OPUT'MHAJIBHOE
WUCCJELOBAHUE BOIIPOCBI JIECHOH HAYKH, 2024, T. 7. Ne 3. Cmamuvsa Ne 152

DOI: 10.31509/2658-607x-202473-152
YAK 574.24

3ABUCUMOCTD ITOKA3ATEJIEU ®JIYKTYUPYIOLIEN
ACUMMETPHUHN JIMCTBEB AAYBA HEPEIIYATOI'O OT
PA3J/IMYHBIX TAPAMETPOB COCTOAHUA AEPEBBEB

B YCJIOBUAX ABTOTPAHCIIOPTHOI'O 3ATPA3SHEHNUA

© 2024 H. 10. Kys1akoBa®*, U. H. Kypranosa?

THucmumym secosedenusi PAH, Poccusi, 143030 Mockosckas 06.1.,
¢. Ycnenckoe, ya. Coeemckas 21

2 HHcmumym ¢u3uko-XumMuveckux u 6uoso2uyveckux npobaem nougogedeHusi PAH,
@®UI] IIH1]BH PAH, Poccus, 142290, I[lywuHo, ya. HHcmumymckas, 0.2, K.2

*E-mail: nkulakova@mail.ru

[Toctynuia B pegakyuio: 14.08.2024

[locse penensdupoBanus: 14.09.2024
[IpyHaTa k neyatu: 22.09.2024

UccnegoBanuch B3aUMOCBSI3U MeXJy MOKasaTeasiMA QIYKTYUPYIOIEd aCUMMEeTPUU
(II®A) nucTbeB Ay6a yepeuryaToro U CAaHUTAapHbIM COCTOSIHUEM JlepeBbeB, KOHI|eHTpaluen
Mg, P, K, Ca, Fe, Zn B ucthsix; Mg, P, K, Ca, Fe, Cu, Zn, Pb - B BeTBsiX U Na, Mg, P, K, Ca, Fe, Cu, Zn,
Pb - B nmouBe moJ; kpoHaMu JepeBbeB. 06ciefoBaHO 28 fAepeBbeB, MPOU3PACTAOIUX B
YCJ0BUSX C pa3HbIM ypoBHeM 3arpsizHeHHUs (10-30 m ot MKA/I v ieconapk Y3koe, r. MockBa).
B noJsiHoM BbIGOpKE JlepeBbeB 0OHAPYKEeHbI 3HAYUMbI€E M0JI0KUTEbHbIE KOPPEISLIUNA MEXY
[IOA nuctbeB U KOHUeHTpauuved B HUX Ca, Zn, S, Fe, a Takke mexay [IPA suctbeB U
KoHIeHTpayuein Ca, Cu, Na, Fe, Zn B nouBax. OTpuiaTe/ibHble 3aBUCUMOCTH BbISIBJIEHbI MEXY
[I®A nuctheB, KOHLlEHTpaLel P B BeTBSIX U KU3HEHHBIM COCTOSIHMEM JlepeBbeB. B ciyuyae
HeO6o/IbIIUX BbIOOPOK (n = 10) HaMM4YMe KOppesslUMOHHbIX CBs3ed Mexay [TPA nuctbeB u
’KU3HEHHBIM COCTOSIHMEM /JlepeBbeB OTMEUYEHO TOJIbKO B TpyIIe JAepeBbeB 0CJa0JIEHHOTO
»KWU3HEHHOI'0 COCTOSIHUS.

Kawuessle ci1o08a: asmompaHcnopmHbsle N0AAI0OMAHMbl, 6U00UAZHOCMUKA, HCUSHEHHOE
cocmosiHue depegbes, MyvHUcmas poca, dy6oswvle HacaicoeHus

YXypuieHne COCTOSHUSA FOPOJICKUX Ha- CATUJIETHE, B MEPBYI0 O4Yepesib, CBA3aHO C

CaKJeHU, HabJIl0jaeMoe B MOC/eiHee Jie- yCUJIEHUEM aBTOTPAHCIOPTHOrO 3arpss-
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HEHUS], OCHOBHOTO HCTOYHHUKA MOJLIIO-
TAaHTOB B KPYNHBIX ropoaax. Tak B Mockse
B0OJ1M3U aBTOTpacc 3apUKCUPOBAHbI MaKCH-
MaJIbHble KOHLIEHTPAaL U OCHOBHBIX 3arps3-
Haomux BewectB (Joknax .. 2023).
[lofIt0TaHTBl aKKyMYJUPYIOTCS B MOYBE Y
aBTOMarucTpajed M B TKaHAX Ipouspac-
TAWILUX 3/leCb pacTeHUW. B coBpeMeHHOMN
JUTepaType 00CYXJaeTcd BO3MOXHOCTb
OLIEHKU CTPECCOBOT0 COCTOSIHUSI pacTeHUH
M3-3a BO3/J|eMCTBHSA HA HUX MOJIJIIOTAHTOB C
NOMOILIbI0 TOKa3aTesed QAyKTyHupyrolen
acumMmeTtpuu (PA) opraHu3aMoB - HeHal-
paBJIEHHbIX OTKJIOHEHHUH OT HX CHUMMET-
pudHoro pasButusa (3axapoB u Ap. 2000,
Gavrikov et al, 2023). Ectb MHeHue, 4TO
MCIOJIb30BaHUe HeclelUPUUHBbIX MOKasa-
Tesed A ([IPA) B 6UOAUArHOCTHKE 3ar-
pS3HEHUS IKOCUCTEM HEJ0CTAaTOYHO 0060C-
HOBAHO, U 3TO CBSI3AHO, B IEPBYI0 OYepeb, C
MHOTOaKTOPHBIM  BJIUSIHUEM  OKpY»Ka-
I0lel cpefbl. YCTaHOBJIEHO, YTO YPOBEHb
@A nosplllaeTcd B OTBET HAa BO3/eHCTBUE
60JIbIIMHCTBA A0MOTHYECKUX U OHUOTHUYEC-
kux ¢akrtopoB (Jlaityc u ap. 2009), B
YaCTHOCTH, HE TOJIbKO 10 IPHUYHUHE 3arpss-
HEHUSI U 3aCOJIeHHs MOYB, HO M3-3a 3acyX,
nepeyBJaKHEHUs], KOHKYPEHTHBIX B3aUMO-
OTHOILIEHUN, NOBpexaeHus o¢uiodparamu
(KpaBen, u gap., 2007; Cornelissen, Stiling,
2011; Alves-Silva, Del-Claro, 2016). K He-

KOpPpPEKTHBIM BbIBOJAAM IIPpHU HCIIOJIb30Ba-
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HUU @A MOXKeT NpHUBECTH HECOBEPILEHCTBO

NpUMEHSIEMbIX  METO/0B U3MepeHUs],
BaAvsHMe Ha PA reHeTUYECKOW CTPYKTYpPBhI
nonysassuuud (Kossnos, 2017). 3ToT ke
vcciefoBaTesib C COaBTOpaMU CYHATAET
HEBO3MOXHbIM HCIIOJIb30BaHWE KaKoOro-
au60 napamerpa @A, T.K. «40 CUX NOp He
CyleCTByeT  TEeOpeTU4YEeCKOW  MOJeJly,
NI03BOJISAIOLL e NIpe/iCKa3aTh, U3MEHUTCH JIU
@A B ompeje/leHHOM MpU3HAKe JJAHHOTO
BHMJJ]a B OTBET Ha oONpeJeJieHHbIN
3KoJiorndeckuit ctpeccop» (Gavrikov et al,,
2023). BmecTte c TeM, Aja ob6ciej0BaHUSA
rOPOACKUX U UHAYCTPUAJbHBIX JIAHJ-
madToB B Hallell CTpaHe WIMUPOKO MpHU-
MeHsieTCs aHaiu3 PA JUCTbeB pacTeHUU
(Koucrantunos, 2001; denopoBa, 2013;
[Tononckuu, IlossskoBa, 2016; Hasaposa,
2019), npu 3TOM HCI0JIb3yeTCA

KOMILJIEKCHBI  (MHTerpajibHbIH)  IOKa-
3aTesab QA (3axapos u Ap., 2000).

OaHUM U3  BaXHbIX  (PaAKTOpPOB,
BJMSIOUIMX Ha CTabUJIBHOCTb pPa3BUTHUS
JlepeBbeB ayb6a depemuatoro (Quercus
robur L.), LIKPOKO HCHOJIb3YIOIIErOCA B
rOPOJICKOM O3eJIEHEHHH, MOXKET 0Ka3aTbCs
WHOUIIMpOBaHUE JIepeBbEB MYYHHUCTOU
pocoli (Microsphaera alphitoides Griff. et
Maubl.). B 1ucThsx, nopakeHHbIX TPUOKOM,
paspymaetrcsi  XJI0pOodHUIJ,  CHHXKAKTCS
3Heprus poTOCUHTE3], COAepPKaHUEe BOJIbl U

T.4., YTO NPHUBOAUT K MNMpeKACBPEMEHHOMY
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ux 3aceixaHuto (@enopos, 2004). BrnosHe

BO3MOXXHO, 4YTO 3acejieHHe JIMCThEB
My4YHUCTOU pocor u [IPA B3aMMOCBSA3aHbI
Mexay coboi. Tak, B acUMMeTPHUYHBIX
aucteax Q. myrtifolia wn Q. Geminata
o6HapyKeHbl 60Jiee BbICOKOE COJiep:KaHUe
azota (N) u OoJsiee HU3KUH YpOBEHb
TAaHUHOB, 4YTO CIOCOOCTBYeT pa3BUTUIO
aToro TrpubkoBoro 3abosieBaHus (Cor-
nelissen et al., 2004). O6ubHOE MOpaXkeHUe
MYYHUCTOU  PpOCOM  MOXKET  ABJATHCA
KOCBEHHBbIM MMPU3HAKOM /JlepEBbEB, MEHee
YCTOMYUBBIX K pPas3/IMUHbIM CTPECCOBBIM
CUTyalMsIM, U B 3HAYUTEJbHOU CTeleHHU
onpeJesiiTbC WHAUBUAYAJIBHOU W BO3-
pacTHOM BOCIPUUMYHUBOCTbIO /JlepEBbEB
Jlyba yepelmryaToro K 3TUM  MHKpO-

opranusmaM ([lonakoBa, JIMTBUHEHKO,
2019; IlonskoBa u ap. 2019). U3BecTHO,
YTO UHQULUpOBaHHE Jyba 4Yepelr4aToro
MYYHUCTOM PpOCOM 3aBHUCUT TaKXe OT
KJIMMaTU4YeCKMX  NapaMeTpoB U OT
JOCTYIIHOCTM HEKOTOPBIX MUTATEJbHBIX
3JIeMeHTOB pacTeHUsM (Man et al., 2012).
OcHOoBHasa meJsib paboThbl COCTOslA B
aHaquse 3aBucuMmocted Mexay [IPA
JIUCTbEB Jy0a 4YepelmyaToro M KOHIEH-
Tpanued noJuiroTaHToB, K u P B BeTBAX U

JINCTbAX, B IMO4YB€ MOJ, KpOHaMHU OE€pPEBLEB,

*KU3HEHHbIM COCTOSIHUEM JlepeBBEB,
IJIOIIAQIbI0  MOPAXKeHUsl JIMCTheB Jiy6a
Microsphaera alphitoides. 3aBUCUMOCTHU
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MEX/Y *XU3HEHHbIM COCTOSIHUEM JlepEBbLEB
Y KOHLIEHTpalusaMHU noJuitotanTos, K u P B
BETBSX U JIUCThAX Ay6a yepeuryaToro 6b1Iu

paccMOTpeHbl B pa6oTe

npeablaylen
(Kynakosa u gp., 2021).

Yacto B paboTaX, MCIOJb3YIOUUX
[IPA, npoBOAUTCSA CpaBHEHUE YYACTKOB IO
cpeaHuM 3HauyeHUsaM [1PA u ycpegHEHHBIM
NoKa3aTeJisiM 3arpsi3HeH’si, YTO He JaeT
BO3MOXXHOCTH TOYHO YKa3aTb Ha BJIMSIHUE
3arpsisHeHUs], Kak Ha NIPUYMHY YBeJUYeHUs
@A. lloaToMy HaMU omNpeJiesIIUCh 3aBUCH-
Moctu Mexay [IPA, u3MepeHHbIMU AJs
JIUCTbEB KaXKJOTO JiepeBa Ayba yepelnya-
TOT'0 ¥ KOHLleHTpaneu NoJtoTanToB, K u P
B BETBSIX U JILCTbSX 3TOTO JlepeBa, B MOYBax
10/l KPOHAMHU JiepeBbEB, })KU3HEHHBIM COCTO-
ssHUeM JiepeBa. Mcnosib30Basiu JiBa MOKa-

3aTesid - HHTeraﬂbeIﬁ 1 OCHOBAHHBIN

TOJIbKO Ha OAHOM U3MEPEHHUH.

OBBEKTHI

[l ucciejoBaHUA ObLIM BBIOPaHbI
JlepeBbs Ayba uyepeuryaToro, pacTyuide B
npegenax ot 10 pgo 30 m or MKA/J
(MockoBckasi ~ KoJiblieBasi ~ aBTOJOpOra,
55.59°, 37.53°) u B neconapke Y3koe (toro-
3amnajiHas 4yacTb r. MockBbl, 55.62°, 37.52°).
[lnomaska B Jiecomapke HaxoAWJIach Ha
pacctossHuu 6osiee 100 M OT KpymnHOU

dBTOMAructpajii u 0KoJio 4 KM OT rnepBoro

y4yacTka. [lepeBbsi Ha y4dactke y MKA/]
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NpUHajJexXald K JIBYM BO3pPaCTHBbIM
rpynnaMm: cTapoBo3pacTHble (6osiee 100
JieT) ¥ MoJioZible (camoceB 15-20-Tu sieTHe-
ro Bo3pacra); 661710 Bbi6paHo 10 MoJIoAbIX U
10 crapoBo3pacTHbIX AepeBbeB. Ha Teppu-
TOPHUU JiecollapKa UccieloBalu 8 fepeBbeB
15-20 snetHero Bo3pacta. Hanuuyne 100-u
6oJiee JIETHUX JlepeBbeB Ha JBYX y4acTKax

YKa3bIBaJIO HA TO, 4YTO ,ZLY6paBbI B I[IpOLIJIOM

COCTaBJIAJIM OJHO 11eJioe.

METO/IbI

Om6op npo6 TOYBbI NPOBOAUIHU
IOYBEHHBIM OypoM JAuaMeTpoM 8 cM c
ray6uH 0-10, 10-20, 20-40, 40-60, 60-80 u
80-100 cM u3 15 cKBaXKUH Ha PACCTOSIHUHU
He 6osiee 1.5 MeTpoB OT HCCIEAyEMOTO
JepeBa. B

3dryumeHHbIX JieCaX OJHa

CKBaXkKHMHa MorJia XapaKTepHu30BaTh
NOYBEHHbIE YCJI0BUS MO ABYMS UJIU TPEMS
JepeBbsiIMU. OTOOp JINCTbEB U BETBEU AJIs
XMMHUYECKOTO aHaJiu3a OCYIEeCTBJSJIN B
Havasie UioHA. K 3aToMy mepuony JUCTbA
CBexxue

HOJIHOCTbIO  CHOPMUPOBAIHCH.

oOpasibl JIMCTbEB, OTOOpaHHble s

XUMUUYECKOT0 aHa/Iu3a, TLATEeJbHO
BbITUPAJA BAaTHbIM TaMIIOHOM, CMOY€E€HHbIM
B JUCTWIJIMPOBAaHHOW  BOJe, BETBU
06pabaTbIBaJId BJAQXXHOW BaTOU U LleTKAMHU.
C Kax0ro iepeBa 0OTOUPAIOCh MO 5 TOHKUX
BeTBel (70 1.5 cM B uaMeTpe) € BBICOTHI 5-
7 M 1O BCeld OKPYXHOCTHU KpoHBI. Jleca ¢

MOJIOABIMHN O€peBbAMH B 06oux Cly4dadx
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ObLIM 3aryljeHbl, U KX KPOHbl HaXo-
JWINCh B HeOJaronpusTHbIX YCAOBUAX
OCBellleHUsI [0 CpaBHEHWUIO CO CTApOBO3-
pPacTHBIMM JepeBbsIMU. U y MoJIOAbIX, U Y
CTAapOBO3PaCTHBIX JlepeBbeB OTOOPAHHbIE
JUCTbA (QOPMUPOBAJIMCb B  YCJOBUSAX
3aTEeHEeHHUs; Y MOJIOJbIX — M3-3a 3aryljeH-
HOCTHU HACaXJEHUs, Y CTApOBO3PACTHBIX -
¥3-3a MOJIOKEHHUSI B HUXKHEN 4YacTU KPOHBI.
Jluctea pnsa usmepenu [IPA u niowaay,
3aHATOM MYYHUCTOM pOCOH, OTOUpAIU B
Havasle aBrycra. llepex mnpoBeaeHHeM

XUMHUYECKUX aHaJIM30B NOYBEHHbIE
006pasiibl, JJUCThS U BETBU HU3MeJbYaId [0
COCTOSIHUS MY/IPBbI.

®A aucmbes O1eHUBAJIH JIBYMSI CIIOCO-
6amu. [lepBbId 3aKJIIOYAJICA B BBIYUCIEHUU
WHTErpaJbHOTO MOKa3aTeJsisi CTabU/IbHOCTH
(UIIC) pasBuTusa (3axapoB u ap. 2000),
HauboJiee YaCcTO MpPUMEHseMOM B OTe-
4YeCTBEHHbIX UcceZjoBaHusX. C 3TOH Lesibio
y KaxJoro jepeBa aAyba 4epelryaToro
oTOUpaIn  JlecaTb

JINCTbEB cpeaHero

pasmepa. CBexxecobpaHHbIE JINCTDbA
CKaHUpOBa/siM (ckaHep Samsung Xpress
M2070) u 3aTeM NOPOBOJUIM JIMHEHHbIE
V3MepeHUs C UCI0JIb30BaHUEM NIPOrPaMMbl
PhotoM1.21 A. YepHurosckoro. O6pasibl
U3MepSAJIUCh B

C/Iy4alHOM  NOpsJKe.

HSMGpEHI/IH yTrJioB MexAay KHUJIKaMHU
OCylIeCTBJIAJIM C TOMOIBbIO TPAHCIIOPTHPA.

Jnsa onpenenenus @A oneHuUBaIud ciaeny-
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IolllMe MPU3HAKU: MaKCHMaJibHasl IIUPUHA
JieBOH (a1) ¥ mpaBoy (ar) MOJIOBUHBI JIUCTA;
JJINHA BTOPOM OT OCHOBAHUS JIUCTA XKUJIKHU
BTOporo mnopszaka (bi u br); paccrosHue
MeX/ly OCHOBAaHHUSMU IEPBOM U BTOPOU
KUJIOK BTOporo mopsaka (c U cr);
paccTosiHMe MeXAYy KOHIIAMHU 3THUX KHUJIOK
(di 1 dr); yron Mexay ryiaBHOM >KUJIKOW U
BTOPOM OT OCHOBaHHUS JIUCTA >KUJIKOU
BTOpOro nopsiaka (el u er). Jlasg Kaxaoro
NpH3HAKa BBIYMCISJIA CPEJHIOI OTHOCH-
TeJIbHYI0 BEJIMUUHY aCUMMEeTPHUH, [/l Yero
abCcoJIIOTHbIe 3HAuYeHUs PA3HOCTH HUJIEH-
TUYHBIX MOKa3aTeJsen C JIeBOM U C MpPaBOU
CTOPOH /[IeJIWJIM HA HUX CYyMMy. 3aTeM
BBIUMC/ISIM BEJUYUHY ACHUMMETPUM JJIs
JIUCTA TyTEeM CJHOXKEHUSl TMOJIy4eHHBIX
nokasareJsiell JJis KaXkKAOTro MpHU3HAKA U
JleJIeHUs1 UX Ha KOJIMYeCTBO NMPU3HaKoB. st
xapakTepucTuku PA nUcTbeB BCero JiepeBa
Bbluucasaan HIIC pa3BUTHUA Kak cpefHee
apudmeTnyeckoe U3 TMokasatened DA
JlecsiTU JIMCTbeB. TakuM 06pa3oM, 4YeM
6oJiee BbIpakeHa OblJla ACUMMETPUYHOCTb
JIUCTOBBIX IJIACTHH, TEM BbIlIEe ObLIN
3HaueHUs NoKaszaTesed CTabUAbHOCTH. [y1s
BTOpOro cnoco6a oueHku PA rcnosib3oBaau
TOJIBKO NOKa3aTeJsib JJIUHBI )uiok (I12K)
BTOpOro nopszaka: |bi- be|/( b1+ br), Tak kak
OH TaK»Xe 4acTOo NMpUMeHseTCs.

[loBepXHOCTb JIMCTA, 3AHATYI0O MYyY-

HUCTON POCOM, U3MepSJIU C IPUMeHEeHUEeM
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CKkaHupoBaHUA (ckaHep Samsung Xpress
M2070) u mnporpammbl PhotoM1.21 A.
YepHurosckoro. /[l gepeBa [0l IOBep-
XHOCTU JIUCTbEB, TNOKPBITOM MYYHUCTOU
pocoii (SMmp), BbIYMUC/ASAIACH B NpPOLIEHTaX
Kak cpefiHee U3 uaMepeHuil 10 1ucTbes.
Oyenka noka3amesell HU3HeHHOCMU
depesa OCHOBBbIBaJaCb Ha MpHU3HAKaX,
BKJ/IIOYEHHBIX B JIECOX03IMCTBEHHYIO LKAy
KaTeropuy CaHUTApPHOTO COCTOSIHUSA (HaJIU-
yde yCOXIIMX TMoberos, Aedosmanuu
JIUCTbEB) M Ha KJaccUPUKALUU POCTa U
pa3BUTHS KpPOH Ayba  4YepelryaToro
(Kannuna, Cenounuk, 2015). [To cocTosiHUIO
KU3HEHHOCTU JiepeBbsi 00C/e/J0BaHHBIX
y4aCTKOB ObLJIU pa3/iesieHbl HAa TPU TPYIIbIL:
1 - KpUTHYECKOTO, 2 — CpeJJHEro U 3 — Xopo-
1Iero »KM3HEHHOTO COCTOsIHUA. B mepBylo
rpynny Mnonaau JepeBbsi C Yy3KOW WU
30HTUKOBU/JHOM KPOHOW, HAJIMYUEM CYXHX
BeTBEW M 0OET0B, COCTABAALINX OT 1/3 10
%2 4YacTM KpOHbI, HHU3KOU OOJIMCTBJIEH-
HOCTBIO KpOH. B 3Ty rpynmy BolIM TpHU
MOJIOJBIX y3KOKPOHHBIX W JBa CTapoOBO3-
pPacTHBIX iepeBa C 30HTUKOBU/IHON KPOHOM
Ha yyactke y MKA/l. Bo BTOpoi rpymnne
OKa3a/IMCh JepeBbsi C HEOOJIbUIMM KOJIU-
4eCTBOM CyxUX BeTBel (MeHee 1/3 KpOHBI) U
Jiydiield OOJIMCTBJIEHHOCTbI KpOHBL. IJTO
ObLIM  MOJIOAble JepeBbsi: OJHO y3KO-

KPOHHOE — U3 MapKa, MAThb JePEBbEB C Y3KOH

KPOHOM U TPU — C 30HTUKOBU/IHOM, PACIIOJIO-
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»)KeHHble Ha y4acTke BOsn3u MKA/l. B
TPeThbI0 TPYyININy C XOPOUIMM COCTOSIHUEM
(oTcyTCTBUE CyXUX BETBEM, I'yCTble KPOHbI)
nonajay CeMb JiepeBbEB C 30HTUKOBUAHOU
dbopMol KpOHBI U3 MapKa, IeCTb CTApOBO3-
PaCTHBIX JlepeBbeB C PACKUAUCTON KPOHOU
Y OJHO MOJIOZ0€ JlepeBO C 30HTUKOBUHOU
KpPOHOH - ¢ ydyacTka y MKA/.

Xumuyeckuli aHa/au3 NOYBEHHBLIX U
pacmumesabHblXx 06pasyos. Bribop wuccie-
JlyeMbIX 3JIeMEHTOB JAUKTOBAJICS CJeay-
IOLUMU IPUYMHAMU: KOHIEHTPALUU TSHKe-
JIbIX METaJIJIOB U S CJAyXKaT MOKa3aTeJsIMU
aBTOTpaHCNOPTHOro 3arpsisHeHust; Na u Ca
nonajalT B TMOYBY Yy aBTOCTPaJ B
pe3yJibTaTe MIPUMEHEHUS AHTUT0JI0JIeJHBIX
CpPeZCTB; aHTaroHM3M IpPU MOCTYIJIEHUH B
pacTeHUs MexXAy 3JIeMeHTaMU epevyurceH-
Heix rpynn u K, P u Mg cnocobcTByeTt
dbopMupoBaHu0 JedUlMTa MOCAESHUX B
opraHax pacteHuu. OmnpepesieHUe cofep-
»kanusa Na, Mg, P, K, Ca, Fe, Cu, Zn, Pb B
noyBeHHbIX 06pa3uax u Mg, P, K, Ca, Fe, Zn, S
B pacTUTeJbHbIX 00pasnax MOpPOBOJUIU
peHTreHdJyopeciieHTHbIM MeTooM (PDA)
Ha Cnektpockane MAKC-GV  («HIIO
«CIIEKTPOH», Poccusi) B LKII U®XubIIIl
PAH. CBuHel U MeJjb B pacTUTEJbHbIX 00-
pasiax ompejesisijii aTOMHO-abCOpPOIUOH-
HbIM CIEKTPOMETPUUYECKHM METO/I0OM Ha
cnektpoMeTpe MI'A-915M/1 (000 «AToM-

npubop», Poccus). 3Hayenuss pH mouBen-
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HbIX 06pa310B U3MePSIJIK B BOAHOU CyCIeH-
31U (COOTHOIIEHMeE NOoYBa : Boja = 1:5) no-
TeHLUOMEeTPUYECKH C 3yeKkTpogamMu IJCK-
10601/7 (pH-meTp-uoHOMep «3IKCHepPT-
001», Poccus).

Cmamucmuyveckasi obpabomka OaH-
Hbix. HopManbHOCTB pacnpefesieHUs MOKa-
3aresiedl (al-ar; bi-br ¥ T.A.) ouneHuBanu c
nomolibo kputepusa llanupo-Yunka. Kpu-
TEepHeM OLIeHKH HalpaBJeHHON acuM-
MeTPHUU B BIOOPKE SIBJISIJIOCH NPEBBIIIEHUE
K03 PUIIMEHTOM aCHMMETPUHU 6oJiee YeM B
TPU pas3a CTAaHAAPTHOM OLIMOKU acUM-
MeTpuu. B [ByX BbIOOpKaX, MpejCTaB-
JIIIOIIMX PAa3HOCTb MEXJY 3aMepaMHU cJieBa
Y COpaBa LWIKWPHHBI JIUCTA U JUJIMH KUJOK
BTOpOro NopsKa, Obljla 0OOHapy»eHa Hal-
paByieHHasg acuMMeTtpus. [Ipu ucnosb3o-
BaHUU JJaHHbBIX TAKUX BbIOOPOK /151 pacueTa
bayKTyupylolel acMMMeTpUM U3 3Ha-
YyeHUU TMpoMepoB C JieBoW (OoJsibllied B
HalleM cJy4ae) CTOPOHbI  BbIYUTAIH
CPeHIOI0 PpPa3HOCTb MeXJAy HNpoMepaMHu
cineBa u cnpaBa (3opuHa, Kopocos, 2007).
TecHOTy CBfI3UM MexAy U3y4yaeMbIMHU Napa-
MeTpaMHU OLeHHUBaJIM C MOMOLIbI0 KO03-
¢unrenToB koppessuuud Kengamna (rk),
ecJiu OJHUM U3 GaKTOpPOB ObLJI NOKa3aTeNb
»KU3HEHHOT0 cocTosiHusA, U CnupmaHa (re) -
BO BCeX OCTaJIbHBbIX CJay4yasiX. B Tekcre

PYKOIIMCHU U Ta6JII/ILIaX IpuBEeAEHbI CpeJHHE

3Ha4YeHHUud BbI60pOK N HUX OOBEpHUTEJIbHbIE
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uHTepBasbl  (cpegHee *  JIU). Bce
CTaTUCTUYECKHE TPOLEAYyPbl BbIOJIHSIIN

npu ypoBHe 3HauMMocTH p<0.05.

PE3YJIbTATBI U OBCYKJAEHHUE
llokazameau ¢aykmyupynwet acum-

Mmempuu aucmwes. 3Hadyenusa UIIC gns Bcen
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COBOKYMHOCTU [lepeBbeB MU3MEHSJIUCH OT
0.054 10 0.125. Cpeu Tpex rpyni AepeBbeB
(15-20 net y MKA/, 60siee 100 et y MKA/]
U 15-20 sieT B mapke), HauboJiee BbICOKHE
3Ha4yeHud UIIC umesn MosioZible AepeBbs y
MKA/ (Ta6.s. 1), 4TO JOPKHO CBU/ETEJBCT-

BOBAaTb 00 UX KPpUTHUYECKOM COCTOAHHUMU.

Ta6smna 1. Cpeguue 3Hayenusa [IPA v nmokasaTesnu )KU3HEHHOCTU B Pa3HbIX 110 BO3PaAcCTy U
MEeCTOIOJIOXKEHUIO IPyNIax AepeBbeB yba uepeimyaToro™

[TokasaTesb MKA/, MKA/, Jiecomnapk Y3Koe,
100 net 15-20 set 15-20 sieT

HIIC 0.082 £ 0.007 0.088 £ 0.011 0.068 £ 0.006

|ai- ar|/(a1+ ar) 0.060 + 0.015 0.078 £ 0.014 0.058 £ 0.010

<eﬂ bi- br|/(b1+ br) 0.066 £0.014 0.092 £ 0.026 0.073 £0.014
= |c1- cr|/(c1+ cx) 0.092 +0.008 0.086 £ 0.014 0.065 +0.011
|di-dr]/( di+dr) 0.128 £ 0.022 0.114 £ 0.017 0.097 £0.012

lei- er]/( e+ er) 0.063 +0.010 0.071 £0.013 0.048 £ 0.004

baJjiabl 2KM3HEHHOCTH 24 +0.6 1.8+0.4 29+0.2

*Tloka3aHbl OBepUTeJbHbIE UHTePBaJbI Ipu p<0.05

B rpynne fiepeBbeB B apKe C BBICOKU-
MU MOKa3aTesJIMU XXU3HEHHOCTHU 3aPHUKCU-
poBaHbI caMble HU3KHKe 3HayeHUs UIIC, ko-
Topble 6/1M3KU K BesinunHaM UIIC, monyyeH-
HbIM J1J151 lepeBbeB 1y6a 4yepelyaToro B 30-
He peryJiMpyeMou peKpealuyd HalMOHaJlb-
Horo napka «OpJsiosckoe Ilosecbe», cocTaB-
gsaromuM 0.071-0.075 (FepacbkuHa, 2009).

[I®A nucTheB, paccyMTaHHbIE MO W3-
MepeHHUsIM OJJHOTO NpH3HaKa (LMpUHe JIUC-
Ta, JJIMHE XUJOK U T.J.), B OOJIbIIMHCTBE
c/ly4aeB JIeMOHCTPUPOBAJIMA Te e 3aKOHO-
MEpPHOCTH, YTO U 3HauyeHusA UIIC: B yeThIpex

Clny4adX U3 IATH BbICOKHE ITOKAa3aTeJ/u ObI-

H. I0. Kyaakosea, H. H. KypzaaHoea

JIU y JlepeBbeB B Jiecomapke, a HauboJsee
HU3KHE OTMeYaJINCh B TPEX CJIy4yasax U3 M-
TH — B IpyIIle MOJoAbIX fiepeBbeB y MKA/.

Ceasu mexncdy I[PA u HU3HEHHbIM
cocmosiHueM depesbes. MKU3HEHHOe coc-
TOsIHUE JlepeBbeB HauboJsiee 3aMETHO
pasinyanocb B rpynmnax 15-20-s1eTHuUX
nepeBbeB: 'y MKA/l cpegHui  6asnna
)KU3HEHHOCTU ObL1 caMbIM HHU3KUM (1.8
6assa), B Mmapke, TrjJe 3arps3HeHHUe
NOJUIIOTAaHTaMW MHWHHMMaJbHOE, — CaMbIM
BBICOKUM (2.9 6asisia). Y cTapoBO3pacTHBIX
AepeBbeB psagoM ¢ MKA/l )xu3HeHHbIN 6asll

coctaBuJ 2.4 (Tabu. 1).
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3nayenusa WIIC pya Bceld COBOKyII-
HOCTHU JepeBbeB JE€MOHCTPHUPOBAIA OTPHU-
1aTeJIbHYI0 3HAYUMYI0 Koppeasanuio (rk = -
0.33; n = 28) c nokasaTeJisIMU )KU3HEHHOTO
cocTosiHUA. [JIpyrMMHU CJIOBaMH, BBICOKUM
[oKa3saTeJiiM

KHU3HEHHOTIO0 COCTOAHUA

JlepeBa  COOTBETCTBOBAJIO HaWMeHblee
OTKJIOHEHHE JIUCTbeB OT CUMMeTpUHu. B
rpynne 15-20-netHux gepeBbeB y MKA/,
XapaKTepHU3YIIUXCId KPUTUYECKUMHU NTOKa-
3aTeJIIMU  JKM3HEHHOCTH, KOppeJaduus
Mexy 6asnaMu xku3HeHHOCTU U UIIC 6bl1a
3HauuMoH (rx = -0.50; n = 10), a B rpynnax

AepeBbeB C 60Jiee BLICOKMMH >KU3HEHHBIMHU

MOCTH MeX/Jy NoKa3aTessIMU XKU3HEHHOCTHU
u [I0K Takxke He oO6HapyxkeHbl. Takum
o6pasoM, koppesasuusa wexay HIIC wu
N0Ka3aTeJJsIMU KU3HEHHOCTH B HEOOJIbIIUX
BbIOOpPKAx MNpPOSIBUJIACh TOJIbKO B TpyIIle
JlepeBbeB C KPUTUYECKU HU3KUM KHU3-
HEHHBIM COCTOSITHUEM.

Cesizu mexcdy [IPA sucmves u KOH-
yeHmpayuetli 8 Hux noaarwmaHmos, K u P.
KoHlueHTpauus TsKeJbIX MeTa/lJIOB B

JINCTBbAX JepeBbEB Pa3HbIX

rpynmn
(puc. 1).

CywecTBeHHble pa3JnuusA HaGJIIOAAINCh

3HAYUTEJbHO BapbHUpOBasIa

MeXJy JepeBbIMH B IlapKe U JByMd

NoKa3aTeJsIMU KOppeasalnus MexAy 3TUMHU JApyruMHu rpynnamMyd  JiepeBbeB o
napamMeTpaMyd OTCYTCTBOBaJla. 3aBUCHU- copepxanuto Zn, Fe u Ca.
1,2 -
1 - 01
S {; 02
= 0,8 - m3
2
=
S 06 -
T
2 04
X
o T . rr—l
0 T T T T T - T
Zn, mr/10r Fe, mr/r S, % Ca, % Mg, % K, mr/r P, %

PucyHok 1. KoHlleHTpalKs 3JIeMEHTOB B JIMCThSX TPEX FPYII A€PEBbEB:
1 - MKA/, 100 nieT; 2- MKA/, 15-20 sieT; 3- sieconapk, 10-15 net*

* - 3/lechb U Ha APYTUX PUCYHKAaX IOKAa3aHbI JOBEpUTEIbHbIe HHTEPBaIbI IpHU P < 0.05

B JIMCTbAX Bcel COBOKYIIHOCTH

AepeBbeB OTME€4Y€Ha 3Ha4YuMad I10JIOXKH-

H. I0. Kyaakosa, H. H. Kypeanosa

TeJibHas Koppeaauus (re=0.51; 0.39 u 0.38,
28) mexay HIIC v kKoHUeHTpanuen

8

n =



OPUT'MHAJIBHOE
UCCIEANOBAHUE

KaJIblLi¥d, eJie3a U cepbl. YBeJIM4eHne KOH-
[leHTpalMi 3TUX 3J1eMEHTOB CIOCOOCTBYeT
Pa3BUTUIO CTpecca y pacTeHUM. Bepymuin
MexaHU3M Bo3zel cTBuA TM Ha pacTteHus —
MHAKTUBalLMs O0€eJIKOB M /JpYyrux Makpo-
MOJIEKYJI, BBINOJHAKUIMX KaTaJIUTUYECKHUe

U peryJsaTopHbIe Tsxenble

byHKIHM.
MeTa/l/Ibl OKa3blBaeT TOKCHUYeCKoe Jekc-
TBUE Ha TaKWe TMPOILECChl, KaK pOCT,
pa3BuTHe, GOTOCUHTE3, MHUTO3, JbIXaHUE,
MOTJIOLeHHEe BOJbI, MEpPeHOC 3JIEKTPOHOB
yepes MeMbpanbl U T.4. (TutoB u gp.,
2014). Kaspuuii, nposIBJSAKIIMNA aHTaro-
HU3M K KaJUI0 TpU [OCTYyIJIEHUH B
pactenus (IlaBioB, 1999), oTpuuaTesbHO
BJIMSIET Ha >KU3HEHHOE COCTOsSIHHE pacTeHUM
B yc10BUSX AedunuTa Kanus. OKCU/bI CepPhI,
NOCTyNalIIe C BBIXJONHBIMU Tra3aMH,
CIOCOOGHBI  BBI3bIBATh

OXOTr'M  JIMCTbEB,

HEeKpo3bl TKaHeW, BO3/JeHUCTBOBAaTb Ha

dboTocuHTeTHYEeCKHE NUTMeHTbl (AJIBIKOB,
2006). OpHako BHYTPM KaXKJOW H3 Tpex

HuccineayeMbix dHaJ1o-

rpynn

'MYHbI€é B3aMMOCBA3HU Ha6JHOﬂaJH/ICb TOJIBKO

JA€epeBbEB

B rpynie 15-20-neTHux aepeBbeB y MKA/l u
TOJIbKO A5 cephl (re= 0.85, n = 10), xoTs eé
KOHLEHTpalus B JIUCTbSX JepeBbeB pas-
HbIX Tpynn Obl1a 6su3koi (puc. 1). Bos-
MOXKHO, 3TO CBSI3aHO C T€M, 4YTO KPOHBI
MOJIOJbIX JlepEBBEB, PACTYLUX PSIJIOM C
MKA/I, pacnoJiokeHbl 3HAQYUTEJbHO HUXKE,

9Y€M KPOHBI CTAPpOBO3PACTHBIX AE€PEBLEB, U

H. I0. Kyaakoea, H. H. KypzaHnoea
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dosapHOe 1NOIJOLEHHWE Cepbl COMNpPO-
BOX/JaeTcsd 0OoJiee UHTEHCHBHBIM, YEM B
JAPYTHUX Cay4dasix, BO3JJeUCTBUEM COMYTCTBY-
0IKUX PAaKTOPOB, HAPUMeEpP, OCAXK/JEHUEM
Ha JIMCTBhSIX CAXU.

B rpynmne mMoJio/ibIX JlepeBbEB B JIECO-
napke u 100-netHux pepeBbeB y MKA/L
BbISIBJIeHA OTpULIAaTeJbHasg 3aBUCUMOCThb
Mexay UIIC 1 koHIleHTpaluen Zn B IUCTbIX
(rc = -0,76 u -0,71; n = 10). B aucthax
JlepeBbeB Jleconapka KOHLeHTpauus Zn u
3HavyeHud [I/IXK nemMoHCTpUpoOBaiv TECHYIO
OTPULATEJIbHYI0 3aBUCUMOCTb (Ic= -0,88; n
= 8). CozepkaHue Zn B JIUCTbSX J€PEBHEB
3TOU rpynnsl 66110 B 1.4 pasa HUXe, 4eM y
nepeBbeB y MKA/L (22.9 = 1.08 Mr/kr), HO
NpUOGIU3UTENBHO TAaKUM 3K€e, KaK B JIMCThSIX
JlepeBbeB B 3KOJIOTUYECKU YHUCTBIX JiecaX
Meweps! (20.1 + 1 mr/kr) (XKesnesnoa u
ap., 2017). Bompoc, mnoyemy JAepeBbs
Jleconapka TaK pearupoBajii Ha KOHILIEH-
TpaLMI0 LUHKA, COJepKaHHWe KOTOpOro B
JIUCTbAX OBbLJIO JOCTaTOYHO BBICOKHUM,
0CTaeTCs MOKa He SICHBIM.

B rpynrie u3 23 fepeBbeB C XOPOIUUM U
Cpe/lHUM OaJllaMU KU3HEHHOI'0 COCTOSIHUS,
NpOU3paCTAIUX HA Pa3HbIX Yy4aCTKax,
3HayMMasg KoppeJsdalnys OTMedYeHa Mexay
UIIC u koHueHTpauuei Fe (rc= 0.46).

TakuMm o6pa3oM, BO BCel COBOKYII-

HOCTH [AepeBbeB HMMEKT MECTO 3Ha4YuMble

koppensauuu mexay UIIC v koHLeHTpayuen
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HEKOTOPBIX NOJIJIFOTAHTOB B INCTbAX. Cpean
HeOOJIbIIUX BBIOOPOK JlepeBbeB, 00bEIU-
HEHHbIX B IpPYyNIbl N0 TaKMM IpHU3HAKaM,
KaKk BO3pacT, >KU3HEHHOe COCTOSIHUE,
yAaseHHoCcTb oT MKA/|, Takxke oTMe4daeTcs
3aBucuMocTb [IPA oT HakomieHUs WU
JeduuyTa B JIMCTbAX Pa3HbIX 3J1EMEHTOB.
He o6HapyXeHO 3HA4YMMBIX KOppeJsalHUn
Mex/Jy KoHueHTpauued K u P B iMcTbax u
BesmunHamMu MIIC u [IIK wuccnenyembix
IpyII JepeBbEB.

Ces3u medxcdy [IPA nucmves u KOHYEH-
mpayueli noatromaumos, K u P 6 semssx. B
CBSI3U C Te€M, YTO KOHL|eHTpal U NOJJI0TaH-
TOB, K1 P B BeTBAX JiepeBbeB CUJIBHO BapbU-
poBaJjia, CyllecTBeHHble pa3/inyusa HabJIo-

AaJIUCb TOJIBKO IO COAEPNKAHHUIO KeJjie3a U

cepbl MexAy aepeBbsiMU y MKA/l u B s1eco-

napke, a 1o CoZiep>KaHuI0 KaJablys, KaJlus U
docdopa - mexkay rpynnamu 15-20-s1eTHUX
nepeBbeB y MKA/I u B ieconapke (puc. 2).
/il Bcell COBOKYNHOCTU [J€PEBLEB,
A nepeBbeB B Jieconapke U 100-yseTHUX
JepeBbeB y MKA/l oTcyTcTBOBaJIM Koppe-
aauuu Mexay HIIC u X v KoHueHT-
pauuen TspKesblx MeTasioB, Ca, K u P B
BeTBsX. [loyioXkuTeNbHAsA KOppeassus Mex-
Ay WIIC 1 KoHLeHTpauueh CBHUHIA Hab-
Jwojanace B rpynne 15-20-1eTHUX Je-
peBbeB y MKA/] (rc = 0.67; n = 10). Tokcuu-
HOCTb Pb cBsizaHa c HapylleHueM mpolec-
coB pOTOCUHTE3], pocTa pacTeHUH (['mHus-
TyJsiuH, Kynarun, 1918). [Ipy 3ToM KOHLIEH-
Tpauus CBHHLA y MOJIOJbIX [JleEpeBbLEB Y
MKA/| 6bl1a He Bbllle, YeM B JpyrUx

rpynmnax jiepeBbeB (puc. 2).

=
s
. 01
S
g 25 o2
e
£r 2 m3
53
:'.: g 15 -
H]
£ 1
: T
~ T
;Q 0’5 | l li I ’_‘l—’—x—'
Zn, mr/10r Cu, mr/100r Fe, mr/100r  Pb, mr/kr S, % Ca, % Mg, mr/r K, % P, %

PucyHok 2. KoHeHTpalys 3/1eMeHTOB B BETBAX Tpex rpynin AepeBbeB: 1 - MKA/], 6os1ee 100
neT; 2- MKA/, 15-20 sieT; 3- neconapk, 15-20 net

H. I0. Kyaakosa, HU. H. Kypeanosa
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[IposiBnenne 3aBucumoctu HUIIC ot
KOHLIEHTpallUM CBUHLA B BeTBsX 15-20
JeTHUX gepeBbeB y MKA/l cBsa3aHo,
OYEBHJIHO, C 00O1Iel 0C/1abJIEHHOCThIO 3TOU
IpyIIbl pACTEHUH.

Hab6usoganace 3HayuMasi  OTpuUlia-
TeJIbHAsi KOppeJisiMOHHAsA 3aBUCUMOCThb
mexay UIIC u 12K u koHueHTpauue P B
BETBSX JilepeBbeB 3TOU rpynisbl (rc=-0.85 u
-0.95; n = 10), UIIC u koHueHTpayuel Mg (rc

=-0,70; n = 10). Bbly10 BbICKa3aHO NpeJAINo-

aoxenne (KynakoBa u pp., 2021), uto
JlepeBbsi Ayba uyepelyaToro B TOPOJCKUX
3KOCUCTEMaX, 3arpsi3HEHHbIX TIKeJbIMU
MeTa/siaMy, Ca u Na, UCTIBITBIBAKOT AedU-
uut K u P. BeposATHO, 3TO 06bsicHSIETCA
AHTAroHUCTHUYECKHUM IIOTJIOIEHUEM 3Jie-
MEHTOB pacTeHUsIMU. Tak, B BEeTBIX UCCJIe-
JIOBAaHHBIX JlepeBbeB HabJII04aach OTpULLA-
TeJIbHAsi 3aBUCUMOCTb MEXAY CoJepKa-

HueM B HUX K, P 1 Mg U KoHUeHTpanuen

»KeJsie3a, Cepbl, Kajblivs U IIMHKA (TabJ1. 2).

Ta6auna 2. KoapdunuenTts! koppensauuu CnupMaHa MexAy CoJlep)kaHueM B BeTBAX Ay06a
yepewyaToro K, P u Mg u KoHIleHTpalyel NoJ/Il0TaHTOB (n = 28)

Zn Fe Ca S Pb Cu
K -0.50 -0.70 -0.61 -0.71 -0.39 -0.26
Mg -0.03 -0.37 -0.40 -0.26 0.04 -0.17
P -0.31 -0.49 -0.54 -0.44 -0.28 -0.37

IIpumeyanne. )KupHbIM IpudpTOM BblIe/IeHbl K03GUIMEHTHI KOppeasuy, 3HaduMble npu p<0.05

OTHoueHue cogepxkanus K u P B BeT-
BSIX JlepeBbeB K UX COJEPKAHUI0 B JIMCTHAX
N0JIOXKUTEJIbHO KOPPeJIMpPOBaJo C HOMEPOM
rpynnbl, XapaKTepPU3YIOUIMM >KU3HEHHOe
coctosinue JepeBbeB (rx = 0.63 u 0.70
COOTBETCTBEHHO; n = 28) BeposTHO, 3TOT
bakT cBfizaH C 3alIMTOH ACCUMMJISA-
[IMOHHOTO annaparTa ¥ nojJep>xaHueM TaM
onpejesieHHbIX KOoHLeHTpauyud K u P 3a
CYeT yMeHbIlIeHUs KOHIeHTpaluUh 3THUX
3JIEMEHTOB B BeTBsAX. OueBUAHO, ebuLUT P,
CUJIBHOTO

BOBHHKa}OIJ_U/Iﬁ B YC/IIOBHAX

H. 0. Kyaakosa, U. H. KypazaHnoea

3arpsisHeHUs1, BIUSIET Ha yBeauyeHue DA
JIUCTOBBIX IJIACTUH MOJIOJABIX /[i€epEBBEB,
HaXOJALUXCA B IKCTPEMaJIbHBIX YCJIOBUAX
3arpsi3HeHusl.

Ces3u mexcdy [IPA u koHyeHmpayueti
noaarwmaumos, K u P 8 nouge. B nouBe Byx
rpynn fgepeBbeB 'y MKA/l pasinuynini B
coJlep>KaHUM MCCae/lyeMbIX 3JIEMEHTOB He
o6b1o  (puc. 3). Ha yuactke y MKA/
OTMEYEHO CylIeCTBEHHO 00Jiee BbICOKOE

cogepxkaHue B nouse Ca, Fe, Zn, Mg, P, Cu,

49yeM Ha y4aCTKe B JieCOIIapKe.
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4,00 - {~
o1
a2
S 3,00 - m3
g
S 2,00 -
X
- m |Jr|—i |
0,00 m . St : : : m
Na20,%  MgO,%  P205% K20,% Ca0,%  Fe203,% Zn, mr/100r Pb, mr/100r Cu, mr/100r

PucyHnok 3. KonuenTpanus nostotadTos, K v P B mouBe oz pasHeIiMu rpynnamMmu
nepeBbeB: 1 - MKA/L, 100 sieT; 2- MKA/L, 15-20 neT; 3- seconapk, 15-20 et

BriiB/iIeHa 10OJI0KUTeNbHAsA Koppe-
aanua  Mexzay MHIIC v kKoHUeHTpayueun
ob61ero ¢ocdopa B nmouse Ha rayo6uHe 10-20
CM ¥ MarHus Ha riay6uHe 0-10 cm (Ta6.1. 3).
[lo-BugMMOMYy, 3TO 06ycCJ0BJEeHO 06pa3o-
BaHUEM MaJIOPACTBOPUMBIX M  TPY/HO-

JIOCTYNHbIX pacTeHUsM ¢pocPaToB Kanablys

JIEMOHCTPUPOBAJIM TMOJIOKUTEJNBHYIO KOp-
pessnuio ¢ KoHueHTpanuen Ca, Zn, Cu, Na u
Fe B cinoe mouBel 0-10 cm (Taba. 3).
Koppensanuonnbsie cBa3u mexay HIIC u
CoZiep>kaHUeM MOJIJIIOTAHTOB B GoJiee TJy-
OOKMX CJI0SIX TOYBBI OTCyTCTBOBasd. He

o6HapyxeHo 3aBucuMocteit mexay [1/0K u

H MarHud.

3HaueHUud

UIIC

TaKXe

KOHHeHTpaHHeﬁ 3JIEMEHTOB B IIOYBE.

Tao6auna 3. Koadppunuentnl koppensuuu Cnupmana mexay UIIC u coaepkaHreM 3/1eMEHTOB

B II0YBe
CsioHi, cM Na Mg P K Ca Fe Cu Zn Pb

0-10 0.42* | 0.47 0.34 0.09 0.61 0.41 0.43 0.53 -0.16

10-20 0.04 0.16 0.49 -0.16 0.52 0.14 0.08 0.24 -0.06

IIpumevanue. )KupHbIM UIpudpTOM BbljieeHbl K03GULIMEHTHI KOppesuy, 3HayuMble npu p<0.05

HakomieHU0 NOJIJIIOTAHTOB B BeEpPX-
HHUX CJIOAX ITOYBbI CHOC06CTByeT mjes1o4Had
peaknnud cpeabl. HpI/IMEHeHI/Ie dHTHUTI'0JIO-
JIEAHbIX peareHToB, CoAepiXKalluxX IMperumMy-

mectBeHHO xJyopuabl Ca u Na (KysakoBa,

H. I0. Kyaakosa, U. H. Kypeanosa

[[labanoBa, 2019), npuBeio K YBEJUYEHUIO
3HadyeHud pH B mouBe y MKA/l oTHocu-
TeJIbHO MOYBHI B Jieconapke: B cjioe 0-10 cm
3HavyeHusd pH cocTaBsisiiM COOTBETCTBEHHO

7.48 £ 0.23 1 6.25 + 0.08. [Ins Bcex obcieno-
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BaHHbIX /[lepeBbeB BbIIBJIEHA I0JIOXKHU-
TesibHasA Koppendanua Mmexay UIIC u 3Hade-
HUSAMU pH BepXHUX TOPU30HTOB MOYBHI (I'c=
0.62 u 0.41, Ha ray6unax 0-10 u 10-20 cwMm,
COOTBETCTBEHHO), a B TpyIIe MOJIOJbIX Jie-
peBbeB y MKA/l - Mmexxay 3HadyeHussMu UIIC
v pH Ha ray6une 0-10 cM (re=0.62,n = 10).

Ces3b [IPA 1ucmuves u Smp. B ycioBusx
3arpsA3HeHUsA BO3JyXa OKUCJIaMMU aso0Ta,
BXO/JSIIMMHA B COCTaB aBTOTPAHCHOPTHBIX
BbIOPOCOB, pacCTOsSIHUE JepeBa OT Marwuc-
TpaJiM OKa3blBaJI0O 3aMeTHOE BJIMSAHME Ha
Micro-

Maubl.

yBeJiMyeHMe  WHQUUUPOBAHUA

sphaera alphitoides Griff. et
BesnnuuHa SMp y JepeBbeB B Jiecomapke
(14.4 + 7.4%), cyiecTBEHHO OTJIMYaIach OT
atoro nokasatesas y 100-netHux u 15-20-
JIeTHUX JepeBbeB psjgoMm ¢ MKA/| (47.3 +
143 u 64.6 * 15.3%, COOTBETCTBEHHO).
BrifiB/eHa noJIOKWTeNbHAsA KoOppesasuus
3HaYe€HUU SMp C pacCTOSIHUEM JlepeBbEB OT
Joporu Ha yyactke y MKA/l (r = 0.48, n =
20). Mpu 3ToM 6Gasabl KU3HEHHOTO COC-
TosiHUA JepeBbeB y MKA/l He 3aBucesn oT
pacCTOAHUSA OT MarucCTpaJsH.

3HayMMasi TMOJIOKUTeJbHAasi Koppe-
asauusa BoisiBaeHa Mexzay WIIC u Smp (rc =
0.49) pnag CcOBOKYNHOM BbIOOpPKM U3 28
JlepeBbeB U Ajsa rpynnbl 15-20-s1eTHux
JepeBbeB mapka (rc = 0.78). B apyrux
rpynnax Takas

CBA3b OTCYTCTBOBaAJIA.

H. I0. Kyaakosea, H. H. KypzaHnoea

BOIIPOCBI JIECHOH HAYKH, 2024, T. 7. Ne 3. Cmamuvsa Ne 152

OueBugHo, B rpynnax fgepeBbeB y MKA/|
aBTOTPAHCIOPTHBIE MOJIJIIOTAHTBI OKa3bl-
BaJIU 0OoJiee cUJbHOe BiaugHUe Ha I[IDA,
yeM WHQUIMPOBaHUE JIUCTbEB MYYHHUCTOMU
pPOCOH.

Ces13b Mmexncdy SMmp u kKoHyeHmpayeu
noantomanmos, K u P 68 aucmusix u eemesix
dyba uepewvamozo. AHain3 3aBUCUMOCTH
SMp OT KOHLleHTpayuu NoJItTaHToB, K u P
B JIUCTbSIX I[IOKasaJl 3HAa4MMOe I0JIOXKHU-
TeJIbHOE BJIUSIHUE BBICOKHMX KOHLIEHTpalun
Zn, Fe u Ca (rc= 0.60, 0,50 u 0,39; n = 28) Ha
MHPULMPOBaHUE T'PUOKOM [/l BCEM COBO-
KY[IHOCTU /[ilepeBbeB W HU3KOM KOHLEH-
Tpauuu K B sMcTeaAx - B rpymnme 15-20-
JneTHUX filepeBbeB y MKA/] (rc=-0.71; n = 10).

Ha akTUBHOCTb 3apakeHHUs] MY4YHUC-
TOM pPOCOM OKa3bIBaJIO BJIUsSHUE 00llee OC-
JlabsieHue JepeBbeB. Bo Bcell COBOKYNHOCTHU
JlepeBbeB OTMevajacb 3HauuMas OTpH-
LaTesJbHas KOppeJsalus Mexay SMp U 6as-
JIJaMH »KU3HEHHOCTHU AepeBbeB (rx = -0.48; n
= 28). BHyTpu oTAe/bHbIX IPYNIl JlepeBbeB
3HAYMMbIX KOPpeJNAlUN MexXJay 3THMHU
nokKasaTesisiMU He oO6GHapyxeHo. JKu3HeH-
HO€ COCTOsIHUE JIepeBbeB ObLJIO CBSI3AHO 06-
pPaTHOM 3aBUCUMOCTBIO C KOHI|eHTpaLuen B
BeTBsX Fe, S, Ca, Zn ¥ npsAMoOy - C KOHLEeH-
Tpauuei K u P (Tabs. 4). Bugumo nostomy,
3HauyeHUs SMp CBsA3aHbl C KOHLeHTpaLueu

3THX 3JIEMEHTOB B BETBSX (TabJ1. 4).
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Ta6smmua 4. KoapdpuipeHTh KOppeasluu MeXay >KU3HEHHbIM COCTOsIHUEM /JiepeBbeB (Ik),
SMp (rc) U KOHLIEHTpaLuel 3J1leMEHTOB B BETBSIX [lepEBbEB

Zn, ppm Fe, ppm Ca,% K,% S,% Mg, % P,% Pb Cu
r« | -0.31* -0.54 -0.58 0.60 -0.58 0.29 0.58 -0.32 -0.34
I'c 0.58 0.73 0.53 -0.54 0.74 -0.06 -0.37 0.21 0.06

IIpumeyanme. XKupHbIM IpHdTOM BbIeeHbl KO3GOULMEHThI KOppensLyy, 3HaunMble npu p<0.05

BbIBO/IbI

1. [Ipu uccief0oBaHUU JiepeBbEB AybHa
yepelmyaToro B YCJAOBHUSIX AaBTOTPaHC-
NOPTHOrO  3arpsi3HeHUs1  OOHApPYKeHbI
NOJIOXKHUTEbHbIE KOpPpPEeJSLMU 3HAauYeHUH
UIIC c koHueHTpanuei Ca, S, Fe B IUCTBAX,
c cogepxaHueM Ca, Cu, Na, Zn u Fe B nouse,
co 3HayeHUsAMH pH B ciosx nmousbl 0-10 u
10-20 cM, c BeJUYHMHOW SMp M OTpHU-
LaTeJIbHbIE — C »XU3HEHHBIM COCTOSSHHEM
JlepeBbEB M KOHIleHTpalueu P B BeTBsX.

2. [lokasaTesM acCMMMeTpPHUH, BbIYUC-
JIEHHbIE 10 JIJIMHE KUJIOK BTOPOT0 nopsigKa
(MAX),

TeJIbHYI0 KOppeJISILMIO C KOHI[eHTpaluel P

JleMOHCTPUPOBaJU oTpuLa-
B BeTBSIX I'PyNIbl JiepeBbeB HAUXY/LIETO
YKU3HEHHOTO COCTOSIHUA. [los10KHUTeIbHbIE
KOppeJsisiliiU MeX/ly 3TUM MoKa3aTesJeM U
KOHLIEHTpalMeN MOJIJIIOTAHTOB B JIUCTHSX,
BETBSX U B IOYBE OTCYTCTBOBAJIU.

3. B HebGo/b1INX BbIOOPKAX JlepeBbLEB
(n = 8-10) BiMsHHE KOHIEHTpALUH MOJ-
JIIOTAaHTOB U P B /iMcThsAX U BeTBsAX Ha [IDA
NPOSIBJISJIOCHh TOJIBKO y TPYNIl A€PEBBEB C
KPUTUYECKHUM KU3HEHHBIM COCTOSIHUEM, a

BJMsSIHUE SMp - y JepeBbeB, Mpou3pacTa-

H. I0. Kyaakosa, H. H. Kypzanosa

IOIAX B HauboJiee YUCTBIX YCIOBUAX
MEeCTOOOUTAHMUS.

4. TI®PA y 15-20-1eTHUX JepeBbeB
Jlyba yepeuryaToro okasajarchb 6oJjiee 4yBc-
TBUTEJIbHBIMU K 3arpsi3HeHUI0 OKpy-
»Kallleill cpefibl, Y4eM y CTapOBO3PACTHbIX
JlepeBbEB.

5. 3HayeHUs1 SMp B 6OJIbILION CTENEHHU
ONpeJesiIiCh pPacCTOSSHUEM OT aBTOC-
Tpazpbl (r = 0.48, n = 20), a TakKe 3aBUCEHU
OT >KU3HEHHOT0 COCTOSIHUSA JlepeBbEB.

6. To/NbKO KyMyJATHUBHBIA 3QdeKT
pasHbIX MPOMEPOB MO3BOJIIET BbIABUTH
3aBUcUMOCTH Mexay I[IPA u KoHLeH-
Tpayuen noJutoTaHToB, K u P B MCThAX,
BETBSX U B M04YBe. PacyeTsl, BbINOJIHEHHbIE
Ha OCHOBe oJlHOro mokasaTtesss ®A maso
3G PeKTUBHBL

7. [Ind OLEHKU BJIUAHUA aBTOTPaAH-
CIIOPTHOT0 3arpsi3HeHHUs Ha COCTOSIHHE Ha-
caXxJeHU Ay6a yepelmdaToro ¢ NIOMOUbIO
nokasartese PA JIMCTbEB HEO0O0XO0JHMMO
BbIOMpPATh I'PyNIbl JepeBbEB OJHOTO BO3-
pacTa 1 6JIM3KOr0 YKU3HEHHOT'0 COCTOSIHUS,
IOCKOJIBKY 3THU XapaKTepPUCTHUKU OIpeJe-

JISIIOT 3aBUCUMOCTD [IPA OoT nos/ItoTaHTOB.
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The relationships between the fluctuating asymmetry indices (FAI) of English oak leaves
and the sanitary condition of trees, the concentration of Mg, P, K, Ca, Fe, Zn in leaves; Mg, P, K,
Ca, Fe, Cu, Zn, Pb in branches and Na, Mg, P, K, Ca, Fe, Cu, Zn, Pb in the soil directly under the
tree were studied. 28 trees located in places with different pollution levels (10-30 m from the
Moscow Ring Road and Uzkoe forest park, Moscow) were examined. In the full sample of trees,
significant positive correlations were found between the FAI of leaves and the concentration of
Ca, Zn, S, Fe in them, as well as between the FAI of leaves and the concentration of Ca, Cu, Na,
Fe, Zn in the soil. Negative dependencies were found between the FAI of leaves, the
concentration of P in branches and the vital condition of trees. In the case of small samples (n =

10), the presence of correlations between the leaf PFA and the vital condition of trees was noted
only in the group of trees in poor vital condition.

Keywords: vehicle pollution, biodiagnostics, vital state of trees, powdery mildew, oak

stands
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