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AHATOMIYHI OCOBJUBOCTI HTAT'OHIB I IMCTKIB ABJIYHI
3AJIEZKHO BIJI COPTY TA ®OPMU KPOHU

O. b. IUTBUHEHKO, 30006y8au mpemvo2o (0c8imHb0O-HAYKOBO20) DIiGHs.
suwoi ocsimu (0okmop ¢hinocoqhii)

B. B. BAMOPCBKMM, doxmop cinbcokozocnodapcokux Hayk

YMaHCbKHIl HAIIOHAJLHUA YHIBEpCHTET

B ymosax HHB VHY nposedeno oocniosxcenns ¢omocunmemuuno2o
nomeHyiany HoOBUX IMYHHUX copmu s0ayHi [Ipedcmasneno ananiz aHamoMiuHUX
napamempié NA2OHIE Ma MHCULOK JUCMKIE SAONYHI 3AledcHO 8i0 copmy ma
Gopmysanus KpoHu. Buxnadenmo opucinanvni Oani eumiprosanv Kopu, roemu,
Kcunemu ma cyour uoemu na2ouié iIMyHHUX COpmMI8 SOAVHI, A MAKONC WUPUHU
AHCUNKU TUCKA ma i1 proemu, moswunu auUcmrko8oi niacmuuxku. Bemanoeneno
CYMMEBL MINCCOPMOBL MaA MIdNCHOPMOBT 8IOMIHHOCMI.

Knrwouoei cnosa: sabnyus, iMmynni copmu, ¢opmu KpoHU, aHAMOMIsi HO2OHI8,
aHamoMmis TUCMKIE.

IloctanoBka mnpodseMu. BupomeHHs €KOJOTIYHO YHCTOi  MPOYKIIii
3aJIMIIAETHCS AKTyalbHUM TEXHOJIOTIYHMM 3aBJaHHSM CaIiBHUITBA. B cydacHux
HACa/HKCHHAX sIOYH1 TTUTAHHS 3MEHIICHHS TIECTUIIUIHOTO HABAHTAKCHHS € OCHOBOIO
JUTS PEKOMEH/TAITIH 111010 BUPOIITyBaHHS BUCOTOBAPHOI IPOAYKIIIT 3ePHATKOBUX TUTO/IB.

AHaJi3 OCTAHHIX JdOC/igKeHb i myOJikauniii. Y cydacHOMy caliBHUUTBI
3HAYHy yBary MNPUAUISIOTH copTaMm siOMyH1 3 IMYHHICTIO O Mapuil, IO JO3BOJISIE
3MEHIIUTH XIMi4HI OOpOOKH Ta MIJBUIIUTH €KOJOT1YHICTh BUPOOHULTBA. OIHUM 13
BOKJIMBUX AacCHeKTiB € (OTOCMHTETUYHUM TOTEHIllal Takux copTiB  [1].
@DOTOCHHTETHYHA AKTUBHICTH 3aJICKUTh BiJ MOP(MOIOTii JIMCTKOBOI IIACTUHKH,
MNICMEHTHOTO CKJIay, MPOJAMXOBOI MPOBIIHOCTI Ta (POTOXIMIYHOI €(EKTHUBHOCTI.
IMyHHI CcOpTH XapakTepH3ylOThCA BHIIMM BMICTOM XJIOpo(dily, CTaOlIbHUM
MITMEHTHUM KOMILJIEKCOM, ITiIBUIIEHOI0 (POTOXIMIYHOIO €(PEeKTUBHICTIO Ta KPalTUMH
MOKa3HUKaMU ra3000MiHy. He3Bakaroun Ha BUCOKUHM (DOTOCHMHTETUYHUMN MOTEHIIIA,
BPOKaWHICTh JIEIKUX IMYHHUX COPTIB 3alIeKUTh BiJ] 0COOJMBOCTEH MOpQoOreHe3y
OpyHBOK Ta Mopdosorii IUcTKiB 1 maroHiB [2]. Chig BIAMITHUTH, IO IMYHHI COPTH
no0pe amanTyoThes 10 IHTCHCUBHUX CaJliB, IEMOHCTPYIOUH BUCOKY (POTOCHHTETUIHY
aKTUBHICTB HaBITh Y HUKHIX spycax KpoHH [3, 4].

Bigomi BaknuBi JOCIHIKEHHS, B SKUX HABEICHO PE3YyJbTAaTH MOPIBHSHHSI
(1310JI0TTYHUX T AHATOMIYHUX XAPAKTEPUCTUK ABOX COPTIB sIOIyHb 3 ABOMA JIiIepaMu
(Malus domestica Borkh.) [5]. Bounu Oynu nposeneni Ha KopelicbkkomMy miBOCTpOBi Ta
BKJIFOYAIM MOP(OJIOTIUHI JTOCTIHKEHHS MPOAMXaJIbHOI MPOBIIHOCTI Ta BOJHOTO
MOTEHITIATTY JIICTKA, CTPYKTYPY KJIITHHU HUKHBOTO €IM1IEPMICY JIUCTKIB, TUTOMY Bary
JUCTKA, TapaMEeTPU KCUIIEMHU.
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BaxxnuBa posibs B TpaHCTIOPTI BUPOOJICHUX TUTACTUYHUX PEUYOBHH J0 KOPEHEBOI
CHUCTEMH Ta BOJM 3 MIHEPAJTIbHUMU CKJIAJOBUMHU BIJIMOBIAHO 3 KOPEHEBOI CUCTEMH [0
OpYHBOK BIJIBOJIUTHCS KcuieMi Ta ¢iioemi narosiB. KcuiieMHi CyiuHN — 1€ MEPExXI1
pO3MOJITYy BOJM, SKI MEpelarTh BOAY Ta MiHEpaIud JI0 TOJOBHOTO JIMCTS,
BEreTaTUBHUX MAroHIB 1 TUIOAIB. XapaKTEPUCTUKN KCUJIEMHU MAaroHiB, TaKl sIK PO3MIp
CyJIMiHH, BIUTUBAIOTh Ha (i31010T14H1 QYHKIIT TUCTS TJI010BUX JAepeB [S]. AHaTOMiuHI
XapaKTePUCTUKN CYJIWH KCUJIEMH BIAITPalOTh BHUPIMIAIBLHY POJIb Yy T1ApaBIIiuHIM
IPOBIHOCTI pociuHU. BecTanoBieHo [6], 0 CTPYKTypa CYyJIUH KCHUIEMH 3MIHIOETHCS
cepell POCIWH, MIEIUICHUX PI3HUMHU COPTaMU 33 HOPMAJIbHUX KIIMAaTUYHUX YMOB.
PesynbraTty aHATOMIYHUX JTOCHIKEHb MAIOTh 3HAYEHHS JJI TOTO, SIKi (popMu KpoHU
JepeB S0JIyHI 3IIMCHIOIOTh HAMMEHIITY MiHJIMBICTB 3a i1 HABKOJHUIITHBOT'O CEPEIOBHUIIA
3a BereTaIlliHUI TIepio.

Mertoauka aociaimkeHb. [IpoBoannu AOCHIIKEHHS TPbOX IMYHHHX COPTIB
a0myH1: @nopina, Pen Tonas ta Mogi, sk BupouryBanuce Ha miauieni M.9 ta manu 1Bi
dbopMu KpoHU : «Tpy30ek» Ta «(dpaHiy3cbka Bick». [IpoananizoBaHO aHATOMIYHI
napameTpu MarosiB (kopa, ¢paoema, KCuiema, CyaAuHU (JI0eMH) Ta JIUCTKOBUX JKUJIOK
(mvpuHa KWIKH, (GIOeMH, TOBIUMHA JIMCTKA) y copTiB «Momi», «Pen Tomaszy i
«Dnopinay y popmax kponu «I'py36ex» ta «Dpaniry3cbka BiCh». BUKOPUCTOBYBaIUCH
MOJIbOBUA, JTAOOPATOPHHUM METOAM Ta CTATUCTHUYHUN aHAI3 OTPUMAHUX PE3YJbTATiB.
@DOTOCHHTETUYHI AOCTIHKeHHsS 3pobieHi 3rimHo Meroauku M. O. bybnuka [7] Ta
B. B. 3amopcekoro [8]. CratuctuuHuii 0OpOOITOK JaHMX IPOBOJMINA CIOCOOOM
JWMCIIEPCIMHOTO aHaITi3Y, a JOCTOBIPHICTD Pi3HUIG omiHroBasK 3a HIPos. [7].

PesyabTratu pociaimkedb. OMHOpIYHI TAroHW sOMyHI € TPOTYKTHBHOKO
CKJIQIOBOI0 KPOHW 3a pi3HUX cucteM ¢opmyBaHHs. [IpoBeaeHi aHaTomivHi
JOCIIKEHHST TIOTIEPEYHOTO TIepepi3y MaroHiB sOmMyHi moBenu (Tadm. 1), mo Mix
eJIeMEHTaMH KCUJIEMU 1 (PJI0OEMHU € CyTTEBA CTATUCTHYHA PI3HULIS.

Ta6a. 1. Po3mipu aHATOMIYHHX CKJIAI0BUX MONEPEYHOT0 Nepepi3y naroHis
s10JIyHI 3aJ1€2KHO BijJ copTy Ta ¢dopmu KpoHu (cepeaHe 3a 2024-2025 pp.)

Copr Dopma KpoHHu Kopa, bnoema, KCHJIEM, CyJAVHU
LK UK LK baoemu, Pk

Moxi I'py36exk 383 1498 1524 41
®dpaHIy3chbka BiCh 405 1774 1675 42

Pen I'py30ek 148 1040 1227 20
Tomnas ®dpaHIy3chbKa BiCh 153 1012 1270 54
dropina I'py36ex 410 1624 1582 31
@DpaHIry3chKka BiCbh 636 1759 1857 40

HIPos 23 68 37 2

Haiibinpini 3HaueHHs po3Mipy (yioeMu MONEepedyHoro mepepizy OJHOPIYHOTrO
narosy siosyHi Oynu Bu3Ha4eH1 y copTiB Mozai Ta ®iopiHa 3a popMyBaHHS KPOHH
«bpanity3cbka Bichky. [Hmu nociimpkyBanuit copt Pen Tomnas Bigpi3HABCS MEHIIUMHU
po3mMipamu ¢GJoeMu Ta MaB HaliMeHII rapaMmeTpu 3a 000x ¢opm kponu (1012-1040
LK), 110 BUSABWIOCH HE CyTTeBUM 3a piBHS HIPos = 68 pk. Ciig BigMITUTH, IO COPTHU
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Monai Ta ®nopiHa BIIPI3HUIACS JOCTOBIPHO OLTBIIMMU po3MipaMHy (HJI0EMH 3a PI3HUX
¢dopM KpoHH, a BHII 3HAYCHHS OTpUMaHi 3a (HOpMyBaHHS «PpaHIly3ChbKa BiChY.

[TapameTpu KcHJIeMU BUSBHIIMNCHh HAUBUILIMMHU Y TOMOJIOTTYHOTO copTy DiiopiHa
3a ¢opmyBaHHs «(Ppaniry3cbka Bicky. lle Ha 182 uk Oinbiie, HIX y copty Mogi, Ta
oinbie noctoBipHoi pizHull (HIPos = 37). B nmopiBHaHi 3 copramu Mogai ta @nopina
JIOCTOBIPHO MEHIII PO3MIpH KCHiIeMHu Bu3HaueH1 y copty Pen Tonas (Ha 355-587 ux).

BaxxiMBuM TOKa3HUKOM CIIiJI BBaXKaTH PO3MIp Tepepidy cyauH QuoemH,
OCKUJTBKM 10 HUM 3AIMCHIOETHCA PyX IUIACTUYHUX PEYOBHH, YTBOPEHUX B MpPOILIECi
dboTocuHTE3y. AHANI3 OTPUMAHUX BHUMIPIB Mokaszye (Tabia. 1), mo 3a GopmyBaHHS
«(ppaHIy3chKa BICh» YC1 TPU COPTH Maju OUTBII 3HAYEHHS PO3MIpPIB CyauH (ioeMu
40-54 px (HIPos = 2). dopmyBaHHS KPOHH «Tpy30€K» BIIPI3HAIOCS HUKUYUMH
napamerpamu (20-41 px).

[TapameTpu KopH, siKa BIJITPA€ BAXKIUBY POJib Y MOP(OreHETUUHUX MpoLecax
NaroHiB BUSBUJIMCh HAaWOUIBIIMMH Yy COPTIB, Kl JOCIIIKYBAJIUCH, 32 (pOpMyBaHH:
«ppaniy3cpka Bich». HallOuTbmIor0 TOBIIMHOK KOpH BuAULIBCA copT DropiHa,
HAWTOHILI BEJIMYMHU XapakTepHi 11 copty Pen Tonas.

OT1xe, HaOLIBII ONTUMAJILHUMU aHATOMIYHUMU MapaMeTpaMu, BUSHAYCHUMHU
Ha TMONEPEYHOMY IMepepi3 OJHOPIUYHOTO MaroHa s0JIyHI XapaKTepU3yBaIHUCS COPTU
Moni, Pen Tonas ta ®nopina 3a popMyBaHHS KpOHU «(paHITy3ChbKa BICHY.

AHaJi3 HaBeJIeHUX B TaOMMIN 2 JaHUX CBIIYWTH, IO AHATOMIYHI IMapameTpH
YKUJIKH JIUCTKA COPTIB 0JyH1 ICTOTHO BapilOOTh 3aJI€XKHO K BiJ T€HOTHITY, TaK 1 Bif
dbopMu KpoHHU.

Ta6a. 2. Po3mipn aHATOMIYHMX CKJIA0BUX MONEPEYHOr0 NMepepisy KUJIKH
JINCTKA s10JIYHI 32JI€KHO Bi copTy Ta popmu KpoHu (cepenne 3a 2024-2025 pp.)

Copr dopma KpoHU [Iupuna [Iupuna TosmuHa
KHJTKH, [LK dioemu, UK JIMCTKA, UK
Mo I'py36exk 1167 545 220
®dpaHIy3chKa BiCh 1191 550 551
I'py36exk 1152 476 222
PenTonas o o riyscoxa Bich 1560 782 240
Dropina ['py36ex ' 1040 378 215
®paHIry3chKa BiCh 1369 671 402
HIPos 48 28 8,4

Haii6ip1m KoMBaHHS CIIOCTEPIraloThCS MO0 MIUPUHH (PIIOSMH Ta TOBIIHHHU
JMCTKA, TOJII SIK IIUPUHA KWIIKU BIJJ3HAYAETHCS OUTBIIT CTa0ILHOTO, aJIe TAKOXK pearye
Ha cucteMy gopmyBaHHsA. CopT Moji xapakTepuzyBaBcs HE3HAYHUM 301TbIICHHSIM
IMIMPUHHU XKUIKU TpU GOPMYBaHHI 3a TUIIOM «(dpaHity3bka Bick» (1191 pk) mopiBHsIHO
3 (hopmyBaHHAM «Tpy30ek» (1167 uk). Pizuuis (24 ux) € menmoro 3a HIPos (48 px),
TOMY CTaTHUCTHMYHO HE MiATBep/KeHa. Y momosoriyHoro copty Pen Tomas pizHuis
MDK hopMaMu KpOoHH € 1IcTOTHORO: 1152 pk («rpy36ek») mpotu 1560 uk («dpaniry3pka
Bich»). [lepeBara 408 pk 3nauno nepepuiye HIPos, 1110 CBITYUTH NpO ICTOTHUIA BILTUB
dbopmu kponu. Y copty dDiopiHa crocrepiraeTbes aHajgorigna TeHaeHis: 1040 pk

80



(«rpy36ex») mpotu 1369 ux («Ppaniy3pka Bick»). Pizaunsg 329 px Takox €
JIOCTOBIPHOIO.

AHaniz wmupuHUM  (GJIOEMH  JIEMOHCTPYE€ 3HAuHy  BaplaOeNbHICTh  Ta
pi3HOCIpsIMOBaHICTh peakiiil. I[lomonoriunuii copt Moai BIApi3HAETbCS HE3HAYHOIO
pi3HUIICIO MK (popMamMu KpoHU — 545 pk («rpy30ex») mpotu 550 pk («dppaHiry3bka
Bicb»). 3poctanHs Ha Suk He mnepeBuinrye HIPos (28 upk), omke pi3HMIS € He
noctoBipHoto. Copt Pen Toma3z maB 6inbiry mupuny (ioemu 3a hopmu «hpaHiry3bka
Bich» (782 UK) MOPIBHSHO 3 GOPMYBaHHSIM «Tpy30eK» (476 uk). Pi3HULS € iICTOTHOIO.
ITomonoriuauii copt dropiHa MokazaB TOTOXKHY CHUTyarito — 3a (opMyBaHHS
«(paHiry3bKiii Bici» (uoema Hammpia (671 pk), Tofi sk 3a GopMyBaHHS «TPy30€K»
BOHa Oya 3uauHOo MeHma (378 pk). Pisaurs 3nauna ta nepesutrye HIPos.

AHaJti3 po3MipiB TOBIIWHY JTUCTKOBOI INTACTHHKH TaKOK ITOKA3y€ Pi3HY PEaKIlito
nocaipkyBaHux coptiB. CopT Mol XxapakTtepusyBaBcs 30UIbLIIEHHSM TOBILIMHH
JUCTKOBOI macTtuHu Bia 220 pk («rpy30ek») mo 551 pk («dpaniry3bka Bich»), 110
CBIJYMTH MPO BUILY JUCTKOBY MAaCHUBHICTh NpH BepTUKaIbHIA QopMi. Pizuung (331
uk) 3Hauno nepesuirye HIPos (8,4 puk). [lomonoriunuii copt s16;1yni Pen Tonas BusBuB
HE TaKl 3Ha4Hi 3MiHU — 222 pK («rpy30ex») Ta 240 puk («ppaHiry3bKa BiCb») 1 pi3HULA
3HaxoauThes B Mexkax HIPos. llle oqun imyHHMl copt ®DiopiHa BIAPI3HABCS 1CTOTHO
O1JIBIIIOI0 TOBIIMHOKO JIMCTKA 33 (hopMu KpoHHU «(dpaHIy3bKa Bick» (402 uK) MOPIBHIHO
3 «rpy30exkom» (215 k). Pizaung (187 pk) BUSBUIIACH IOCTOBIPHOIO.

Taxkum ynHOM, y copTiB Mol Ta ®dnopiHa BepTukaibHa opMa KPOHH CIIPHUSIE
dbopMyBaHHIO OLIBII TOBCTUX JIMCTKIB, III0 MOXKE OYTH ITOB’SI3aHO 3 IHTEHCHBHIIIAM
OCBITJICHHSIM BEPXHBOI YACTUHU KPOHH.

BucHoBKkH. AHaTOMIYHI MapaMeTPH MAroHIB 1 JUCTKIB ICTOTHO 3aJI€KaTh BiJ
copty Ta ¢opmu kporu. Copt ®nopina (opmye HaHOUIBII PO3BUHEHI MPOBIIHI
TKaHWHM, 110 3a0e3Meuye Kpauly TPaHCHOPTYBalbHY 34aTHICTh. [loMonoriyauii copt
Pen Tomna3 maB HaiiciiaOuie po3BUHEH1 AHATOMIYHI CTPYKTYPH, 1110 MOXE MO3HAYATHCh
Ha floro porocuHTeTHYHOMY NoTeHIianl. Cuctema (popMyBaHHS «PpaHIy3CbKa BICh»
MO3UTHBHO BIUIMBAa€ Ha PO3BUTOK IMPOBIMHUX TKaHWH. AHaTOMiuHA Oy/0Ba JHCTKIB
HiATBEPIXKYE MI>KCOPTOBI BIIMIHHOCTI Ta PEAKI[II0 Ha Pi3HY apXITEKTOHIKY KPOHHU.
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Annotation

Lytvynenko O. V., Zamorskyi V. V.
Anatomical features of apple tree shoots and leaves depending on the variety and
crown shape

Under the conditions of the Uman National University, a study of the
photosynthetic potential of new immune apple varieties was conducted. An analysis of
the anatomical parameters of apple shoots and leaf veins depending on the variety and
crown formation is presented. Original data on measurements of the bark, phloem,
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xylem, and phloem vessels of shoots of immune apple varieties, as well as the width of
leaf veins and their phloem, and the thickness of the leaf blade, are presented.
Significant inter-varietal and inter-form differences were established.

We studied three immune apple varieties: Florina, Red Topaz, and Modi, which
were grown on M.9 rootstock and had two crown shapes: “gruzbek” and “French
axis.” We analyzed the anatomical parameters of shoots (bark, phloem, xylem, phloem
vessels) and leaf veins (vein width, phloem, leaf thickness) in the varieties “Modi”,
“Red Topaz” and “Florina” in the crown forms ‘Gruzbek’ and “French axis” were
analyzed. The largest values of the cross-sectional area of the phloem of one-year-old
apple shoots were determined in the Modie and Florina varieties with a French axis
crown formation. Another studied variety, Red Topaz, differed in smaller phloem sizes
and had the smallest parameters for both crown forms (1012-1040 pk), which was not
significant at the NIR05 = 68 pik level. It should be noted that the Modi and Florina
varieties differed significantly in terms of larger phloem sizes for different crown
forms, and higher values were obtained for the “French axis” formation.

The parameters of the bark, which plays an important role in the
morphogenetic processes of shoots, were found to be the highest in the varieties studied
when forming the “French axis.” The Florina variety stood out with the thickest bark,
while the Red Topaz variety had the thinnest bark. Thus, the most optimal anatomical
parameters determined on the cross-section of a one-year-old apple tree shoot were
characterized by the Modi, Red Topaz, and Florina varieties during the formation of
the “French axis” crown.

Analysis of leaf blade thickness also shows different reactions among the
varieties studied. The Modi variety was characterized by an increase in leaf blade
thickness from 220 um (“Gruzbek”) to 551 um (“French Axe”), indicating higher leaf
massiveness in the vertical form. The difference (331 pk) significantly exceeds the
NIRos (8.4 uk). The pomological apple variety Red Topaz showed less significant
changes — 222 uk (“Gruzbek”) and 240 uk (“French axis”), and the difference is
within the NIRos. Another immune variety, Florina, differed in significantly greater leaf
thickness in the “French axis” crown shape (402 uk) compared to “Gruzbek” (215
pk). The difference (187 pk) was found to be significant. Thus, in the Modi and Florina
varieties, the vertical crown shape contributes to the formation of thicker leaves, which
may be associated with more intense lighting of the upper part of the crown

The anatomical parameters of shoots and leaves significantly depend on the
variety and crown shape. The Florina variety forms the most developed leading tissues,
which ensures better transport capacity. The Red Topaz pomological variety had the
least developed anatomical structures, which may affect its photosynthetic potential.
The “French axis” formation system has a positive effect on the development of
conducting tissues. The anatomical structure of the leaves confirms inter-varietal
differences and the response to different crown architectures.

Key words: apple tree, immune varieties, crown shapes, shoot anatomy, leaf
anatomy.
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