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BB acouniiioBaHHX 3 AIbTUTYI0K0 CXIWIY YMOB MIKPOKJIIMaTy
Ta OCBITJIEHOCTI Ha (i3ios10ro-6ioxiMivHi npouecn
B JIKCTI JiepeB NPHOePe:KHOrO0 JIicy

H.O. XpOMI/IXl, LA. IBaHLKOI, M. KOBaJ'IeHKOZ, 10.B. anonaTl, A.A. Anexceesa'
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Jninponemposcokuil HayionaneHuti yHieepcumem imeni Onecs I onyapa, [ninponemposcwk, Yxpaina
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Cymcevxuti nayionansruu azpapruil yrisepcumem, Cymu, Ykpaina

VY muctkax Acer platanoides L. (aBroxtonnuit Bun) Ta Robinia pseudoacacia L. (anBeHTUBHUIT BU) NOCIIPKEHO 3MIHH BMICTY XJIOPO-
¢imy (Chl a i Chl b) Ta axtuBHOCTI Katanaszu (CAT), 6emumuH-iepoxcunasu (BPOD) i reaskon-niepokerasu (GPOD), 3ymoBieHi jioka-
JIBHMUMH YMOBAaMH MIKPOKJIIMATY Ta OCBITJICHOCTI MPHPOHOI iOPOBH, acOLIHOBAHUMY 3 BUCOTOIO IPAaBOOEPEKHOro KpyTocxuiy p. Cama-
pa. 3pocTaHHs ANBTUTYH CXIUTY CYyHPOBOKYBAJIOCH IPai€HTHUM 30UIBIICHHSIM TEMIEPaTypH Ta OCBITIICHOCTI, 3HIDKEHHSM BOJIOTOCTI, 1110
BHKJIMKAJIO BapilOBaHHs IHTEHCUBHOCTI ()OTOCHHTETHYHOIO i aHTHMOKCHIAHTHUX MPOLIECIB Y JIMCTI 000X AEPEeBHHX MOpia. Y JHMCTKaX KiIeHa
31 30LIBIICHHSM BUCOTH CXMITy 3HIKYBastoch criBBinnommenns: Chla/Chlb (Bix 4,7 Ha HipkHIN yacTiHI cxuty 10 4,0 Ha BEpXHiii), TOAl K y
JIICTKAaX aKallii Ha 000X YaCTHHAX CXWITy BOHO JIOPiBHIOBAJO 5,1. 3i 3poCcTaHHSAM TeMIIepaTypu Ta OCBITICHOCTI Ha BEPXHil YaCTHHI CXHITY
301JIbIIyBaIach YacTKa KaTalasy B CyMapHil aHTHOKCHIAHTHIN aKTUBHOCTI JIMCTKIB 000X BHUIIB, IO BKAa3y€ Ha MOCHIICHHS 3aXUCHOI PO
KaTajia3l 3a yMOBHOI'O 3pPOCTaHHS O3HAK apHIHOCTI. Y JIUCTI KJICHa BHSIBIICHO BHCOKI PiBHI KOpEJILii MK aKTHBHICTIO BCIX (DepMEHTIB i
TIOKAa3HUKAMHU OCBITIICHOCTI, TEMIIEPAaTypy Ta BOJIOTOCTI, TOAI SIK U aKallii OLIoi BCTAHOBJIECHO JIMIIIE BUOIPKOBI JIOCTOBIPHI 3B’SI3KH, IO
MOJXXE CIIyTyBaTH MapKepoM IIPHUCTOCOBAHOCTI aBTOXTOHHOT'O Ta aJBEHTHBHOIO BHIB JIO aCOLIMOBAHMX 13 BHCOTOIO CXHITY €KOJOIiYHHX
YMOB IIPUPOJHOT TiOPOBHL.

Kmiouosi cnosa: Acer platanoides; Robinia pseudoacacia; cXwt; OCBITJACHICTb; MIKPOKITIMAT; XJIOPO(IT; aHTHOKCHIAHTHI (hepMeHTH

Influence of the slope altitude-associated microclimate and light conditions
on the physiological and biochemical processes in leaves of coastal forest trees
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The problem of natural forests conservation is relevant in the Ukrainian steppe zone where the forest ecosystems develop in the
unfavorable conditions of geographic mismatch; therefore, they suffer as a result of any environmental changes. The hypothesis of suscepti-
bility of tree leaves’ metabolism even to slight changes of climatic parameters was tested. The study was conducted in more than 75 years-
old natural mixed forest located on the right bank of the Samara river. The chlorophyll (Chl) content, and catalase (CAT), benzidine-
peroxidase (BPOD) and guaiacol-peroxidase (GPOD) activities in leaves of autochthonous maple species (Acer platanoides L.) and
adventive acacia species (Robinia pseudoacacia L.) were investigated on the lower (52 m above see level, a.s.l.), middle (74 m a.s.l.) and
upper (96 m a.s.l.) coastal slope altitude. In maple leaves decreasing chlorophyll amount on the middle and upper plots (8.8% and 19.5%
compared with the lower plot) together with Chla/Chlb ratio decrease (from 4.7 on the lower to 4.4 on the middle and 4.0 on the upper plots)
was found. Chlorophyll content in acacia leaves decreased only on the upper plot (by 8.5% compared to the lower one), and Chla/Chlb ratio
on the lower and upper plots reached 5.1. In maple leaves the increase in altitude was accompanied by the decrease in BPOD activity (by
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26% and 63% on the middle and upper plots, accordingly), and GPOD and CAT (accordingly, by 31% and 37% on the upper plots
compared to the lower plots). High correlation coefficients of light, temperature and humidity with activity of CAT (respectively, r =—0.98;
r=-0.85; r=0.83), BPOD (r =—-0.96; r =—0.93; r = 0.90) and GPOD (r =—-0.98; r =—0.82; r = 0.82) were estimated in 4. platanoides leaves.
Sharp decline in GPOD activity in R. pseudoacacia leaves was revealed on the upper plot (by 95% compared to the lower one), whereas
BPOD activity increased by 47% on the middle plot but decreased by 74% on the upper one compared to the lower plot, and CAT activity on
the middle and upper plots exceeded 4.3-fold and 1.8-fold the activity on the lower plot. In R. pseudoacacia leaves high correlation of light,
temperature and humidity was found with GPOD activity (respectively, r = —0.99; r = —0.82; r = 0.82), whereas correlation with the light
level was significant only for BPOD (r = —0.84), and no significant correlation was recorded for CAT activity. Results of the study confirm
high sensibility of photosynthetic and antioxidant processes in leaves of both tree species to microclimate changes, which is defined as a
conventional enhancement of aridity traits when moving upwards on the slope. It is suggested that the level of correlation between enzyme
activity and microclimate and lighting parameters can serve as a marker of tree species adaptation to the slope altitude-associated changes of

the local environmental factors in the natural forest.

Keywords: Acer platanoides; Robinia pseudoacacia; slope; light; microclimate; chlorophyll; antioxidant enzymes

Beryn

Exororivaa Ta eKOHOMiYHA 3HAYMMICTB JICIB 3YMOBITIOE
HEOOXI/THICTb 3aXO0JIB IO/IO0 1X 30epeXeHHs i Yac KIiMaTH-
YHUX 3MiH, SKi, 32 OIIIHKaMH (PaxiBIiB, MPOTATOM OCTaHHIX
JECSITINTh MAlOTh TEHACHINIO [0 TOCHIICHHS apHIHOCTI
(Linder et al., 2014; Sperlich et al., 2015). Knimar Binirpae
KJIIOUOBY poiib Y (hopMyBaHHI Ta reorpadiyHOMY po3Talily-
BaHHi siepeBHux BumiB (Dolgova, 2004; Ramirez-Valiente et
al., 2015), Mae BU3HauHMIi BIUIMB HA PICT JIEPEB 1 JIICOBY MPO-
nykruBHicTh (Mund et al., 2010; Harfouche et al., 2014), Tomy
yBary HayKOBIIB HPHIUICHO MPOTHO3YBAHHIO HACIIAKIB 3MiH
KiimMary. O4iKyeTbes, IO IMiBACHHI TEHOTUITM MOXYTb BUTIC-
HUTH JticoBi Buau y 3aximHiii Ta LleHTpanbHiii €Bpormi
(Bussotti et al., 2015). ITpornosyerscs (Talbi et al., 2015), mo
3pPOCTaHHsI TEMIIEPATYPH Ta MOCYIUIMBOCTI 3arOCTPHUThH IPO-
OJeMy BIDKHBAHHS POCIIH, OCOOJIMBO B apUIHKX PETiOHAX.

YkazaHi IpoOIeMr aKTyaJTbHi TS CTETIOBOT 30HM YKPaiH,
Jie JTICOBI €KOCHCTEeMH Iepe0yBaloTh B yMOBaxX reorpadiuHol
HEBI/TOBIHOCTI yMOBaM MictieriepeOyBanns (Bel’gard, 1971),
TOMY Ha/I3BUYAIHO YYTIIHBI 10 Oy[b-SIKUX €KOJOTIYHUX 3MiH.
JloxanbHi YMOBH JUTs ICHYBaHHSI TIPUPOHMX JIICIB CTBOPIOIOTh-
Cs1 3aBIISIKK TeOMOP(OJIONTYHOMY PI3HOMAHITTIO CTETIOBOT 30HH,
30KpeMa, MPHUPOJIHI JIICH MPABOOEPESKHNUX KPYTOCXHIIIB CTEIO-
BUX PIYOK € aHaioramu Oalpadnux JiciB. HuHi Tepuropist
VYkpaiHu XapakTepusyeThes SIK JiconedilyTHa, OCKUIBKH Mae
MOKa3HHUK JICUCTOCTI Om3bko 15,9% — omuH 13 HaMHIDKUKMX
cepen eBporerickkux Kpaid (Tkach, 2012).

30epekeHH HAsSBHUX THITB JICIB 32 KIIMATUYHUAX 3MiH
nepenOavac aKITiMAaTH3AIII0 JEPEeBHUX BUJIB 3aBISKH TCHE-
THYHIH 1 ()eHOTHIIUHII BapiaTMBHOCTI nomysisiii (Bussotti et
al., 2015), ToMy akTyalbHUM € BUBYEHHS OCOOJIMBOCTEH TIPH-
CTOCYBaHHS JICPECBHUX POCITHH 10 ACOIMOBAHHX i3 MEBHUM
MICIIE3POCTAHHSIM ~ EKOJIOTIUHMX  (DAaKTOpIB. Y CTaHOBJICHO
(Bahuguna and Jagadish, 2015), 1110 MikpOKTiMaTAYHI YMOBH
MalOTh CYTTEBHII BIUTHB Ha (pa3i PO3BUTKY POCIIHH, 30KpeMa,
Mepexii Bil BEreTaTUBHOI N0 TCHEpaTHBHOI cramii. Y
3MIIIAHKX JTCaX JIACTS, MPUCTOCOBAHE IO 3aTiHCHHUX YMOB,
Ma€ HWKYMH (HOTOCHHTETHYHUI TOTEHIia], IPOTe MEHII
HeraTHBHI Hacnimkw mix 9ac mocyxu (Sperlich et al., 2015).
BuBuatoun BIDIMB  acomifiOBaHMX i3 BHCOTOIO  CXIITY
KIIMaTHYHUX YMOB Yy JIMCTKaxX Fagus silvatica, Ha HYDKHIH
YaCTHHI CXWJIy BHUSBHJIM MEHIIY IPOJMXOBY IIPOBIIHICTS,
LIBUJIKICTh aCUMUTALIT BYTJIEKUCIIOTO Ta3y, BITHOIICHHS MacH
JIMCTKA JI0 HOro IUION, HAaTOMICTh BHILY (OTOXIMIYHY
aKTHBHICTb 1 edekTuBHICTh BUKOpHCTaHHS Boau (Rajsnerova
et al., 2015). INokasano (Morales et al., 2015), mo picr i
¢izionoriyHi  TmpouecH OpasHIIBLCBKOr0 E€HAEMIYHOIO BHJLY

Vellozia gigantea ®OpCTKO JCTEPMIHOBaHI CE30HHHMH YMO-
BaMH Iepiofly JOHIB 1 mocyxu. JloCHmimKyroun poib
aIIalITOBAHOCTI IO COHSYHOI paJialtii, Bcepe/IrHi KPOHU JTBOX
exoturiB Eucalyptus globulus 3HAWILTN JMCTKH, aJaTOBaHi
JI0 pi3HUX piBHIB ocBiTIIeHOCTI (James and Bell, 2000).

[pucrocyBaHHs POCIMH [0 BIUIMBY  CKOJOTTYHUX
(akTOpiB peanizyeTbcsi Yepe3 YCTAHOBIICHHS ONTHMAIBHOIO
PIBHSI TCHETHYHO JCTCPMIHOBAHUX METAOONIYHMX IPOLECIB,
1I0 Ha KITUHHOMY pIBHI TMepeadayae, 30Kpema, 3MIiHH
AKTUBHOCTI aHTHOKcHAaHTHUX (hepmenTiB (Guo et al., 2015).
Mera 11i€i cTaTTi — BUSBUTHA BapitOBaHHS iHTCHCUBHOCTI (O-
TOCHHTE3y Ta aHTHOKCHAAHTHX IPOLECIB y JIMCTI JiepeB 3a-
JIOKHO Bifl JIOKUIBHUX YMOB MIKPOKJIIMAary Ta OCBITJIEHOCTI
TIPUPOAHOI 1iIOPOBH, aCOLIHOBAHMX i3 PI3HOIO BHCOTOIO NPH-
OEpEKHOTO KPYTOCKHUITY.

Marepiai i MeToau 10CTiTKEHDb

Hocmimkerns mposeneHo Ha [Iprcamapcpkomy MiKHa-
ponHomMy OiocdepHomy crationapi im. OJI. Bembrapna y
MIPUPOIHIN JTMIIOBO-SICCHERIH MIOPOBI BIKOM IOHA 75 POKIB,
po3TalloBaHiil Ha KPYTOCXMJIi MIBACHHOI €KCIIO3HIIT ITPaBo-
ro Oepera p. Camapa. PiBeHb MeTa0ONIYHKX MPOLECIB Y
JIMCTI JIepeB 3a JIOKAIbHUX MIKPOKIIMATHYHHX YMOB 1
OCBITJIEHOCTI JIOCII/DKYBAJIM Ha BEPXHIM TPETHHI CXWIy 3
AIBTUTYIOI0 (BHCOTa Haj piBHEM Mopsi) 96 M (niystaka T1TT
207-1N), cepenHiii TpeTuHi 3 albTUTYAOI0 74 M (IiIsTHKA
[T 207-2N) Ta HWKHIA TpeTHHI 3 AIBTUTYAOK 52 M
(mimsaka TTT 207-3N). AHamiz MeTaOOJIYHMX TPOIECiB
NPOBOJWIIM Y JIMCTKAX IOPi IPYTOro JEpPEeBHOIO Spycy
KJIeHa TocTpoimcToro (Acer platanoides L.) Ta akamii 6ino1
(Robinia pseudoacacia L.).

OCBITJICHICTb IIiJi HAMETOM BHMIPIOBAIM HA BHCOTI 2 M
MPOTSTOM TPaBHS — JIMITHS OIMIBIHI y COHSYHY IOTOIY 3
MIHIMAJIBHOO XMApPHICTIO BiamoBiaHo 10 Alexeyev (1975) i3
BUKOpHCTaHHAM JirokeMeTpa FO-16. CHHXpPOHHO 3 MPOOHU-
MH IUIONIAMH BH3HAYAIM OCBITJCHICTh HA BIJKPUTHX
JUISHKAX Y BEpXHIH, cepe/Hiil Ta HIKHIN TpeTHHaX CXUILY.
JaHi 1moa0 Temriepatypy Ta BiTHOCHOI BOJOTOCTI MOBITPS,
BUMIpPSIHI TPOTATOM BereTarlii 3a sICHOI IOTOAM Ha BHCOTI
1,5 M Bix moBepxHi IpyHTY, HaBeaeHo 3a Grytsan (2000).

3pa3Ku JIMCTS BIAOWPAIN Y CepeIiHi TPaBH 3 5—7 NepeB
OJTHOTO BIiKOBOTO CTaHy, TOTYBaJIM YCEpEeIHEHI 3pa3Ku Ta 3a
noromororo crekrpodoromerpa KOK-3 BusHawanmu BmicT
xsopodiy (Chl a ta Chl b) Binosigao 10 Wintermans and
De Mots (1965), aktuBaicts karanazu (CAT, EC 1.11.1.6)
ta nepokcuaas (POD, EC 1.11.1.7) — 3a 31aTHICTIO OKHCHIO-
BatH OeH3uMH (OeH3uauH-Tiepokcuaasa, BPOD) abo reasikon
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(rBasikon-nepokcuaaza, GPOD). Jlist BU3HaUYeHHS! aKTUBHOCTI
¢depmentiB 0,1 T CHPOro POCIMHHOTO Marepiany roMOreHi-
syBayd B 2,5 mi Tpuc-6ydepa (pH 7,0) 3 nonaBanmsim 0,1%
TOJTIBIHUTITIPOJTIIOHY, €KCTpakT LeHTpudyryBamm 15 xB 3a
10 000 00./xB. AKTHBHICTb KaTajia3u BU3HAYaH 3rimHo 3 Goth
(1991) 3a 410 HM; W11 PO3paxyHKIB BUKOPUCTOBYBAIIH TIOTIE-
peaHbo T0OYyNOBaHMH KanmOpyBanbHUH Tpadik. AKTUBHICTH
BPOD BuzHavarm BimosinsHo 10 merony Gregory (1966) 3a
3MIHOIO ONTHYHOI TYCTHHH PEaKIiifHOI CYMIIlli 32 JOBXUHU
xBwTi 490 aM, aktuBHicTE GPOD — 3rigHo 3 (Ranieri et al.,
1997) 3a 470 aM. Yci qOCTiIKEHHS TIPOBEICHO Y TPHUPA30BO-
My TIOBTOPEHHI, pe3yJIbTaT! HAaBEACHO SIK CEepeIHE + ITOXUOKa
(SD), a Takoxx OMpaIbOBAaHO i3 3aCTOCYBAHHSIM KOPEISILIi-
HOTO aHaJTI3Yy.

Pe3yabTaTn Ta ix 06roBopeHHs

BapiroBaHHs €KOJIOTIYHMX YMOB MICLIC3POCTaHb, aCOIIiiHo-
BaHMX 3 JIBTUTYIOI0 CXHITy, 3yMOBHJIM OCOOJIMBOCTI CTPYKTY-
p¥ Ta BHIOBOTO CKJIAXy MOCIIDKCHUX JUITHOK IPHUPOIHOL
JOpOBY Ta CBITJIONPOHMKHICTH TX Hamery. Ha minstar [T 207-
IN y BepXHBROMY IEpEBHOMY SIpyCi JOMIHYBIH OyO 3BHYaii-
Huit (Quercus robus L.) 1 sicen 3Brdaiiamit (Fraxinus excelsior

L.), y npyromy sipyci mpucyTHI KJIEH TOCTPOJIMCTHH, aKarfist
outa, B’s3 miamkuii (Ulmus laevis Pall) 1 jmma cepremicra
(Tilia cordata Mill.), y mimIicKy po3BHHYTHH Hi/IPICT KieHa,
aKarlil, B’s3a, siccHa. JlepeBocTaH NEIIO 3piDKCHHMI, 3IMKHE-
HICTb JiepeBHOro Hamery y Mexkax 0,6-0,7, Tum cBiTIoBOL
CTPYKTYypH — HaNiBTIHHOBWH, CBITJIOBUH CTaH — IOCHJICHHH,
IPYHTOBO-TI/IPOJIOTIYHI  JIICOPOC/IMHHI YMOBH — CBDKYBATI.
Ha niystar T 207-2N 3pocna gacTka JIMIH CEPLENCTOl Ta
3’SBUBCSL KIICH TIOIMBOBUN (Acer campestre L.). JlomiHaHTaMu
TIEPIIIOTO JIEPEBHOTO sSIpycy Oy qy0 3BUYANHHIN Ta SICCH 3BU-
YaifHHii, IPYTroro — KJICH! TOCTPOJIMCTHI Ta MOJILOBUI; aKallis
Oima BUXOIWIA 3 JEPEBHOrO SIPyCy IO CKIaay IApOCTY.
3iMKHeHICTh JiepeBHOoro Hamery — B Mexax 0,8-09, tun
CBITJIOBOI CTPYKTYPH — HaITlIBTIHbOBHH, CBITJIOBHI CTaH — HOp-
MaJIbHUH, JIicOpocnHHI yMoBH — cBbki. Ha nimstaii TTIT 207-
3N 3apeecTpoBaHO HAWMCHPUSITIMBILII JIICOPOCIMHHI YMOBH, Y
BUJIOBOMY CKJIaJTi 30UTBIIIIIACH YacTKa y0a 3BUYAifHOTO, JIATTH
CEpLENICTO, KJIEHA TIOBOBOr0. 3IMKHEHICTh JIEPEBHOTO HaMe-
Ty —y Mexkax 0,8-0,9, Tin CBITIIOBOi CTPYKTYpH — HaIlBTIHBO-
BHUH, CBITJIOBUI CTaH — TIOCNAOJICHHH, TPYHTOBO-TiIPONOTiUHI
JICOPOCITFHHI YMOBH — CBiXKI. BUsiBIIeHI 0COOMMBOCTI BHIOBOTO
CKJIaly Ta CTaHy [EPeBOCTaHy BINOIIMCH HAa TOKA3HMKAX
OCBITJICHOCTI ITi[T JTICOBUM HAMETOM (TaliL.).

Tabnuys
‘YMoBH OCBiTJIeHOCTi Ta MiKpOKJIIMATYy Mii HAMeTOM NPUPOAHOI A1i0poBH Ha npaBodepexxHoMy cxuii p. Camapa
. . Hwxns Cepenus Bepxnsa
TToka3HKKH, OMHHLI BUMIPY
YACTHHA CXIITY YaCTHHA CXUITY YaCTHHA CXUILY
OCBITJICHICTB ITiT JTICOBUM HameToM, Lx 1745+ 95 2190+ 115 4154+ 205
CTyIiHb OCBITJICHOCTI il HAMETOM BiTHOCHO BIJIKPUTOI AULTHKH, %o 3,510,221 4,30+ 0,28 8,20 +£0,72
Cepennst Temiieparypa nositps (t), °C 25,0-26,0 26,5-27,0 27,5-28,0
Cepest BiTHOCHa BOJIOTICTb NOBITPs (1), % 62-65 58-62 54-58
TNocwnennii cBiTIOBHI cTaH AIOPOBH y BEpXHIM TpeTWHI  BoJjoro3adesnedeHocti Ta ocBimieHocti (Paviov, 2004).

CXIDTY, TIOB’SI3aHUH 31 3pLHKEHHAM JIEPEBOCTAHY Ta BEIHKOIO
YaCTKOI0 HaIiBaKYPHOKPOHHHX IIOPiJ, 3yMOBHB 3POCTaHHS
OCBITJICHOCTI mix HameroM 10 8,2% BIOHOCHO BIIKPHUTHX
JUITHOK, 10 3a gaHuMu Ivan’ko (2008, 2009), BiactuBo mist
HACa/PKeHb HAIBOCBITJIICHOTO THITY CBITIIOBOi CTPYKTYpH.
30UIbIIEHHS YaCTKH IJIbHOKPOHHHX TIOPi Ta 3IMKHEHOCTI
JICPCBHOTO HAMETy 3yMOBHJIO 3HWDKCHHS OCBITJICHOCTI Y
cepenHiil TpetuHi cxwiy 10 4,3%, y HIDKHIA YacThHI — 10
3,5%, XapakTepHUX, BIIIOBIMHO, IS HACAIDKCHH HAITliB-
TIHBOBOTO Ta TIHBOBOrO THITY. [IOKa3HMKH BiHOCHOI BOJIO-
TOCTi TOBITpS TMii HAMETOM IIPUPOJHOI IiIOPOBH 3MEHIIYBa-
JIMCh, a 3HAYCHHSA TeMIIepaTypu 30UTBIIYBAINCE 3i 3POCTaH-
HSIM aITBTUTYIN CXIUTY (TaldL.).

Omxke, MIKpPOKIIIMATHYHI YMOBU Ta PIBEHb CBITJIONPO-
HHUKHOCTI JIEPEBHOTO HAMETY 3yMOBHIIM ACOLIHOBaHI 3 aJlbTH-
TYZIOIO CXUITY 3pOCTaHHsI OCBITJICHOCTI Ta TEMIIepaTypH Ha T/
3HIDKCHHS BiZIHOCHOI BOJIOTOCTI MOBITps. Takuii Harmpsm Jio-
KaJIbHUX 3MiH (DaKTOpIiB CEpPEeNOBHIA MM BH3HAUMIIM 5K
YMOBHE MOCHJICHHSI O3HAK apUIHOCTI Ta JOCIIIWIA PEaKilil
BI/INIOBI/Ti METAOOMIYHIX CHCTEM Ha IIi 3MiHU Y JIUCTi KJICHA
TOCTPOITUCTOTO, SIKMI € aBTOXTOHHMM BHJIOM, Ta aKarlil OLIo1,
sKa € aJBEHTUBHUM BHIOM I MOTpanWia y TMPUPOAHHUIA JIC
[UBTIXOM 1HBA3ii 31 INTYYHIX MiCLIE3POCTAHb.

OpHnM 13 HAWYYTIMBIMIKX 0 BIDIMBY EKOJOTTYHHUX (ak-
TOpIB META0OJIYHUX TIPOIECiB y pOCIHH € (HOTOCHHTE3
(Ramirez-Valiente et al., 2015), 30kpema, Bci mporecu
6iocuHTe3y (HOTOCHHTE3YBAIBHHX MIFMEHTIB YyTJIUBI JI0 YMOB

[Ipu 3pocTaHHi aNBTUTYAM CXWIy Ta IIOB’S3aHUX 13 HEIO
3MiHAX MIKpPOKITIMATHYHAX YMOB 3HIDKYBABCS CyMapHHA
BMICT XxJiopodiny Ta Horo mosexyaspHux ¢opm (Chl a ta
Chl b) y nmcri sik kieHa roctponuctoro (puc. 1a), Tak i akari
61101 (pric. 10).

VY JHCTI KJIeHa TOCTPOJIMCTOrO 3HIDKEHHS CyMapHOTO
BMICTY XJIOPO()LJTIB CTAHOBHJIO Ha CepeiHil 1 BepXHil yac-
THHaX cxwy 8,8% Ta 19,5% Big yMicTy Ha HIKHIN YaCTHHI.
3i 3pocTaHHsAM BHCOTH cxwity criBBizHomeHHs1 Chla/Chlb y
JIUCTI KJIEHa 3HWKYBAIOCh 3 4,7 1o 4,4 Ha cepenniii ta 10 4,0
Ha BepxHii yacTuHi cxwry. KopemsuiiiHuii aHaii3 BHSBHB
BHCOKHH CTYIIHB 3B’S13Ky MK YMICTOM XJIOPOQLIIB Y JIHCT-
Kax A. platanoides Ha pi3HNX YaCTHHAX CXWIIY Ta ITOKA3HH-
kamu ocBimiieHocrti (r = —0,95), Temneparypu (r = —0,95) Ta
BiZHOCHOI Bostorocti (r = 0,91).

Y nucri axariii 61101 BMICT XJI0pO(LIiB Ha CepeHi CXILTY
HE BIJPI3HSBCS Bl TAaKOro HA HWKHIM YacTHHI, a HA BEPXHIN
3HIKyBaBcst Jimiie Ha 8,5%. CnieinHomenHs Chla/Chlb na
HIDKHIH 1 BEpXHiil YacTHHAX CXHMJTy JIOpiBHIOBaIO 5,1, Tol K
Ha cepenHiil YacTHHI 3HIDKYBAJIOCh 10 4,7, 0 MoXKe OyTH
MOB’S3aHO 3 TOTIPIICHHSM YMOB OCBITJICHOCTI BHACIIIJIOK
3a3HAYEHOTO paHillle BUXOIY akalii 3 JIEpeBHOIO Spycy IO
CKIIaZly TiAPOCTY camMe Ha CEepeluHi CXWIy. 3aleKHICTh
BMIiCTY XJIOpO(iJIB y JIMCTI aKarii Bil acOIIHOBAHNX 3 aIbTH-
TYOIO0 CXIITy OCBITJIICHOCTI, TEMITEpATYpH Ta BOJOTOCTI M-
TBEPDKEHO MMAPHUMH KOSPII[iEHTaAMH KOPEJISLi (BiAMOBIIHO,
r=-0,98; r=-0,80; r=0,79).
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Puc. 1. Bmict xi10podgiay a (Chla), xsiopodiny b (Chlb) Ta cymapuuii Bmict (Chla+Chlb) y aucrkax A. platanoides (a)
i R. pseudoacacia (6) y npupoaniii nioposi na nukniii (HY), cepenniii (CY) i Bepxwiii (BY) yacTunax
npaBodepeskHoro cxuiy p. Camapa

ToOTO yMOBHE MOCWIICHHS O3HAK APUIHOCTI KITIIMaTy B
macti A. platanoides cnpyUuMHIOBATIO TIOMITHE 3HIDKEHHS
IHTEHCHBHOCTI (DOTOCHHTE3Y, & BIJHOCHE 3POCTAHHS YacCTKU
Chlb, poms sikoro € nornomibkHOW Ta 3axucHoro (Pavlov,
2004), crpusul0 MATPUMAHHIO (DOTOCHHTETUYHOI (PyHKIL.
Ymcri R. pseudoacacia TOCWIGHHS O3HaK apUAHOCTI Ha
BEPXHIH YaCTHHI CXMITy CYIPOBODKYBAIOCH HE3HAUYHUM 3HH-
JKEHHsIM IHTEHCHBHOCTI (poTocHHTE3y 0€3 mepepo3nomiTy
MOJIEKYIIpHUX (popM xi1opodiry. OTprmaHi pe3yibTaTi y3-
romkytotecst 3 ganmmu  Caudle et al. (2014) mpo
pi3HOCTIpsIMOBaHI  peakiii (POTOCHHTETHYHOTO KOMILIEKCY
POCIIMH Ha BIUIMB IIOCYXW: TOJIPAHTHI BUIW IOCHIIFOBAIIH
(hoTOCHHTETHYHY TPOAYKTHUBHICTH 1 3axucT (otocucremu I,
TOAIL SIK TPHUCTOCOBAHI O YMOB OLIBIIOTO 3BOJIOXKEHHS POC-
JMHA MaJld MEHIIMHA BMICT XJiopodily Ta MEHIIe
criBifrorrenHs Chla/Chlb. 3a 3pocTaHHS aTbTUTYIH CXITY

AKTHBHICTh ~ aHTHOKCHIQHTHMX  (DepMEHTIB y  JIUCTI
28
o
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o

A. platanoides 3umxyBamacs (puc. 2a), TOAl SK Y JIHCTI
R. pseudoacacia nanuii MOKa3HUK 3a3HAB PI3HOCTIPSMOBAHHX
3MiH (puc. 20).

VY JmcTKax KiIeHa 3HAYHO 3MCHIIYBAIACh AKTHUBHICTh
BPOD: Ha 25,7% 1 63,4%, BIIOBIHO, HA CEPENIHIl 1 BEpXHIN
YaCTHHAX CXHITY MOPIBHSHO 3 HIDKHBOI0. AKkTHBHICTE GPOD i
CAT Ha cepeuHi CXWIy 3HIDKYBalIach HECYTTEBO, a Ha
BepxHiil uacTuHi — BimmoBimHO, Ha 31.4% 1 37,4% Bin
TOKa3HUKIB JUTsI HIDKHBOI YaCTHHU CXWTy. Bucokum OyB
KOPEJLIIHHNNA 3B’S30K MK ACOLIMOBAaHNMH 3 aJBTHTYIOKO
CXIDTy OCBITJICHICTIO, TEMIICPaTypOIO, BOJOTICTIO Ta aKTHB-
nictio CAT (Bimmosigno, r = —0,98; r = —0,85; r = 0,83),
BPOD (r =-0,96; r =-0,93; r = 0,90) i GPOD (r =-0,98; r =
—0,82; r =0,82). Y nucTkax KieHa TOCTPOIMCTOTO BiMiYeHO
TCHJICHITIFO JI0 30UTBIICHHS BHECKY KaTaja3d y CyMapHy aH-
THOKCHIIAHTHY aKTUBHICTb Bifl 76,6% Ha HIDKHIM YacTUHI 110
78,0% Ha cepenniid i 79,0% Ha BepXHiii YaCTHHI CXUITY.
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Puc. 2. AktuBHicTh reasikoi-nepoxkcuaasu (GPOD, MM TerparBasiko.ry/r*xB),
oensuaun-nepoxcunasu (BPOD, onr. oa./ rxB), karanazu (CAT, mM H,0,/ rxB)
y auctkax A. platanoides (a) i R. pseudoacacia (6) y npupoaHiii 1ioposi Ha mmxniii (HY),
cepenniii (CY) i Bepxniii (BY) ywacTunax npaBodepexxHoro cxuiay p. Camapa

VY mucrkax akauii Oinoi aktuBHicte GPOD maibke He
3MIHIOBaJIaCh Ha CEpEAMHI CXMITy Ta pi3ko (Ha 95%) 3HIKy-
BaJIach HA BEPXHIiM YACTWHI MOPIBHSIHO 3 HIDKHBOIO. AKTHB-
Hicte BPOD Ha ceperuHi cxwiny nepeBuiyBana Ha 46,8%, a
Ha BEpXHii YaCTHHI 3HIKyBatachk Ha 74,1% Bix MoKa3HMKA Ha
HIDKHIA YaCTHHI CXWTy. AKTHBHICTh KaTala3u MPH 3pOCTaHHI
ANBTUTYIU CXITY CYTTEBO 30UIbITyBanack: v 4,3 ta 1,8 pasa,
BI/IMIOBIZTHO, Ha CEpeHIN Ta BEpXHil YacTWHAX CXWIy. YCTa-

HOBJICHO BHCOKHIA CTYIIIHb 3B’SI3Ky MDK PIBHEM OCBITJICHOCTI,
TEMIIEpaTypy Ta BOJIOTOCTI Ha PI3HMX YaCTHHAX CXIIy Ta
aktuBHicTIO GPOD (BimmosimHo, r = —0,99; r = —0,82; r =
0,82), Toxni sik ust BPOD 3Hauynmm OyB viie 3B’SI30K 3
piBHeM ocBiTieHocTi (r =—0,84), a mst CAT He BCTaHOBIICHO
3Hauynmx KoedirienTiB. [Ipy 3pocTaHHI BHCOTH CXWIY Y
JIMCTKAaxX akallii CyTTeBO 30UIBIIyBaNach 4acTKa Karajasdl y
CyMapHIi aHTHOKCHIAHTHIH aktuBHOCTI: Bing 18,8% Ha
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HIDKHIN gacTuHi cxuwty 1o 48,1% Ha cepenniii Ta 10 80,2% nHa
BEpXHil 9aCTHHI CXUITY.

PocnuHHI mepokcumasy Ta KaTallasu 3HEIIKOIDKYIOTh
MEPEBAXHY OUIBIIICT TEPOKCHIY BOJIHIO, YTBOPEHOTO Y
MeTabOMIYHUX MPOLIEcax 3a HECTPUSITIMBUX YMOB Cepelo-
Buma (Luna et al., 2005) a6o 3a aii momorantis (Khromykh
et al., 2014); xpim toro, came CAT KOHTpOIIOIOTH piBEHB
TIEPEKHUCY BOJIHIO, IPOIYKOBAHOTO y Tpornecax (oTocuHTresy
Ta (oTopecripariii, IKa TOCUITIOETHCS BHACIIIOK 3POCTaHHS
coHstuHOl pamiarii Ta Temmeparypu (Queval et al., 2007).
OtpumaHi HaMH Pe3yJIbTaTH JalOTh ITiICTABH BBAXKATH, IO
30utbiieHHs yacTku CAT y cymapHiil aHTHOKCHAAHTHIH
AKTUBHOCTI JIMCTKIB BKa3y€ Ha MMOCHIICHHsI poiii (hepmeHTy y
3aXUCTi (POTOCHHTETUUHOro Tpoliecy A. platanoides 1
R. pseudoacacia npu acouiioBaHoMy 3 BHCOTOIO CXHJIY
3pOCTaHHI OCBITJICHOCTI Ta TeMIlepaTrypu HoBitps. Bucokuii
KOHCTHUTYLIHHUK piBeHb akTuBHOCTI CAT y JmcTKax KieHa
TOCTPOJIHICTOrO OYB, IMOBIPHO, TOCTATHIM sl 3a0e3MeUeCHHS
3aXUCHUX (DYHKIIH HaBiTh 32 HE3HAYHOI aKTUBAMii (hepMeH-
Ty, TOAL AK Yy JICTKaX aKaii 0ioi HeoOXigHOO Oyna Haba-
raTo CyTTEBIIIa aKTUBAIS KaTallas3H.

PocimHHI TIepokcHia3y 3a/isHI Y MHPOKOMY Kodi ¢izio-
norignux mpouecis (Ranieri et al., 2001), ToMy BapitoBaHHsI X
aKTHBHOCTI y JUCTi A. platanoides 1 R. pseudoacacia cBiqunino
PO 3aJIOKHICTh META0OJIYHKUX TMPOLIECIB BiJl YMOB Cepejio-
BHIIIA HA TEBHIM YacTHHI CXWITy. 30KpeMa, 3HIDKCHHS aKTH-
BHOcTi BPOD y smcTkax wieHa MODIO OyTH CIPUYHHCHE
3MiHaMH efaidHUX YMOB, OCKUIBKH IEPOKCH/Ia3HA aKTHB-
HICTb CYTTEBO 3aJIOKHTH Bif ckiamy rpyHty (Rogozhyn,
2004). INocnabnennst akruBHocTi GPOD y nmcTkax KieHa Ta
akamii Momio OyTH TakoXK TIOB’si3aHe 3 repedynoBamu
MeTaboIi3My (PeHONBHHX CIIONYK, apke Bimomo (Allison and
Schultz, 2004) mo aktiBHICTE GPOD NO3UTHBHO KOPENIOE 3
ix ymicToM. Y JIMCTKaxX aKallii Ha CepelMHI CXUITy BHCOKHMH
piBEHb TIEPOKCHIA3HOI AKTHMBHOCTI MO)KHA IIOB’SI3aTH 3
Binomum (Lee et al., 2007) nocuieHHsM mporiecy JirHigikari
32 HECTIPUSITIIMBUX YMOB CEPEOBHINA. 3HIKEHHS aKTUBHOCTI
MIEPOKCHU/IAa3 Y JIMCTKAX KJICHA Ta OCOOJMBO aKallii Ha BEpXHii
YaCTHHI CXWIy MOIVIO BKa3yBaTH HA PICT YMICTy IIyKpIB 3a
YMOB OUTBIIIOI OCBITJIEHOCTI, IO CYNPOBOKYETHCS 3MEHIIICH-
HsM riepokcuasHoi aktrHOCTI (Allison and Schultz, 2004).

3yMOBIIEHE 3MiHAMH €KOJIOTTYHHX (haKTOpIB BapitOBaHHS
aKTUBHOCTI (PEPMEHTIB CBIMUUTH TPO BHCOKY YYTIHBICTH
AHTHUOKCHAAHTHOI CHCTEMH JIUCTKIB A. platanoides 1 R. pseu-
doacacia HaBiTH 10 HE3HAYHUX 3MIiH TEMIIEPATypPH, OCBITIIe-
HOCTi Ta BIIHOCHOI BOJIOTOCTi TOBITpsl. 3poOJIieHHH BHCHO-
BOK y3roJUKyeThesi 3 lanumu Bahuguna and Jagadish (2015)
PO HAMIIHY MepeXXy TepMaIbHUX CEHCOPIB Y POCIHH JUIS
3a0e3neyeH s aKiiMallii 10 KOPOTKOYAaCHMX KOJIMBaHb 1
ajanTaiii 10 TOCTYIOBHX 3MIiH TEMIIEpaTypH, a TaKOXK i3
naaumu Tikhonov (1999) npo BHCOKY UyTJIMBICT POCIHH
JI0 PIiBHS OCBITJICHOCTI Ta HASBHICTh TOHKHX OlOXIMiYHHX
MEXaHI3MIB, SKi JTO3BOJSAIOTH BIJICTEXKYBaTH 3MIHH TpUBa-
JIOCTi, IHTEHCHBHOCTI Ta CIIEKTPAJIBbHOTO CKIIAIY CBITIA, I00
CBOEYACHO PETYIIIOBATH Pi3Hi (i3ioNoridHi mporec. Y Ju-
ctkax A. platanoides Ta R. pseudoacacia BUSBIEHO pizHI
piBHI KOpe/simii MDK aKTHBHICTIO aHTHOKCHOAHTHHX
(hepMeHTIB Ta acoLiifOBaHUMH 3 AJIBTUTY/IOK CXHJIy YMOBa-
MH MIKPOKIIIMATy Ta OCBITJIEHOCTI (BHCOKHMH CTYIIiHb
3B’S3Ky JUIsl BCIX (DEPMEHTIB aBTOXTOHHOIO BHJY Ta JIUIIE
OKpeMi KOpeJsillii JJ1s1 aJIBEHTUBHOT'0), BUXOASYH 3 YOIO MU
NPHITYCTIIIN, 110 3a3Ha4YeHUH pIBEHb KOPEJSLIA MOXeE CITy-

ryBaTl MapKepoOM IPUCTOCOBAHOCTI IEPEBHUX BUIB JI0 3Mi-
HHU JIOKQJbHUX €KOJIOTIYHKMX (DaKTOPIB IPHPOAHOI TiOpOBU
Ha MPUOEPEKHOMY KPYTOCXHIII.

BucHoBku

YCTaHOBIIEHO BHCOKY UYYTJIMBICTH METaOONIYHUX MpOLe-
ciB y muctkax A. platanoides ta R. pseudoacacia 1o acoriiio-
BAHOTO 3i 30UIBIIEHHSM BHCOTH CXHIIy 3POCTaHHS TeMIIepa-
TYPH Ta OCBITJICHOCTI Ta 3HIDKEHHS BOJIOTOCTI, ke OyJo
YMOBHO BHU3HAUEHO SIK TTOCHJICHHS O3HAK apUAHOCTI. 3araibHi
3aKOHOMIPHOCTI J7IT 000X JIepEBHUX BUIIB MOJSTATIN Y TOMY,
IO 3POCTAaHHS AJNBTUTYIH CXWIY CYHPOBOIDKYBAJIOCH 3MEH-
LIEHHSM CYMapHOTO BMICTY XJIOPO(UIIB, MOCKICHHSIM PO
Karajasu y 3aXHcTi (JOTOCHHTETUYHOIO MpOLiecy, HMOBIpHH-
M TiepeOy0BaMu (PEHOIBHOTO METab0II3My Ta TIOCHUIICHHSIM
HaKOIMYEHHsI ITyKpiB Y JIMCTKaX. BUI0BI 0COONMMBOCTI 1M03Ha-
yuuch Ha cmiBBinHourenHi Chla/Chlb, sike Ha BepxHiii
YaCTHHI CXWIy IOMITHO 3MEHIIYyBaJIOCh y JIMCTKax KiEHa
TOCTPOJIUCTOTO, ajle He 3MIHIOBAIOCH y JINCTKAX aKarii OiIoi.
To6t0, 32 yMOBHOTO HOCHJICHHSI O3HAK APHIHOCTI y JINCTKAX
A. platanoides onrrumizarntist QyHKIIOHyBaHHS (POTOCHHTETHY-
HOTO KOMIDIEKCY 3iICHIOBaJIaCh 32 PaxXyHOK BiIHOCHOTO
3pocranns dactku Chlb, Toxi sk y mmictkax R. pseudoacacia
(doToCHHTETHYHA TMPOAYKTUBHICTH MIATPUMYBanach 0e3
TIepepO3IOALTY MOJIEKYISIpHEX (GOpM XJIopodiny. 3pocTaHHs
QJIBTUTYU CXHILY 3yMOBIIIOBAJIO T€, IO Y JICTKAX aBTOXTOH-
HOTO BHIy 3MIiHM aKTHUBHOCTI BCIX aAHTHOKCHIAHTHHX
(bepMeHTIB BIOYBAIMCTh 32 BHCOKOIO CTYIICHS KOPEJIAIi 31
3MIHAMH TEMIIEPaTypH, OCBITJICHOCTI i BOJIOTOCTI, TOMI 5K Y
JIMCTKAaX 1HBAa3IHOITO BHAY BHSBICHO JIMIE OKpeMi
JIOCTOBIpHI 3B’S3KH. PiBeHb KOpEIALIHUX 3B’SI3KIB MDK Ia-
pameTpamMy MIKpOKJIIMAary Ta OCBITJICHOCTI Ta aKTUBHICTIO
AHTHOKCHIAHTHUX (PEpMEHTIB y JIMCTKAaX JepeB MOXe OyTh
MapKepoM TPHCTOCOBAHOCTI BHIIB JI0 JIOKATBHIX E€KOJIOTIY-
HHUX YMOB TIPAPOIHOI AIOPOBH.
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