 1,2 %, protein by 0,9 %, and fat by
0,4 % compared with the control.

Foliar application of Black Jack KS and Intermag Titan positively influenced sugar
accumulation in sweet sorghum plants; however, their effect was weaker than that of
mineral fertilization. At the milk stage, total sugar content under separate application of
these preparations reached 14,5-14,7 %, exceeding the control but remaining lower than
in the Nj3oP30Ks0. treatment. The highest sugar accumulation was achieved under
combined mineral fertilization and biostimulant application.

Micronutrient fertilizers significantly affected the elemental composition of maize
plants. The highest phosphorus content was recorded under Intermag Titan application
(184 mg/100 g in leaves and 114 mg /100 g in roots), whereas Black Jack KS resulted in
the highest phosphorus concentration in stems (164 mg/100 g). The highest potassium
content was observed under NgoP9oKg fertilization. Micronutrient application also
increased the concentrations of Fe, Mn, Ti, Zn, and Ni, confirming their stimulatory effect
on nutrient uptake and accumulation.

Economic analysis revealed substantial differences in production efficiency among
the studied crops. Maize and giant miscanthus were the most profitable, switchgrass
showed moderate profitability, and sweet sorghum was unprofitable at the current green
biomass price. Giant miscanthus demonstrated the highest long-term profitability.
Despite significant initial investments (~65,000 UAH/ha), the break-even point was
reached in the third or fourth year of cultivation, after which the crop generated 20,000—
35,000 UAH in net profit annually. Combined NPK and micronutrient fertilization
ensured the highest cumulative profit over both 4- and 15-year periods.

Switchgrass profitability depended on the balance between yield response and

fertilization costs. Microfertilizers increased yields at minimal cost, ensuring profitability
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of 3,5-7,9 thousand UAH/ha per year. Applying NPK at the standard rate was
economically unfeasible due to the high cost of production.

Sugar sorghum proved to be economically unprofitable at a green mass price of
350 UAH/, regardless of fertilizer use. The costs of cultivation (27,5-33,0 thousand
UAH/ha) were not offset by gross revenue. The technology for growing this crop becomes
profitable only if the price increases to 500-550 UAH/t or the product is reoriented
towards energy processing (pellets, silage, briquetting). Corn showed the highest
profitability among annual crops due to the two-way flow of products: grain production
and by-product biomass. When the latter was estimated as a full-fledged energy product
(1,000 UAH/t), the net profit was 17-35 thousand UAH/ha in different variants. When
BLACK JACK KS and Intermag Titan were applied, the highest ratio of income to
expenses was observed, as well as a profitability exceeding 100 %.

Giant miscanthus showed the highest energy efficiency coefficient (EEC) of 34—
39, attributed to high dry biomass yields and low energy inputs after plantation
establishment. Switchgrass exhibited an EEC of 15-18, confirming its energy feasibility
under low-input conditions. Sweet sorghum showed an EEC of 9-11 after moisture
correction, while maize formed an EEC of 11-13. In all crops, micronutrient fertilization

ensured the highest energy return per unit of input.

Keywords: bioenergy crops, giant miscanthus, switchgrass, sweet sorghum, corn,
grain, by-products, sod-podzolic soil, fertilization, foliar feeding, biometric indicators,
yield and productivity, economic and energy efficiency, climate change, Western region

of Ukraine.

CIIACOK OIYBJIKOBAHUX MPAIIb 3A TEMOIO JIJUCEPTAIIII

CrarTi y HAyKOBUX BUIAHHAX, BKJIIOYEHHX /10 NEepesTiKy HayKOBUX (GaxoBux

BH/IaHb YKpaiHu kaTeropii b:



12

1. Kap6iscbka Y.M., CitHuk A.A. IIpoayKTHBHICTb MICKaHTYCy 3aJIeKHO BiJ
€JIEMEHTIB arpoTEXHOJIOTIi Ha JEPHOBO-III30JIMCTOMY IPYHTI B yMoBax [lpukapnarrs.
Taspiticoxuii naykosuti gicnuk. 2024. Ne137. C. 111-116.

DOI: https://doi.org/10.32782/2226-0099.2024.137.14

URL.: https://tnv-agro.ksauniv.ks.ua/archives/137 2024/16.pdf

2. Citnuk A.A. OcoGauBocTi opMyBaHHS MPOTYKTUBHOCTI COPTO IIyKPOBOTO B
yMOBax 3axigHOTO PErioHy YKpaiHu. Vkpaincvxuii socypran npupoonuyux nayk. 2025.
Nel2. C. 232-239.

DOI: https://doi.org/10.32782/naturaljournal.12.2025.23

URL: https://naturaljournal.zu.edu.ua/index.php/ujns/article/view/316

3. Kap6iBceka Y.M., Cirnuk A.A. Onrumizaiis yJI0OpeHHS SK YHUHHUK
M1JIBUIIICHHS BPOXKATHOCTI Ta IKOCT1 POCIUH COPro IIYKPOBOIO 1 KYKYpyJ31 B 3aXiTHOMY
perioni Ykpainu. [lepeocipne ma cipcoke 3emnepoocmeo i meapunnuymeo. 2025. Bur.
78 (1). C. 69-78.

DOI: https://doi.org/10.32636/01308521.2025-(78)-1-6

URL: https://journals.isgkr.science/index.php/phzt/article/view/404

4. CitHuk A.A., Kap6iscbka Y.M. OcobmuBocTi (opMyBaHHS NMPOAYKTHBHOCTI
mpoca TPYTOMOJIOHOTO B yMOBax 3MIHM KiIiMaTy 3axiJHOTO perioHy YKpaiHu.
Yrpaincovkuii sorcypran npupoonuuux nayk. 2025. Nel3. C. 310-317.

DOI: https://doi.org/10.32782/naturaljournal.13.2025.29

URL: https://naturaljournal.zu.edu.ua/index.php/ujns/article/view/361

Te3n HaAyKOBHX J0NIOBiAEH
5. Citnuk A.A. [IpoIyKTUBHICTH COPro IyKPOBOTO 3aJI€KHO BiJl E€IEMEHTIB
arporexHosiorii B ymoBax llepeakapmnarts. [ntegration of Education, Science and
Business in Modern Environment: Winter Debates: Proceedings of the 5th International
Scientific and Practical Internet Conference, February 8-9, 2024. FOP Marenichenko
V.V., Dnipro, Ukraine, 2024. P. 188—190.
URL: Conference-Proceedings-February-8-9-2024.pdf



https://doi.org/10.32782/2226-0099.2024.137.14
https://doi.org/10.32782/naturaljournal.12.2025.23
https://doi.org/10.32636/01308521.2025-(78)-1-6
https://doi.org/10.32782/naturaljournal.13.2025.29
file:///C:/Users/DELL/Desktop/Ð¡Ñ�Ñ�Ð½Ð¸Ðº%20Conference-Proceedings-February-8-9-2024.pdf

13

6. Karbivska U.M., Hryhoriv Ya. Ya., Sitnyk A.A. Impact of fertilization on the
productivity of sugar sorghum in the conditions of the Carpathian. Topical aspects of
modern scientific research: The 4th International Scientific and Practical Conference,
December 21-23, 2023. CPN Publishing Group, Tokyo, Japan, 2023. P. 15-19.

URL: https://surl.li/hoxdtg

7. CitHuKk A.A. [lepcrieKTHBHY BUPOIIyBaHHS 010€HEPTETUYHUX KYJIBTYpP B yMOBax
[Ipukapnatrs. Icmopis ocgimu, nayku i mexuiku ¢ Yxpaini: matepiann XX Bceykp. Hayk.
KOH(. MOJIOAMX YUYEHHUX Ta CHell., MPUCBAY. IOBLI. JaTaM BiJ JTHA HApOJK. BUJIATHUX
YYEHHX B rajy3i arpapHUX Hayk, 30kpeMa: ['eopris MukonaitoBuua Bucoupbkoro (1865—
1940); Jleeka (JleBa) IlmaronoBumua Cumupenka (1855-1920); Ilerpa IBanoBMYa
[Tpoxonosuua (1775-1850), Kuis, 21-22 tpasns 2025 p. / HAAH, HHCI'b, Ia-T ictopii
arpap. HayKu, OCBITH Ta T€XHIKH; HayK. pel. B.A. Beprynos. Binnuua: TBOPU, 2025.
C. 168-170.

URL.: file:///C:/Users/DELL/Desktop/zbirnik-konf-22_05_2025.pdf

8. Kap6iecbka Y.M., CiTHuk A.A. Oco0MBOCTI POCTY Ta PO3BUTKY OAraTopiuHUX
CHEpreTUYHUX KyJbTyp B ymoBax [lpukapnarta. Haykoeo-inHosayitinuii po3eumox
azposupobHUYmMea 5K 3anopyka Hnpooosoavbuoi Oe3nexku YKpainu: 64opa, cbO20OHI,
3aeémpa: matepianu VIII Beeykp. Hayk.-mpakT. KOH®., IPUCBSIUCHOT IOBIJICHHUM J1aTaM:
160-piyuto  [lonaTaBCRKOrO0 TOBApUCTBA CUIBCHKOTO rocmnogapcta, 105-piydro
[TonTaBChbKOIro AEpXKABHOTO arpapHoOro yHiBepcuTeTy, 90-piuyto BiJl IHS HAPOIKEHHS
I'epost Ykpainu C. C. Antonis (1935-2022), m. Kuis, 17-18 Bepecns 2025 p. / HAAH,
HHCT'B i i1; Hayk. pen. B.A. Beprynos. Binauis: TBOPU C. 322-324.

URL: konf 16_09_2025.pdf

9. Citnuk A.A., KapGiecbka Y.M. EdekTuBHICTh 3acTOCyBaHHS J0OpUB Y
BUPOIIYBaHHI MICKaHTYCY TraHTChKOTO Ha I€PHOBO-MIA30JIUCTUX IPYHTAX. [HHOGAYIUIHI
acnexmu 30epedcents i niosuwjenHs pooYoCmi IPYHMIE Yy BOEHHUL MA NOBOEHHUU
nepiodu: MaTepian MI)KHApPOJHOT HAYKOBO-IIPAKTUYHOI KOH(pepeH1ii, mpucBsiueHoi 60-
pIUYI0 TPHUBAJIOTO CTAallIOHAPHOTO JOCHiAY [HCTUTYTYy CUIBCBKOTO TOCHOJIapCTBa
Kapnarcekoro periony HAAH, m. O6pomune, 18 BepecHs 2025 p. O6pommune, JIbBiB,
2025. C. 210-212.


https://surl.li/hoxdtg
file:///C:/Users/DELL/Desktop/zbirnik-konf-22_05_2025.pdf
file:///C:/Users/DELL/Desktop/konf_16_09_2025.pdf

14

URL:https://drive.google.com/file/d/ITm3u0JSXWSMdTaSiOFPiC53Fxb-7 H3j2

/view

10. Kap6iscbka VY.M., CitHuk A.A. ApantuBHi cTparerii  (popmyBaHHs
BpPOKaHOCTI Tipoca mpyronoaionoro (Panicum virgatum L.) B ymoBax KIiMaTHYHHX
3MiH 3axiJHOTO pErioHy YKpaiHu. AKmyanvHi RNUMAHHA PO3BUMKY CLIbCbKO2O
eocnooapcmea: meopis i npaxmuxa: matepiam MiDKHapOIHOI HAyKOBO-TIPAKTHYHOI
koH(pepentii, M. IBano-OpankiBcbk, 9 xoBTHS 2025 p. / HAAH, [HCTUTYT CcUTbCBKOTO
rocriogapcta Kapnarcekoro periony. O6pommune: Bua-so ICI'KP, 2025. C. 99—-103.

URL: 3bIPHUK Te3 MACTJIC 09.10.2025.pdf

11. banantok C.I., Kap6iscrka Y.M., Citnuk A.A. [lepcriekTBU BUPOIILyBaHHS
CHEPreTUYHUX KYJIbTYp Ha HHU3bKONPOAYKTHUBHUX TIpyHTax 3axigHoro Jlicocremy
VYkpainu. Adanmayis azposupoonuymea 00 3MiH KIiMamy ma epaHmosoi pooyocmi:
Marepiaiy MDKHap. Hayk.-pak. KoHd., c. Ilomiron, MukonaiBcbkuii paiioH,
MuxkonaiBcbka oOnactb, 9 xoBTHS 2025 p. / AY “MukonaiBchka JepiaBHA
ciascbkorocnoaapcbka jgociigHa cranmis IKOCIT HAAH”. THomiron: Bua-so IKOCT,
2025. C. 15-17.

URL.: https://surl.li/lsrcto

MeTtoanuHi BKa3iBKH
12. Kap6iscbka Y.M.. Citnuk A.A. MeTonuyHi BKa3iBKH AJI1 CAMOCTIMHOIO
BUBYEHHS NUCHUILUIIHU «HOBITHI Ol0€HEpreTHYHI POCIMHHI pecypcu» AJisl ACHHOI Ta
3a0uHO1 (opM HaB4YaHHS 3700yBadiB TPETHOTO (OCBITHHO-HAYKOBOTO) PIBHS BHIIOI
ocBiTH HaBuaHHsA 31 cnewiaiabHocTi H1 “Arponomis”, OHII “Arponomis”. IBaHO-
®pankiBebk. 2025. 30 c.
URL :https://kag.cnu.edu.ua/wp-content/uploads/sites/27/2025/12/novitni-

bioenerhetychni-roslynni-resursy-karbivska-sitnyk.pdf



https://drive.google.com/file/d/1m3u0JSXWSMdTa5iOFPiC53Fxb-7_H3j2%20/view
https://drive.google.com/file/d/1m3u0JSXWSMdTa5iOFPiC53Fxb-7_H3j2%20/view
file:///C:/Users/DELL/Desktop/Ð�Ð�Ð�Ð Ð�Ð�Ð�%20Ñ�ÐµÐ·%20Ð�Ð�Ð¡Ð�Ð�Ð¡%2009.10.2025.pdf
https://surl.li/lsrcto
https://kag.cnu.edu.ua/wp-content/uploads/sites/27/2025/12/novitni-bioenerhetychni-roslynni-resursy-karbivska-sitnyk.pdf
https://kag.cnu.edu.ua/wp-content/uploads/sites/27/2025/12/novitni-bioenerhetychni-roslynni-resursy-karbivska-sitnyk.pdf

