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Air pollution is one of the important problems of large cities. In connection with this, comprehensive study of the
mechanisms of the corresponding reactions of tree species, introduced in the process of landscaping, to various environmen-
tal factors is required. The aim of this study is to analyze the influence of urban technogenic environmental pollution on the
anatomical characteristics of Quercus rubra Linnaeus, 1753 annual shoots. The object of research was 35-year-old plants of
Q. rubra, which grew in a non-polluted site (conditionally clean zone), the Botanical Garden of DNU (plot 1) and in a
polluted site (roadside planting) (plot 2) of Dnipro City. Industrial emissions of the city’s western, northeastern and northwest
industrial complexes also have an effect on plants, depending on the wind direction. For anatomical research, the annual
shoots were taken at the tips of the vegetation from the south-eastern side of the model trees at a height of 2 m and fixed in
70% alcohol. Cross sections were made at a distance of 1 cm from the beginning of growth. Phloroglucine was used to dye
the cells. The influence of industrial and automobile emissions on the structural parameters of Q. rubra shoots was
investigated. We established that the membrane thickened evenly in both control and experimental plants. Cork thickness of
Q. rubra shoots, growing in the roadside plantation was higher than in plants of the Botanical Garden by 57.5%. Increasing
its thickness in plants exposed to atmospheric air pollution has an adaptive value. Q. rubra shoots have a tabulate type of
collenchyma, the tangent walls of whose cells thicken. The collenchyma cells of the control variant of shoots are larger. This
tissue was thicker in Q. rubra shoots from the polluted site by 26.8% compared to those from the non-polluted zone.
The parenchyma cells of the primary cortex were large and contained chloroplasts. The thickness of this histological element
on the shoot circumference varied considerably both in the control and experimental variants, which is the result of its
uneven formation. This is due to the fact that the shape of the shoot core resembles a pentagonal star, and the layers of
phloem and xylem tissues repeat its shape. The thickness of each of them in the cross section of the shoots in various places
varied little, while the parenchyma of the primary cortex above the ray cells was narrower, and between them was broader, as
a result the thickness of the shoots was aligned in a circle. In areas where the parenchyma of the primary cortex was
narrower, it was better developed in the shoots of experimental plants than the control ones, but where its layer was thicker, it
was more developed in plants of the control variant. The diameter of the primary cortex in the shoots of the experimental
variant in its narrower parts was 120.5% of the control, and in the broader — 87.6%, which is due to unequal changes in the
thickness of the primary cortex parenchyma, possibly with different rates of cell division. In the one-year Q. rubra shoots, the
hard bast resembled a circle ruptured by parenchymal cells. Environmental pollution does not affect formation of soft bast in
Q. rubra annual shoots. The difference between the thickness of the layer of this element in the control and experimental
plants was statistically insignificant. The width of the bark (soft and hard bast) somewhat decreased in shoots of the roadside
trees due to the thinning-out of the hard bast. The thickness of the wood tissue of the Q. rubra shoots was practically the
same in both variants of the experiment, although it is known that the formation of xylem of certain species of plants is
sensitive to environmental pollution. According to our data, the distribution of vessels in the wood of the Q. rubra annual
shoots on both experimental sites had no clearly expressed annular-vessel type. On the cross section, the vessels are arranged
relatively evenly along the width of the entire ring. The location of the woody parenchyma apotracheal does not depend on
the location of vessels. Histochemical reactions showed that a large amount of starch grains and fat drops are deposited in the
core and ray cells. The diameter of the core was measured in two directions: in narrower and broader places. Plant shoots of
the polluted site have a significantly more developed core in the narrower place by 1.44 times, in the broad — 1.56 times.
The adaptation of the Q. rubra shoots to technogenic pollution takes place through thickening of the cork and collenchyma,
thereby reducing the possibility of penetration into the internal tissues of industrial and automotive emissions. There was
virtually no change in the thickness of the circle of soft bast and wood in conditions of environmental pollution. In the
conditions of multicomponent environmental pollution there are adaptive changes in the parameters of the histological
elements of the Q. rubra shoots — thickening of the phellem and structural element of the primary cortex — collenchyma,
which helps to protect the internal tissues from the penetration.of pollutants. Environmental pollution practically did not
affect the thickness of the layer of soft bast and wood in the Q. rubra shoots. This testifies to the stability of the most
important functions of the Q. rubra shoots to phytotoxicants of anthropogenic origin. The components of industrial and
automotive emissions have a negative effect on the formation of hard bast and core of Q. rubra shoots, which manifests itself
in reduction in their thickness.
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3MiHA MOKAa3HUKIB CTPYKTYPHU OAHOPIYHOro narona Quercus rubra
B YMOBAX QaHTPONOTr€HHOT0 HABAHTAKEHHS

B. I1. becconoga, A. I1. KpuBopyuko
JHinposcokuii Oepoicashuil azpapho-eKoHOMIuHUL YHieepcumem, [Hinpo, Ykpaina

JloCi/pKeHO BIUIMB iHIPEJi€HTIB IPOMUCIOBUX Ta aBTOMOOUIPHMX BUKHUIIB HA IOKA3HWKM AHATOMIYHOI CTPYKTYPH OJHOPIYHHX IIArOHIB
Quercus rubra Linnaeus, 1753. ToBumHa mapy Kopka maroHiB pociut Q. rubra, 10 3pOCTalOTh y MPUIOPOKHEOMY HACAKEHHI, OUbIa, HIX Y
pociuH 6otaniunoro caxy JAHY, Ha 57,5%. 30inblueHHs i TOBIIMHM y POCIMH B YMOBaX 3a0pyAHEHHs aTMOC(EpPHOro MOBITPS Ma€ ajanTHBHE
3HadyeHHs. Y maroHiB Q. rubra KoJeHXiMa IUTaCTHHYACTOrO THILY, 1i KJIITHHH MAIOTh OTOBIICHHS TAHICHTAIBHUX CTIHOK. Lls TkaHNHA NpencTaBieHa
B KOHTPOIIi Y CepeHBOMY 4 paiiallbHIMU psAIaMH KIITHH, y JOCHIiAl — 6 pspamu. KITTHHI KONEHXIMH HaroHiB KOHTPOJIBHOTO BapiaHTa OLIbII 3a
po3mipamu. CrioctepiraeTbesi TOTOBIIEHHS Ha 26,8% 11i€i TkaHuHM B naroHiB Q. rubra B yMOBax 3a0pyIHEHHs CepeIOBHILA MOPIBHSHO 3 YMOBHO
YUCTOR 30HOK. KIliTHHM mapeHXiMu NEepBHHHOI KOPH BEJHKI, MICTATh XJIOPOIUTAaCTH. TOBIMHA 1IHOTO TICTOJIOTIYHOTO €JIeMEHTa MO OKPYXKHOCTI
IIarOHA CYTTEBO 3MIHIOETHCS K Y KOHTPOJIBHOMY, TaK 1 B JIOCIIHOMY BapiaHTaX, IO € HACIiIKOM HepiBHOMipHOro ii ¢opmyBanns. CepreBuHa
marosa 3a ()OpMOI0 Harajye I’ STUKyTHY 3ipKY, a [apy (GpJIoeMu Ta KCHIEMH HOBTOPIOIOTH 1i popMy. TOBIIMHA KOXKHOI 3 HUX HA TONEPEUHOMY 3pi3i
MaroHa B Pi3HUX HOro MICLSX Bapiroe€ Malio, TOJI SIK MapeHXiMa MEepBHHHOI KOPH B MICISIX HaJ MPOMEHSMHU CEpPLEBHHM BY)K4Ya, a MK HUMH —
IpIIa. 3a paxyHOK IIbOr0 BUPIBHIOETHCS TOBIIMHA [TAroHa 1o Koiy. Ha insHKax, e napeHxiMa NepBUHHOI KOPY BY)K4a, BOHA KPAIIe PO3BHHEHA y
IIaroHax JOCIITHUX POCIIHH HOPIBHSHO 3 KOHTPOJIBHUMH, aje TaM, Je il Map TOBIIHI{, BOHA OLIbIIE PO3BUHEHA Y POCIHH KOHTPOIBHOTO BapiaHTA.
JliameTp mepBHHHOI KOpH y MAaroHax JOCIIJHOrO BapiaHTa B 1i BY)XKYMX uYacTHHaX crtaHOBUTH 120,5% Bim koHTpomo, a y mmpmux — 87,5%.
B onHopiuHOMY maroHi Q. rubra TBepauii 1y0 Ma€e BUIIS KiIbLIS, 10 PO3PUBAETHCS TUISTHKAMU MAPSHXIMHUX KIITHH. TOBIIMHA TBEPIOTO JIyOy B
IaroHax KOHTPOJILHUX POCIIMH Ha 36,5% Olnblua, HiX 3a Jii Ha POCIIMHU TIOJTIKOMIIOHEHTHHX 3a0pyIHIOBauiB TOBKULISL. 3a0pyIHEHHS IOBKLLISA He
BIUIHBAE Ha (JOPMyBaHHS M’SKOTO JIyOy OJHOpPIUHHX IaroHiB Q. rubra. Pi3HHUIA MK TOBIIMHOIO IIapy IbOTO €IEMEHTa B yMOBaX KOHTPOIIO Ta
JOCTiTy CTAaTUCTHYHO HegocToBipHa. [1luprHa mapy aepeButu naroxis Q. rubra NpakTHYHO O/IHAKOBA B 000X BapiaHTax JOCIIY, X0ua BiZIOMO, IO
(opMyBaHHS KCHJIEMH ICSIKMX BUIIB POCIMH YyTJIHMBE 1O 3a0pyAHEHHsS cepenoBuina. JliaMeTp CepLCBHHM BHMIPIOBAIM Y JBOX HAIPSIMKax
(ByxuoMy Ta mmpmomy). [Taroru pociue 3a0pyaHeHOT AUIIHKHM MaroTh 3HA4HO OUIbIIE (B 1,5 pa3a) po3BHHEHY CEpLEBUHY y BYXKYOMY MiCII.
Posmnonin cymuH y aepeBuHI OAHOpIYHMX TaroHiB Q. rubra Ha 000X JOCHIIHHX AUISHKAX HE MA€ YiTKO BHPAKECHOTO KiTbIIECYAWHHOTO THILY.
Ha nonepeunoMy 3pi3i CyJMHH pO3TaIlOBaHi BIJHOCHO PIBHOMIPHO IO IMPHHI BChOTo Kinblisl. CeplieBHHHI TpoMeHi y naroHax (. rubra 4ncieHHi,
3B’S13y10Th KOpY i3 cepleBHHO0. KIIITHHU CeplieBUHHUX NMPOMEHIB BUTATHYTI B pajiiallbHOMY HanpsMKy. JlesKki MpoMeHi IOYMHAIOThCSI B TOBLL
JEPEeBUHN Ha PI3HUX BIICTAaHAX BiJ IIOYATKY TKAHMHU. B yMOBaX MOJIKOMIIOHEHTHOTO 3a0pyIHEHHS IOBKULIL y INOKa3HHKAaX TiCTOJIOTIYHHX
eneMeHTiB narona Q. rubra BiNOYBaIOTHCS aaANTHBHI 3MIHU: MOTOBIIEHHS ()eJIEMU Ta CTPYKTYPHOTO €IeMEHTa MEPBUHHOT KOPH — KOJICHXIMH, 110
CIpHUsie KpalioMy 3aXWCTy BHYTPILIHIX TKaHWH Bifl POHUKHEHHs 3a0py/HIOBaYiB. 3a0pyIHEHHs JOBKULIS MPAKTHMYHO HE BILUIMBAE Ha TOBLIMHY
mapy M’sIKoro JiyOy Ta iepeBUHH y aroHax Q. rubra, o Mae Barome 3Ha4€HHS 151 30€pe)KEHHS OKA3HUKIB TaKKX (PYHKIIH SIK BiATIK IUIACTHYHUX
PEUOBHH Y JHUCTS Ta IIOTOK JI0 HUX BOAM 3 MIHEPaIbHUMH pedoBHHAMH. lle cBimumTh Hpo CTiMKicTh BaxuMBimmMX (yHKUii marona Q. rubra 1o
(ITOTOKCHKAHTIB aHTPOIIOTEHHOTO MOXO/IKEHHS.

Kniouosi crnosa: my06 4epBoHUIT; ypOOTEXHOTeHHI YMOBH; IIEpHIepMa; IIEPBUHHA Ta BTOPUHHA KOPa; I€PEBUHA; MariH

Beryn

[y6 uepBonuit (Quercus rubra Linnaeus, 1753) — BUcOKozieko-
paTHBHA POCJIMHA, SIKA BCE LIMPILIE BBOAUTHCS B KyJIBTYPY MICBKHX
Hacamkenb (Dubovickaja and Masalova, 2013; Dubovickaja and
Zolotareva, 2014; Klimovich et al., 2014; Gvozdev and Hohlov,
2016; Krasnov et al., 2016; Miltner and Kupka, 2016). OmHak y
HaceneHux nmyHkTax [liBnerHoro Cxomy YkpaiHu HOro BUKOPHCTO-
BYIOTh IIOKH MaJIO, II[0 MOB’SI3aHO 3i CJIaOKOI0 BUBYECHICTIO BiAIO-
BITHUX peakiiii Ha crieruQivyHi KIIMaTUYHI YMOBH LIbOTO PETiOHY.
Mana kinbKicTs onaziB Ha pik (400-450 Mm), 4acTi mocyxu, 3MMOBL
BIUTMTY 3 TOJAJIBIINM Pi3KUM 3HIDKSHHSIM TEMIIEPaTypH, a TaKOXK
BHCOKHiI piBeHb 3a0py/IHEHHS aTMOC(HEPHOro IMOBITPs Ta IPYHTIB
MIPOMHCIIOBHX MICT IIbOTO PETiOHY, Y 3B’S3Ky 3 PO3BHHEHOIO IPO-
MHCJIOBICTIO Ta BHUCOKOIO IHTEHCHBHICTIO aBTOMOOUIBHOTO PYXY,
CTBOPIOIOTH CIIeNH()iUHI YMOBH JUIS 3pOCTAHHS IHTPOIYIIEHTIB.

3a0pyHEHHS TOBITPSI — OZ{HA 3 BaXIMBUX IPOOJIEM BEIIMKHX
MicT. Barome Micrie cepen 3a0py/IHIOBaYiB HAJIKUTh BUKUIAM aB-
totpancnopty (Saikawa, 2011; Fu et al., 2017; Song et al., 2017).
CTymiHb HOLIKO/DKEHHS POCIMH y TAaKHX yMOBaX 3aJISKHTH Bl
KOHIICHTpALil Ta TPUBAIOCTI [ii Ha HUX norotaHTiB. Leil BB
Ti€rO YM 1HIIOI0 MIpOIO BiIoOpaXkaeThes Ha BereTallii nepes (Sabo-
rit, 2009), Mmophomerprunx nokazHukax (Bojarczuk et al., 2002;
Leghari and Zaidi, 2013), pocri Ta po3Butky (Rai, 2016; Carvalho-
Oliveira et al., 2017; Doley, 2017).

V mi3HaHHI MeXaHi3MiB BIIIOBITHUX PEaKii IHTPOIYKOBAHUX
JIEPEBHUX POCIIMH HA Pi3Hi €KOJIOriuHiI (pakTOpH iCTOTHA POJIb Hale-
JKUTh aHATOMIYHHM JOCTI/PKCHHSAM iX OpraHiB, OCKUIBKH YMOBH
POCTy HaKJIaJal0Th BIIOMTOK HA PO3BUTOK FiCTOJIOTIYHUX €IEMEH-
tiB ix TkanuH (Tjurina, 1982; Kapeljush and Bessonova, 2005;
Gostin, 2009; Safdari et al., 2012; Jusypiva and Grycaj, 2014).

KinbKicHO-aHATOMIUHI METOIM J03BOJIOTH TaKOXK IOBHO Ta
BCEOIYHO 3pO3YMITH 3HAUYCHHS [UTsl POCIIMH THX YH IHIIMX 3MiH Y iX
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Oynosi 3a aii mepHux (axropis (Nikolaevskij, 1964). Bonn moxyTh
CIYTYBaTH iHIMKATOPHUMHU IOKa3HHKAMH TEXHOTEHHOro 3al0pya-
HeHHs1 atMocdeproro nositpst (Wimmer, 2002; Braun et al., 2007,
Kaakinen et al., 2007; Kurteva and Stambolieva, 2007, Mohamed
etal., 2016; Stratu et al., 2016).

Merta 1pOTO JOCTIPKEHHS — OLIHWTH BIUIMB ypOOTEXHOTEH-
HOTO 3a0pyJHEHHS CEpelOBHINA HAa AHATOMIYHI XapaKTEPUCTHKH
OIHOPIYHUX MaroHis Q. rubra.

Marepiai i MeToau 10C/IiKEHD

SIk 00’€KT JOCHIHKEHHS] BAKOPUCTOBYBAIU 35-pivHi POCIUHU
Q. rubra, sixi 3pocTaiy B YMOBHO YHCTiil 30Hi — OOTaHIYHOMY Cajy
JHY imeni Onecs ['onuapa (ninstaka 1) Ta y IpHIOpOXKHBOMY Ha-
capkeHHi M. JIHinpo (ousiHka 2). [HTeHCHBHICTH pyXy aBTOTpaH-
criopty craHoButh 49 400 mMammH Ha n00y. Lle cnprdunse Brco-
KW piBeHb 3a0pyTHEHHS IIKIUTMBUMHU CKIIQJOBHMH BiJlIPaIlboBa-
Hux rasiB aBrorpaHcnopry (NO,, SO,), a Takox ¢eHoiis, dop-
MaBJIETi/B, Ty, OSH30y Ta caXi y KOHLHTpALsX, SKi B aT-
MocepHOMY TMOBITpi (32 JaHUMH CaHITAPHO-CIiIEeMiOIOriYHOL
CTaHIi1) y 3B’A3KY 3 €KCIUTyaTalli€l0 aBTOMOOLIBHHIX JOPIT CTAHOB-
aate nonan 2,5 TIK. s ginsiHka po3raiioBaHa y MOHMKESHOMY
paiioni micta (56,8 M Hax piBHeM Mopsi). Came 1ie pOOUTh MOMKIIH-
BUM IIPOTPECHBHE HAKONMYCHHS TOTIOTAHTIB y MoBiTpi (Bezuglaja
et al., 1991; Serdjuk et al., 2007). Ha ginsHKy 2 HAIXOIAITh TAaKOX
IHIPEJIIEHTH TTPOMICIIOBIX BUKUAIB 3aximHoro, [liBHidHO-CXiTHO-
ro ta [liBHiuHO-3axigHOr0 MpoMHuCIOBHX KomiuiekciB (Pasichnyj
and Serdjuk, 2002), 3ajeXHO BiJ MIHIMBOCTI HampsIMKY BITpY.
Bizncrans Bij HUX cTaHOBUTH 4,5, 2,7-4,4 1 2,9-3,8 KM, BiAOBIIHO.

JInst aHaTOMIYHUX JOCITIDKEHb OTHOPIUHI MAaroHH BinOHpamy B
KiHIIl Bereramii 3 MiBICHHO-CXITHOrO OOKy MOIETBHHX JIepeB Ha
BHcoTi 2 M 1 hixcyBam 70% etroBuM crmproMm. [onepeuni 3pizu
pobmimy Ha BincTani 1 cM Bix modarky npupocty. s 3abapsimo-
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BaHHs 37IEPEB’SIHUIMX KIITHH BHKOPUCTOBYBAIM PO3YHMH (hIOpO-
rimormHy (Dzhensen, 1965). BuMiproBaHHS TiCTONIONYHHX eJleMeH-
TiB CTPYKTYpH HaroHa 3/ifiCHIOBAIM 3a JOIOMOIOI0 MiKpOCKOIa
biomen-4 i3 BUKOpPUCTaHHAM OKYJSIp-MikpoMeTpa. BimzHauamm xa-
pakTep po3TallyBaHHS TKaHHH, OCOOIMBOCTI iX OynoBu. Kinbkicts
PO3IITHYTHX TIpenapariB y KoxxHoMY BapiaTi — 25-30. Pesynpra-
TH EKCIIEPUMEHTY OOpOOJIeHI CTATUCTHYHO: PO3PAaXOBYBAIM MO-
MIDIKY CepeJHBOr0 apu(METHIHOro, OOUHCIIOBAIN KPHUTEPIit 10C-
TOBIPHOCTI BiZIMIHHOCTEH MiX ITOKQ3HUKaMH BapiaHTiB (t-test)
TTiCJIs BCTAHOBJICHHSI HOPMAITBHOCTI PO3IOALTY BUOIPKH.

Pe3ysbTaTn T2 iX 00roBopeHHs

CucreMa NOKPHBHHUX TKaHWH BTOPHHHOTO MTOXODKEHHS (IIepH-
JiepMa) BKIIIOYAE BJIACHE ITOKPUBHY TKaHWHY — QeneMy (KOpOK),
[ap BTOPMHHOI MEPHCTEMH — (DesIoreH 1 BHYTpINIHIO TKaHHHY —
(enonepmy. KiitnHu KopkM Ha monepedHoMy 3pi3i IaroHa npsi-
MOKyTHi. Cepe/Hs KUIBKICTb iX psitiB y KoHTpoui — 45, y nocnini —
6-7 (puc. 1). IloToBieHHs 000s0HKH piBHOMIpHE. TOBIIMHA APy
KOpKa IaroHiB pociut Q. rubra, 110 3pOCTaIOTh Y MPHIOPOKHEOMY
HacamKeHHi, Ha 57,5% Oinblna, HX y pocIUH OOTaHIYHOTO Camy.
®Denonepma Ha TOMEPEYHOMY 3pi3i MPEACTaBIeHa IBOMA PsIaMH
KJITHH, BiIMIHHOCTEH 1O 1{ TOBIIMHOI MK KOHTPOJIEM 1 JIOCIIIOM
HE BUSIBJICHO.

DesteMi HANICKHUTB BAXKIIHBA POJIb B aIANTHBHIX PEAKIIISIX POC-
JIMH. 3aBJISKH [ILUTHHOMY 3MHUKAHHIO KJTITHH 1 HAsSBHOCTI B 00OJIOH-
Kax CyOepHHOBOIO IIapy BOHA 3aXMILAE PO3TALIOBAHI HIMXKYE TKa-
HMHY BiJI 3aiiBMX BUTPAT BOAW BHACIIZIOK BUIIAPOBYBAHHS, & TAKOX
Bifl Pi3KMX KOJMBaHb Temreparypu (Kursanov et al., 1952). Bona
TaKOX TMEPEIIKO/PKAE MPOHUKHEHHIO Y TKAHWHH TOKCUYHMX Ta3iB
3a0pyHEeHOro MOBITPs. TakuM 4MHOM, 30UTBIICHHS il TOBIIMHH Y
pociue Q. rubra B yMOBax 3a0pyqHEHHS aTMOC(HEPHOTrO MOBITPS
Mae€ aJanTUBHE 3HaYeHHs. BiqMiuaeThCsl TaKoXK, 10 3MMOCTIMKICTE
TIaroHiB IPOMOPLiifHa CTYNEHIO PO3BUTKY HEPHICPMH, 10 MOKa3a-
HO Ha TakoMy 00’ekTi sik MarHoutist (Pallachega et al., 2007).

3rifHO 3 NiTepaTypHUMH JaHUMH, XapaKTep 3MiH TOBLIVHH Iie-
pHIIEpPMH TIaroHiB B YMOBaX 3a0pyIHEHHS CepeloBHILA BH3HAua-
€TBCA BHIOBUMH OCOONMBOCTAMH pociH. Jusypiva and Grycaj
(2014) BusBIUH Ti mOTOHIIEHHS Ha aroHax Caragana arborescens
Lam. mijt yac BUBYCHHS BIUIMBY Ha POCJIMHH IPOMHUCIIOBUX eMiciid
NO, Ta SO,. 30LIbIeH s Iapy BTOPHHHOI MOKPUBHOI TKAHUHH
naroHiB Fraxinus excelsior L. ycTaHOBIEHO 3a il HA POCITHHH
MOJTIOTAHTIB, 1, HABMAKH, 3MEHIICHHS Ti — y F. pensilvanica Mar-
shall (Jusypiva, 2005). TToToBiueHHsI HEpUAEPMH Y BHUIIB POIY
Acer BcranosneHo Golykova (2011) 3a BBy BukuaiB [TpuHi-
npoBcbkoi TEC, ocobimiBo B Acer pseudoplatanus L. (B 1,5 paza).

Ilix penonepmoro marona Q. rubra MiCTUTBCS AP MEXAHITHOT
TKaHUHH — KOJICHXIMH [UTACTUHYACTOTO THITY, KIITHHH SIKOT MArOTh
MOTOBILECHHSI TAHICHTAJIBHHUX CTiHOK. 115 TKAHWHA NpeCTaBleHa B
KOHTPOJIi B CEPEAHBOMY YOTHPMA PajiaibHAUMH PsIaMH KIITHH, Y
JOCTii — micTbMa psimamu (puc. 1). KINITHHN KOJEHXIME TTaroHiB
KOHTpOJIBHOTO BapiaHTa Outblni 3a po3mipamu. CroctepiraeTbest
MOTOBILEHHSI 161 TKaHNHK TaroHiB Q. rubra B yMOBax 3a0pyaHEH-
HS CEepEeOBHINA MOPIBHAHO 3 KOHTPOJBHOIO 30HOI Ha 26,8%
(tabmn. 1). KonenxiMa BUKOHYe «apMaTypHy» (QYHKIIiO, Ma€ 31aT-
HICTb JIO0 3HAYHUX Je(opMaIii.

Ilin KoNMeHXIMOIO PO3TAIIOBYETHCS INAp KITHH IMAapeHXIMU
MIEPBUHHOI KOPH, MPEJICTABJICHOI BEIMKMMH KIITHHAMH 3 XJIOPO-
riactaMy. TOBIIMHA LOTO TIiCTOJIOTYHOTO €JIEMEHTA O OKPYXK-
HOCTI T1aroHa CYTTEBO 3MIHIOETHCS SIK Y KOHTPOJBHOMY, TaK i B
JOCITIITHOMY BapiaHTax, 1[0 € HACIIIKOM HepiBHOMIpHOTO 1i ¢op-
MyBaHHA (puc. 2). Lle moB’s3aHO 3 THUM, IO CEpIEBHHA aroHa
(dopMmoro Haragye I’STUKYTHY 3ipKy, a IIapd TKaHWH (roemu Ta
KCHJIEMH HIOBTOPIOIOTH il (hopMy; TOBLIMHA KOXKHOI 3 HUX Ha I1OIIe-
pedHOMY 3pi3i IIaroHa B Pi3HHUX HOTO MICIIIX BapilO€ Mallo, y TOH
Yac SIK MapeHxiMa MEePBUHHOI KOPH B MICISIX HaJl HPOMCHSAMH Cep-
LIEBMHH BYXK4Ya, a MK HUMH — [IMpIIA. 32 PAXyHOK L[OrO BHPIiB-
HIOETBCS TOBILMHA TaroHa 1o konmy. Ha miisHkax, ge mapeHxima
MIEPBUHHOI KOPH BY’K4a, BOHA KpAllle PO3BUHEHA y [TarOHax JOCIi/-
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HHUX POCJIMH, TIOPIBHSHO 3 KOHTPOJIBHUMH. AJie TaMm, jie il Iap ToB-
11K, BOHA OiJIblie PO3BHHEHA y POCIHH KOHTPOJILHOTO BapiaHTa.

Kornenxima Ta nmapeHxiMa yTBOPIOIOTh NEpBUHHY Kopy. JiameTp
MEPBUHHOI KOPH y TIaroHax JOCJIiTHOTO BapiaHTa B 1i BY)KUMX 4acTH-
Hax craHoBuTh 120,5% Bix KOHTpOMIO, a y mmpmmx — 87,5%, mo
TIOB’$I32HO 3 HEOJHAKOBIMH 3MiHAMH TOBIIMHH MAPEHXIMU TICPBUH-
HOi KOPH, MO>KJIUBO, HEOJHAKOBUMH TEMITAMH TIOAILTY KIITHH.

Puc. 1. BropnHnaa nokprBHa TKaHHHA (TIEpHAEPMa)
Ta KOJIEHXIMa OJTHOpIYHKX naroHiB Q. rubra:
a — OOTaHIYHUH caJ, 6 — PUIOPOIKHE HACAJHKCHHS

Taoaums 1
BruuB ypOOTEXHOTEHHOT0 3a0py/ IHCHHS Ha TOBILMHY CJICMCHTIB
HEepBUHHOI KOopH oHOpiuHoro narona Q. rubra (x = SD, n = 30)

CTpyKTYpHI €JIeMEHTH Konrpons JHocnig*
Derema 334+1,1 52,6+13
Kopoxk 542+2,1 723+1,3
Konenxima 59,3+0,8 752+ 1,6
IMapenxima nepBUHHOT KOpH:

MeHiua nmmpuHa 69,0+ 1,0 794412
Binb1a mmpuxa 2109+5,1 1614+4,6
Tleppynna kopa:

MeHiua nmmpuHa 128,3+3,5 154,6 +2,8
Binbia mmpuHa 2702+3,1 236,5+5,1

Tpumimxa: * — pi3HALA MDK KOHTPOJBHUM 1 JIOCIITHUM BapiaHTamu cTa-
THCTHYHO focToBipHa 3a P <0,05.

AHaJIOTIYHI pe3yJIbTaTH I0/I0 30UTBIIICHHS TOBIIMHK KOJICHXIMH Y
naroHax Salix alba L. orpumaru Jusypiva and Miasoid (2016). ITpote,
SKIIO B JIOCHINAX IMX aBTOPIB CIIOCTEPIraiy IMOTOBIUCHHS TAKOX i
TIAPEHXIMH TIEPBUHHOI KOPH, TO y TaroHiB Q. rubra 3a Aii OIKOMIIO-
HEHTHHX 3a0pyIHIOBA4IB BiIOYBAIOTHCS PI3HOCTIPSIMOBAHI 3MIiHHU -
PHHH LIBOTO TICTOJNOTIYHOTO eJIeMEHTA MIEPBUHHOI KOPU CTOCOBHO TIO-
Ka3HHKIB KOHTPOITFO 3QJISXKHO BiJI MICIIS PO3TAIILYBaHHSI.

Jlesiki aBTOpH CIIOCTEpIrayy MOTOHIIEHHS IIEPBUHHOI KOPH I1aro-
HIB Y TaKuX BUAIB sIK Robinia pseudoacacia L., Populus nigra L., P.
deltoides W. Bartram ex Marshall 3a cepeHBOro Ta CUIIBHOTO 3a0py/I-
HEHHsI He3aJIeXKHO BifI cTyrienst criiikocti pociud (Grishko et al., 1997).

®roema — TKaHHMHA, TOJIOBHA (YHKIisl SIKOI MOJISITAE Yy MPOBe-
JICHHI TUIACTHYHHUX PEYOBHMH (HMU3XITHHMH TIOTIK), NPEACTaBJeHA
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M’SIKHM 1 TBepAUM J1yOoM. M’sikuid J1y0 — KOMIUIEKC aHATOMIiYHHX
€JIEMEHTIB, L0 CKJIAJAETHCS 13 CUTONOAIOHUX TPYOOK 1 KIITHH, SIKi
O HUX NPUMHKAIOTh, a IyYKH JyO’SHHUX BOJIOKOH CKJIAJalOTh
TBepauii y6. B oxgHopiunomy maroni Q. rubra TBepmuii 1y0 mae
BUTIIAZT KUTBLIS, IO PO3PUBAETHCS JUITHKAMH MAPEHXIMHUX KITITHH
(puc. 3). Lap oux Ki1iTHH, OOOTOHKH SIKMX 3AEpeB’sTHIM (peaKiis 3
(IIOPOTIIIOIMHOM), CHIIBHO Ta PIBHOMIPHO MOTOBIIEHI, Y TAroHax
KOHTPOJIBHUX POCJIMH MIMPILIH#, HDK 3a il Ha POCIIMHH MOJIIKOMIIO-
HEHTHUX 3a0pyIHIOBauiB JOBKULLI Ha 36,5%.

50 Mxm

Puc. 2. HepiBHOMIpHICTb ITOTOBIIEHH APy NapeHXiMU
MIepPBUHHOI KOpH y naronax Q. rubra: 1 — nepuzepma;

2 — koneHxiMa; 3 — epBUHHA KOpa: a — MapeHximMa MepBUHHOT
KOpH 32 MEHIIIOIO IIMPUHOIO, O — TapeHXiMa IEPBUHHOT KOPH 32
OLIBIIO0 BEIMYMHOKO; 4 — BTOPUHHA Kopa (J1y0); 5 — KamoOii;
6 — iepeBrHa; 7 — CeplieBUHA; § — CepLIEBUHHI IPOMEHI

3a0pyHEHHS NOBKULII HE BIUIMBAE HAa (hOPMYBAHHS M SKOTO
nyOy B OMHOpIYHUX MaroHiB Q. rubra. Pi3HUL MK TOBIMHOLO I~
Py LBOTO CTPYKTYPHOTO €JIeMEHTa B YMOBaX KOHTPOJIO Ta JIOCIiTy
CTAaTUCTUYHO HEIOCTOBIPHA, 1110 BaXIMBO JUIs1 30€PEKEHHS HOPMalb-
HOro (DyHKLIOHYBaHHS TaroOHIiB Ta BIATOKY IUIACTHYHHX PEYOBHH,
CHHTE30BaHHX Y JINCTKAX, B 1HI OpraHy (Taom. 2).

Tabamus 2
BrummB aHTpOIIOr€HHOTO 3a0py JHEHHS
Ha TOBIIMHY €JIEMEHTIB BTOPHHHOI KOpH (MKM, X + SD, n = 25)

Bapiant M’sixuii iy0  TBepmwii iyd  Bropunna kopa  [lepeBuna
Kowutporns 141,6+33 1014+22 2430+ 64 2709+54
Jlocrin 1511442  650+11% 2161+50% 274,1+44

IIpumimxka: * — pi3HUIA MK KOHTPOJBHHM i JIOCITITHAM BapiaHTaMH CTa-
THCTHYHO J0cTOBIpHa 32 P < 0,05.

[Iuprna BTOPUHHOT KOpH (M’SIKHiA 1 TBep/uid J1y0) Ao 3MeH-
LIYEThCS y TIATOHIB POCIMH HPHIOPOXKHBOIO HACA/PKEHHS 32 paxy-
HOK TTOTOHIIIEHHSI TBEPIIOTO JyOy. 3a JITepaTypHUMH JaHUMH BIUTHB
3a0py/HIOBAYIB HAa PO3BUTOK BTOPHHHOI KOPH 3&ICKUTH BiJl BHIY
pocmuH. Y naronax Caragana arborescens Lam. 4acTka i elleMeHTIB
3MEHILYEThCS BiTHOCHO KoHTpOITto (Jusypiva and Grycaj, 2014).

lupuna mapy nepeBuHH naroHiB Q. rubra MpakKTHYHO OJTHA-
KoBa B 000X BapiaHTax jgociigy (tabm. 2). Xoya Bimomo, 1o ¢op-
MyBaHHS KCUJIEMH JICSKUX BUAIB POCIIMH Yy TJIMBE /10 3a0pyIHEHHS
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cepenosunia. Y Tilia cordata Mill. 3a nii Buxkunis TEC y nBopiu-
HUX T1aroHaX YTBOPIOETHCSI HEPIBHOMIPHO PO3LIMPEHE KibLE KCH-
JIEMH, PO3MIp SIKOrO Ha ASSIKMX AULIHKAX yBidi OUTBLINIA, TTOPIBHS-
HO 3 IHIIMMH JUJITHKaMH OHOTo 1 Toro »x mpenapary (Grycaj and
Shupranova, 2015). A 3rigHo 3 Jarmishko (2012), matoT Micuie BU-
TIaJIKK YaCTKOBOT'O Ta TIOBHOT'O BUMAIiHHS PIYHUX IIAPIB ICPEBIUHU
y Pinus sylvestris L. 3a BIUINBY BUKHIIB TBEPANX YaCTHHOK MiTHO-
HiKeJIeBOro KoMOiHaTy. 3HIKEHHS UPHHM IIapy JIEPeBUHH y T1a-
roHax Betula pendula Roth B ymoBax 3a0py/HCHHS CepeIOBHIIA
crioctepirana Jusypiva (2016).

Puc. 3. BB 3a0pyaHEHHsI TOBKIILIS Ha TOBIIUHY
ckiiepenximu (/) TBepmoro sryOy narouis Q. rubra:
a — OOTaHIYHUH cajl, 6 — IPUIOPOIKHE HACAIHKEHHS

Jiamerp cymuH panHsoi aepeBuHM (. rubra Habarato IIHp-
M 32 TAKUIA Y TI3HIKA IEPEBHHI, IO JO3BOJISE BITHECTH 1i 10 Kilb-
1enopoBoi (kinbliecyanaHol) (Rejvn et al., 1999). [Mpote, 3a Harm-
MM J[@aHMMH, PO3IOALT CYIMH Yy JIEpPeBHHI OJHOPIYHHMX IIaroHiB
Q. rubra Ha 000X IOCTIIHUX AUTHKAaX HE Ma€ YiTKO BUPAKEHOTO
KiJbliecy JuHHOTO TUily. Ha momepeunomy 3pisi CyAHMHH pO3TaLlo-
BaHi BiIHOCHO DPIBHOMIPHO IO HIMPHHI BCHOTO KUThIA (pHc. 3).
Jessau (1969) Bkazye, 1m0 B MeXax OAHOTO BHAY PO3MOAUT CYIWH
MO>KE BapilOBAaTH 3aJISKHO BiJl 30BHIIIHIX YMOB 1 BiKy JepeBa (T1a-
roHa). Lleif aBTOp HABOAWTH LTFOCTPALLiIO MiBKUIBLIECYAMHHOL JIepe-
BUHM Quercus virginiana Mill. [lepeBHa mapeHxima anoTpaxiajibHa,
1i po3TallryBaHHs He 3aJIeKHUTh BiJl PO3TAILlyBaHHS CYAUH.

YucneHHi cepLeBHHHI TpoMeHi y naronax Q. rubra 38°3y10Th
KOpy 13 cepueBrHO0. KIITHHN CeplieBUHHUX MPOMEHIB BUTSTHEHI
B pajialbHOMy HampsMKy. [lesiki mpoMeHi NOYHHAIOTHCS y TOBIIL
JICPEBHHM HA PI3HUX BIZICTAHAX BiJl IOYATKY TKAHUHH.

CepreBHHA CHIIBHO PO3BHUHEHA 1 Mae, sIK OyJI0 BKa3aHO BHIIIE,
o0puc, o Harajye IT'ITUKYTHY 3ipKy. BoHa ckiamaeTsest 3 OKpyT-
JIMX BEJMKHX KIITHH, PO3MIPH SKHX 30UIBIIYIOTECS Bijt nepudepii
10 TieHTpa. [iCTOXIMIYHIME PEaKIisIMH BCTAHOBJICHO, 110 Y KITiTH-
HaX CEpLEBHHH Ta CEPLIEBUHHMX MPOMEHIB BiIKIAJA€THCS BEIIHKA
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KUIBKICTh KPOXMAJIBHUX 3€peH 1 Kparieis sxupy. Jiamerp cepueBu-
HH BUMIPIOBAJIM Y JIBOX HAIPSIMKAX: y HIMBY)KYOMY Ta HaHIIMPIIO-
My Micliix. ITaroHn pocinH 3a0pyJHEHOT QUISIHKH MAlOTh 3HAYHO
PO3BHHEHILITY CepLIEBUHY B HalBYx)4oMy Miclii (B 1,5 paza), y Haii-
mumpiroMy — Jiamie B 1,4 pasa (ta0m. 3).

Tadmmusa 3

BB yp6oTexHOreHHOro 3a0py/JHEHHS IOBKULII Ha po3Mipn
CEpLEBUHH Ta BEJIMIHMHH CITiBBIHOIICHHSI OCHOBHUX €JIEMEHTIB
narona (x = SD, n = 30)

Pagiyc ceprieBuHI, MKM CriBBiHOICHHA
Bapiair yecep i (Y BIIHOCHHX OJTUHHMILSIX)
LIHPOKa BY3bKa MEPBHHHA KOPa IO  BTOPHHHA KOpa
YaCTHHA YACTHHA BTOPHHHOI KOPH J10 JIEPEBUHU
EER
— S
Kourporms 814,1+113 52124129 il 0,90
!
Tocmix  551,9+153* 3802+9,7* E ok 0,79

Tpumimxu: * — pi3HULA MDK KOHTPOJBHUM 1 JIOCHIJHUM BapiaHTaMu CTa-
THCTHYHO JOcToBipHa 3a P < 0,05; ** — y 4ncensHUKYy po3paxoBaHO Bil-
HOUIEHHS TIEPBUHHOI KOPH 32 MEHIIOK HIMPUHOIO 10 BTOPUHHOI KOPH, Y
3HAMEHHHKY — 33 OUIBIIO0 IUPHHOIO.

I3 pesynmprataMu HAIIOrO JOCTIMKEHHS Y3TODKYIOThCS IaHi
IIO/I0 3MCHILCHHS JiaMeTpa CEpLEBHHH B YMOBaX 3a0pyHCHHs
HABKOJIMIIHBOTO CEPEIOBHUIIIA IPOMUCIIOBUMH BUKUIAMU Y Popu-
lus deltoides, P. italica i Robinia pseudoacacia. Pa3om i3 1iuM Bu-
3HAYCHO, 1110 3MIHU KiIbKOCTI CEpLIEBUHHUX MPOMEHIB Ta AiaMeTpa
CEepLEBHHH CTATUCTUYHO JOCTOBIPHO HE 3aJIeaTh BiJl CyMapHOro
PpiBHs 3a0pyIHEHHS TIOBITpPsI HA MOHITOPUHIOBHX JinstHKax (Grish-
ko etal., 1997).

YV mporieci €BOMIOLIKHOIO PO3BUTKY POCIHMHHI OPraHi3MH BH-
poOMIM TIeBHUH amanTariifHuii noTeHIian 10 pi3HUX QaxTopis ce-
penoBumia (Zhuchenko, 1988). V pasi BimxmneHHs iX BiJf HOpMH
BiOyBaeThCsl peaytizallisi bOro IOTEHLiaNny 3a JOHOMOIrOI0 TI'eHe-
THYHUX, OlOXIMIYHMX, (i3i0J0riyHuX i MOpdoaHATOMIUYHMX Mexa-
uismiB (Zhuchenko, 1988; Korshikov, 1996), To6T0 32 paxyHOK
CTPYKTYpPHO-(QYHKIIOHATBHUX 1 MOpdoaHaTOMIYHKMX MepedyioB y
Mexax Hopmu peakiii. Grodzinskij (1983) posmismae 3maTHICTH
POCJIMHHHX aJianTalliif 10 YMOB HaBKOJMIIHBOIO CEPEIOBHILA, IO
3MIHIOIOTECS, SIK IPOSIB HafiitHOCTI. HaiiiHiCTh — BIaCTHBICTH 00’ €K-
Ta BUKOHYBATH CBOIO (DYHKLIiFO IIPOTSTOM JAHOT'O Yacy B JAHUX YMO-
Bax. Peajmizamis ajanTHBHOrO MOTCHIIIATY 0 TEXHOTCHHOTO 3a0py/-
HEHHS1 HABKOJMIITHBOTO CepeioBHiiia rnaroHis Q. rubra BinOyBaeThest
3a PaxyHOK IOTOBIIEHHS KOPKa Ta KOJICHXIMH, 3aB/ISIKH YOMY 3MCH-
LIYETHCS] MOYKIIMBICTh MPOHMKHEHHS Y BHYTPILIHI TKAHHHU HIPEi-
€HTIB MPOMHKCJIOBHX | ABTOMOOUTGHUX BHKHUIIB. TOBIIMHA KiTbLIs
M’sIKOTO JIyOy Ta NEPeBHHH B yMOBaX 3a0pyIHEHHS CepelOBHUILA
MPAKTAYHO HE 3MIHIOETHCS, 10 MAa€ BENMKE 3HAYCHHS [ 30€peKeH-
Hsl TOKA3HHUKIB BIITOKY IUIACTHYHUX PEYOBHH i3 JIMCTS Ta HOTOKY 0
HHX BOJIH 3 MiHEPAJIbHIMH PEJOBHHAMH, TOOTO YTPUMAaHHs (DYHKIIH
[IMX TKAHWUH HA PiBHI KOHTPOITIO.

BucHoBkn

3a MONMIKOMIIOHEHTHOTO 3a0pyIHEHHS JOBKULIA y TOKa3HUKAX
TICTOJIOTIYHHX €JeMEHTIB marona Q. rubra BiIOYBArOTBCS a/IalTHBHI
3MIHH: TOTOBIICHHS (heJIeMH Ta CTPYKTYPHOTO eJIeMEHTA MEepBHHHOI
KOpH — KoneHXiMH. Lle crprste kparioMy 3axXicTy BHYTPIIIHIX TKaHUH
BiJT MPOHUKHEHHS 3a0py THIOBAYIB.

3a0py/IHEHHS JOBKULIS PAKTAYHO HE BIUTMBAE HA TOBIIUHY IIAPy
M’sIKoro JiyOy Ta fiepeBuHH y naroHax Q. rubra, 10 Ma€e Barome 3Ha-
YeHHsI 151 30epeKEHHsI TOKa3HHKIB TaKMX BOKIMBUX (DYHKLIH, SIK Bill-
TIK TVIACTHYHUX PEHYOBHH Y JIMCTA 1 TOTIK JI0 HUX BOIM 3 MIHEPAJIbHI-
MH pedoBHHaMU. Lle cBimuMTE TpO CTIHMKICTh HAHBAXTMBIIINX (BYHK-
it narona Q. rubra 0 (HITOTOKCUKAHTIB aHTPOTION€HHOTO TIOXOIDKEH-
Hs. [HTpe/TieHTH POMHUCIIOBHX 1 aBTOMOOUTEHUX BUKHIIB HEraTHBHO
BIUIMBAIOTh Ha (hOpMyBaHHS TBEpHOro JiyOy Ta CEpLEBHHU IaroHa
Q. rubra, 0 TIPOSBIIAETHCS Y 3MEHIIICHHI iX TOBIIUHH.
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