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Yeubkuii b.0. 'ocnogapcbko-06ioJioriyna oninka sidJiyHi B yMoBax

IIpaBoGepe:xxnoro Jlicocremy Ykpainu. — Kpamidikaiiiina HaykoBa mpailsi Ha mpaBax

PYKOIHCY.

Huceprariist Ha 3100yTTS HAYKOBOT'O CTYIIEHsI IokTopa (piocodii 3a
cnemianbHicTiO 203 «CaniBHUIITBO Ta BHHOTPAAapCcTBO» — YMaHchkuid Harionansuuit
VhiBepcuter CaaiBHUNTBA, YMaHb, 2023.

VY nuceprauiiiHiii poOOTI HAa OCHOBI pe3yJbTaTiB EKCIEPUMEHTAIBHUX
JOCIIKEHb Ta iX TEOPETHUYHUX y3araJlbHEHb NOrJIMO0JIEHO (QyHIaMEHTalIbHI 3HAHHS 3
aHaTOMI1 MAaroHiB 1 OPYHbOK POCIMH SIOJNYHI; JETaJIbHO BCTAHOBIJIEHO apXITEKTOHIKY
TPUPIYHUX TUIOK sI0dyHI. BH3HAYEHO TMOKA3HUKH pPOCTY, (POTOCUHTETUUHY
POJYKTUBHICTh 1 OanmaHC (iToMacu I’SITK COPTIB SIOJMyHI Ta JOCIIKEHO CTYIiHBb
CTIMKOCTI Haca/Ke€Hb 10 HECHPUATIMBUX INOTOJHUX YMOB. BCTaHOBIIEHO B yMOBax
[TpaBoGepexnoro Jlicocteny ocoOMMBOCTI POCTY Ta IJIOJAOHOUIEHHSI COPTIB SIOJTyHI y
3pOITyBaHOMY Haca/pKeHHI Ha migmeni M.9 W yJOCKOHAJIGHO TEXHOJIOTIIO
BUPOILYBaHHS TIUIOAIB sIOJyHI 3a paxyHOK ONTHUMI3alli CUCTEMH KpPAIUIMHHOTO
3porieHHs. Bu3HaueHO TOCmomapChKy BpOXKAMHICTH COPTIB, TOBapHI Ta CIOXUBYI
SAKOCT1 TUIOJIB, €KOHOMIYHY JOLUIBHICTh 3aCTOCYBaHHS HOBUX COPTIB SIOJIyHI Ha
niamerni M.9 B ymoBax I[IpaBoOepexnoro Jlicocreny Ykpainu.

Hocnimxenns nposeaeHi Brpoaosxk 2017-2020 pp. Ha kadenpi 1m0 IBHUIITBA 1
BUHOTPAJapCcTBa YMAHCHKOTO HAIIOHAJBLHOTO YHIBEPCUTETY CaJiBHMIITBA 32
TEMAaTUYHUM IIJJAaHOM “YIOCKOHAJIEHHS ICHYIOUMX 1 po3poOKa HOBUX TEXHOJOTH
BUPOIIYBAHHS CaJIMBHOTO Martepiaiy, TJIOJIB, STiJ Ta BUHOTpaxy B [IpaBobepexxHOMY
Jlicocteny Ykpainu” (JIP NeO111U001928).

HaykoBoro 6a3010 €KCliepUMEHTAIbHUX AOCTIIKEHb CIYTyBalld HAaCaKEHHAX
s0myHi, Kl po3MinryBanucs B ymoBax [IpaBoGepexxknoro Jlicocrenmy Ykpainu B camy
OI' «Poguna Heoditn» - duriany kadenpu MUIOAIBHUIITBA Ta BHHOTPaAapCTBa
YMaHCHKOTO HAIIOHATBHOTO YHIBEPCUTETY CaIBHUIITBA.

3acTOoCyBaHHS ~ CyYaCHUX  €HEpProOUIaJHMX  TEXHOJOIIH  BUPOUILYBaHHS
nepeadoavyae BUKOPUCTAHHS COPTY sIK 3ac00y BUPOOHUIITBA, MPABWIHLHUN T1I0IP SIKOTO

CIpUs€ 3HWKEHHIO 3aTpaT Ha BHPOOHULTBO MPOAYKIIi. 3aBJaHHSA pPAallOHATBHOTO
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nigoopy COpPTIB Ui BUPOUIYBAHHS B MEBHUX KIIMATUYHUX YMOBAX BHUPILIYIOThH SIK
BITUM3HSAHI TaK 1 3aKOPJOHHI CaJiBHUKH, IMiJAOUPAIOYM BHCOKOTEXHOJIOTIYHI COPTHU
sOMyHI 3 BHCOKMMH TOBAapPHUMH 1 CMaKOBHMH BJIACTHUBOCTSIMH, CTIMKUMHU 10
a010THYHUX (PaKTOPIB.

BcranoBneno HaWOLIbINI 3HAYEHHS IIOAO PO3MIpPY (ioeMH MOMepedyHoro
nepepizy OJHOPIYHOTO TaroHy sOJayHi Oyiud BH3HAYEHI Yy MOMOJIOTIYHOTO COPTY
lNonnen Jlemimec. Iamn coptu s0ayH1 BIAPI3HSUIMCS MEHIIMMH po3MipamMu (IoeMHu.
Hait menmn napamerpu Manu naronu copty Pex Yid - 331 pk, mo cyrreBo Ha 120 px
(HIPgs = 15,4) Biapi3userbes Big copty ['onnen Jemimec. HalGnmx4ue mioao po3mipis
dbaoemu o copry l'omnen Jlemimec Habmuzucs Kinr Ixonaronn — 384 uk (pi3HULS
67 pk). [lapamerpu kcuiiemMu Oyau HAHOUIBIIMMH y TOMOJIOTTYHOTO copTy Diopina —
936 ux. Ile Ha 29 pux Ounbiie, HXK y KOHTposibHOTO copty [onnen Jlemimiec, mpoTe
MeHie aoctoBipHoi pizuuil (HIPgs = 29,7). B nopiBHsHI 3 KOHTPOJEM JTOCTOBIPHO
MEHIII po3Mipu KcuiieMu Bu3HaueH1 y copty Pex Yid (Ha 222 pk) Ta y copTiB DymKi
Kiky (na 185 pk) i Kinr J>xonarona ( Ha 72 pK).

Po3mipu BaXJIMBOiI CKJIaI0BOI MAroHy si0dyHI - KaMOit0 Oyiu HalOUIBIIUMHU Y
nomoJioriyaoro copty Kinr Jlxonaromag — 430 uk, 1o BiIOOpakye XapakTEPUCTHKU
pocty copty. Lle Ha 234 uk 6iasine (HIPys = 5,8), Hi y KOHTpOJIbHOTO copTy "onmaeH
Hemnimec. B mopiBHsSHI 3 KOHTPOJIEM MEHIII pO3MipH KaMOlalbHUX TKAHUH BU3HAYEHI Yy
copty @nopina (Ha 81 uk) ta y coptriB ®ymxi Kiky (Ha 60 pk) 1 Pen Hid ( Ha 52 px).
Haii0inpmmMu  aHaTOMIYHMMHM TIapaMeTpaMH, BU3HAYEHMMU Ha MONEPEYHOMY Ta
NO3J0BXHBOMY IEpepizax OAHOPIYHOrO MaroHa s0JIyHI B LIJIOMY XapaKTepU3YyBaBCS
copt Kinr JI)xoHaros, sskuif MaB IOCUTh TIOTYXH1 PO3MIipH JIoeMHU Ta KCUJIEMH 1 OJTHY
3 HaWOUIBIIMX Ccepell AOCIKYBaHUX COPTIB IUIOULYy MOMNEPEYHOro Mepepidy CyIuH
dbroemu Ta kamobiro.

Buznaueno, mo mnomosoriunuii copt Kinr Jl>koHaronn wmaB HaWOUIbII
3HAYEHHS 1I0J0 IOl (JI0eMH MOMEPEYHOro Mepepilzy *KUJIKU JIMcTKa A0ayHi - 132
pk®. THIn coptd sIOMyHI BiAPI3HSTHCA MEHIIMMH ILIOM[AMH IONEPEYHOro Mepepisy
doemn. Haiimenuri mwiomi ¢moemu mamu coptu Pex Uid (65 px?) ta ®nopina (80
uk?), mo cyrreBo (HIPgs = 4,4) Ha 48 pk® i 33 pk’ BiAPi3HSAETHCA BiZl KOHTPOIBLHOTO
copty l'onnen Jenimec. HaitOmmkue 1moao po3MipiB MOMEPEUHOTO MEPEPi3y KHUIKH

mcTka 1o copry ommen Jleninrec Habmmsuses ®ymwki Kiky — 103 px? (pisaums 10
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JocnimpkeHHsT IOTIEpeYHUX Mepepi3iB MEHTPAIBHUX Ta OOKOBUX CYJIMH JIUCTKIB
nokaszanu mepeBard B posmipax y copTiB Dymxi Kiky Ta ®nopina. Ilepepi3
[EHTPAJIbHOI >KWJIKM JIUCTKIB BUSIBUB IepeBaru copTy Kinr J[>konaromnp, skuil maB
JIOCUTBH TOTY>KHI po3mipu (uioemu Ta kcuiemu, coptu Pex Yid, dnopina ta Dymxki
Kiky BiIpi3HATUCH MEHIIUMHU PO3MipaMH.

Pesynbpratu gocnipkeHHss TmokasHuka IEM  O1IKIB KOHYCIB  HapOCTaHHS
OpyHBOK TOMOJIOTIYHUX COPTIB BOPOAOBXK JITHHO-OCIHHBOTO mepiogy 2018 poky
MOKa3aJid, 1O MiABUIIEHHS KHCIOTHOCTI B IUTOIIIAa3Ml KIITUH KOHYCY HapOCTaHHA Y
ceprnHi B TOpiBHSAHHI 3 JunHeM Yy copTiB lonmen [emimec, Pen Yip ta Kinr
Jlxonarony cknaganol,0 pH 1 3adikcoBano Ha mo3nauii 2.5 pH. Jlemo cnoBiabHEH1
npouecu (opmyBaHHS BuUsiBlIeHI y copTiB @uopina, Kinr Ixonaronn (pH 2.6) Ta
®ymxi Kiky (pH 2.7). Caig BIAMITATH, IO MIJBUILEHHS KUCIOTHOCTI OUIKIB B KOHYCaX
HapoCTaHHs OpyHBOK #AOJYHI CBIQYUTH NP0 MOPQPOTeHETUYHl 3MiHH, TOOTO
BiJI0YBAETHCS TIEPETBOPEHHS BET€TaTUBHOI OPYHBKH B TUIOJIOBY.

OTpuMaHi pe3yibTaTH MO0 CTPYKTYpU POCTOBHX YTBOPEHb MOKA3YIOTh, IO
Kinr [xonaromnn (ma 102,4%), ®@nopina (Ha 173,8%) ta dymxki Kiky (Ha 54,8%)
CYTT€BO, 3TIHO JMUCIIEPCIHHOTO aHami3y, MepeBa)kalu KOHTPOJbHUU copT [onmeH
Jlemniiiec mo0 3arajJbHOi KUIBKOCTI POCTOBUX YTBOPEHBb TPUPIYHOI T'JIKH. B cTpykTypi
POCTOBHX YTBOPEHb TPUPIYHUX TIJIOK COPTIB 3UMOBOTO CTPOKY JOCTUTAHHS
JIOMIHYBaJId POCTOBI OPYHBKH, BIJICOTOK sIKUX KoJiuBaBcs Bia 68% (copt Dymxi Kiky)
no 80% (copt Kinr [Ixonaromnnm). ITo kimpkocTi crisiuux OpPYHBOK B CTPYKTYpl
Bunusuch coptu Oymxki Kiky ta Peng YHid (28% ta 24%) Bim 3arambHOI KiJTBKOCTI
pPOCTOBHX yTBOpeHb. HaliMeHIle TpUpiyHi MJIKU MICTUIIM POCTOBUX MaroHiB — Big 3%
(coptu Pen Ui ta @nopina) no 8-10% (coptu Kinr Jxxonarona ta [N'onaen Jlemimec).

JlocnikeHHsT apXiTeKTOHIKM TUIOAOBUX YTBOPEHb TPUPIYHUX TUIOK MOKa3ajo,
mo coptu Kinr xonarong (Ha 193,3%), Pen Ui (ma 73,3%) xapaktepusyBaiuch
OUIBIIOI0 KUIBKICTIO IJIOJIOBUX YTBOPEHb, HIK KOHTpOJbHHUM copT ['omaen [emnimec,
IO JOBEIEHO MaTeMaTH4HOI 00poOkoro oTpumanHux gaHux. Copt ®@ymxki Kiky mas
MeH1ie (Ha 6,7%) TI0A0BUX yTBOPEHb HA TPUPIYHIM TUILI B MOPIBHSIHHI 3 KOHTPOJIEM,

a copt DyopiHa — OAHAKOBY KIJIBKICTb.
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B cTpykTypi miaogoBUX YTBOPEHb TPUPIUHUX TIJIOK COPTIB 3UMOBOTO CTPOKY

JOCTUTaHHS JIOMIHYBaJu IUJIOJIOBI YTBOPEHHS THITY KIJIbYATOK, BIJCOTOK SKHUX
konuBaBcs Bin 92% (copt Pen Yid) mo 64% (copr dymxki Kiky). Ilo kimbkocTi
IUIOJIOBUX CIIMCHUKIB B CTPYKTYpl BUAUISIBCA KOHTpoJbHUM copT [ommen [lemimec —
27% Big KimbKocTi TwiogoBux yTBopeHb. Coptu Kinr [Ixonaromn ta ®@ymxi Kiky
MICTHJIM OJJHAKOBY KiJbKICTh (14%) MI010BUX MPYTHKIB B CTPYKTYPl TPUPIUHUX T1IOK
BiJl 3arajibHOi KUIbKOCTI 1wiogoBux yTBopeHb. Copt Pen UYid xapakrepusyBascs
HAWHIKYOIO KUTBKICTIO (4% BiJ 3araibHOi KUTBKOCTI IJIOJIOBUX YTBOPEHB) IUIOAOBHUX
MPYTUKIB B CTPYKTYpP1 TPUPIYHOI T'UIKH, @ KOHTpoJbHUi copT ['onaen Jlemimec ta copt
®dnopina mictuau 7% TI010BUX MPYTHUKIB.

JlocnipkeHHIMA BCTaHOBJIEHO, mo y mepiox ugitimag 2018 1 2019 pp.
3aikcoBaHO BecHsHI mpuMopo3ku (minyc 1,5°C) Ha BHUCOTI O 2-X METpIB Bij
noBepxHi rpyHTy. B 2018 porti y 1ie#t nepio BigMiuaid MacoBe IBITIHHA B JIEPEB yCiX
COpTIB. 3a MepioJl 3aMOPO3KIB B OCHOBHOMY OyJIO MOIIKOJKEHO TE€pPMIHAIbHI KBITKH
CYILIBITh JOCTII)KYBaHHX COPTIB, a KIJIBKICTh MiJIMEP3IIUX KBITOK cTaHOBWIa 8-25 %.
Haiibisp11 cTiiKUMU 32 TaKUX YMOB BUsIBUIIMCS KBITKU copTiB Pex Uid Ta dnopina 9%
ta 8% BianosigHo. om0 cTymeHs MIKOJOYMHHOCTI 3aMOPO3KaMM, TMiAMEp3aHHs
ctaHoBWIO 1 0ajn, TOOTO YaCTKOBE MOIIKOJKEHHSI —4aCTKOBO IMOITKOKEHI OyTOHM Ta
KBITKH.

B cepennboMy 3a mepion MOCHIKEHb AlamMeTp ITamOy JepeB KOJIMBAaBCS B
Mexkax 50,55-67,18 MM 3a iCTOTHO BUIIOTO Moka3Huka y copty Kinr Jlxonarong Tta
HeicToTHOI pizHull Mix coptamu Dymxi Kiky ta Pen Yid. epea copry Kinr
JI>xoHaroiny 3a mepioa AociipkeHp Mand Ha §8,0-16,63 MM OUibIImil HiaMeTp mrTamoy
3a Buioro Ha 0,2-5,5 MM cepeIHbOrO MPUPOCTY MOPIBHIHO 3 IHIIMMH COPTaMHU.

B cepennpoMy 3a pokH JOCTITKEHb CEpeIHS JOBKHUHA TAroHa JepeB sSOJIyH1
copty Kinr I>xonaronn Ha 7,3 cM mepeBakaia MOKa3HUK KOHTPOJBHOTO COPTY Ta Ha
1,3 cm — copty Dymxki Kiky. B cepennpomy 3a mepioa JOCHIKEHB TUIOIIA JTUCTKOBOL
IJIACTMHKA 3Haxommnacs B Mexax 19,9-27,2 c¢m® 3a MakCUMAaJIbHOI pizaum 7,3 oM’
Mk copramu Dymki Kiky Ta Pen Yid. Bopomosxk pokiB TOCHIIKEHBb ILIOIIA
JUCTKOBOI MOBEPXHI 3 PO3paxyHKy Ha JAEPEBO CATHYJIA MaKCUMaIbHUX 3HaYeHb y 2018
pomi, mo Ha 2,0-5,7 % mepeBUIIyBaJI0 3HAYECHHS JOCIHIKYBAaHOTO IMOKa3HUKA

OTPUMAHOTO B 1HIII POKH.
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VY 3aranpHOMY 3a pe3yJbTaTaMH JUCIEPCIHHOTO aHali3y TOBIIMHA JUCTKOBOI

IUTACTUHKU JIepeB s0JyHI CYTTE€BO 3ajiekaja Bil cOpTy. TOBIIMHA JIMCTKOBOI
mwiactuaku copty Kinr JIxonaronn  JocToBipHO y cepeanboMy Ha 7,1-12,6 %
NepeBUIllyBalia 3HAYCHHSI aHaJOTIYHUX TOKa3HMKIB copTiB [onmen [emimec ta Pen
Yip ta maibke yasiui — coptiB @ymxki Kiky ta dnopina. B cepenHboMy BIpoaoBK
nepioay JOCTiDKEHb HalMeHma cyma xjopodime "a"+"b" B mucTkax nepeB sOayHI
3adikcoBaHo y copty ['onnen [emimec, 1mo noctynaiocs MaKCUMaJIbHUM 3HAYEHHSIM
aHAJIOT1YHOTO TMOKa3HMKa JUCTKIB copTy Kinr J[xonarong Ha 22,2 % 3 HEICTOTHOIO
PI3HUIICI0 OCTaHHBOTO 3 TMoKazHUkoM copTy dnopiHa. B cepennpomy 3a mepiof
JOCIIIKEHb YUCTA MPOJYKTUBHICTh (POTOCUHTE3Y JIMCTA JepeB A0ayHi copty ['onnen
Hemimec B 1,6 pa3u noctynanacs BiANOBIIHOMY MOKa3HUKY copTy Kinr Jl>xonaros.

Brnipoiox nepiofy AOCHIIKEHb Ta 3 TOCSITHEHHSAM HacaJKeHb 6-PIUHOTO BIKY
¢iTomaca nepeB cArnyiga 3HadyeHHa 9,230-20,442 Kr/mepeBo 3ale€XHO BIJ COpTY 13
MakcumymoM y gnepeB copty Kinr [[xonaronn, mo B 1,4 pasu mnepeBUIyBaio
NOKa3HUKU KOHTPOJBHOrO copTy. JlucmepciiHUM aHali30M BCTaHOBJEHO, IO Ha
59,2% ditomaca aepeB s0dyHI 3anexana Big ymoB Bereramii 1 Ha 31,4% - BiA
ITOMOJIOTIYHOTO COPTY.

VYpoxaitHICTh Haca/PKeHb 3 PO3PAaxXyHKY Ha OJMH IeKTap KOoJUBauacs B Mexax
Bix 50,57-26,86 y ce3oni 2017 poxy BupouryBanus 10 19,14-28,00 1/ra 'y 2020 pori 3a
MaKCHUMaJIbHUX MOKa3HUKIB y 2018 porti — 14,57-40,57 1/ra. HaiiGiibiry BpoxaitHICTh
3a Tepioj JOCIiKeHb Maiu HacamkeHHs copty Kinr Jxonarona y 2018 pomi — 40,57
T/Ta TIepeBUIYIOUH B 2,7 pa3u MiHIMaJIbHE 3HAYEHHS BiJIMOBITHOTO MOKAa3HUKA COPTY
Pen Yid, 3adikcoBane B IIbOMY X CE30HI BHpOIIyBaHHS. MiHiMallbHa BpOKaWHICTh
KOHTposibHOTO copty ['onaen Jlemimec BusiBieHa y ce3oHi 2019 poky, mo maixke
BJIBIYl MMOCTYTaJ0Cd MaKCUMyMy BcTaHoBJeHoro y 2018 pori.

Y m’aTM Ta WIECTUPIYHMX JEpeB BHUSABICHA ICTOTHO HIDKYA MUTOMA
NpOAYKTUBHICTL — Ha piBHI 0,28-0,46 Kr/cM’, 10 3YMOBJIEHO HECHPUATIMBUMH
NOTOJHMMH YMOBaMH, [0 CKJIaJdWCs i Yac BHUPOIIyBaHHA. Pe3ynbratu
JUCIIEPCIMHOTO aHaJli3y CBIIUaTh, 110 JIOMIHYIOUMM BIUIUB Ha TUTOMY MPOJAYKTHUBHICTh
HACa/PKEHb COIPUYMHEHO CE30HHUM (akTopoM (cuia BIuBy 38,2 %) 1 nmumie Ha 15,5 %

— TIOMOJIOTIYHUM COPTOM.
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B cepennbomy 3a mepioa MOCITIIKEHb HAWBUIMI Buxij Bumoro ta I copry

3adikcoBaHo B HacamxeHHsX copty Kinr [Ixonaronn — 48,5 %, 1mo mnepeBuilye
3HAYEHHS aHAJOTIYHOTO MoKa3Huka copTy dropina Ha 1,5 %. Buxin Bumoro Tta I
COpTY B IHIIKX JOCTIPKYBAaHMX COPTIB He mepeBuiryBaB 3HadeHHs 30,5-38,3 %.
Yactka npoxaykuii II toBapHoro copry ckmamana 16,8-34,5 % 3 MiHIMaJIbHUMH
3HAYCHHSIMHU MMOKa3HUKA B HacaKeHHsIX copty Kinr [[)xonaros.

MacoBa yacTka IyKpiB B IIJI0JIaX 3a Mepioj JOCHIKeHb BCTAHOBJICHA HA PiBHI
9,0-10,0% (auB. Taba. 5.6) 3a makcumanbHOro BMicty y 2017 polil B miioaax copTy
Oymxi Kiky — 9,8 %, mo nHa 0,2-0,6 % mnepeBuillyBajio 3HAYEHHS aHAJIOTTYHOTO
MOKA3HHUKA 1HIIMX COPTIB 3 MAKCHUMAaJIbHOIO pI3HUIIECIO 3 copTamu [onnen Jlemimec Ta
Pen Yid 3a HEICTOTHOI pi3HMIII 32 BKa3aHUM MOKa3HUKOM 3 copTtoM Kinr /[xonarosn.

3a BMICTOM TUTpoBaHUX KUCIAOT Yy 2017 polll BUPI3HSIIUCS 3-TIOMDK 1HIIMX
mwioau copty 'onpen [enimec, nepeBaxarouu JJaHl OTPUMAaH1 y MJI0JAX 1HIIMX COPTIB
Ha 0,02-0,05 %. Y mnopax Bpoxar 2018 poky mMacoBa 4acTka TUTPOBAHUX KHUCIJIOT
oyna Ha 0,01-0,04 % HUXKYOFO, IO 3YMOBIICHO O1JIBII CYXHM Ta CIIEKOTHUM IEPioa0oM
JOCTUTaHHS IUIOAIB CAraloud MakcUMyMy B Iuiogax copty Kinr Jlonaronn 3a
HEICTOTHOI Pi13HUIIl OCTAHHBOTO 31 3HAYEHHSIM AHAJIOTTYHOTO MOKa3HUKA OTPUMAHOTO B
monax coptiB N'omaen Jdemnimec Ta Pex Yid.

BrpoaoBk BeeHHS JOCTIKEHb 11011 copTy KiHr J[>KoHarosi Hakomu4yBaiu
MaKCUMaJIbHHH BMICT THUTPOBaHUX KucloT, 3 mnepeBumeHHs Ha 0,01-0,04 %
BIJIMOBIAHUX 3HAYE€Hb MOKA3HUKA TIJIOJIIB 1HIIMX COPTIB 3@ HEICTOTHOI PI3HMII 3HAYEHb
OCTaHHBOTO Y T10aax copTiB ['ongen [emnimec ta Pen Yid.

Makcumanbarii IPUOYTOK OTPUMAHO BIJ peajizailii BUPOIIEHOI MPOIYKIIii
coprty Kinr Jxonarong — 205477 rpu/ra, 1o BJBIYi EpEBUIIlYE MIHIMAJIbHE 3HAUYCHHS
MOKa3HUKa, BUSBJIICHE Mpu peamizaili s01yk copty dmopina ta B 1,2 pasu — copTy

Oynxi Kiky.

Knrwouosi cnosa: copt, s0iayHs, MopdoreHes3, aHaTOMis JHCTKIB, TaroHiB,
OpYHbKH, apXITEKTOHIKa TUIKH, XJOpOo(UI, YHUCTa NPOIYKTHBHICTH (DOTOCHHTE3Y,

OanmaHc ¢iToMacu, KBITyBaHHS SI0JyHl, ypO)KaiHICTh, EKOHOMIYHA €()EKTUBHICTb.



ABSTRACT

Chetskyi B.O. Commercial and biological assessment of apple trees in the
conditions of the Right-Bank Forest-Steppe of Ukraine.

Dissertation for the degree of Doctor of Philosophy in specialty 203
"Horticulture and Viticulture” - Uman National University of Horticulture, Uman,
2023,

In the dissertation, based on the results of experimental studies and their
theoretical generalizations, the fundamental knowledge of the anatomy of shoots and
buds of apple plants was deepened; the architectonics of three-year-old apple branches
was established in detail. The growth rates, photosynthetic productivity and phytomass
balance of five apple varieties were determined and the degree of resistance of the
plantations to adverse weather conditions was investigated.

The peculiarities of growth and fruiting of apple varieties in irrigated
plantations on rootstock M.9 were established in the conditions of the Right-Bank
Forest-Steppe and the technology of growing apple fruits was improved by optimizing
the drip irrigation system. The economic yield of varieties, marketable and consumer
qualities of fruits, economic feasibility of using new apple varieties on rootstock M.9 in
the conditions of the Right-Bank Forest-Steppe of Ukraine were determined.

The research was carried out during 2017-2020 at the Department of Fruit
Growing and Viticulture of the Uman National University of Horticulture under the
thematic plan "Improvement of existing and development of new technologies for
growing planting material, fruits, berries and grapes in the Right-Bank Forest-Steppe of
Ukraine™ (State Research Project No. 111U001928).

The scientific basis of the experimental research was the apple tree plantations,
which were located in the conditions of the Right-Bank Forest-Steppe of Ukraine in the
garden of the FG "Rodyna Neofita" - a branch of the Department of Fruit Growing and
Viticulture of the Uman National University of Horticulture.

The application of modern energy-saving cultivation technologies involves the
use of a variety as a means of production, the correct selection of which helps to reduce
production costs. The task of rational selection of varieties for growing in certain

climatic conditions is solved by both domestic and foreign gardeners, selecting high-
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tech apple varieties with high marketability and taste properties that are resistant to

abiotic factors.

The largest values for the size of phloem of the cross-section of the annual
shoot of apple were determined in the pomological variety Golden Delicious. Other
apple varieties were characterized by smaller phloem sizes. Shoots of Red Chief had
the smallest parameters - 331 pum, which is significantly 120 um (NIR05 = 15.4)
different from Golden Delicious. King Jonagold was the closest to Golden Delicious in
terms of phloem size - 384 um (difference 67 um). Xylem parameters were the largest
in the pomological variety Florina - 936 um. This is 29 pm more than in the control
variety Golden Delicious, but less than a significant difference (NIR05 = 29.7). In
comparison with the control, significantly smaller xylem sizes were determined in the
Red Chief variety (by 222 um) and in the Fuji Kiku (by 185 um) and King Jonagold
(by 72 um) varieties.

The size of an important component of the apple shoot - cambium - was the
largest in the pomological variety King Jonagold - 430 um, which reflects the growth
characteristics of the variety. This is 234 um more (NIRO5 = 5.8) than in the control
variety Golden Delicious. In comparison with the control, smaller cambial tissue sizes
were determined in the variety Florina (81 pm) and in the varieties Fuji Kiku (60 pm)
and Red Chief (by 52 pum). The largest anatomical parameters determined on the
transverse and longitudinal sections of the annual shoot of apple trees were generally
characterized by the King Jonagold variety, which had quite powerful phloem and
xylem sizes and one of the largest cross-sectional areas of phloem and cambium
vessels among the studied varieties.

It was determined that the pomological variety King Jonagold had the largest
values in terms of phloem cross-sectional area of apple leaf vein - 132 pk2. Other apple
varieties were characterized by smaller phloem cross-sectional areas. The smallest
phloem areas were in Red Chief (65 um2) and Florina (80 um2), which is significantly
(NIRO5 =4.4) 48 um?2 and 33 um2 different from the control variety Golden Delicious.
The closest to Golden Delicious in terms of leaf vein cross-sectional dimensions was
Fuji Kiku - 103 pm?2 (difference of 10 um2).

The study of cross-sections of central and lateral leaf vessels showed

advantages in size of Fuji Kiku and Florina varieties. The cross-section of the central
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vein of the leaves revealed the advantages of the King Jonagold variety, which had

quite powerful phloem and xylem sizes, while Red Chief, Florina and Fuji Kiku
varieties were smaller.

The results of the study of the IEM index of proteins of bud cones of
pomological varieties during the summer-autumn period of 2018 showed that the
increase in acidity in the cytoplasm of the cells of the growth cone in August compared
to July in Golden Delicious, Red Chief and King Jonagold varieties was 1.0 pH and
was recorded at 2.5 pH. Slightly slower formation processes were detected in the
varieties Florina, King Jonagold (pH 2.6) and Fuji Kiku (pH 2.7). It should be noted
that an increase in the acidity of proteins in the cones of growth of apple buds indicates
morphogenetic changes, i.e., the transformation of a vegetative bud into a fruit bud.

The results obtained on the structure of growth formations show that King
Jonagold (by 102.4%), Florina (by 173.8%) and Fuji Kiku (by 54.8%) significantly
outperformed the control variety Golden Delicious in terms of the total number of
growth formations of the three-year-old branch, according to the analysis of variance.
In the structure of growth formations of three-year-old branches of winter ripening
varieties, growth buds dominated, the percentage of which ranged from 68% (Fuji Kiku
variety) to 80% (King Jonagold variety). By the number of dormant buds in the
structure, Fuji Kiku and Red Chief varieties stood out (28% and 24%) of the total
number of growth formations. Three-year-old branches contained the least amount of
growth shoots - from 3% (varieties Red Chief and Florina) to 8-10% (varieties King
Jonagold and Golden Delicious).

The study of the architectonics of fruit formations of three-year-old branches
showed that the varieties King Jonagold (by 193.3%) and Red Chief (by 73.3%) were
characterized by a greater number of fruit formations than the control variety Golden
Delicious, which was proved by mathematical processing of the data obtained. The Fuji
Kiku variety had fewer (6.7%) fruit formations on a three-year branch compared to the
control, and the Florina variety had the same number.

In the structure of fruit formations of three-year-old branches of varieties of
winter ripening dominated fruit formations of the ring type, the percentage of which
ranged from 92% (Red Chief variety) to 64% (Fuji Kiku variety). By the number of

fruit spears in the structure, the control variety Golden Delicious stood out - 27% of the
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number of fruit formations. The varieties King Jonagold and Fuji Kiku contained the

same number (14%) of fruit rods in the structure of three-year-old branches from the
total number of fruit formations. The Red Chief variety was characterized by the lowest
number (4% of the total number of fruit formations) of fruit rods in the structure of a
three-year-old branch, and the control variety Golden Delicious and the Florina variety
contained 7% of fruit rods.

Studies have shown that during the flowering period of 2018 and 2019, spring
frosts (minus 1.5°C) were recorded at a height of up to 2 meters from the soil surface.
In 2018, mass flowering of trees of all varieties was observed during this period.
During the frost period, the terminal flowers of the inflorescences of the studied
varieties were mainly damaged, and the number of frozen flowers was 8-25%. The
most resistant under such conditions were the flowers of Red Chief and Florina
varieties 9% and 8%, respectively. As for the degree of frost damage, freezing
amounted to 1 point, i.e. partial damage - partially damaged buds and flowers.

On average, during the research period, the diameter of the tree stem ranged
from 50.55-67.18 mm, with a significantly higher rate in the King Jonagold and
insignificant difference between Fuji Kiku and Red Chief varieties. Trees of the King
Jonagold variety had 8.0-16.63 mm larger bole diameter during the study period with
0.2-5.5 mm higher average growth compared to other varieties.

On average, over the years of research, the average shoot length of King
Jonagold apple trees was 7.3 cm longer than that of the control variety and 1.3 cm
longer than that of Fuji Kiku. On average, during the study period, the area of the leaf
blade was in the range of 19.9-27.2 cm2 with a maximum difference of 7.3 cm2
between Fuji Kiku and Red Chief. During the years of research, the leaf surface area
per tree reached its maximum value in 2018, which was 2.0-5.7% higher than the value
of the studied indicator obtained in other years.

In general, according to the results of the analysis of variance, the thickness of
the leaf blade of apple trees significantly depended on the variety. The thickness of the
leaf blade of the King Jonagold variety was significantly on average 7.1-12.6% higher
than the values of similar indicators of Golden Delicious and Red Chief varieties and
almost twice as high as Fuji Kiku and Florina varieties. On average, during the study

period, the lowest amount of chlorophylls "a" + "b" in the leaves of apple trees was
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recorded in Golden Delicious, which was 22.2% lower than the maximum value of the

same indicator in the leaves of King Jonagold, with an insignificant difference between
the latter and the indicator of Florina. On average, during the period of research, the net
productivity of photosynthesis of leaves of Golden Delicious apple trees was 1.6 times
lower than the corresponding indicator of King Jonagold.

During the period of research and when the plantations reached the age of 6
years, the phytomass of trees reached a value of 9.230-20.442 kg/tree, depending on
the variety, with a maximum in trees of the King Jonagold variety, which was 1.4 times
higher than the control variety. The analysis of variance revealed that 59.2% of the
phytomass of apple trees depended on the growing season conditions and 31.4% on the
pomological variety.

The vyield of plantations per hectare ranged from 50.57-26.86 in the 2017
season to 19.14-28.00 t/ha in 2020, with the maximum in 2018 - 14.57-40.57 t/ha. The
highest yield during the research period was recorded in 2018 - 40.57 t/ha, exceeding
the minimum value of the corresponding indicator of the Red Chief variety recorded in
the same season of cultivation by 2.7 times. The minimum yield of the control variety
Golden Delicious was found in the 2019 season, which was almost twice as high as the
maximum set in 2018.

In five and six-year-old trees, a significantly lower specific productivity was
found - at the level of 0.28-0.46 kg/cm2, which is due to unfavorable weather
conditions during cultivation. The results of the analysis of variance show that the
dominant influence on the specific productivity of plantations is caused by the seasonal
factor (38.2%) and only 15.5% by the pomological variety.

On average, during the research period, the highest yield of the highest and first
grade was recorded in the plantations of the King Jonagold variety - 48.5%, which
exceeds the value of the same indicator of the Florina variety by 1.5%. The yield of the
highest and first grade in other studied varieties did not exceed 30.5-38.3%. The share
of products of the second marketable grade was 16.8-34.5% with the lowest values in
the plantations of the King Jonagold variety.

The mass fraction of sugars in fruits during the period of research was set at
9.0-10.0% (see Table 5.6) with the maximum content in 2017 in the fruits of Fuji Kiku

variety - 9.8%, which was 0.2-0.6% higher than the value of the same indicator of other
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varieties with the maximum difference with Golden Delicious and Red Chief varieties

with an insignificant difference in this indicator with King Jonagold variety.

In terms of titratable acids content in 2017, the fruits of Golden Delicious stood
out among others, exceeding the data obtained in the fruits of other varieties by 0.02-
0.05%. In the fruits of the 2018 harvest, the mass fraction of titratable acids was 0.01-
0.04 % lower, due to a drier and hotter period of fruit ripening, reaching a maximum in
the fruits of the King Jonagold variety with an insignificant difference between the
latter and the value of the same indicator obtained in the fruits of the Golden Delicious
and Red Chief varieties. During the research, the fruits of the King Jonagold variety
accumulated the maximum content of titratable acids, exceeding the corresponding
values of the fruits of other varieties by 0.01-0.04%, with an insignificant difference in
the values of the latter in the fruits of Golden Delicious and Red Chief varieties.

The maximum profit was obtained from the sale of King Jonagold products -
205477 UAH/ha, which is twice as much as the minimum value of the indicator found

in the sale of apples of the Florina variety and 1.2 times - of the Fuji Kiku variety.

Key words: variety, apple tree, morphogenesis, anatomy of leaves, shoots, buds,
branch architecture, chlorophyll, net photosynthetic productivity, phytomass balance,

apple blossom, yield, economic efficiency.
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