AHOTAIIA

Jbomin /1. I'. ArpoexosioriyHe oOrpyHTYBaHHS BUPOIITYBaHHS €HEPTe€TUIHUX
KYJIbTYp IJIsi BHUpOOHHUIITBa OlocupoBuHM. KBamidikaliiiHa HaykoBa Ipalsi Ha
paBax pyKOMIHCY.

Hucepraiiiss Ha 3700yTTS HAyKOBOTO CTyIeHsS JokTopa ¢diutocodii 3a
cunemianpHicTIO 201  «ArpoHomis» (rany3p 3HaHb 20 «ArpapHi Haykd Ta
IpOAOBONBCTBO»). — [lonTaBcbkuil — AepKaBHUM — arpapHuUil  YHIBEPCHUTET
MinictepcTBa OCBITH 1 HayKu YKpainu, [lonrasa, 2024.

Y nuceprariiiHii poOOTI OOIPYHTOBAHO TEOPETUYHI TOJOXKEHHS Ta
3alpOINOHOBAHO MPAKTUYHI PEKOMEHJAIlll MI0JI0 YAOCKOHAJICHHS arpOTEeXHOJIOTI]
BUPOILIYBAHHS €HEPTETUYHHUX KYJIBTYp 33151 OTPUMAaHHS 010CUPOBUHH — OloMacu
JIJIsl BATOTOBJICHHS O10TIalIMB Ta MPOYKTIB 3 JOJAaHOI BApPTICTIO.

Ha panuii yac, akTyaJbHOIO MpPOOJIEMOI0 € CTBOPEHHS €(PEKTUBHUX Ta
€KOJIOTTYHO-0€3MEYHNX arpoTEXHOJOrI BHUPOILIYBAaHHS E€HEPIeTUYHHUX KYJIBTYP,
30KpeMa MAJIOTIOLIUPEHUX, SK OJHOTO 3 HAWOUIBII MEePCHEKTUBHUX JDKEPEN
O10CUPOBUHU: SK 11 BUPOOHMIITBA OIOMAjWB, TaK 1 MPOAYKTIB 13 J0OJIAHOIO
BapTICTIO. Y 3B’SI3KY 3 UUM, JUIsl HIABUIIEHHS €()EKTUBHOCTI BUPOOHUIITBA OioMacu
Ta OTPUMAHHS MAaKCHUMAJIbHOI MPOAYKTHBHOCTI €HEPrOKYyJIbTYp HEOOX1THO
paIioHaJIbHO BUKOPHCTOBYBATH 3€MEJIbHI YT/, OCOOJIMBO MapriHaJIbHI 3€MIIL.
[Ipu 1bOMY, pEKYJIbTHBALIIS TAKUX 3€MENb € YACTUHOIO MPOOJEMU PalliOHATIBLHOTO
BUKOPHUCTAHHS MPUPOJHUX PECYpPCiB Ta OXOPOHM HABKOJIMIIHBOTO CEpPEOBUIIA.
TaxuM 9rHOM, MMUTAHHS BiAHOBICHHS MOPYIICHUX 3€MeNb B YKpaiHi Ta OTpUMaHHS
POCIIMHHOI CUPOBUHH J1J11 BUPOOHHUIITBA O10MAJIMB € JJOCUTh aKTyaJIbHUM 1 TOTpedye
NOJaJbIIOT0 BHUBYEHHA. Y 3B’SI3Ky 3 UMM, OyJIO BHUBYEHO €(PEKTUBHICTh
BUPOIIYBaHHSI TPAIUIIHHUX Ta MAJOTOIIUPEHUX CHEPTETHUHUX KYJIbTYpP MPOTATOM
2018-2023 pokiB Ha MapriHaidbHuX 3eMisix Jlicocreny Ta Cteny Ykpainu.

HayxoBa HOBH3HA O/ep)KaHUX PE3yJbTaTIB MOJSITae y TOMY LIO gnepuie, B
yMoOBax YKpaiHH, BUBYEHO OCOOJMBOCTI POCTY W PO3BUTKY, 3aKOHOMIPHOCTI
(dbopMyBaHHS MPOJYKTUBHOCTI POCIWH MAaJOMOIIUPEHUX E€HEPTeTUYHUX KYJIbTYP

(COproBHUK TIOHUKarOUWi, OIr-OiyecteM Ta copro OaraTopiuHe) 3a pi3HHUX



arpo3axo/iB.

Yoockonaneno arpoTeXHOJOTIIO BHUPOIIYBaHHA COpPro 0araTOpi4HOTO
3aBISKM 3aCTOCYBaHHS JIOMOCIBHOI OOpPOOKM HACIHHEBOTO Marepially Ta
3aCTOCYBAaHHS IJDKUBJICHHS, IO TO3HAYMJIOCH Ha 30UIBIICHHI BPOXKAMHOCTI
Oiomacu.

Habynu nooanvuwozo pozeumky MMTaHHS BUBYCHHS 0COOJIMBOCTEH POCTOBUX
IPOIECIB POCIMH EHEPreTUYHHUX KYyJIbTYp, METOJUYHI MIIXOAW 10 BHU3HAYCHHS
010€HEePTreTUYHOI Ta EKOHOMIYHOT €()eKTUBHOCTI iX BUPOIIyBaHHS.

3a pesyiabratramMu OaratopiyHuUX JOCHIIPKEHb YJOCKOHAJIEHO OCHOBHI
CKJIAJI0B1 yIIPaBIIIHHS €HEPTreTUYHUMU ITOCIBAMHU: CBITUTPACY, COPro 0AaraTopivyHoro,
bir-6iyectemy, inaianrpacy. [{o 3aiiicHeHO Ha OCHOBI YIOCKOHAJICHHS €JIEMEHTIB
TEXHOJOT1] BUPOIIYBaHHA EHEPreTUYHHX KYyJIbTyp. 3a pe3yibTaTaMHd BHBYCHHS
6NJIUGY YMOB GUPOWYBAHHA HA MIHIUBICIML OIOMEMPUYHUX NOKA3HUKIE,
NPOOYKMUGHOCMI ma AKICMb eHepeemuyHux Kyjabmyp BCTAHOBJIEHO, LIO
ypOXxaiHICTh 010Macu 3a JOCIIKYBAaHUMHU KYJIbTypaMH, Y CEPEAHbOMY 3a POKH,
BapitoBana: Bix 8,2 mo 12,3 t/ra (ymoBu Cremny), Bix 9,0 mo 12,7 1/ra (ymoBu
Jlicocremny). IIpu nbomy BigMIuEHA JUHAMIKA HIOPIYHOTO 301IBIIIEHHS BpOXkKato (Bij
MIEPIIIOTO MO YeTBEPTUH BETeTALIMHHM PiK) [0 YCIM KYJIbTypaM HE3aJIekKHO BiJl yMOB
BUPOIIyBaHHs. SIKICTh OilOMacu €HEpreTUYHUX KyJIbTYp 3aJ€KHO BiJ YMOB
BUPOIIyBaHHS HE MA€ 3HAYHUX 3MiH.

3a pe3yabTaTaMy IPOBECHHS BU3HAUCHHS 6NIUGY CYMICHOZ0 6UPOULYBAHHA
y imoueno3i na eposcaitnicmo Oiomacu eHepzemuuHux KyJabmyp 6 pIi3HUX
YMO06ax BCTAHOBIICHO, 0 CYMiCHE BUPOIIYBaHHS CHEPTETUYHUX KYJIbTYP T03BOJISIE
ONTUMI3YBaTH CTPYKTYPY (PITOLIEHO3Y 1 HAMOLIBII TOIIIBHO BUKOPUCTATH TUIOILY.
Ile crmpuse pIBHOMIPHOMY pO3MOAUTY POCIWH Yy BIJCOTKOBOMY  CKJIAl,
IHTEHCUBHIIIOMY pPOCTY W PpO3BUTKY EHEPreTHYHUX KYJIbTYp, 3aTiHEHHIO W
BUTICHEHHIO HUMH Oyp’sIHIB.

BusznaueHo, 1110 0IHOBU/IOBI MOCIBU €HEPreTUYHUX KyJIbTyp 3aiimanu 100 %
CKJIaJI, TOJII IK y CYyMICHUX TTOCIBaxX BiIMi4ajocs Bapi1tOBaHHS 3a IAHUM TTOKA3HHUKOM

— 811 43,7 no 55,7 % (Cremn) Ta Bix 44,0 no 56,0 % (Jlicocten) y 3aleXHOCTI Bij



CKJaay TpaBocyMimKU. L0 3aKOHOMIPHICTh TMOB’S3Yy€EMO 13 MPUPOIHBOIO
KOHKYPEHIII€0 POCIUH 3a CBITJIO Ta OKMBHI PEYOBHUHU MTPH PO3MIIIEHH] iX CYMICHO
Ha oJIHIM 1oti. OnTHMIi3allis BUAOBOTO CKIaAY Y CYMICHHX MOCIBax €HEPreTUYHUX
KyJIbTYp TAaKOX BIUIMBA€ Ha 30UIBIICHHS BpPOXAWHOCTI OlOMacH POCIMHHHX
KOMIIOHEHTIB €HEpProkyjabTyp B po3pizi ymoB Cremy 1 Jlicocreny VYxkpaiHu.
Haiibinpiry Bpo»kalHICT, 0loMacH 3a Cyxol pedyoBHHOI B yMoBax Cremy
3a0e3Neymyii BaplaHTH CyMICHOTO BHpolnyBaHHS Sw+lg — wa piBHi 13,7 T/ra
(mpubaska 0,7 T/ra) Ta Sw+Bb — 13,4 1/ra (mpubaska 0,3 1/ra). Ha piBHi cTangapty
(B mexxax HIPys) BpoxkaifHICTh 3a CyXxOl0 Macow Oyjia Ha BapiaHTax: Sw+Sa —
12,3 1/ra.

Hust Jlicocteny HaifOublia BpoKalHICTH OlomMacu Oyja Ha BapiaHTax
cymicHoro BupoiiyBanHs Sw+lg — Ha piBHi 10,7 1/Ta (mpubaBka 0,5 T/ra) Ta
0JIHOBUI0BOTO BUpolyBaHHs Sw — 10,2 1/ra. Ha piBHi crannapty (B Mexxax HIPgs)
BPOXKAMHICTh 32 CYXOI0 Macoro Oyja Ha IHIIMX BapiaHTax. Y CYMICHHX IOCiBax
HaWOUIBI ypOXaWHUM BUSBWIOCS TMO€JHAHHS Mpoca MPYTONOJAIOHOTO Ta
1HIIaHTpacy Ha BapiaHTax mipKuBieHHs nmociBiB 11,0 T/ra (mpubaska 0,3 1/ra).

3a pesynbTaTaMu BU3HAUCHHS 6MIUGY npenapamy «Azpocmumyiiny Ha
dopmyseanna npooykmuenocmi oiomacu copzo 6a2amopiyHo20 BYI3HAYEHO IO
TPUBAIICTh MK(pA3HUX TEPIOJIB 1€ CHEPTOKYJIbTYPH 3ajeKalia sIK BiJl COPTOBUX
BJIACTUBOCTEH, TaK 1 BiJl 3aCTOCYBaHHS MpemnapaTy. BcraHoBieHo, 0 BereTainHui
nepion st copro Oararopiunoro copty Komym6o0 cranosuB 132-140,7 nmi6, ta
116,7-122,6 116 — nna copry Ilapana. 3a pesyabTatamu CHOCTEPEKEHB
BCTAHOBJICHO, 110 POCITUHHU COpPro 06araTOpigHOTO, 32 POKM BHUPOIIYBAHHS, MOXYTh
nocsiratu o 3-3,5 MeTpiB BHCOTH. HallOUIbI 1HTEHCHBHHMM MPUPICT POCIHUH
BIIOyBaeThcsl y JiTHI Micsul (y JunHi). OOIpyHTOBaHO, WIO 3aCTOCYBaHHS
npenapary «ATpOCTUMYIIHY» JJsi JOMOCIBHOT MIATOTOBKM HACIHHS JO3BOJISIE
CKOPOTHUTH TPUBAJICTh MOYATKOBUX €TAIIB POCTY Ta PO3BUTKY pociuH. Le no3Bossie
KOHTPOJIIOBATH PiBEHb 3a0yp ’SIHEHOCTI MOCIBI COPTro 0araropiyHoro, 1o CTBOPIOE

CIPUSTIMBI YMOBH ISl POCTY 1 PO3BUTKY POCIIMH COPTO.



3a pOKM JOCHIKEHHS 3-TIOMDK BaplaHTIB MOCTaBJICHUX HAa BHUBUYEHHS,
HaWOUTHIINIA BIUTMB HAa BPOXKAWHICTh 3€JICHOT MacH Ta BUX1J CyX01 pEUOBUHU COPTO
0araTopiyHOTO Ma€ JOMOCiBHA 0OpoOKa HACIHHS Ta MO3aKOPEHEBE IIiHKUBIICHHS
MOCIBIB TIpemnapaTtoM « Arpoctumyitiay. s copty Komom60 oTpumany 3011bIeHHS
BpokaiHOCTI 70 45,2 T/ra 3eneHoi macu 1 12,1 T/ra cyxoi pe4yoBHHHU, a Y COPTY
[Tapana — Ha piBHi 38,1 1/ra 3enenoi macu 1 10,7 T/ra cyxoi pe4yoBHHH.

Busnaueno eHepreTMuHy — €(QEKTHUBHICTH CYMICHOTO  BHPOIIYBaHHS
E€HEPreTUYHUX KYJIbTYp, B MOPIBHSAHHI 3 OJIHOBUOBMMU mociBamu. Lleit arpozaxin
30UIBIIY€E KUIBKICTh €HEPIii, OTPUMAHOI 3 ogHOro ra st Creny:

- cBITUrpacy 1 copropHuka nonukaroyoro —198,1 I'/Ix/ra (K. 3,2),

- cBiTurpacy ta 6ir-oimyecremy — 191,8 I'/Ix/ra (Kee 3,3),

- Oir-6imyectemy Ta coproBHuka nonukatoyoro — 143,1 I'Jlx/ra (Kee 2,9).

CyMicHE BUPOIIyBaHHS E€HEProKyJbTYyp 30UIbIIYE KITBKICTh €HEpTii, II0
oTpuMaHaHa 3 ofHoro ra i s Jlicocremy:

- CBITYrpacy 1 coproBHuka nonukatoyoro —163,0 I'/x/ra (K 2,9),

- cBiTurpacy ta 6ir-omyecremy — 130,5 I'/lx/ra (Kee 2,7),

- Oir-6;yectemy Ta coproBHuka nonukaroyoro — 93,8 I'/Ix/ra (Kee 2,3).

Ha inmmx BapiaHTax HOCHiAy, 32 CyMICHOTO BUPOIILYBaHHS €HEPreTUYHUX
KyJbTYp, OTPUMaHa EHEeProNpOyKTUBHICTh Ha PIBHI KOHTPOJIIO.

OOGrpyHTOBaHO, 10 €(PEKTUBHICTH BUPOOHUIITBA OlOMAacu EHEPreTUYHUX
KyJbTYp, SIKa peajli3oBaHa 3a ONTHUMI3aIlli Ta €KOJIOTi3allli eJIeMEHTIB TEeXHOIOTI1
BUPOILYBaHHS BIJKPUBAE€ HOBI MPIOPUTETHI MOXIMBOCTI Il BHPOOHUIITBA
010CMPOBUHU Ta BUPOOHUIITBA 3 HET EHEPTrOEMHOT 010MaCH Ta MPOIYKTIB 13 JOaHOIO
BapTICTIO.

3 MeTo e(QEeKTHBHOTO BHUPOIIYBaHHS EHEPTCTHYHUX KYJIBTYp IS
OTPUMaHHSA CTa0lJIbHO BHCOKOTO YpOXKar OioMacu, BUPOOHHUIITBA TBEPOTO
OlomanuBa ¥ MPOYKTIB 3 JIOJAHOIO BapTICTIO B yMOBaX YKpaiHH PEKOMEHIYEMO:

- pO3MiIlyBaTH B CYMICHMX IIOCIBaX cCBITUrpac u Oir-Giyecrem,
CBITUTPACy W COPTrOBHUK IMOHUKAIOYHM, IO JO3BOJIUTH OTPUMYBATH 30UIbIICHY

BpOXkKaNHICTh 3a CyXor O6iomacoro — g0 10,7-13,7 1/ra.



- JUISL OTPUMAHHSI HaWOLIbIIOT KIMBKOCTI €Heprii 3 OAMHMIN IUIONI Ha
MapriHaIbHUX 3eMJIX TPOBOJAUTH CYMICHE BUPOIIYBaHHS CBITUTPACy i COPTOBHUKA
noHukarouoro aisa ymoB Jlicoreny (163,0 I'J[>x/ra) Ta cBiturpacy i 6ir-oiyecremy
(191,8 I'[Ix/ra) nns ymoB Cremy.

- 3a BHUpPOILYBaHHA COpPro OaraTopiyHOro, 3 METOI0 OTPUMaHHS
30UIBIIIEHOTO BHXOJYy OloMacH 3acTOCOBYBAaTH JOMOCIBHY OOpOOKY HaciHHS Ta
M03aKOPEHEBE MIHKUBIICHHS MOCIBIB mpenapaToM «Arpoctumyiiny». [Ipu mpomy
30UIBIICHHS BpOKaHOCTI s copty Komombo cranoButume 45,2 T/ra 3eieHOl
Mmacu 1 12,1 1/ra cyxoi pedoBunu, st copty Ilapana (38,1 1/ra 3enenoi macu 1 10,7
T/Ta CyX0i peYOBUHMU).

Kniouosi cnoea: enepeemuuni Kyromypu, iHmpooyKyis, acpoexocucmemu,
CYMICHI NOCI8U, MEXHON02Is BUPOWYBAHHS, OIOMempUdHi NOKA3HUKU, NOCIBHI

AKOCMi, NPOOYKMUBHICMb, YPOIUCAUHICMb, biomaca, epexmugHicme.
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The dissertation justifies theoretical provisions and offers practical
recommendations for improving agrotechnology of energy crops cultivation in order
to obtain bio raw materials - biomass for the production of biofuels and value-added
products.

The development of efficient and environmentally friendly agricultural
technologies for growing energy crops, including less common ones, as one of the
most promising sources of biological raw materials for both biofuels and high value-

added products, is currently an important issue. In this regard, in order to increase



the efficiency of biomass production and maximise the productivity of energy crops,
it is necessary to use land resources, especially low-productive land, rationally.

However, reclamation of such lands is part of the problem of rational use of
natural resources and environmental protection. Thus, the issue of restoring
disturbed lands in Ukraine and obtaining plant material for biofuel production is
quite relevant and requires further study. In this regard, the efficiency of growing
traditional and less common energy crops on low-productive land of the Forest-
Steppe and Steppe of Ukraine during the period of 2018-2023 was investigated.

The scientific novelty of the obtained results lies in the fact that for the first
time in Ukraine, the peculiarities of growth and development, patterns of formation
of plant productivity of less common energy crops (indiangrass, big bluestem and
perennial sorghum) under different agricultural practices of their cultivation were
studied.

The agrotechnology of growing perennial sorghum was improved by applying
pre-sowing seed treatment and fertilisation, which increased biomass yields.

The study on the peculiarities of growth processes of energy crops and
methodological approaches to determining the bioenergy and economic efficiency
of their cultivation was further developed.

The main components of management of energy crops such as switchgrass,
perennial sorghum, big bluestem and indiangrass were improved based on the results
of long-term research. This was done by improving the elements of energy crops
cultivation technology. The results of the study of the influence of growing
conditions on the variability of biometric indicators, productivity and quality
of energy crops proved that the biomass yield of the studied crops varied on average
over the years from 8.2 to 12.3 t/ha (Steppe conditions), from 9.0 to 12.7 t/ha (Forest-
Steppe conditions). The biomass of energy crops remains in the minds of growth and
does not cause significant changes.

The dynamics of annual yield increase (from the first to the fourth vegetation

year) for all crops regardless of growing conditions was noted.



Based on the results of determining the influence of joint cultivation in the
phytocoenosis on the yield of energy crop biomass under different conditions,
it was found that joint cultivation of energy crops allows optimising the structure of
the phytocoenosis and making the most appropriate use of the area.

This contributes to a uniform distribution of plants in the percentage
composition, more intensive growth and development of energy crops, shading and
displacement of weeds.

It was determined that single-species energy crops occupied 100 % of the
composition, while in mixed crops there was a fluctuation of this indicator - from
43.7 to 55.7 % (Steppe) and from 44.0 to 56.0 % (Forest-Steppe), depending on the
composition of the grass mixture. We explain this pattern by the natural competition
of plants for light and nutrients when they are placed together on the same area. The
optimisation of species composition in joint crops of energy crops also affects the
increase in biomass yield of plant components of energy crops in the Steppe and
Forest-Steppe of Ukraine. The highest biomass yield in terms of dry matter in the
Steppe was provided by the variants of joint cultivation of Sw+Ig - at the level of
13.7 t/ha (an increase of 0.7 t/ha) and Sw+Bb - 13.4 t/ha (an increase of 0.3 t/ha. At
the level of the standard (within LSDys), the yield by dry weight was in the other
variants..

For the Forest-Steppe, the highest biomass yield was in the variants of joint
cultivation Sw+Ig — at the level of 12.3 t/ha (an increase of 0.5 t/ha) and a single-
species cultivation Sw —10.0 t/ha. The dry weight yield was at the level of the
standard (within LSDys) in the other variants. In of joint cultivation, the highest
yields were found to be similar to millet and Indiangrass in the variants of advanced
sowing of 11.0 t/ha (an increase of 0.3 t/ha).

The results of determining the influence of the preparation
“Agrostymulin” on the formation of biomass productivity of perennial
sorghum showed that the duration of the interphase periods of this crop depended
on both varietal properties and the preparation use. It was found that the vegetation

period for the perennial sorghum of variety Columbo was 132-140.7 days, and



116.70-122.6 days for the variety Parana. According to the observation results, it
was found that perennial sorghum plants can reach up to 3-3.5 meteres in height
during the years of cultivation. The most intensive plant growth is in the summer
months (in July). It was proved that the use of “Agrostymulin” for pre-sowing seed
treatment allows to reduce the duration of the initial stages of plant growth and
development. This controls the level of weed infestation of perennial sorghum crops,
which creates favourable conditions for the growth and development of sorghum
plants.

Over the research years, among the studied variants, pre-sowing seed
treatment and foliar fertilising of crops with “Agrostymulin” have the greatest
impact on the yield of green mass and dry matter yield of perennial sorghum. The
yield of the Columbo variety increased to 45.2 t/ha of green mass and 12.1 t/ha of
dry matter, and the yield of the Parana variety increased to 38.1 t/ha of green mass
and 10.7 t/ha of dry matter.

The energy efficiency of the joint cultivation of energy crops in comparison
with single-species crops was determined. This agricultural measure increases the
amount of energy obtained from one hectare for Step:

- switchgrass and indiangrass — 186.1 GJ/ha (K. 3.2),

- switchgrass and big bluestem — 191.8 GJ/ha (K. 3.3),

- big bluestem and indiangrass — 143.1 GJ/ha (K 2.9).

This agricultural measure increases the amount of energy obtained from one
hectare for ForestStep:

- switchgrass and indiangrass — 163.0 GJ/ha (K. 3.2),

- switchgrass and big bluestem — 130.5 GJ/ha (Kee 2.7),

- big bluestem and indiangrass — 93.8 GJ/ha (K. 2.3).

In other variants of the experiment, with joint cultivation of energy crops,
energy productivity was obtained at the level of control

It was substantiated that the efficiency of energy crops biomass production,

which is achieved by optimising and greening the elements of cultivation



technology, creates new priority opportunities for the production of biological raw
materials and obtaining energy-intensive biomass and value-added products from: it.

For the effective cultivation of energy crops in order to obtain consistently
high yields of biomass, solid biofuels and value-added products in Ukraine, we
recommend:

- to place switchgrass and big bluestem, switchgrass and indiangrass in joint
crops, which will increase the yield of dry biomass up to 10.7-13.7 t/ha.

- to cultivate switchgrass and indiangrass (163.0 GJ/ha) for the minds
ForesStep and switchgrass and big bluestem (191.8 GJ/ha) for the minds Step
together in order to obtain the highest amount of energy per unit area on low
productive lands.

- to apply pre-sowing seed treatment and foliar fertilising of crops with
“Agrostymulin” in the cultivation of perennial sorghum, in order to obtain an
increased biomass yield. Thus, the yield increase for the Columbo variety will be
45.2 t/ha of green mass and 12.1 t/ha of dry matter, for the Parana variety (38.1 t/ha
of green mass and 10.7 t/ha of dry matter).

Keywords: energy crops, introduction, agroecosystems, joint crops,
cultivation technology, biometric indicators, sowing qualities, productivity, yield,

biomass, efficiency.



