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I'epacumiox I1.B. «BiiimB KoOMaxo3anujieHHs HA eJIeMEHTH CTPYKTYpPH
YPO:KaK0 CLILCHKOTOCHOAAPCHKUX KYJbTYP (Ha nmpuxiaani Helianthus annuus
L.)». — KBanidikaniiina HaykoBa npaus Ha NpaBax pyKoImucy.

Huceprairist Ha 3M00yTTS HAYKOBOTO CTyIeHs gokTopa (imocodii (PhD) 3a
cnemianpHicTIO 101  Ekomoris (10 Ilpupomuuui Hayku). — YepHiBeUbKul
HalloHanpHUH yHiBepcuTeT iMeH1 FOpis @enpkoBuua, YepHisii, 2026.

VY nucepraiiiiiniii pob0OTI TEOPETUYHO y3arajibHEHO Ta MPAKTUYHO BUPIIIECHO
BOKJIMBE HAYKOBE 3aBJaHHA IIOJ0 BU3HAYEHHS BIUIMBY KOMAaxO3alHWJICHHS Ha
€JIEMEHTU CTPYKTYpPH BpOXKaro W NpoayKTUBHICTh Helianthus annuus L. — oHi€q 3
KJIIOYOBHUX OJIIMHUX KYJBTYp, L0 Ma€ CTpaTeriuHe 3HA4YeHHsS IJIsl arpapHoro
CEKTOPY Ta €KCIIOPTHOTO MOTEHIlany YKpaiHU. Y TOCKOHAJIEHO METOANYHI MiIX0I1
710 BU3HAYCHHSI TIOKa3HUKIB MPOAYKTUBHOCTI COHSIIIIHUKY 3a Pi3HUX YMOB JOCTYILY
KOMax-3anuiroBadiB. Ha  mpuknaml — JOCHIKEHUX — ABAALSATH — CyYaCHHUX
BHUCOKOIIPOJYKTUBHUX TiOpuAiB H. annuus, BHUPOIIEHHX Y PI3HUX IPYHTOBO-
KJIIIMAaTUYHUX YMOBAaX, IPOJEMOHCTPOBAHO MO3UTUBHUM BIUIMB KOMaXO3alMJICHHS
Ha MPOIYKTUBHICTh 1 OlOJIOTIYHY YpOKaWHICTh KyJIbTYpH. Pe3ynpTaTu aHamizy
€KOHOMIYHOI ~ €(EeKTUBHOCTI  3aCBIIUWJIM  MEPCIEKTUBHICTh  3aCTOCYBAHHS
KEpOBAHOTO OJ1)KOJIO3AMMIICHHS SIK arpOTEXHIYHOTO MPUHOMY 3 METOIO TABUIIICHHS
NpUOYTKOBOCTI Ta peHTA0EIBbHOCTI BUPOOHUIITBA COHSALIHUKY .

ExcriepumenTanbHa yacTHA pOOOTH 3A1MCHIOBAIACS BIIPOJIOBXK TPUPIYHOTO
nepiogy 1 mepembadana J1Ba e€Tamu JOCHTIKeHb: TOJIhOBUN Ta jabopatopHuil. Ha
NEPLIOMY POl eKcTiepUMEHTY — Y 2019 p. — OAIroOHOM I IOCIIKEHHS CTaJIM 3eMITL
CUTECHKOTOCTIOIAPCHKOTO TIPU3HAYEHHS, i IOPSIIKOBaHI arpoXoiauHry « KoHTiHeHTa
®dapmeps ['pym», 1o po3raiioBani y ¢. @opocHa YepHiBelbKoi 001aCTi, IPpUYypPOUYEHOI
1o (izuko-reorpadiunux ymoB I[IpyT-/[HICTPOBCHKOI BHCOYMHHOI 00JIACTI 30HU
MIUPOKOTMCTAHUX JiciB, y 2020 p. — y c. XopoctkiB TepHOMIBCHKOI 00aCTI,
npuypoueHoi Jo [lepeakaprnarcbkoi BACOUMHHOT 00J1aCT1 TIPCHKOT0O Kparo Y KpaiHChKI

Kapnaru, y 2021 p. — y ¢. Cno6ona-Komapigiii, mpruypodeHoi 10 3axXiTHOMOALIHCHKOT



BUCOYMHHOI 007acTi 30HM IIUPOKOJIUCTSIHMX JICIB. JlM3aiiH eKCrepuMeHTy
nepeadayaB GopMyBaHHS B JOCIIHKEHUX arpapHUX €KOCUCTEMax JIBOX IPYIl POCIMH
TS KOYKHOTO TiOpWAY COHSAITHHUKY: 1) 3 130JISIi€10 CYIBITTS BiJ BUIBHOTO JOCTYITY
KOMax-3aliII0BayiB 32 JOMOMOIOI0 arpoBOJIOKHSHOTO CITYACTOTO 130JISIIIHOTrO
yoxjia Ta 2) 3 BUIBHUM JOCTYIIOM KOMax-3amuioBadiB. JloCTipkeHHS BIUTUBY
KOMAaxO03alwIeHHs Ha €JIEMEHTH CTPYKTYpPU YPOIXKar0 MPOBOIMIN Ha Tpukiami 20-tu
cy4dacHUX riopumiB H. annuus BAUpOOHMIITBA 6 TMPOBIIHUX KOMIMaHii: «Syngentay,
«Euralisy», «Pioneer», «Limagrain», «MAS Seeds», «KRAGT Semencesy.

B pesynbrati npoBeneHUX IOCTiIKEHb PO3pOOJICHO 1 anpoOOBaHO AJITOPUTM
BU3HAYEHHS MMOKA3HUKIB MPOIYKTUBHOCTI H. annuus 3a pi3HUX YMOB 3alTWJICHHS, SKUN
y3arajibHIO€, PO3IIUPIOE 1 IOTIOBHIOE HASIBHI METOJIMYHI MIXOU O aHAII3Y BIUIMBY
KOMAaxO3aMwIeHHs] Ha eJIEMEHTU CTPYKTYPH BPOXKaro Ta MPOAYKTUBHICTh H. annuus.
Buokpemieno HailiHGOpMaTUBHIII I[IHHI TOCIOAAPCHKI O3HAKH JTOCIIHKCHHSI
e(peKTUBHOCTI 3alMJICHHA TOPUIIB COHSIIHUKY: 3arajibHa KUIbKICTh 1 Maca CiM’SHOK Y
KOIIIMKY, BUITOBHEHICTh HACIHHS 32 30HaMHU KOIITMKOBOTO JIUCKY, JIYIIIUHHICTh, Maca
1000 HaciHuH, OmiiHICTh, HaTypa. [0 BU3HAYEHHS OKPEMHMX 3 HHUX PO3pOOJIECHI
MeToauuHl Tiaxoau. [lokazaHO JOIUIBHICTE BU3HAYEHHS BUIIOBHEHOCTI HACIHHSA
OKPEMO 3 TPhOX 30H KOIIIMKOBOTO JUCKY, a Macu 1000 HaciHUH, HATYPH Ta OJIHHOCTI
— y 3MilIaHii mpoOi 3 0AHOTO KOIIHMKA, a TAKOXK BKa3aHO HAa €PEKTUBHICTh BUBHAYCHHS
OJIITHOCTI 3 HEOOPYIIEHOrO HACiHHA, 10 HE TOTpeOye JI0JaTKOBOI MiTOTOBKH
MaTepiary 10 aHaJli3y 1 YaCOBUX 3aTpar.

BcranoBieHo pi3HI CTymHeHl YyTJAMBOCTI TIOpWAIB 1O HAsIBHOCTI KOMax-
3aMIITIOBAYIB 32 OJJHUM YH JIEKUTEKOMA MIOKa3HUKAMH CTPYKTYpH yposkato. [ToGyoBaHo
CHaHI PSAU YyTIUBOCTI JOCITIHKEHUX TIOPUIIB JO KOMAaxO3alWICHHS 3a KOXKHHUM 3
JOCIIKEHUX MOKa3HUKIB. BruokpemiieHo TiOpuan 3 BUCOKOIO YYTJMBICTIO O YMOB
3aITWJICHHS, JIUTST SIKMX BIJJ3HAYEHO HAWICTOTHIIIE TIOKPAICHHS OUTBIIIOCTI TOCI1HKEHUX
MOKA3HMKIB B YMOBaXx JIOCTYIy KOMax-3allijIiOBayiB y IMOPIBHSAHHI 3 MOKa3HUKAMU
13ommpoBaHmX pociH (SY Experto, NK Kondi, LG5478, ES Rosalia, WOLLF).

Jlis riOpumiB, sSKi MPOAEMOHCTPYBAIM CTATUCTUYHO 3HAUYINE IMOIMIICHHS

MOKA3HUKIB 32 MPOAHANI30BAaHUX YMOB KOMAaxO3allWJIEHHS Yy TOPIBHAHHI 3



130JIbOBAaHUMH CYLBITTSIMH COHSIIIIHUKY B Pi3HUX (Di3uKO-reorpadiyHUX 30HAX
VYKpainu, BCTaHOBJICHO: 30UIBIIICHHSI 3araJIbHOT MacH CiM’SIHOK Y Kommky — y 1,1-2,3
paza; 36umbienas Macu 1000 cim’siHok — y 1,2-1,6 pa3a; 30UTbIIEHHS OJIHOCTI — Y
1,1-1,3 pasa; 3MmeHIIeHHs JIyImnuHHOCTI y 1,2-1,3 paza; 30u1bi1eHHs HaTypu — Y 1,2-
1,5 paza; 301IbIIEHHS 3araJIbHOT KUTHKOCTI CIM’SIHOK y KoKy —y 1,1-2,7 pasa.

JloBeZIeHO 1CTOTHMM TO3WTHUBHUM BIUIMB KOMAaxO3allWJICHHS Ha TIOKa3HHUK
BUIIOBHEHHOCTI ~ CIM’SHOK 13 MakCUMaJlbHUM IMPOSBOM IPU  KEPOBAHOMY
O/KOJIO3aNIICHH], B YMOBaxX SIKOTO Yy BCIX JOCHIDKCHUX TIOpWIIB BCTAHOBJICHO
3MEHIIICHHSI YaCTKX HEBUIIOBHEHHX CIM’SIHOK y miepudepiiiniii 301 — Ha 5-47 % (B
cepeHboMY — Ha ~36 %), B mpoMiXHiil 30H1 — Ha 8-41 % (B cepenuboMy — Ha ~26 %),
B IIEHTpaJIbHiH 30H1 — Ha 8-42 % (B cepeaubomy Ha ~20 %).

BcranoBneHo 3pocTtanHst 010JI0TTYHOT YPOXKAHHOCTI y OUTBIIOCTI AOCHIKEHUX
riOpuais (B cepeanboMy Ha + 31 %) 3a yMOB BUIBHOT'O JJOCTYITy KOMAax-3allHIlOBaviB.
Haii6uibin noMiTHUN BIUMB BiazHaueHo i riopuaiB ES Rosalia, NK Brio Ta RGT
Wollf B ymoBax kepoBaHOTO O>KOJIO3ANIIICHHS.

JlocniKeHO BUJOBE PI3HOMAHITTS KOMax-3alWIIOBaviB TOCIBIB H. annuus
AHaJi3 KOMaxoBiJIBIlyBaHHSI TIOCIBIB COMAWHUK)Y 3aCBITYMB BIAHOCHO HEBHCOKHM
piBeHb O10JOTYHOTO BHUAOBOTO PI3HOMAHITTS €HTOMO(AayHH, a JOMIHYIOUHM
3aMuJIIOBaueM COHSIITHUKA Oyna Apis mellifera L., yacTka sikoi cranoBuia 88,7-98,8%.
Cepen HIIMX BHUIIB KOMaX, 3a(iKCOBAaHUX Ha MOCIBaX KyJbTYPH, BiI3HAYeHO Bombus
terrestris L., Scathophaga stercoraria L., Sphaerophoria scripta L. ma Adelphocoris
lineolatus G.

Ha ocHOBI TOpIBHSJIBHOTO aHaNi3y pe3yJdbTaTiB JBO- a00 TPUPIYHUX
CIOCTEPEKEHb MOKA3HUKIB MPOYKTUBHOCTI Ta ypoxkaiiHocTi T10puiB ES Rosalia, ES
Bella, SY Kupava, NK Kondi ta LG5478 BCTaHOBJIEHO CIPHUSTIMBICTD IPYHTOBO-
KIIMaTHYHUX YMOB JII1 BHPOIIYBaHHS COHSIIHWUKA  Ha Tepuropii  IlpyT-
JIHICTPOBCHKOI Ta 3aX1IHOMOAUTECHKOT BACOUMHHUX 00J1acTel 30HU MIMPOKOIUCTIHUX
JiciB YKpaiHu, a TAaKOK ICTOTHUM MO3UTHUBHUM BILTUB KEPOBAHOTO OIPKOJIO3AMMUIICHHS
y MEHII CHpUSTIMBUX ymoBax llepenkaprnaTrchbkoi BUCOYMHHOI 00JACTi TPCHKOIO

kpato Ykpainceki Kapnaru. HaifimomitTHimmii 3Hauymmi e)eKkT KOMaxo3aruIeHHS



BIJI3HAYEHO JJISi MOKA3HUKIB 3arajbHOi MacH CIM SHOK KOIIMKA, BUIIOBHEHOCTI Ta
010JI0T1YHOT YPOKaHHOCTI.

OOrpyHTOBaHO JU(EepeHITIHOBaHNI MIiAXiA 0 MPOCTOPOBOTO PO3IMIIICHHS
riopuniB Helianthus annuus L. Ha BUpOOHMYUX TOJISIX B arpapHUX €KOCHUCTEMax 3
ypaxyBaHHSIM CTYIIEHS 1XHBOI 3aJIeKHOCTI BiJI KOMaxo3alWiICHHS. 3a pe3yJbTaTaMu
JOCHIKEHb T0pHIH Kiacru(ikoBaHO 32 pIBHEM YYTJIMBOCTI MOKA3HUKIB YPOXKaHHOCTI
Ta SAKOCTI HACIHHS /IO HAsBHOCTI 3alMJIIOBAYiB, IO JIO3BOJISIE ONTUMI3YBaTH CXEMHU
PO3MIIIIEHHSI TIOCIBIB 1 BUKOPHCTAHHS MOOUTFHUX IMACIK 3 OPKOTMHIUMHE KOJIOHISIMHA TSI
3a0e3MneueHHs BUCOKOT MPOYKTUBHOCTI KYJIETYPH B YMOBaX BUPOOHUIITBA.

Komaxo3anuieHHsT TO3UTHBHO BIJOOpaKaeTbcsi Ha TMPUOYTKY Ta piBHI
peHTa0enbHOCTI BUpOOHUITBA H. annuus B JOCIIIKEHUX (DI3UKO-TreorpadiyHuX 30HaX
VYxpainu. Halikpara ekoHOMIYHA €eKTUBHICTh B yMOBax ekcriepumenty 2019 poky
Bi3HaueHa A1 T1opuay LG5665M; 2020 p. —LG5478; 2021 p. — ES Rosalia. Pesynbsratu
perpeciiHoro aHajizy 3acBIAUWIM, IO HASBHICTh KOMAXO3aNWJICHHS MPOTHO30BAHO
JI03BOJISIE TOJJATKOBO OTPUMATH PpUOYTOK B po3mipi 1,26-1,43 Tuc. rpu/ra.

Briepiire moka3aHo BIIMB KOMaxO3alWICHHS HA €JIEMEHTH CTPYKTYPH YPOXKaro
20 cyyacuux riopumaiB H. annuus BUpoOHUIITBA 6 TIPOBIAHUX CENEKIIHHO-HACIHHEBUX
koMmrmaHii: «Syngentay, «Euralis», «Pioneer», «Limagrainy, «MAS Seeds», «RAGT
Semences», BUPOILLIEHUX B PI3HUX (Pi3UKO-reorpadyHuX yMOBaxX 3axiJIHOTO PErioHy
Vkpainu. JloBeleHW TO3WTMBHUM BIUIMB KOMAXO3AaMWICHHS HA TOKa3HUKH
NPOAYKTUBHOCTI Ta YpPOXKaWHOCTI OUIBIIOCTI JOCHIDKEHUX TiOpumiB H. annuus.
ChopmoBaHO  HaykKOBO  OOIPYHTOBaHI  NPAKTUYHI  pEKOMEHIalii  MI0J0
arpOTEeXHIYHUX MPUHOMIB ONTHUMI3AIlll CXeMHU PO3MIIICHHS IOCIBIB 1 3a0€3eueHHs

e(i)eKTI/IBHOI‘O 3aIIMJICHHA COHAIIHUKY.

Y I0CKOHAJICHO aJrOPUTM JOCHIDKEHHS Ta METOJWYHI MIAXOAW 0 aHalli3zy
BIUIMBY KOMAaxoO3allWJICHHS Ha €JIEMEHTH CTPYKTYpU BpOXKal0 1 MPOIYKTHUBHICTbH
H. annuus; moka3zaHa JOIUIBHICTh BHU3HAYEHHS KUIBKOCTI, MacH Ta BHITOBHEHOCTI
HACiHHA OKpPEMO 3 TPhOX 30H KOIIMKOBOro AMCKY, a Macu 1000 cim’sHOK, HaTypH,
OJIIMHOCTI — Y 3MillIaHii mpo6i 3 0fHOTO Komrka. Takuii miaxig 3ade3nedye HeoOX1THy

CTaTUCTUYHY BI/I6lpKy JIIL MTOKA3HHMKIB 1 €KOHOMHUTH dYac OoIpalrOBaHHA OOHOTO



Kommka. JloBeneHo eheKTUBHICTh BUSHAUEHHS OJIIMHOCTI 3 HEOOPYIIEHOTO HACIHHS,

110 He MOTpeOye J0/IaTKOBOT IMiITOTOBKHA MaTepialy 0 aHai3y 1 YaCOBUX 3aTpar.

Habynu mojanbimioro po3BUTKY TEOPETHYHI IMOJIOKEHHS I0JI0 JOLLIBHOCTI
3aCTOCYBaHHS KEPOBAHOTO OJHKOJIO3AMUICHHS AJsl MiABUILEHHS MPOAYKTHBHOCTI
cyyacHUX TiOpuniB H. annuus; oOTpyHTyBaHHSA Iu(epeHIHOBaHOTO MIAXOIY 0
IIPOCTOPOBOTO PO3MIILIEHHS TOpUAiB H. annuus Ha BAPOOHUYHUX MOJISX 3 ypaXyBaHHIM
CTYNCHsI IXHBOI 3aJIeKHOCTI BiJi KOMaxO3amwIeHHS. 3a pe3yJbTaTaMu JOCTIIKEHb
riopuan KiaacugpikoBaHO 3a PIBHEM UYYTJIMBOCTI MOKA3HUKIB YPOXKANHOCTI Ta SIKOCTI
HACIHHA JI0 HAasSBHOCTI 3aIllMJIFOBAYIB, 0 JO3BOJISIE ONTUMI3ZYBAaTH CXEMHU PO3MIIICHHS
MOCIBIB 1 BHUKOPHUCTAHHS MOOUIBHMX TMaclk 3 METOI 3a0e3MeUeHHs BHUCOKOI

MPOAYKTUBHOCTI KYJBTYPH B YMOBaX BUPOOHMIITBA.

[IpakTuuHe 3HAYEHHS pe3yJbTATIB JOCHIPKEHHS MIITBEPAKEHO aKTaMu
BITPOBA/PKEHHS y BUPOOHULITBO BUPOILYBaHHS COHAIIHUKY. Po3po0iieH1 pekoMenaarii
I0JI0 MPOCTOPOBOIO PO3TAIlyBaHHS MAacHBIB OKpeMux TiOpuaiB H. annuus Ha
BUPOOHUYUX TMOJISIX 13 YpaxXyBaHHSIM CTYIEHs 1X YyTIMBOCTI 1 MPUCYTHOCTI KOMax-
3aluIIIOBayiB BpaxoBaHi ¢axiBusgMu arpoxoiaunry «Konrtinentan ®apmeps ['pym».
OTtpumaHi pe3ysbTaTh €KOHOMIYHOT €(DEKTUBHOCTI OJIXKOJIO3AMUICHHS MOXKYTh OYTH
BUKOPHUCTaHI SIK OCHOBA JUIsl TMOJAIBLIOTO E€KOHOMETPUYHOIO MOJIENIIOBAHHS Ta
MIPOrHO3YBAaHHS 3a PI3HUX CXEM BUPOLLYBaHHs H. annuus.

Pesynprati muceprariiiinoi poOOTH BHUKOPHCTOBYIOTHCS T/ Yac BUKJIAJAHHS
HABYAJILHUX JAUCIUILIIH 71 CTYIeHTIB crieriaibHocTl «Exonorispy OIIIT «Exomoris.

Jucepraiiis BHKOHaHa B MeEXaX TEMAaTUKA HAYKOBO-JOCIIIHOI poOOTH
UepHiBeIbKOTO HaIllOHaIbHOrO yHiBepcuteTy imeHi lOpis denpkoBuya «AHami3
BIUTMBY KOMAax-3alliIIOBavyiB Ha BPOXKAHHICTh TMEPEXPECHO3AMUIBHUX KyJIbTyp» Ha
JEMOHCTPAIIMHUX TIOJSIX, MAIOPSIIKOBaHUX arpoxoinuHry «Kontunenran dapmeps
['pym» B arpokmimMatuyHux yMmoBax 3aximHoi Ykpainu (2021; 51.000). Tema
JOCHIJDKEHHSI BIATOBIIa€ HAYKOBIM Tematuii kadeapu, a came: KadeapaabHOI TeMU
«OI1iHKa €KOCUCTEMHHX TIOCIYT 1 acoIliOBaHUX (HaKTOPIB PHU3UKY Ha TPaiEHTax

JaHIMAPTHUX YMOB Yy IIUIAX CTajlioro po3BUTKY» (2021-2025; HOMep aepskaBHOT



peectpamii Ne 0121U105597), nepxOromkernoi temu (51.803) «MonitopuHr i
OITUMI3alllsl EKOCUCTEMHHUX MOCIYT B YMOBaxX arpOBUPOOHMYMX BIUIMBIB Ha 3acajax
KOHIICTIIIii COIIOEeKOIOTTYHO1 cucteMm» (2022-2024; Homep nepkaBHOI peectpartii No
0122U001217). YactuHa poOOTH BUKOHAHA B paMKax MIDKHAPOJHOTO MPOEKTY
«RestPoll: BigHOBIEHHS cepemoBUI] iCHYBaHHS 3allIIOBAYiB Y €BPOMEHCHKIX
arponaHmadTax Ha OCHOBI MyJIbTUIIAPTUCUIIATUBHOTO mifxoy / Restoring Pollinator
habitats across European agricultural landscapes based on multi-actor participatory
approaches» 3a pamkoBo yromoto €C «Horizon Europe», sikuit peamizyeTbes
UepHiBEIIbKUM HAIlIOHATBHUM YHIBEPCUTETOM 1 Oe31ocepeiHb0 KadeIporo eKoJIorii Ta
6iomoHiTOpuHTY (2023-2027; Hakaz YHY Ne 429 Bin 20.11.2023 p.).

KurouoBi cnoBa: Helianthus annuus L., T1I0pUaH, €I€MEHTU CTPYKTypH
ypoKarw, ypOXKalHICTh, arpapHi eKOCHCTeMH, OIOJIOTiYHe 1 TIeHETHYHE
pi3HOMaHITTS, Apis mellifera L., 61X0JMMHI KOJOHII, KOMaxu, BUJIHU, €KOJOTTYHUM
(bakTop, 3eMJI1 CIIbCBKOTOCIIOIAPCHKOr0 MpU3HaueHH, KaprnaTrcbkuil perioH, HiHHI

roCroJIapchbKi 03HaKH, YepHiBellbka 00J1acTh.

ABSTRACT

Herasymiuk P. «Influence of insect pollination on the elements of yield
structure of agricultural crops (using Helianthus annuus L. as an example)».
Qualification scientific work as a manuscript.

Thesis for the degree of Doctor of Philosophy (PhD) in the specialty 101
Ecology (10 Natural Sciences). — Yuriy Fedkovych Chernivtsi National University,
Chernivtsi, 2026.

The thesis provides a theoretical generalization and a practical approach to an
important scientific problem concerning the impact of insect pollination on yield
structure components and the productivity of Helianthus annuus L., which is one of
the key oilseed crops of strategic importance for the agricultural sector and Ukraine’s
export potential. Methodological approaches to determining sunflower productivity
indicators under different conditions of insect access have been improved. A positive

effect of insect pollination on crop productivity and biological yield was



demonstrated based on the study of twenty modern high-yielding H. annuus hybrids
grown under diverse soil and climatic conditions. The economic efficiency analysis
showed the effectiveness of using controlled bee pollination as an agrotechnical
practice to increase the profitability of sunflower production.

The experimental part of the study was conducted over a three-year period
(2019-2021) and included two stages: field and laboratory research. In the first year
of the experiment (2019), the study was conducted on agricultural lands managed
by the Continental Farmers Group agroholding in the village of Forosna, Chernivtsi
region, within the Prut-Dniester Upland in the Broad-leaved Forest Zone. In 2020,
the experiment was carried out in the village of Khorostkiv, Ternopil region, situated
in the Pre-Carpathian Upland within the Ukrainian Carpathians region. In 2021, the
research was performed in the village of Sloboda-Komaryvtsi, located in the West
Podillia Upland in the Broad-leaved Forest Zone. The experimental design included
two plant groups within the studied agrarian ecosystems for each sunflower hybrid:
(1) plants with inflorescences isolated from insect pollinators using an agrofiber
mesh cover, and (2) plants with free access to pollinating insects. The impact of
insect pollination on yield structure components was assessed based on 20 modern
H. annuus hybrids developed by six key breeding and seed companies: Syngenta,
Euralis, Pioneer, Limagrain, MAS Seeds, and RAGT Semences.

The study resulted in the development and validation of an algorithm for
assessing productivity indicators of H. annuus under different pollination conditions.
The proposed algorithm systematizes, refines, and enhances existing methodological
approaches to analyzing the impact of insect pollination on elements of crop
structure. The most informative valuable economic features for assessing the
pollination efficiency of sunflower hybrids were determined: the total number and
mass of achenes per head, seed set across head disk zones, huskiness, thousand-seed
weight, oil content, and test weight. Appropriate methodological approaches for
assessing individual indicators were developed. The feasibility of separately
determining the number, mass, and seed set of achenes from three conditional head

zones was substantiated, while thousand-seed weight, test weight, and oil content



were recommended to be determined in a mixed sample from the main head. The
effectiveness of determining oil content from unshelled seeds was also established,
as this does not require additional sample preparation or significant time
expenditure.

Different levels of sensitivity of sunflower hybrids to insect pollination were
revealed for one or more yield structure indicators. Descending rankings of hybrid
sensitivity to insect pollination were developed for each studied indicator. Hybrids
with high sensitivity to pollination conditions were identified, for which the most
significant improvement in most studied indicators was observed under insect
pollination compared with isolated plants (SY Experto, NK Kondi, LG 5478, ES
Rosalia, RGT WOLLF).

For hybrids that demonstrated statistically significant improvements in
indicators under insect pollination compared with isolated sunflower inflorescences
in different physical and geographical zones of Ukraine, the following changes were
observed: total mass of achenes per basket increased by 1.1-2.3 times; thousand-
achenes weight increased by 1.2-1.6 times; oil content increased by 1.1-1.3 times;
huskiness decreased by 1.2-1.3 times; test weight increased by 1.2-1.5 times; and
total number of seeds per basket increased by 1.1-2.7 times.

A significant positive effect of insect pollination on the achene filling rate was
demonstrated, with the greatest effect observed under controlled bee pollination.
Under these conditions, all studied hybrids showed a decrease in the proportion of
unfilled achenes: by 5-47% (on average ~36%) in the peripheral zone, by 8-41% (on
average ~26%) in the intermediate zone, and by 8-42% (on average ~20%) in the
central zone.

Biological yield increased in most of the studied hybrids (by an average of
31%) under free insect pollination compared with isolated plants. The greatest effect
was observed in the ES Rosalia, NK Brio, and RGT Wollf hybrids under controlled
bee pollination.

We assessed the species diversity of insect pollinators of H. annuus. Analysis

of insect visitation showed a relatively low species biological diversity of pollinating



entomofauna. The dominant pollinator species was Apis mellifera L., accounting for
88.7-98.8% of visits. Among other insect species observed in the sunflower fields,
Bombus terrestris L., Scathophaga stercoraria L., Sphaerophoria scripta L., and
Adelphocoris lineolatus G. were recorded.

Based on a two- or three-year comparative analysis of productivity and yield
indicators of the ES Rosalia, ES Bella, SY Kupava,NK Kondi, and LG5478 hybrids,
favorable agro-climatic conditions for sunflower cultivation were identified in the
Prut-Dniester and West Podillia upland regions of the Broad-leaved Forest Zone of
Ukraine, as well as a significant positive effect of controlled bee pollination under
less favorable conditions in the Precarpathian upland region of the Ukrainian
Carpathians. The most pronounced effect of insect pollination was observed for total
achene mass per basket, seed set, and biological yield.

A differentiated approach to the field spatial placement of H. annuus hybrids
in the agrarian ecosystems, considering their degree of dependence on insect
pollination, was substantiated. The study results showed that the hybrids were
classified according to the sensitivity of yield and seed quality indicators to the
presence of pollinators, which allows optimization of crop placement schemes and
the use of mobile apiaries with bee colonies to ensure high crop productivity under
production conditions.

Insect pollination positively affects the profitability of sunflower production
in the studied physical and geographical zones of Ukraine. The highest levels of
economic efficiency indicators were demonstrated under experimental conditions by
the LG5665M hybrid in 2019, LG5478 in 2020, and ES Rosalia in 2021. Regression
analysis showed that insect pollination allows generating additional profit ranging
from 1.26 to 1.43 thousand UAH per hectare.

The effect of insect pollination on yield structure components of 20 modern
H. annuus hybrids produced by six leading companies (Syngenta, Euralis, Pioneer,
Limagrain, MAS Seeds, and RAGT Semences), grown under different physical and
geographical conditions in the Western region of Ukraine, was demonstrated for the

first time. The positive effect of insect pollination on the productivity and yield



components of most studied H. annuus hybrids was also demonstrated. Scientifically
grounded practical recommendations have been developed on agronomic practices
aimed at optimizing crop spatial arrangement and ensuring effective sunflower
pollination.

The research algorithm and methodological approaches to analyzing the effect
of insect pollination on yield structure components and productivity of H. annuus
were refined. The feasibility of separately determining the number, mass, and seed
set from three zones of the head disk was demonstrated, while thousand-seed weight,
test weight, and oil content were determined using a mixed sample from one head.
This approach ensures sufficient statistical sample size and reduces processing time
per head. The effectiveness of determining oil content from unshelled seeds was also
demonstrated, as this does not require additional sample preparation or additional
time costs.

Theoretical provisions on the potential use of controlled bee pollination to
increase the productivity of modern H. annuus hybrids were further elaborated. A
differentiated approach to the spatial placement of H. annuus hybrids in production
fields was substantiated, taking into account their degree of dependence on insect
pollination. Based on the research results, the hybrids were classified according to
the sensitivity of yield and seed quality indicators to the presence of pollinators,
which allows optimization of crop planting schemes and the use of mobile apiaries
to ensure high crop productivity under production conditions.

The practical significance of the research results was confirmed by
implementation reports on sunflower cultivation into production. The developed
recommendations for the spatial arrangement of H. annuus hybrids in production
fields, considering their sensitivity to pollinators, were adopted by specialists of the
Continental Farmers Group agricultural holding. The obtained results on the
economic efficiency of bee pollination can serve as a basis for further econometric
modeling and forecasting under various sunflower cultivation schemes, taking into
account the varying potential of the genetic diversity hybrids, environmental factors,

and soil & climatic cultivation conditions of H. annuus.



The results of the dissertation are used in the teaching process for student
courses of the specialty «Ecology» within the Educational and Professional Program
«Ecology».
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impact of pollinating insects on the yield of cross-pollinated crops». Part of the work
was carried out within the framework of the international project «RestPoll:
Restoring Pollinator habitats across European agricultural landscapes based on
multi-actor participatory approaches» under the EU Framework Programme
«Horizon Europe» (2023-2027). The research topic corresponds to the department’s
research themes, namely: the departmental research themes «Assessment of
ecosystem services and associated risk factors across gradients of landscape
conditions for sustainable development» (2021-2025; state registration number Ne
0121U105597), and the state budget topic (51.803) «Monitoring and optimization
of ecosystem services under agricultural production impacts based on the
sociological and ecological systems concept» (2022-2024; state registration number
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