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AHHOTAIUSA. Beedenue. JIpeBecHbIEe pacTeHUs, MPOU3PACTAIONINE HA TEPPUTOPHSIX IMPOMBIII-
JICHHBIX IEHTPOB, BHOCAT BKJIAJ B ONTHMH3AIUIO COCTOSIHHS OKPYXKAIOMIEH Cpeabl, BBITOIHIIOT
CpenoCTabMIIN3NPYIONIME M 3alUTHBIC (DYHKINH, YIy4IIaloT yCIOBHS >KM3HU momei. Ocraéres
OTKPBITBIM BOIIPOC O CE30HHOW JAWHAMUKE COMCPXKaHUSA (POTOCHHTETUIECKUX MUTMEHTOB B JIUCTHIX
Oepésnl moBuciol (Betula pendula Roth) — Buma yCTOWIMBOTO K NEHCTBUIO SKCTPEMATBHBIX TPH-
POIHBIX M TEXHOTCHHBIX (haKTOpOB. Mamepuanvt u memoovt. Y PUMCKHA MPOMBINIICHHBIA IICHTP
(YIIL) — ropox ¢ HaceneHneM Oosiee 1 MITH. YeJIOBEK, Tie pacroiokeHo cBbire 700 mpeanpusTui.
Kiumar ropoma Y¢sI 1 ero OKpecTHOCTEH OTHOCUTCS K YMEPEHHON KITMMATHYECKOM 30HE C KOHTH-
HCHTAJIBHBIM KIMMaToM. [IpupomHo-knumMatudeckue ycioBus 2022 roga XapaKTepU3YIOTCS Cpe-
HUMH MHOTOJIETHUMHM Noka3zatenaMu. B 2022 roay mo kpurepusam Canllun 2.1.6.3492-21 ypoBeHb
3arpsi3HEHUs. aTMOc(ephl B . Y (]e XapakTepu30BalCs KaK «BBICOKHI». [[esb pabOTHI — OMPEICTUTh
coJiepKaHue XIOPO(GUILIOB B TUCThAX OepE3bI B IEPUOJ] C HIOHS IO CEHTS0pH Ha Tepputopun YIILI.
3aoauu: 1) onpenenuTh coaepKaHue XJIOPOQPIIIOB B JUCThIX OepE3bl B TEUCHUE BETETAIIMOHHOTO
neprofia B TPOMBIIIICHHOH M CeIMTeOHOW 30HaX; 2) ONpEeAeNuTh COAEpKaHHe XJIOPO(DUILIOB
Yy CPEIHEHMCTHBIX JEPEeBhEB OepE3bl; 3) ONMPENeNTh COACpKaHUE XJIOPOPHIIIOB Y METKOJIUCTHBIX
nepeBbeB 0epé3nl. Obvexm ucciedo8anus — HacaxaeHuss 0epE3bl B MPOMBIIUIEHHOW W CEIMTEOHON
3oHax YIIII. Ha MOneNbHBIX TepeBbsIX B HUKHEH YaCTH KPOHBI OBUIH BBIJCIICHBI M IPOHYMEPOBAHBI
mucThs (1o 10 nmrcTheB Ha KaXXIOM nepese). Jlms obecreueHus: penpe3eHTaTUBHOCTH (PaKTHIECKHUX
JAHHBIX HAa KaKJIOM JIHCTE COJCpKaHUE XJIOPOGMILIOB ONpeAeisuid B 12 TOYKaX B MEXOKUIKOBOM
MPOCTPAHCTBE — 6 HA aIaKCHANILHOW CTOPOHE JIMCTA, Ha JICBOM W IMpaBOW IOJOBUHE JIHCTA, B BEPX-
HEH, cpellHEeH YacTH ¥ B OCHOBAHMH JIUCTa; 6 Ha a0aKCHAIBLHOW CTOPOHE JIMCTA, HA JICBOW U MPaBOM
MOJIOBHHE JTUCTA, B BEPXHEH, CPETHEH YaCTH M B OCHOBAHUU JIUCTA. B TeUcHHE UIOHS-UIOIS-aBIyCTa-
ceHTsa0ps 2022 ronma (e:xeMEeCSYHO B OIHU M T€ XK€ CPOKU HA MPOHYMEPOBAHHBIX JIUCTHIX) OBLIH
MPOU3BEICHBI U3MEPEHUS COMCPKAHUS XIOPOGWILIOB (a+b) B JIUCThIX OEpE3BI C UCIOIB30BAHHEM
npubopa Dualex Scientific+ (Force-A, ®panmus). Pesyasmamul u obcyscoenue. ITlokazarenb cpen-
HETO 3HAYCHUS COJIEPKaHus XJIOPODUILIOB B TUCThIX Oepé3bl (C UIOHS MO CEHTAOPH) HA TEPPUTOPH-
SIX TIPOMBITINIEHHON M CENMMTEOHO-PEKPEealnOHHON 30HbI BhINIe B ceHTsA0pe 2022 rona. IIpu cpaBHe-
HUH COJEpKaHHUA XJIOPOQHIUIOB Y CPEIHEIHCTHBIX JIEpeBbEB OCpE3bl YCTAHOBIEHO, YTO CpegHEe
colep)kaHre XJIOPO(HUIUIOB B JIUCTHAX (B IMEPHOJ] C UIOHS TI0 CEHTSOPH) BBIIIIE HA TEPPUTOPUH CEITH-
TeOHO-peKpeannoHHON 30HBL. [Ipy cpaBHEHHH comepkaHUs XJIOPO(PHIIIOB Y MEIKOJIMCTHBIX JIePEBbEB
Oepé3pl TOKa3aTeNb CPEIHETO 3HAYCHHUS COACPIKAHUS XJIOPO(IUIOB B JUCTHAX (C MIOHA MO CCH-
TA0pH) BHIIIC HA TCPPUTOPHH MPOMBIIUICHHON 30HBL. Bbi600bl u 3axiouenue. Ha ocHOBaHMU MOITY-
YCHHBIX CBEJICHUI O CE30HHOM TWHAMHKE M3MEHCHHI COACPKAHUS XJIOPO(PIIUIOB B JUCTHIX MOYKHO
3aKIIFOYHTh, YTO B YCIOBUAX 3arPsA3HCHUS OKPYKAIOIMICH CpPellbl OTMEUAETCS YCICITHAS adalTHBHAS
HACTPOMKa XJIOPOQILI-OETKOBOTO KOMIUIEKCAa ACCHMIIIAIIMOHHOTO armapara JCpeBhEB OCpE3BI.
IIpu 3ToM MenkonucTHast popma GepE3bl BhIACICTCS O0Iee BEICOKOW M3MEHYHBOCTBIO COICPIKAHUS
XJIOpPO(HIUIOB B JIUCTHSIX B TEUCHHE BETETAIIMOHHOTO TIEPHOAA KaK B CENIUTCOHON, TaK M B TIPOMBIIII-
JICHHOW 30HAaX, YTO SBJIACTCS MPOSBICHUEM aJallTUBHBIX PEAKINN Ha YCIOBHS MPOM3PACTAHNS.

KiroueBbie cioBa: 6epé3a noBucjiadg; TOpPOACKHUC U CAHUTAPHO-3AIIUTHBIC HACAXKICHUSA,
HU3MCHYUBOCTH COACPIKAHUA q)OTOCI/IHTeTI/IIIGCKI/IX IIMI'MCHTOB; BGFGTaIlPIOHHbeI nepuo; agamnranus

duHAHCHPOBaHUe: PAaOOTHI BHINOIHEHBI HA 000PYIOBAHNH IIEHTPA KOJUICKTHBHOTO TOJIH30BaHUS
«Aruzmenp» B paMKaxX IUIAHOBBIX HCCIEIOBaHUN mmo OromkeTHON Teme Ne 123020700152-5
FMRS-2023-0008 «YCTOHYHBOCTE JIeCOOOPA3YIOIIMX JPEBECHBIX BHIOB U 3KOJOTO-OHMOJIOTHYCCKIC
aJlanTaIyy ¢ y4€TOM aHTPOIIONeHHOH TpaHC(OpMAaIiH JIaHIIA(QTHO-PUPOTHBIX KOMILICKCOBY.
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BBenenue

JpeBecHble pacTeHUs!, MPOU3PACTAIOIINE
Ha TEPPUTOPUSX MPOMBIIUIEHHBIX IIEHTPOB,
BHOCSAT BKJaJ B ONTUMM3ALUIO COCTOSHUSA
OKPY>KaIoIlle Cpesibl, BHIMOJIHAIOT CPEeoCTa-
OWNMM3UPYIOIIKE W 3alluTHBICE (QYHKIIUH,
YIy4dIIalOT YCIOBHUS JKM3HM Jroxer [1].
XapakTepucTuka OCOOCHHOCTEH aJanTaiun
JIPEBECHbIX  pAacTeHMH K  HM3MEHEHHSIM
MPUPOJHO-KIMMATUYECKUX TIOKa3areneil Ha
¢dboHE NEHCTBUS MPOMBIIUICHHBIX 3arps3HU-
TeJed MpeACTaBIseT UHTEPEC MPU MPOTHO3U-
POBAaHUM YCTOMYMBOCTH U JIUTEIBHOCTH
Mpou3pacTaHusl HACAXJICHUM B YCIOBUSX
COBPEMEHHOTO MPOMBILIIIEHHOTO ropoaa [2].
st npeBecHbIX pacTeHHil XapaKTEepHO W3-
MEHEHHE NPOAYKTUBHOCTH Ha Pa3IHUYHbIX
JTanmax OHTOTEHE3a U B 3aBUCUMOCTH OT Jie-
copactutenbHbix ycioBuil [3]. Ilokazano,
YTO y JIUCTOMAJHBIX JePEeBbEB B TEUECHUE Be-
TFeTalMOHHOTO Mepuoja M3MEHSETCs YCTOM-
YUBOCTh K MPOMBILIUICHHBIM 3arpsi3HUTEIISIM
[4]. Tlpm oleHKE W3MEHYHMBOCTH OEpE3bI
MOBUCIION TOKAa3aHO, 4YTO PaclpOCTPAHEHBI
CPETHENTMCTHBIC U MEJIKOJIUCTHBIE (hOpMBI [5].

M3BecTHO, YTO MPOIYKIMOHHBIN MPOIECC
CBSI3aH C coJep)kKaHHeM XJIOpPOo(QUIJIOB B ac-
CUMWISILIMOHHBIX opranax. Coxep)kaHue XJio-
podmna B UCThAX U 3PHEKTUBHOCTH (HOTO-
CHUHTE3a pacTeHUil 3aBUCUT OT (HaKTOPOB
OKpyXaromniel cpeasl (CBET, TeMIEparypa,
BOJIa, COCTaB aTMOC(epHOro BO3/ayXa, MUHE-
panpHOe nuTaHue). OTMEYeHo, 4TO Ha Co-
nepKaHue XJopoduiia B JIHMCTBSIX BIHSIOT
AHTpOIIOTEeHHBIE  (hAaKTOPBI  (PACIIONOKEHHE
JIepeBbEB B HEMOCPEJICTBEHHON OIM30CTH
K MPOMBIIUICHHBIM MPEANPHUITUAM, BIOJb
AaBTOMAarucTpajei, MOBBIIICHHAs peKpealy-
OHHAsl Harpy3ka, YIUIOTHEHUE IOYBEHHOI'O
nokpoBa) [6-8]. IlokazaHo, 4TO coueTaHHe
JIEMCTBUSL aHTPONOTCHHBIX (haKTOPOB M IKC-
TpPEMalbHBIX KIMMATHYECKUX (PAKTOPOB MpHU-
BOJIUT K CHID)KEHUIO MPOJYKTHUBHOCTU pacTe-
Hui [9, 10]. HccnenoBaHusi, BBIITOJHEHHBIC
B PErMOHAX C OTJIMYAIOIIMMUCS MPUPOIHO-

56

KJIMMaTHYECKUMU YCJIOBUSIMH, CBHUJIETEIILCTBY-
10T, YTO B IPOMBIIUIEHHBIX 30HAaX TOpPOJOB
MIPOUCXOJIUT CHMXKEHUE COJIEpPKAHUSI XJIOpPO-
($buUIoB B MUCTHIX Oepé3bl moBucioi [11, 12].
OcaxxzieHne Tra3omnbUIeBBIX BEIIECTB Ha IO-
BEPXHOCTH JIUCTOBOTO ammapara JIpeBeCHBIX
pacTeHHii MPUBOAUT K Pa3HOHANPABICHHOMY
M3MEHEHUI0 (QYHKIIMOHUPOBAHUS MTUTMEHTHOM
cucreMmsl [13]. Ilpn yBenndeHUM NPOIOIKH-
TEJIBHOCTA CBETOBOTO Mepuoja (MCKYCCTBEH-
HOE€ YBEJIMUEHHUE CBETOBOTO JHS) MPOUCXOAUT
YBEJIMUEHUE  COJEpXKaHUS  XJIOPODUILIOB
U KApOTWHOWJIOB B IIUCTHAX, YTO CBS3aHO
C aJJalTUBHBIMU OCOOEHHOCTSIMH IMUTMEHTHOTO
anmaparta ¥ TpaHchopMalid CBETOCOOHMparo-
uiero komruiekca [14]. BeickazaHo cyxaeHue
O 3alIUTHOW POJIM MUTMEHTHOTO KOMILJIEKCa
(x70pOoWIITIOB U KapOTHHOUJIOB) B yBEJIHYE-
HUM PE3UCTEHTHOCTH pacTteHuit [15]. ®par-
MEHTapHO  HCCIENOBAINCh  OCOOCHHOCTH
CE30HHOW JMHAMUKHU cojepkaHus (HoToCHH-
TETUYECKUX MUTMEHTOB [16, 17]. N3yueHsl u
COIOCTABJICHbI Ha3e€MHbIE JAHHBIE U JaHHbIC
JUCTAaHIIMOHHOTO 30HAMPOBAHUS O COJEepKa-
HUU XJOpodUUTa B JIMCTHIX Oepé3bl MOBUC-
JIOM B 30HE BO3JIEHUCTBUS MPOMBIIUICHHBIX
npeanpustuil. [lonydeHbl cBeAeHUS O MUT-
MEHTHOM COCTaB€ JINCThEB OTAEIbHBIX BHUJIOB,
pPa3HOBUIHOCTEH M COpPTOB ponaa bepésa
Y Ha OCHOBE KJIACTEPHOr'0 aHajM3a MOKa3aHbI
pa3nuyus MEXIy OTACTbHBIMU Ipe/ICTaBUTE-
JAMH ¥ JaHbl TPEUIOKEHUS Ui MpakKTHye-
CKOT'O HCIT0JIb30BaHM B 03ejIeHeHuH [ 18].

Pe3tomupysi BBINIEU3I0KEHHOE, CIAEAYET
OTMETUTh, YTO OCTAETCS OTKPBITHIM BOIIPOC
O CE30HHOW AWHAMHKEe conepxkaHus (oTo-
CHHTETUYECKUX MUTMEHTOB B JIUCTHSIX OEpE3bI
MOBUCJION — BHJIa YCTOMYMBOIO K JACHCTBHIO
AKCTPEMAaJIbHBIX MPUPOJHBIX U TEXHOTCHHBIX
(hakTopoB.

MarepuaJbl 1 MeTObI

Ydumcknii TPOMBINIUICHHBIA TEHTP —
ropoj ¢ HacejleHueM Oosiee 1 MIIH. YeNoBeK,
rze pacroiiokeHo csbiiie 700 npeanpusTuil.
B 2022 rony B COOTBETCTBUM C KPUTEPUIMHU
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Canllun 2.1.6.3492-21 ypoBeHb 3arpsi3HEHUS
aTMocdepsl B I. Yde XxapakTepu30Baics Kak
«BBICOKHIT» — 00BEM BBIOPOCOB 3arps3HSIO-
IIMX BeIIeCTB B aTMoc(epy Ha TEPPUTOPHUU
VIII[ oT cranMOHapHBIX UCTOYHUKOB COCTa-
Bun 132,3 teic. T. IlocTynnenue 3arpssssito-
IIMX BEIIECTB B aTMOcdepy B pacuéTe Ha Of-
HOro kutens ropojga cocrasuwio 0,116 Ton-
Hbl. MHIEKC 3arpsi3HeHus atMocdepsl paBeH 8
U OIpenensieTcsl KOHUEHTPALUUsIMU XJIOpUAa
BOZIOpoJa, hopMaibaeruaa, TMOKCUIa a3oTa,
B3BELICHHBIX BEIECTB M OeH3amupeHa’.
Knumar ropoga Y¢sl u ero oxpecTHo-
CTE€ OTHOCUTCA K YMEPEHHON KJIMMaTHhye-
CKOM 30H€ C KOHTUHEHTAJIbHBIM KIMMAaTOM —
KOHTUHEHTAJILHOCTh cocTaBiiseT 55 %. B 1e-
goM 2022 rop XapakTepU30BaJICs KaK yMe-
peHHo T€mbliA. CpeaHsis 3a roJl TeMrnepaTrypa
Bo3ayxa cocraBmwia +4,0 °C, 4to Bblle Cpel-
HMX MHOrojerHux 3Haduennii Ha 04 °C.
AHOMabHO TEMWIBIM, Ha 6,4 °C BbIILIE HOPMBI,
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obu1 QeBpanb. CambiM XonoaubM, Ha 3,1 °C
HIDKe HOPMBI, ObLT Maii'?. MuHMManbHas TeM-
neparypa Bosayxa Ha teppuropun YIIII B Be-
retaimoHHelid mepuoy 2022 roga Obuta B Mae
u B ceHTs10pe (-2 °C u -4 °C COOTBETCTBEHHO).
MakcuManbHasi Temreparypa Bo3ayxa ObLia
B TIEPUOJ C HIOJNSA MO ceHTs0ph (+32; +31 u
+32 °C cooTBeTcTBEHHO) (pHcC. 1).

HanOonpmmii cpeHuii mokasarenn BIax-
HOCTH BO3[yXa B TEUYEHHE BEreTallMOHHOTO
nepuona B 2022 romy ObUT B MIOHE M COCTaB-
st 74 % (B centsiope — 72 %). MuHuManb-
HBI TIOKa3aTelh BIAXKHOCTH — B CEHTSOpe
u cocraBui 15 % (puc. 2). KomnuectBo ocaj-
KOB 3a TOJl MPEBBICHIO HOPMY U COCTaBHJIO
109 % ot HOpMBbL. CamMbIM BIIaXKHBIM MECSILIEM
B Toay ObuT HOSIOpPb. B 3TOT mepwoj Bhimana
MOYTH JABYXMecCsiHas HopMa ocaakoB (193 %),
B Mae KOJMYECTBO OCAJIKOB coctaBmiio 185 %
oT HOpMBL. B aBrycre ormewaercst neuuut
ocankoB — 11 % oT HOpMBI'.

Temneprypa, °C

—-®- MUWHHUMAJILHas

Mecsiny

- MaKCHUMaJIbHasl

Puc. 1. Temnepamypnuiii pesicum 2022 200a (cocmasneno no URL: https://rp5.ru/)
Fig. 1. Temperature regime of 2022 (compiled on the basis of URL: https://rp5.ru/)
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BaakHocTs Bo3ayxa, %

- MUHHUMAaJIbHasl

-®— CcpeJiHsis

Puc. 2. Brascrnocmo 6030yxa ¢ 2022 200y (cocmasneno no URL: https://rp5.ru/)
Fig. 2. Air humidity in 2022 (compiled on the basis of URL: https://rp5.ru/)

' TocymapcTBenHbIif mokaan «O COCTOSHUM IIPUPOAHBIX PECYPCOB M OKpyXkaromeil cpensl Pecry6mukn

BamkopTocTan B 2022 romy». Yda, 2023. 318 c.

2 OguumansHbIi caiit pacnucanus noroasl. URL: https://rp5.ru/ (mata o6pamenns: 03.02.2024 r.)
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UccnenoBanusi mpoBefeHbl B Mpejenax
VIIIl Ha MOCTOSHHBIX MPOOHBIX IUTOMIAISIX
(ITIT) Ha MapKUPOBAHHBIX NEPEBbAX OEpE3bI
B TE€UEHHUE BEreTallMoOHHOro mnepuoma 2022
roaa [19].

B pabore mpencTaBiaeHbl pe3ynbTaThI
MCCJICIOBAHUM, BBIMOJHEHHBIX HAa TEPPUTO-
pun nByx IIIT (ITI11 u IIIT11) (puc. 3), pac-
MOJIOXKEHHBIX B KOHTPACTHBIX JIECOPACTHU-
TEJbHBIX YCIOBHSIX.

AKGEDILHHO

Puc. 3. Kapmocxema Yghumckozo npomvluinenno2o
YeHmpa ¢ yKazanuem MecmonoiodiCcenus RpoOHbIX
niaowaodeli (cocmagneno no dannvim Kapmoepaghuue-
CKO20 Ccepeuca u mexHoI02ull, npedoCmasisieMbix
xomnanueti Google — DnekmponHvle danHvie.
URL: https://'www.google.ru/maps/ )

Fig. 3. Map of the Ufa Industrial Center indicating
the location of test areas (TAs) (compiled using data
of the Mapping service and technologies
provided by Google — Electronic data.

URL: https://www.google.ru/maps/)

[II11 3amo’keHa B NMPOMBIIUIEHHOW 30HE
(IT3) B Omm3ocTH kK HedTenepepadaThIBaIO-
M npeanpustusimM, a [1I111 — B 30He oTHO-
CUTEJIBHOTO KOHTpOJIA Ha yfaaneHuu 10—-15 kM
OT Tpynnsl HedrenepepadaThIBAIOIINX MIPE-
NPUSTUN B CEMUTEOHO-PEKPEAITMOHHON 30HE
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(CP3) VIIL. B 2010 roay mpu 3ajl0K€HUH
I[IIT s mnpoBeneHUsT CUCTEMATHYECKHX
WCCIIC/IOBAaHUI OBLIM BBIICICHBI U MPOHYME-
poBanbl nepeBbs (I1I11 — cpexnenucTHOE e-
peBo Ne 8 m MmenkosnctHoe aepeBo Ne 10;
[III11 — cpennenuctHoe aepeo Ne 11 u men-
komctHoe aepeBo Ne 12). Ha II11 nepeso Ne 8
CpeaHeNnMCcTHOE: BbicoTa 14,5 M, quamerp 44 cm,
BozpacT 55 ner; Ha IIII1 nepeBo Ne 10 men-
KOJIUCTHOE: BbIcOTa 14 M, nuamerp 22 cwM,
Bo3zpacT S55ner; Ha IIIIl11 nepeso Nell
CpEIHENNCTHOE: BbIcOoTa 15 M, quamerp 54 cm,
Bo3pact 58 ner; Ha IIII11 nepeo Ne 12 men-
KOJIUCTHOE: BbIicoTa 13 M, nuamerp 42 cwM,
BO3pacT 58 jer.

Ha xkaxnaom pnepeBe B HUXKHEW 4YacTu
KPOHBI OBLTH BBIICTICHBl U MPOHYMEPOBAHBI
TucTha Ha Opaxmbnactax (mo 10 jucTheB
Ha Kaxnaom jaepese). s obecmeueHus: pe-
MPE3CHTATUBHOCTH  (DAaKTHUECKUX JaHHBIX
Ha Ka)/IOM JIUCTE COJEpKaHUE XTOPOQPHIIIIOB
onpenensii B 12 To4ykax B MEXKIKHUIKOBOM
MpoCTpaHCcTBe: 6 Ha aJaKCUAIBHON CTOpPOHE
JIUCTa, Ha JIEBOM U MpPaBOM IMOJOBUHE JIKCTA,
B BEPXHEH, CPEIHEW M OCHOBAaHHUU JIUCTA;
6 Ha abaKkCUaTbHON CTOPOHE JUCTA, HA JIEBOU
Y TIpaBOM MOJIOBUHE JIUCTA, B BEpXHEH, Cpe-
HEW M OCHOBAaHUHU JIUCTA. B TeueHue HroHs-
HI0JIs-aBrycTa-ceHTs0pst 2022 roga (exeme-
CSIYHO B OJIHU U T€ € CPOKU U Ha MPOHYMeE-
POBaHHBIX JIUCTHSIX) OBUIM TIPOU3BEICHBI
M3MEpEHHs coJiepiKaHus XJopouiioB (a + b)
B JINCTHAX O€pé3bl C UCIOJIb30BAHUEM TOpPTa-
trBHOrO npudopa Dualex Scientifict (Force-A,
Opannwst). lansabrii mpuOop Mo3BONISET B pe-
JKUME peajbHOr0 BPEMEHU H3MEpSTh COJlep-
KaHUE CYMMBI XJIOPOQWIIIOB B JIUCTHAX
pacrenuii. M3mepeHuss npoBOJWINCH B Jua-
nazone ot 0,00 mo 3,00 mkr/cm? (B pacuére
Ha CBIPYIO MacCy), TOYHOCTh abcopoumu — 5 %o.

Craructudeckass o0paboTka pe3yJbTa-
TOB UCCJEIOBAHUM MPOU3BOJAMIACH B IPO-
rpammax Excel u GraphPad Prism.

Pe3yabTaThl M X 00Cy:KIeHUE

YcTaHOBNIEHO, UTO COJEp)KaHUE XJIOPO-
¢uioB (MKr/cM?) B TUCTBAX Gepésbl B Teue-
HHUe BeretanroHHoro nepuona B 113 u CP3
HU3MEHSIIOCH.
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[Tokaszarens cpemHero 3HaA4YEHHs COJIEp-
KaHUSA XJOPOMUIUIOB B JIUCTBAX OEpE3nI
(c mroHs 1o ceHTs0ph) Ha Teppuropusax 13
u CP3 Beime B centsiope 2022 roga. Otme-
THM, YTO 3TOT MOKA3aTelb B CEHTAOPE TaKxKe
Beime u Ha Ttepputopun CP3 (puc. 4)
(1OCTOBEPHOCTH HE MOATBEPKICHA).

[Tokazarenp cpeaHero 3HAY€HUs CO-
JIepXkaHus ~ XJIOpOQHIUIOB B JIUCTBAX

50+

Coneprkanue X10poQuIIoB
B JIUCTBAX, MKI/CM?

Oepé3pl (B MEpPHOJ C HIOHS IO CEHTAOPH)
Ha tepputopuu [13 (ITI11) umeeT TeHACHITHIO

K MOBBINICHHUIO Y MCIKOJHUCTHOTO JACpCBa
(puc. 5).

Cpennee 3HaueHHE COACPKAHUSA XJIO-
podmioB B JHCTHIX Oepé€3pl (B mepuon
C MIOHS 10 CEHTA0ph) Ha TEPPUTOPUHU
CP3 (IIII11) BeImIE y CpPEAHEIUCTHOTO
nepesa (puc. 6).

Mecsin, T
H TI0T

=TI

Puc. 4. Codepacanue xnopoduanos (mxz/cm’) 6 aucmosax 6epésv nosucnoii (Betula pendula Roth)
6 meuenue gecemayuoHHo20 nepuooa 6 npomviunennou (I1111) u cenumebro-pexpeayuonrnou 3onax (I11111)
Fig. 4. Chlorophyll content (mcg/cm?) in the leaves of silver birch (Betula pendula Roth)
during the growing season in industrial zone (TAl) and residential-recreational zone (TA11)

B JIMCTBSX. MKI/CM?

Cozepixatue XJ0poPuiLIoB

B MCJIKOJIMCTHOE JIEPEBO

11

Ne nepesa

Il Ccpc/HeIMCTHOE JEPEBO

Puc. 5. Codepacanue xnopoduanos (mxz/cm’) 6 aucmosax 6epésv nosucnoii (Betula pendula Roth)
6 meuenue gecemayuoOHHO20 nepuooa 8 npomviuiernoul 3oue (I1111 — depeso Ne 8 u oepeso Ne 10)
(Ne 8 — cpeonenucmmoe depeso u Ne 10 — meaxoaucmuoe depego)

Fig. 5. Chlorophyll content (mcg/cm?) in the leaves of silver birch (Betula pendula Roth)
during the growing season in the industrial zone (TAI — tree No. 8 and tree No. 10)
(No. 8 is a medium-leaved tree, No. 10 is a small-leaved tree)
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Conepianue Xa0poduiion
B JIMCTBSIX. MKT/CM?

Wl CcpelHENMCTHOE JIEPEBO

Ne jiepesa

B MEJIKOJIMCTHOE AEPEBO

Puc. 6. Codepacanue xnopodunnos (mxe/cm?) 6 mucmosx 6epésvt nosucioii (Betula pendula Roth)
6 meueHue 6e2emayuOHHO20 nepuodd 6 ceumedHo-pekpeayuonnoll 3oue (111111 — depeso Ne 11 u depeso Ne 12)
(Ne 11 — cpednenucmuoe depeso u Ne 12 — menxonucmmnoe depeso)
Fig. 6. Chlorophyll content (mcg/cm?) in the leaves of silver birch (Betula pendula Roth)
during the growing season in the residential-recreational zone (TA11 — tree No. 11 and tree No. 12)
(No. 11 is a medium-leaved tree, No. 12 is a small-leaved tree)

[Ipn cpaBHEHUU CoOAEpIKAHUSA XJIOPO-
(GUILIIOB y CPEAHETUCTHBIX JIEPEBHEB OEpE3bI
(ITIT1 wm TIII11) ycraHOBIEHO, YTO CpeaHEE
cojiepaHue XJIOPOPHILIOB B JIUCThSIX (B TIe-
PHOJI C UIOHS TI0 CEHTSAOPH) BBIIIIE HA TEPPH-
topun CP3 (I1I111).

[Ipn cpaBHEeHUU coAep)KaHUA XJIOPO-
(GUILIOB Y MENKOJIMCTHBIX JEPEBbEB OepEé3nl
MOKa3aTeNbh CPEIHEr0 3HAYCHUS COJICPIKaHUS
XJI0pOdUIIOB B JHUCTHAX (C WIOHS IO CEH-
T0ph) BeImIe Ha Tepputopun 113 (ITI11).

MaxkcuManpbHOE 3HAYCHHE COICPIKAHUS
XJOpOHUILIOB B JIUCTHSIX OepE3bl (B MepHoO.
C WIOHS TO CeHTss0ps) Ha Tepputopun [13
(III1) y nmepeBa Ne8 (cpeAHETUCTHOTO)
BapbHpyeTcs B Auanasone 28,5 — 36 Mxr/cm?,
C uI0HS 1O HMIOJb COZepkKaHUe XJIOPOPHUIIIIOB
yBeIu4MBajIoch ¢ 28,5 1o 36 MKT/cM?, K aB-
TyCTyY  YMEHBIIAIOCh W COCTABJISLIO
31,5 MKT/cM?, a K CEHTSIOPIO CHOBA YBEINYH-
BAJIOCH M COCTABISLIO 35,8 MKr/cM’. MuHu-
MaJbHOE 3HAYEHHUE COJEPKaHUS XJIOPODHII-
JIOB B JIUCTHAX O€pE3bI (C MIOHS 1O CEHTSAOPH)
Ha tepputopun [13 (TII11) y mepeBa Ne 8
(CpeTHEeTUCTHOT0) BaphUPYETCS B AMANA30HE
15,7 — 19,6 mxr/cm?. C nIOHS HO aBryCT CO-
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JepKaHue  XJIOPO(MUIUIOB  YBEIMYHBAIOCH
¢ 18,2 10 19,6 Mxr/cM?, K CEHTAOPIO yMEHb-
manock u coctapuano 15,7 mxr/cm?. Koag-
GUIMEHT Bapuali KOJWYECTBEHHOTO CO-
JepKaHUs XJIOPO(GHUIUIOB C HIOHS IO aBryCT
camxancs ¢ 10,33 1o 9,506 %, a k ceHTAOpIO
yBenmumiics 1o 12,05 %.

MakcuManbHOE 3HAYCHHUE COACPKAHHS
XJIOPOPUIIIOB B JIUCTBhSIX Oepé3bl (B MEpUOL
C WIOHS 1O CceHTsa0pr) Ha Tepputopuun [13
(ITI11) y nepeBa Ne 10 (METKOTUCTHOTO) Ba-
pupyetcs B quanasone 36,7 — 55,4 Mkr/cum?.
C uIOHS O HIOJb COJIEPIKaHUE XJIOPODUIIIOB
yBEIMUMBANOCE ¢ 36,7 1m0 55,4 MKr/cMm?,
K aBTYCTy YMEHBIIAIOCh U COCTaBISIIO
38,3 MKI/cM?, a K CEeHTSOPIO CHOBA yBEIHYH-
BAJIOCH U cocTaBisuio 42,4 mkr/cm?>. MuHu-
MaJbHOE 3HAUEHUE COJEpKaHUs XJIOpPOdUi-
JIOB B JTUCTBAX Oepé3bl (C UIOHS MO CEHTAOPD)
Ha teppuropuu [13 (ITI11) y mepeBa Ne 10
(MEJIKOJIMCTHOTO) BapbUPYyeTCs B AMAIa3OHE
18 —28,7 mkr/cm>. C WIOHS 10 HIOJb
coJiepyKaHue XJIOPO(HUIIOB YBEIHMUYUBAIOCH
¢ 18 mo 22,7 MKr/cM?, K aBryCTy yMEHbIIa-
n0ch U coctaBisuio 18,3 Mkr/cM?, K CeHTSO-
pIO CHOBa YBEJIUYUBAIOCH U COCTABIISLIO
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28,7 mxr/cm?.  Koadduuument  Bapuaruu
KOJIMYECTBEHHOT'O COJIEPKaHUA  XJIOPOpHII-
JIOB C MIOHSA IO HIOJb yBeauuuBaiics ¢ 9,271
no 10,84 %, a x aBrycty u CeHTAOpIO CHU-
Jkancg B coctaBuin 9,748 u 7,889 %, coot-
BETCTBEHHO.

MaxkcuManbHOE 3HAUYE€HHE COACPHKAHUS
XJIOPOPUILIOB B JIUCTHSIX Oepé3bl (B MEpUOL
C WIOHS 1O ceHTs0pb) Ha Teppuropuu CP3
(ITIT11) y nmepeBa Ne 11 (cpemHemMCTHOTO)
BappUpyeTcss B  avanazoHe 33,9 —42.5
Mkr/cm?. C MIOHS TO CEHTAOPh COfepIKAHUE
XJIOPO(UIIIOB YBEIUIMBAIOCH U COCTABIISIIO
33,9; 35,6; 37,2; 42,5MKr/cM?, COOTBET-
CTBEHHO. MHUHMMaJIbHOE 3HaYCHUE COZEpIKa-
HUS XJOPOQWIJIOB B JHCTBAX Oepé3bl (C
WIOHS TI0 CeHTs0pb) Ha Tepputopun CP3
(ITIT11) y nmepeBa Ne 11 (cpemHETMCTHOTO)
BappupyeTcss B aumamasone  25,1-33,5
Mkr/cm?. C HIOHS 1O CEHTAOph cojepsKaHue
XJIOPO(UIIIOB YBEIMYUBAIOCH U COCTABIISIIO
25,1; 28; 28,1; 33,5 MKr/cM?, COOTBETCTBEH-
Ho. Koaddunuent Bapwmanmuu C HUIOHS TIO
uronb ymenbmaics ¢ 5,876 ngo 4,769 %, x
aBrycTy yBenuuusaics 10 5,827 %, a k ceH-
TA0pI0 yMeHsbIazucs 10 5,460 %.

(ITIT11) y nmepeBa Ne 12 (MENKOJHUCTHOTO)
BapbUPYETCS B Jyana3oHe 31,8 -
40,2 mxr/cMm?. C MIOHS TI0 HIONb coiep)KaHue
xjaopoduuioB  yMeHbImasiock ¢ 37,4 1o
31,8 MKI/cM?, K aBTyCTy U CEHTSAOPIO YBeIH-
4UBANOCh U cocTaBIswIo 33,1 u 40,2 MKr/cM?,
COOTBETCTBEHHO. MUHUMAaJIbHOE 3HAa4YCHHE
coJiepKaHusl XJIOPOPHUIUIOB B JIUCTHIX Oepé-
361 (C HMIOHS IO CEHTSIOpb) HAa TEPPUTOPUHU
CP3 (IIIT11) y nepeBa Ne 12 (MeTKOIUCTHO-
ro) BappupyeTrcs B jauamnazone 14,9 —
20 mxr/cm?. C MIOHS TI0 MIOTL COJEpKaHUE
XJIOpoQUIUIOB  yBenuuuBasiocb ¢ 19 1o
20 MKr/cM?, K aBTYCTy U CEHTSAOPIO yMEHb-
majnsoch ¥ cocraBisuio 17,8 u 14,9 Mxr/cm?,
cooTBeTCTBEeHHO. KoadduuueHnt Bapuanuu
C WIOHS TO HIOJb yMeHblianca ¢ 19,27 nmo
12,35 %, a K aBrycTy—CEHTSA0pIO yBEIUYH-
Bajicsa U coctaBisr 12,82 u 16,22 %, coort-
BETCTBEHHO.

Copepxanuie XJIOpOUIUIOB B JIUCTHAX
Oepé3pl ¢ wuoHA 10 ceHTaOpy B I3
(TII11) y cpeaHearCcTHOTO IepeBa U Y MEIIKO-
JUCTHOTO JepeBa HECKOJIbKO BHIIIE B OCHO-
Banuu sucta; B CP3 (III111) y cpeanenuct-
HOTO JIepeBa W y MEJKOJIUCTHOTO JepeBa

MaxkcuManabHOE 3HAYCHHE COJACPXKAHHS  COJECpP)KaHHWE  XJIOPOQWUIOB B JIUCTHIX
XJIOPOMUILIOB B JIUCThSX OCpEé3bl (B MEpHOA  HE3HAYMTEIHHO BBINIE Y BEPIIMHBI JIHCTA
c MIoHS Mo ceHTs10pb) Ha Tepputopun CP3  (puc. 7, 8).
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Wl Il cpennenucTHoe nepeBo
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3 Tl mMesnkonmcTHOS NEPEBO

Puc. 7. Codepacanue x10pohuinoé (Mxe/cm’) 6 aucmvsx (6epuiuna aucma, cepeouna mucma, 0CHOSaHue TUcma)
bepésvl nosucaoil (Betula pendula Roth) 6 urone—cenmsope 6 npoMuludIeHHOU U CeaumeOHo-peKpeayuonHol
sonax (I1I11 — 0epeso Ne 8 u depego Ne 10; I11111 — depeso Ne 11 u depeso Ne 12)

(Ne 8 u Ne 11 — cpeonenucmuvie 0epegwsi; Ne 10 u Ne 12 — menkonucmuvie depegwvs)

Fig. 7. Chlorophyll content (mcg/cm?®) in leaves (the tip, middle and base of the leaf) of silver birch
(Betula pendula Roth) in June—September in industrial and residential-recreational zones
(TA1 — tree No. 8 and tree No. 10; TA11 — tree No. 11 and tree No.12)

(No. 8 and No. 11 are medium-leaved trees, No. 10 and No. 12 are small-leaved trees)
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Puc. 8. Codepacanue xn0pohunioe (Mxe/cm?) 6 iucmvsx (epuuna 1ucma, cepeouna mcema, 0CHO8aHUe TUCma)
bepésvl nosucaou (Betula pendula Roth) 6 utone—cenmsobpe 6 npomvluLienHol u ceaumeOno-pexpeayuoHHoul
sonax (III11 — oepeso Ne 8, III111 — oepeso Ne 11) (Ne 8 u Ne 11 — cpednenucmmuvie depesbs)

Fig. 8. Chlorophyll content (mcg/cm?) in leaves (the tip, middle and base of the leaf) of silver birch
(Betula pendula Roth) in June-September in industrial and residential-recreational zones
(TAl —tree No. 8; TA1l — tree No. 11) (No. 8 and No. 11 are medium-leaved trees)

C wuoHA 1O CEeHTI0pb conepKaHue
XJIOPOQUIUIOB B JUCTHAX Oepé3bl HAa TeppH-
topun I13 (II11) y cpeanenucTHoro aepeBa
OBLIIO BBINIE B OCHOBAaHUM JHUCTHEB (puc. 9).
B nepuon ¢ WIOHS 1O CEHTSOph copepiKaHue

B wurone, wmione, aBrycre, CEHTIOpe co-
JepKaHue XJIOpO(UIIOB B JHCTBAX Oepé3bl
Ha tepputopun CP3 (III111) y cpegnenwuct-
HOTO JepeBa ObUIO HE3HAYMTEIHHO BBIIIE
y BepmmHbI JUCcTheB (puc. 10). B utone co-

XJIOPOQUIUIOB ~ HE3HAUUTENBHO  YBEIUYU- JIep)KaHHE XJIOPO(QWIIOB Y BEPLIMHBI U Ce-
BaJIOCh. PEIMHBI JINCTA (PAKTUICCKH HE Pa3IHYaioCh.
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Puc. 9. Cooepoicarue x10podunios (MKke/cM?) 6 TUCIbAX (6epuiuna TUCMaA, cepeouna IUcma, OCHOSAHUE TUCIA)
6epésul nosucnot (Betula pendula Roth) 6 urone—cenmsbpe ¢ npomwiuiienroil 3oue (L1111 — oepeso Ne 8 cpeonenucmmoe)
Fig. 9. Chlorophyll content (mcg/cm?) in leaves (the tip, middle and base of the leaf) of silver birch
(Betula pendula Roth) in June—September in the industrial zone (TA1 — medium-leaved tree No.8)
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IIT11 cpeaHesincTHOE JIePEeBO

Cozepikane X10poduion
B IMCTBSIX, MKI/CM?

Wl uvons B uoib

Mecsiny _
B asryer B ceHTAOpHL

Puc. 10. Codeparcanue xnopogunnos (Mkz/cm?) € mucmusx (sepuiuna 1ucma, cepeouna ucmd, OCHOBAHUE TUCMA)
bepésuvl nosucnot (Betula pendula Roth) 6 utone—cenmsiope 6 cenumedroul sone (111111 — depeso Ne 11 cpednenucmmoe)
Fig. 10. Chlorophyll content (mcg/cm?) in the leaves (the tip, middle and base of the leaf) of silver birch
(Betula pendula Roth) in June—September in the residential zone (TA11 — medium-leaved tree No. 11)

C uroHs 1o CeHTSAOph colep)KaHue XJo-
POGHUILIOB B IUCTHIX OEpE3BI HA TEPPUTOPHUH
I13 (III11) y MEeIKOIMUCTHOTO JepeBa OBLIO
HE3HAYUTENILHO BBINIE B OCHOBAHUU JIMCTHEB
(puc. 11). C wuioHS TO HIOJL COACpPKAHUE
XJIOPO(MUIIIOB HE3HAYUTEILHO yBEITUYHBA-
JIOCh, B aBT'YCT€ HECKOJIBKO CHUKAJIOCHh B Ce-
peArHE U B OCHOBAHHHM JIMCTA, a B CEHTIOpe
CHOBA YBEJIMYUBAJIOCh.

B urone copepkanue xjiopouiioB B M-
cThsix Oepé3pl Ha Tepputopum CP3 (TII111)
Yy MEJIKOJHMCTHOTO JiepeBa ObLIO HE3HAYMTEb-
HO BBIIIIE B OCHOBaHWUU JUCTbEB (puc. 12, 13);
B MIOJIE, aBI'YCT€ M B CEHTAOpE coJep)KaHue
XJIOpOGWIUIOB  BBIINIE Y BEPIIMHBI JIUCTA.
C uIoHS 10 HIOJNH CcoJep KaHue XJIOpO(UIIIOB
B JIUCTBAX  HE3HAYMTEIBHO  CHMKAJIOCH,
a B aBT'yCTE U CEHTSIOpe YBEINYMBAIOCh.

[IT1 mesnikomcTHOE AEepPeBO

50=

Coneprkatue X10podiion
B JIUCTBAX, MKI/CM?

Hl vionr Bl uodib

= ceHTadpsb

Puc. 11. Codepacanue xnopodunnos (mke/cm?) 6 mucmusx (6epuiuna mcma, cepeouna nucma, OCHOGaHUe TUCA)
bepésvl nosucaou (Betula pendula Roth) 6 utone—cenmsobpe 6 npomvluiienHol 30He
(III11 — oepeso Ne 10 menxoaucmuoe)
Fig. 11. Chlorophyll content (mcg/cm?) in leaves (leaf tip, middle of the leaf, leaf base) of silver birch
(Betula pendula Roth) in June—September in the industrial zone (TAI — small-leaved tree No. 10)
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Puc. 12. Codepaicanue xnopoduinos (mke/cm?) € mucmvax (6epuiuna 1icma, cepeouna ucmd, OCHO8aHUe TUCIa)

bepésvr nogucnotl (Betula pendula Roth) é utone—cenmsope 6 cenumebHol 30He
(11111 — oepeso Ne 12 menxorucmmuoe)
Fig. 12. Chlorophyll content (mcg/cm?) in the leaves (the tip, middle and base of the leaf) of silver birch
(Betula pendula Roth) in June—September in the residential zone (TA11 — small-leaved tree No. 12)
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Puc. 13. Codeparcanue xn0pohunnos (mke/cm’) 6 mucmusx (sepuiuna mcma, cepeouna aucma, 0CHO8aHIe Icma)
bepésvl nosucaou (Betula pendula Roth) 6 utone—cenmsbpe 6 npomvlutienHol u ceaumeOno-pexpeayuoHHoul
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sonax (I1I11 — oepeso Ne 10; I1I111 — oepeso Ne 12) (Ne 10 u Ne 12 — meaxonucmuvle Oepesbsi)
Fig. 13. Chlorophyll content (mcg/cm?) in leaves (the tip, middle and base of the leaf) of silver birch

(Betula pendula Roth) in June—September in industrial and residential- recreational zones
(TAl —tree No. 10; TA11 — tree No. 12) (No. 10 and No.12 are small-leaved trees)
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3akiil0oueHune

Ha teppurtopun 113 (II11) ana cpenne-
JTUCTHOU (opmbl Oepé3pl moBucnoil (Betula
pendula Roth) BBISIBIEHO HEpaBHOMEPHOE
coJiepKaHue XJIOPO(HUIIIIOB B JTUCTHSIX B TIe-
PHOJl C HUIOHS MO CEHTSIOpb, U ATO KacaeTcs
KaK MaKCHUMAaJbHBIX, TaK U MHUHUMAIbHBIX
3HaueHnit. [Ipu sTom kosdduiment Bapua-
MU COJICPIKaHUs XJIOPO(MUIUIOB B TEUYCHHE
BEreTAallMOHHOTO TMepHofa H3MEHseTcs He-
3HayuTenapHo (9,506 — 12,05 %). s menko-
JUCTHOM (OpPMBI B MEPUOJ C UIOHS IO CEH-
TAOpPh TaKKe BBHIIBICHO HEPAaBHOMEPHOE
coZiepaHnue XJOopo(PUUIOB (KaKk MaKCHUMallb-
HBIX, TAK U MUHUMAJIbHBIX 3HAYCHUI) B JIH-
cthsx. [Ipm sToM KO3 UIIMEHT Bapuanuu
coJiepKaHusl XJIOpO(UIJIOB B TEUCHHUE Bere-
TallMOHHOTO MEPHOJIa U3MEHSICS B Tpeaenax
7,889 — 10,84 %.

Ha Teppuropumn CP3 (III111) nns
CpeaHETNCTHOW (GOopMBI OepE3bl BBISBICHO
YBEJIMUEHUE  COJEpPXKaHUS  XJIOPODUILIOB
B JINCTHSIX B TEUEHHUE BETETAIIIOHHOTO IEPH-
0Jla — 9TO KacaeTcs KaKk MaKCHUMAaJbHbIX, TaK
W MUHUMAJIBbHBIX 3HayeHui. [Ipu 3tom Ko-
3G GUIMEHT BapHUallul COAEP)KaHUS XIIOPO-
(GbuII0B B Te€UEHUE BEreTallMOHHOTO Mepruoaa
WU3MCHSIJICS. HE3HAUUTEIIbHO B  Mpefenax
4,769 — 5,876 %. 111 MENKOIUCTHOIN (HOPMBI
Oepé3bl BBISABIICHA WHAs KapTHHA TUHAMUKU
coJiep>KaHusl XJI0pO(UIUIOB B JIMCTHSIX JIepe-
BbeB Oepé3bl MOBHUCIONW — KOA(UIMEHT Ba-
pHaIK CoAepKaHusl XJIOpOo(pUIOB B Teue-
HUE BETETAlMOHHOTO TNepHoja H3MEHSIICS
B 3HAUMTENbHBIX mpeaenax (12,35 —19,27 %).

BrisiBieHa HepaBHOMEPHOCTb B COJEp-
KaHUKM XJIOpPO(UIIOB B Mpeaenax JUCTOBOM
wiactuHku. B 13 y cpennenucrHoro nepesa
U Y MEJKOJIUCTHOTO JIepeBa COJepKaHHe
XJIOPOPUILTIOB HECKOJIBKO BBIIIIE B OCHOBAHUU
JUCTa, a B YCJOBUAX CENUTEOHOI 30HBI MO-
BBIIIIEHHOE COJIEP)KaHUE XJIOPODUILIOB OTMe-
4ajoCh B BEpXHEH YacTH JIKUCTa. JTO COrJja-
cyercs ¢ (DEHOMEHOM TOBPEXKICHHS JIHCTO-
BbIX TUIACTUHOK PACTEHHMN MPOMBIIUICHHBIMU
3arpsi3HUTENISIMU, KOTOPBIM OMKMCaH Kak amu-
KaJIbHBIN U KpaeBor HeKkpo3sl [20, 21].

Ha ocHOBaHMM MOJTy4YEHHBIX CBEJICHUMN
0 CE30HHOW TMHAMHUKE U3MEHEHHI CcojepKa-
HUS XJOPO(UIIOB B TUCTHSIX MOXKHO 3aKIIO-
YUTh, YTO B YCJIOBUSIX 3arps3HEHUS OKpYXkKa-
IOIEeH cpeAbl OTMEYAeTCsl yCHEeIIHasl ajar-
TUBHasg HACTpOiKa XJIOPOPUILI-OEIKOBOTO
KOMILJIEKCAa aCCUMUJISIIMOHHOTO  ammapara
nepeBbeB Oepésbl. [lpu aTOM MenkomucTHas
dopma Oepé3bl BBIIEISIIACH O0JIee BBHICOKOU
U3MEHYUBOCTBIO COJICPKAHUS U pacIipenerie-
HUS XJIOPOPWIJIOB B JIUCThSIX B TEUYCHHE
BereramoHHoro nepuoaa kak B CP3, Tak u
B I13, 4uTO sIBNIsIeTCA MIPOSIBICHUEM aJlallTHB-
HBIX pPEaKIUH Ha YCJIOBHUS MPOU3PACTAHUSA.
C y4€ToM AOCTaTOYHO BBICOKOM YCTOMYHBO-
cTh Oepé3bl K JCUCTBUIO JKCTPEMATBHBIX
(bakTOpoB MOKa3aHO, YTO PEaKIUsl aCCUMHU-
JSIUMOHHBIX OPTaHOB PAaCTEHUM B 30HE BO3-
NEHCTBUS HE(PTEXUMUUECKOTO 3arps3HEHUS
U B CEMUTEOHO-pEKPEAIMOHHON 30HE o0ec-
NeYMBaeT JJIUTENbHOE YCIENIHOE Mpou3pac-
TaHue Oepé3bl B YCIOBUAX COBPEMEHHOTO
MPOMBIIIICHHOTO [IEHTPA.
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Seasonal Dynamics of the Chlorophyll Content in the Leaves of Silver Birch
(Betula Pendula Roth) under Conditions of Industrial Pollution

0. V. Tagirova®™, R. S. Ivanov, A. Y. Kulagin
Ufa Federal Research Center of the Russian Academy of Sciences,
Ufa Institute of Biology,
69, Prospekt Oktyabrya, Ufa, 450054, Russian Federation

olecyi@mail.ru =

Abstract. Introduction. Woody plants growing on the territories of industrial centers contribute
to optimizing the state of the environment, perform environmental stabilizing and protective functions,
and improve people's living conditions. The question that remains open concerns the seasonal dynamics
of the content of photosynthetic pigments in the leaves of the silver birch (Betula pendula Roth),
a species resistant to extreme natural anthropogenic factors. Materials and methods. The Ufa Industrial
Center (UIC) is a city with a population of more than 1 million people, where over 700 enterprises
are located. The climate of the city of Ufa and its environs belongs to the temperate climate zone with
a continental climate. The natural and climatic conditions of 2022 were characterized by multi-year
averages. In 2022, according to the criteria of the Sanitary Rules and Norms 2.1.6.3492-21, the level
of air pollution in the city of Ufa was categorized as “high”. The purpose of the work is to determine
the content of chlorophylls in birch leaves in the period from June to September on the UIC territory.
The objectives of the study are as follows: (1) to determine the content of chlorophylls in the birch
leaves during the growing season in the industrial and residential zones; (2) to determine the chlorophyll
content in medium-leaved birch trees; (3) to determine the chlorophyll content in small-leaved birch
trees. The object of the study is the birch plantings in the UIC industrial and residential zones.
In the lower part of the crowns of model trees, leaves were identified and numbered (10 leaves per tree).
In order to ensure the representativeness of the experimental data, the chlorophyll content was
determined in the interveinal space of each leaf at 12 points: six points on the adaxial side of the leaf
(on the left and right halves of the leaf, on the tip, middle and at the base of the leaf) and six on
the abaxial side (on the left and right halves of the leaf, on the tip, middle and at the base of the leaf).
In June, July, August and September 2022 (every month at the same time, using the numbered leaves)
the content of chlorophylls (a+b) in the birch leaves was measured using a Dualex Scientifict+ device
(‘Force-A’, France). Results and discussion. In the period from June to September, the average value
of chlorophyll content in the birch leaves in the industrial and residential-recreational zones was higher
in September 2022. A comparison of chlorophyll contents in medium-leaved birch trees found that
in the period from June to September the average leaf chlorophyll content is higher in the residential-
recreational zone. When comparing chlorophyll contents of small-leaved birch trees, the average value
of the leaf chlorophyll content during the period from June to September is higher in the industrial zone.
Conclusion. According to the obtained data on the seasonal dynamics of changes in the leaf
chlorophylls content, it can be concluded that in conditions of environmental pollution, successful
adaptive adjustment of the chlorophyll-protein complex of the assimilation apparatus of birch trees
is observed. At the same time, the small-leaved form of birch is distinguished by higher variability
of leaf chlorophyll content during the vegetation season in both residential and industrial zones, which
is a manifestation of adaptive reactions to the growing conditions.

Keywords: Silver birch (Betula pendula Roth), urban and sanitary protective plantings,
variability in the content of photosynthetic pigments, growing season, adaptation
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0008 "Sustainability of forest-forming tree species and ecological and biological adaptations taking
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For citation: Tagirova O. V., Ivanov R. S., Kulagin A. Y. Seasonal Dynamics of the Chlorophyll Content
in the Leaves of Silver Birch (Betula Pendula Roth) under Conditions of Industrial Pollution. Vestnik of Volga
State University of Technology. Ser.: Forest. Ecology. Nature Management. 2024;(3):55-70. (In Russ.).
https://doi.org/10.25686/2306-2827.2024.3.55; EDN: PRXZRD

68



ISSN 2306-2827

Vestnik of Volga Tech. Ser.: Forest. Ecology. Nature Management. 2024. Ne 3 (63)

REFERENCES

1. Tagirova O. V., Kulagin A. Yu. Characteristics
of the state of tree plantations as a landscape component
of the socio-ecological complex of the town
of Kumertau (Republic of Bashkortostan). Occupational
Medicine and Human Ecology. 2024;(1):211-229. DOI:
10.24412/2411-3794-2024-10113; EDN: NMYDOH
(In Russ.).

2. Kulagin Yu. Z. Forest-forming species, techno-
genesis, forecasting. Monograph. Moscow: Nauka
Publ.; 1980. 116 p. EDN: VZNMCYV (In Russ.).

3. Demakov Yu. P. The influence of environmental
factors on the growth of trees in the pine forests
of the Republic of Mari El. Monograph. Y oshkar-Ola:
Volga State University of Technology; 2023. 480 p.
EDN: QIZGAG (In Russ.).

4. Kulagin Yu. Z. Woody plants and industrial
environment. Monograph. Moscow: Nauka Publ., 1974.
124 p. EDN: VZNMBR (In Russ.).

5. Makhnev A. K., Mamaev S. A. Intraspecific
variation of birche in the Urals in relation to problems of
the systematics of the genus. In: Patterns of intraspecific
variability of deciduous tree species. Collection of
articles. Sverdlovsk: Ural Scientific Center of the USSR
Academy of Sciences; 1975. 142 p. Pp. 67-77. EDN:
WIPDTR (In Russ.).

6. Yashin D. A., Zaitsev G. A. The maintenance
of photosynthesis pigments in leaves of European white
birch (Betula pendula Roth) in the conditions of
industrial pollution. Izvestia Ufimskogo Nauchnogo
Tsentra RAN (Proceedings of the RAS Ufa Scientific
Centre). 2015;(4-1):193—-196. EDN: UXPIYJ (In Russ.).

7. Stasova V. V., Skripal'shchikova L. N., Astra-
khantseva N. V. et al. Photosynthetic pigments in silver
birch leaves with technogenic load. Lesnoy Zhurnal
(Russian Forestry Journal). 2023;(3(393)): 35-47.
DOI:  10.37482/0536-1036-2023-3-35-47,  EDN:
JEZUIF (In Russ.).

8. Erofeeva E. A., Gelashvili D. B., Kuznetsov M. D.
et al. The effect of traffic-related air pollution
on the physiological and biochemical parameters
of Tilia cordata Mill. and Betula pendula Roth. leaf.
Ecology of Urban Areas. 2023;(2):55-60. DOI:
10.24412/1816-1863-2023-2-55-60; EDN: XEQAPC
(In Russ.).

9. Zavoruyeva E. N., Zavoruyev V. V. Dynamics
of fluorescence and chlorophyll concentrations in the
birch leaves growing near the roads. The Bulletin
of KrasGAU. 2010;(9(48)):129-133. EDN: MUPWIR
(In Russ.).

10. Gilyazova A. R., Sadikova L. V., Fakhrutdino-
va A.S. et al. Study of the content of photosynthetic
pigments in the leaves of the birch (Betula pendula
Roth) in the conditions of anthropogenic stress. In:
Advanced Science: paper collection of the 7th Interna-
tional scientific and practical conference (Penza,

April 12, 2019). Penza: Science and Education
(IP Gulyaev G. Yu.), 2019. 232 p. Pp. 21-24. (In Russ.).

11. Neverova O. A., Bykov A. A. The assessment
of adaptive potential of Betula pendula Roth. in
the conditions of prevailing influence by emissions of
the industrial zone of Kemerovo City. Modern Problems
of Science and Education. 2015;(2-1): Art. 551. EDN:
UHXEUP (In Russ.).

12. Giniyatullin R. H., Tagirova O. V., Ivanov R. S.
et al. Seasonal dynamics of changes in the content of
photosynthetic pigments in leaves of the birch Betula
pendula Roth. in the conditions of the Sterlitamak
Industrial Center. Biosfera. 2023;15(3):285-291. DOL:
10.24855/biosfera.v15i3.831; EDN: MBUNEW (In Russ.).

13. Samusik E. A., Golovatyi S. E.  Reaction
of the pigment system woody plants for gas and dust
pollution. Journal of the Belarusian State University.
Ecology. 2023;(2):78-86. DOI: 10.46646/2521-
683X/2023-2-78-86; EDN: OUAVZP (In Russ.).

14. Belova T. A., Krasnopivtseva A. N. Physiolo-
gical bases of adaptation of the pigment system of
woody plants to the conditions of the light climate of
the urban environment. Auditorium. 2016;(4(12)):10-13.
EDN: XESTDH (In Russ.).

15. Peguero-Pina J. J., Morales F., Gil-Pelegrin E.
Frost damage in Pinus sylvestris L. stems assessed by
chlorophyll fluorescence in cortical bark chlorenchyma.
Annals of Forest Science. 2008;65(8): Art. 813. DOL:
10.1051/forest:2008068

16. Voskresenskaya O. L., Voskresenskii V. S.,
Sarbaeva E. V. et al. Influence of ultraviolet radiation
and microclimate parameters on the pigment count
in leaves Betula pendula growing in urban conditions.
Bulletin of Udmurt University. Series Biology. Earth
Sciences. 2014;(3):39—45. EDN: THPQZR (In Russ.).

17. Chukuridi S. S., Savenko A. V., Grekoval. V.
Decorative leaves of flowering shrubs of the genus
Weigela Thunb. and the genus Philadelphus L. due
to the dynamics of photosynthetic pigments in the condi-
tions of Krasnodar. The North Caucasus Ecological
Herald. 2022;18(1):67—72. EDN: BOIDMQ (In Russ.).

18. Babaev R. N., Besschetnova N. N., Besschet-
nov V.P. Multiparameter analysis of the pigment
composition of the leaf apparatus of representatives
of the genus Birch (Betula L.). Vestnik of Volga State
University of Technology. Ser.: Forest. Ecology. Nature
Management. 2023;(3(59)):42-54. DOI: 10.25686/2306-
2827.2023.3.42; EDN: KYAFPT (In Russ.).

19. Kulagin A. Yu, Tagirova O. V. Forest stands of
the Ufa industrial center: current state in the conditions
of anthropogenic influences. Monograph. Ufa: Gilem
Publ.; 2015. 196 p. EDN: VNAYOH (In Russ.).

20. Guderian R.  Air Pollution. Transl. from
English by N.S. Gelman; G. M. Ilkun (Ed.). Moscow:
Mir; 1979. 200 p. (In Russ.).

69



Becmuux III'TY. Cep.: Jlec. Dxonoeus. Illpupodononvzosarnue. 2024. Ne 3 (63) ISSN 2306-2827

21. Runova E. M., Kostromina O. A. Estimation of a  various technogenic loading. Actual problems of the forest
damage rate of leaves of a birch and aspen in zones with  complex. 2006;(13):230-232. EDN: TZSMAF (In Russ.).

The article was submitted 24.05.2024; approved after reviewing 02.09.2024;
accepted for publication 20.09.2024

Information about the authors

Olesya V. Tagirova — Candidate of Biological Sciences, Senior Researcher, Ufa Institute
of Biology — Subdivision of the Ufa Federal Research Center of the Russian Academy of Sciences
(UIB UFRC RAS), Laboratory of Forestry. Research interests — forestry, reforestation, protective
afforestation, landscaping of settlements, environmental expertise. Author of 194 scientific
publications including one monograph. ORCID: https://orcid.org/0000-0003-1615-7005; SPIN:
2439-1378

Ruslan S. Ivanov — Candidate of Biological Sciences, Senior Researcher, Ufa Institute
of Biology — Subdivision of the Ufa Federal Research Center of the Russian Academy of Sciences
(UIB UFRC RAS), Laboratory of Plant Physiology. Research interests — plant physiology,
productivity, plant resistance, plant hormones. Author of 118 scientific publications. ORCID:
https://orcid.org/0000-0003-1251-8336; SPIN: 4215-7491

Alexey Yu. Kulagin — Doctor of Biological Sciences, Head of the Laboratory of Forestry,
Ufa Institute of Biology — Subdivision of the Ufa Federal Research Center of the Russian Academy
of Sciences (UIB UFRC RAS). Research interests — forestry, reforestation, protective afforestation,
landscaping of settlements, environmental assessment. Author of 519 scientific publications including
12 monographs. ORCID: https://orcid.org/0000-0001-7574-4547; SPIN: 2468-8394

Contribution of the authors: all authors made an equivalent contribution to the paper preparation.

Conflict of interests: the authors declare no conflict of interest.
All authors read and approved the final manuscript.

70



