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IIPUMEHEHUE BPACCHHOCTEPOHU/1OB
AJIL CHOKEHUSA TOKCHYECKOI'O JEMCTBUSI MEJIU HA BOBOBBIE KYJIBTYPBI

IIpedcmasnensr pe3ynomanmvt usyueHus GIuUAHUL OPACCUHOCMEPOUOOE (20MOOPACCUHONUIA U SNUKACMA-
CMepoHa) Ha pocm NIONUHA Y3KONUCHMHO20 U 20pOXA NOCEBHO20 8 YCI08USIX 8030eticmeus uonoe medu. Iloxasano,
YmMo 20MOOPACCUHONUO U SNUKACACMEPOH 0O1A0GI0M AHMUCMPECCOBbIM 0ETICMEUEM 6 YCN0BUAX MOKCUYECKO20
Oeticmsust medu Ha 60606bie Kynbmypbl, YMo 8blpa*Caemcs 6 CHUNCEHUU AKMUBHOCMU (PepMeHma aHmuoKCu-
oanmmuou 3augumer — kamanasel. Ilpedobpabomra cemsin pacmenul IIONUKA U 20POXA OPACCUHOCMEPOUAMU, Be-
POAMHO, ChOCCOCMBYent CHUNCEHUIO ROBPENHCOAIOUe20 OeUCMEUS MeOU HA PACMEHUSA, YMO YKA3bI6Aem HA UX yua-
cmue 6 pasgumuu peakyul, CnocobCmayIowux npedaoanmayuu pacmenuti Kk 0eicmeuio UOH08 Meou.

Knrouesvie crosa: bpaccunocmepoudst, 20M06paccunonud, snukacmacmepo, 60606eie Kynsmypeol, Medb.

The Use of Brassinosteroids to Reduce Toxic Copper Action on Legumes

The article presents the results of studying the effect of brassinosteroids (homobrassinolid and epi-
casthasterone) on the growth of the lupine narrow-leaved and pea seed under the conditions of impact of copper
ions. It is shown that homobrassinolid and epicasthasterone have an anti-stress action under the conditions of the
toxic copper effect on legume crops, which is expressed in reducing the activity of the antioxidant protection
enzyme — catalase. The preprocessing of seeds of lupine and pea plants with brassinosteroids probably contributes
to a decrease in the damaging effect of copper on plants, which indicates their participation in the development
of reactions that contribute to pre-adaptation of plants to the action of copper ions.
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Beeaenue

ITpobnema noBBILIEHHS NMPOAYKTUBHOCTH CEIBCKOXO3SHCTBEHHBIX KYJILTYP OCTAETCS
OJIHOY M3 Ba)XHEHIINX B PAaCTEHUEBOICTBE, U €€ PEIICHHE MO3BOJMT 3HAYUTEHLHO MTOBBICHTE
NPOJOBOJILCTBEHHYIO Oe3omacHocTh benapycu. Jlecrabunmsupyroniumu GakTopamu, He 1Mo3-
BOJIIOIIMMH B IOJHOH Me€pe pacKphITh NOTEHIMA PalOHUPOBAHHBIX COPTOB, ABJISIOTCS II0-
TOJHBIE YCJIOBUs, OOJIe3HM pacTeHWN W 3arps3HEHHWE Cpelbl. YBEJIHYEHHE TEXHOTEHHOM
Harpy3ku Ha 6uocdepy yXyAmaeT KayecTBO NMPHPOIHOM CPEbl U HAPYIIAET CYIIECTBYIOMIME
B IIPHPOJIE CBSI3H, YTO IPUBOIUT K MECTHBIM, @ HHOT/IA ¥ INI00AIbHBIM H3MEHEHUSAM, HMEIOIHM
3a4acTyro HeoOpaTuMeIil xapakTtep [1].

B nocnennue necATHIETHS HHTEHCHBHOE IPOMBIIITICHHOE HCIIOIb30BaHUE IPUPOIHBIX
PECYPCOB BBI3BAIO CYIECTBEHHBIC H3MEHEHMS paclpe/ie]IeHUus HEKOTOPhIX XUMHUYECKHX dJIe-
MEHTOB B IOBEPXHOCTHOM CJIO€ 30HBI a’panuu. [Ipexxsie Bcero 3To KacaeTcs TAXKeNbIX MeTall-
JIOB, HAaKOIIJIEHHE BBICOKMX KOHLEHTPAIMH KOTOPBEIX B €CTECTBEHHOM cpele CBS3aHO C aHTPO-
IOT€HHOM JeATENLHOCTBIO. BEIOPOCH H cOPOCH! TEXHOT€HHBIX 0OBEKTOB C BHICOKHM COZIEpsKa-

*Paboma evinonnena ¢ pamxax HHP «Oyenxa mopghogpusuonozuueckoii u 2enemuseckoii akmusnocmu 6paccu-
HOCMEpoud0€ U CIMepoOUOHbIX 2NIUKO3UO08 ONIA PACUUPEHUS CReKMPA 0ellcmeus Guopezyisimopos pacmenui cme-
POUOHOU npupoobly noonpozpammul 2.3 «buopezynsimoper pacmenuti»y T'TTHH « Xumuueckue mexnonozuu u ma-
mepuanet» (Ne I'P 20160577 om 01.04.2016 2.).
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HHEM TSDKEJIBIX METAUIOB aKKYMYJIMPYIOTCS B IOYBaX, KOTOPHIE B 3HAYHTEIBHOM CTEIICHH 1101~
BEPXKEHBI BIHMSIHUIO, 00yCIIOBJICHHOMY NMPOMBIILICHHON eI TeTbHOCTRIO YesioBeka [2].

MHorue U3 TSXKENbIX METATIOB OTHOCSATCS K 3CCEHIIHATBHEIM XHMHYECKHAM 3JIEMEHTaM,
KOTOpBIE B CJIEIOBBIX KOIMYECTBaX HEOOXOMMMBI 11 MeTaboIu3Ma, pocTa B Pa3sBUTHS pacTe-
HUH, IBJISACH COCTABHOHN YacCThIO pa3MHyHbIX (epMeHTOB. OHH aKTHBHO Y4acTBYIOT B MeTabo-
JIM3ME, HO ITPH U30BITKE B CpeJie MOTYT IIPOSIBIISITh CHIIBHOE TOKCHYecKoe neiictaue [3]. B cBa3n
C 9THM HM3y4YECHHE PEaKIMH PAacTeHUI Ha NEHCTBHE TSDKENIBIX METAUIOB BHI3BIBAET HE TOJIBKO
60bmON Hay4HBIH, HO M PAaKTHYECKUH HHTEepec. B nocnenHee BpeMst akTHBHO HCCIIEAYIOTCSA
HOI'JIONIEHHE, TPAHCIIOPT ¥ aKKYMYJIAIMS TSOKENIBIX METAUIOB B TKAHSAX M OpraHax pacTeHHI,
UX BJIMSHHE Ha OCHOBHBIE (DH3HONOTHYECKHE IPOIECCH], a TAKXKE MEXaHH3MEI CTPECC-yCTOMU-
YHUBOCTH PaCTCHUU.

VY CTaHOBNIEHO, YTO B IIPUCYTCTBHU TSDKENBIX METAUIOB HE TOJIEKO TOPMO3STCS POCT
U pa3sBHTHE PACTEHUH, HO U MPOUCXOAAT MHOTOUUCIICHHBIE CTPYKTYPHO-(QYHKIIMOHATBHBIE H3-
MEHEHHS B (POTOCHHTETHIECKOM arnriapare, HapyLIaloTCs MPOLECChl AbIXaHus, TPAHCIHUPAIIUH,
TPaHCIOpPTa BENIECTB H T. A. B pe3ynbTare 3TOro CHMXaeTcs MpOXYKTABHOCTH OTE/IBHBIX pac-
TEHUH U LeNbIX GQUTOLEHO30B, a HHOT A JaXke IMOHOCTHIO paspymaloTcs pacTHTEIbHbIE CO00-
niectra [4-6].

PacTenus BechMa 4yBCTBUTEIIBHEI K IIOBBIIIEHHBIM KOHIICHTPAIMAM MeIu. [I0CKOIBKY
MeJb SBISETCS TOKCHYHBEIM, HO HEOOXOAUMBIM JUIS KU3HEINESITETbHOCTH MHUKPO3JIEMEHTOM,
pacTeHus NOJXHBI, C OJHOM CTOPOHBI, JOCTABIATH ATOT 3JEMEHT K HYXXAAIOIUMCSA B HEM Ya-
CTSM PacTEHHs], a ¢ APYrod — NPeAOoTBpaliaTh €ro TOKCHYECKOoe JielicTBre. Meapb B pacTeHUsAX
BXOJIMT B COCTaB IIIaCTOLMAHNHA, YYaCTBYIOIIETO B POTOCHHTE3€E, H HEKOTOPBIX JPYTHX ME/b-
cozepxamux OeTKOB U OKHCIMTENBHBIX (epMeHTOB [7]. OQHAKO HHTEpBaT KOHIEHTpAIMA
MEJH, IPHA KOTOPBIX 3TOT METAJll He MPOSBISAET CBOEr0 TOKCHYECKOI'O NEHCTBHS, OYEHb He-
6onpmoi. Jlaxe AByKpaTHOE IIPEBBINICHHE ONTHMAIBHBIX KOHIIEHTpAUid MEAM MOXKET BbI-
3BaTh HEFATHBHOE BO3ICUCTBHE.

Pactenys HakamIMBalOT Melb B OCHOBHOM B KOPHSIX H B MEHBIIEH CTEIIEHH B JIACTBIX.
Tokcuyeckoe naeiicTBHE MeId B NMOBBINIEHHBIX KOHIEHTPAIMAX MPOSBISETCS B CHHKECHWU
HAKOIUIEHHS! (PUTOMACCH], YMEHBIICHHH OBOJHEHHOCTH TKaHeW W COAEp)KaHHA XJIopoduiuia,
HMHTHOMPOBAaHMM IIOTJIONIEHHS HOHOB HEKOTOPBIX JPYrUX METAUIOB M MX TPAHCIOKAIKH
IO pacTeHHI0. BriCOKHME KOHIEHTPAIMH 3TOr0 MeTajlyla IIPUBOAAT K Pa3BUTHIO METATIOTOKCH-
KO30B (XJIOPO3bl, HEKPO3bl, HHTHOHPOBaHKE pocTa KOpHEH U moOeros) RIUIOTH A0 MOJIHOMN I'H-
Oenu pacTeHHH.

B mocnennue rogs! nosipisercs 60abpmoe KOJIUIECTBO MyOIMKAIHA, B KOTOPBIX 00CY kK-
JAETCsl BO3MOXKHOCTh MOAM(MUKALMK IEHCTBUS TSKEIBIX METAUIOB Ha KYJABTYPHEIE PaCTCHHUS
Np¥ TIPAUMEHEHHH PETYIITOPOB POCTA, B YACTHOCTH GPacCHHOCTEporI0B. M3BecTHO, UT0 npes-
oOpaboTka pactenuii BC criocoGCcTByeT CHUKEHUIO TTOBPEXIAIOMIETro AeHCTBHS Hebiaronpu-
ATHBIX (HAKTOPOB Pa3TUYHOH MPHUPOJBI, YTO yKa3bIBAeT HA HX yYacTHE B Pa3BHTHH PEaKIWii,
CIocOOCTBYIONIMX TpeIafanTallii pacTeHHI K BO3MOXHBIM CTPECCOBLIM CHTyaumsM [§; 9].

OaHako BOIpoc 0 MeXaHU3ME ISHCTBUSA OpacCMHOCTEPOUIOB OCTAETCs 0 KOHIA HE pe-
IIEHHBIM H TpeOyeT JaibHeHIMX yrimyOIeHHBIX HCCIIEIOBAHUM HX YIACTHS B 3alIMTE PACTCHHUH
OT 3aCyXH, 3aCOJICHHS, [TOJIETaHHUs, TOKCHYECKOTO BIIUSHUS TKEIBIX METALIOB.

Llenpro nanHo# paboTHI ABIsSETCA U3yYECHUE BIUSHHA OpaccHEOCTEpOoHI0B (roMobpac-
CHHOJIM/IA ¥ SMIUKAaCTACTEPOHA) Ha POCT U AaHTHCTPECCOBYIO YCTOHYHBOCTE pacTeHHit 6000BBIX
KyJIbTYp B YCIOBHSX BO3IEHCTBHAS HOHOB MEJIH.

MarepHajbl H MeTOAbI HCCJIEOBAHUS

Jins u3ydeHus BIMSHUS 6PacCCHHOCTEPOUIOB (TOMOOPACCHHOMMAR B 3IHKACTACTEPOHA)
Ha POCT ¥ aHTHCTPECCOBYIO YCTOHYHBOCTH OOOOBBIX KYJIBTYP B YCAOBHSX BO3ACHCTBHS HOHOB
MEIH B KayecTBe OOBEKTOB HCCIIENOBaHUS ObUIM BhIOpaHE! G000BEIE (MFONMMH Y3KOJIHCTHBIN
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copra JXKoauHckui, ropox nocesHo# copra Craprep) KynsTypsl. [IpeaBaputensHo 661t onpe-
JIeJICHBI ONTHMAJIbHBIE KOHIIEHTPALMH TOMOOPACCHHOIINIA ¥ SITUKACTACTEPOHA, OKA3BLIBAIOIIHE
MaKCHMaJIbHOE CTUMYJIMPYIOIIEE BIMSHIE HA POCT PACTEHUH JIFONKUHA ¥ FOpoXa.

Jist oneHKy BiIMAHMSA 6PacCHHOCTEPOHIOB (SMHKACTacTepPOHa H TOMOOPACCHHOIINAA)
Ha POCT PaCTEHH# ¥ aKTHBHOCTb ()epMEHTa KaTanashl y JIOMHHA y3KOJIKCTHOrO copTa XXoauH-
CKHH B yCJIOBHSAX IIOPOTOBOM TOKCHYECKON KOHIEHTpAIMH HOHOB MeJIH OBUIM MCIOIb30BaHbBI
ClIeyIOImKe BapHaHTHI OIIBITA:

1) aucTumimpoBaHHas Boaa (KOHTPOJIB);

2) amuKacTacTepoH ¢ KoHueHTpauwueii 107 % (npensaputensras o6paboTka);

3) romoGpaccuronuy ¢ KonuenTpauuei 1076 % (mpexpapurensuas 06paGoTka);

4) CuSO4 ¢ moporoso# konunenTpanuei 1074 M;

5) CuSOs ¢ konuenTpanmeii 10 M + snmkacractepos ¢ konnenTpaueii 107 % (npexn-
BapuTesibHas 06paboTKa);

6) CuSOs ¢ xounentpauueit 10~ + romobpaccuromuy ¢ koHneHTpamuei 1078 % (pen-
BapuTenbHas 00paboTka).

Jlis oneHky BIUAHUS GPacCHHOCTEPOHIOB (MHUKACTACTEPOHA U TOMOOPACCHHOIMIA)
Ha POCT W aKTMBHOCTH (pepMEHTa KaTajia3bl y Tropoxa IoceBHOTO copta CTaprep B YCIOBHAX
TIOPOrOBOM TOKCHYECKOH KOHIIEHTPALMK HOHOB MeJM ObLIH MCIONB30BaHEI CIIEAYIOIIUE BapH -
aHTHI OIBITA!

1) mucTwMpoBaHHas Boaa (KOHTPOJIB);

2) 3MEKacTacTepoH ¢ KoHuenTpauueii 1077 % (npeasaputenbras o6paGoTKa);

3) romoGpaccuHOMA ¢ KoHUeHTpauuei 1077 % (peasapurensHas 06paGoTKa);

4) CuSO4 ¢ moporoBoit KoHIeHTpanue# 1074 M;

5) CuSO4 ¢ koruenTpanueii 10 M + snukactactepon ¢ KoHnenTpanueit 1077 % (npen-
BapHuTeNbHas 06paboTka);

6) CuSO4 ¢ xoHuentpamueit 10™ M + romoGpaccunonun ¢ xounentpauueit 1077 %
(npenBapuTenbHas 06paboTka).

Cemena 6000BBIX KyJIBTYp IpeBapHTENIBHO 3aMauiBaIK 6 YacoB B pacTBOpax Gpaccu-
HOCTEPOMIOB (roMobpaccHHONMIA ¥ dMuKacTacTepoHa). Ha 10-e cyTku npopammBanus ceMss
TPOBOJHIIA H3MEPEHHUE JAJIMHBI KOPHEH U 0OEroB, a Takxke onpenesuid Maccy 20 KOpHei u 11o-
0eros u OnpeeNsaIN aKTUBHOCT ()epMEHTa KaTalla3bl B KOPHsIX U ToGerax IMpopoCTKOB JIFONHMHA
Y3KOJHMCTHOIO ¥ 'OpOXa MOCEBHOTO HCTIOIb30BaHHBIX BAPHAHTOB OIIBITA.

YeroitunBocTh 6060BBIX KYJIBTYp K HOHaM Meau Oblla YCTAHOBJIEHA Ha OCHOBE IIOKa-
3atens uHAeKkca TojepanTHOCTH (RTI) [10], xoTOpHIit mpeacTaBiseT co60i OTHOMIEHHE CPE-
Hell JUIHBI KOpHE#H (1mo6eros), 160 Macchl ONBITHBIX PacTeHUH K CpeaHei JnHe KopHeH (1o-
Oeros), mbo mMaccel B koHTpone. [Tokasarens RTI no3Bossier 00bEKTUBHO CYaHTH 06 OT3HIB-
YMBOCTH PacTEHHH Ha BO3/IEHCTBHE HOHOB MEJIH.

Onpenenenre akTUBHOCTH KaTalasbl B KOPHSAX U mo0erax JIOMUHA Y3KOJIHUCTHOIO M ro-
poxa noceBHOro npopoauin 1o meroxy M. A. Kopomoxk [11], ocHOBaHHOMY Ha CIIOCOOHOCTH
IIEPEKKMCH BOAOPOa 00pa3oBbIBATE C COMSIME MONIOI€HA CTOMKIM OKpAIIEHHBINA KOMILIEKC.

PesyabTaThl H HX 06CyKIeHHE

ITpoBeneHHBIE HCCIENOBAHUS [TOKA3aIM, YTO IIPH MCTOJIBE30BAHMH HOHOB MEIH B KOH-
nentparun 10~ M Habmonanoch HETMGHPOBAHHME POCTa KOPHEH ¥ MOGEroB y pacTeHuit Jio-
nUHAa y3KOJIUCTHOTO. JlnKMHa KopHe# ymeHbmanack Ha 38,6, a moberos — Ha 80,4 % (Tabmuua 1).
CooTBeTCTBEHHO, HAOMOAATOCH U CHHXXKEHHE Cpe/iHel Maccrl 20 KOpHE# 1 MoGeros.

IIpensapuTenbHas 06paGoTka ceMsH roMoOpacCHHONMAOM B KOHIeHTpamuu 1076 %
IPUBOJMIIA K YBEIMYCHHIO JUIMHBI KOpHEH M 1noOeroB y pacTeHHH JIIONHHA Y3KOJIMCTHOIO
Ha 13,0 u 28,5 % cootBercTBeHHO. IIpenBaputensHas 06paGoTKa CEMSH MKACTACTEPOHOM
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B KOHIeHTparuu 107 % Taxke NPUBONUIA K YBETUYEHHIO JUTHHEI KOPHE#l H Mo6GEros y pacte-
HUM monuHa y3koauctHoro (Ha 20,8 u 34,2 % COOTBETCTBEHHO).

Tabmuua 1. — Biussaue romobpaccunomuna (I'b) u snukacracrepona (3K) Ha ;mMHYy KOpHEi,
1100€roB ¥ MacCy JIFOMKHA Y3KOJIUCTHOTO copTa KOAMHCKUN TP BO3IeHCTBHH HOHOB MEH

BapuanT onbita Kopers e

JUTHHA, MM macca (20 mr), r | amMHaA, MM macca (20 wrt), r
Kontposns 33,8+0,93 3,33 +0,07 62,9+ 1,50 4,96 £ 0,07
Cu*, 10*M 20,8 £0,58** | 1,20 0,01%** |12,3 £ 0,54*** | 1,40+ 0,07***
I'B, 10°% 35,1 £0,67 3,36 +0,13 64,2 + 1,55 4,85 + 0,04
Cu?*,10*M+T5B, 10%% | 23,5+0,52* 1,24 £ 0,03 15,8 £ 0,46* 1,60 £ 0,05
2K, 104 % 33,4+ 0,64 3,71 £0,14 70,4 £ 1,36* 5,20 £0,02*
Cu*,10*M+ 23K, 10°% | 25,1+0,56* 1,34 £ 0,05 16,5 £ 0,55* 1,59 + 0,04

IIpumeyanue — * — oocmoeepro npu P < 0,05; ** —npu P < 0,01; *** —npu P < 0,001

Bosiee BbICOKHI MHAEKC TOJIEPAHTHOCTH OTMEYAJICH M IO JUIMHE, U IO Macce KOpHen
1 100eroB npu npeao6paboTke CeMSH JIFOIHHA Y3KOJIUCTHOTO 3MUKACTaCTEPOHOM (Tabnuna 2).

Tabnuna 2. — MHIeKe TONepaHTHOCTH JTIONHHA Y3KOJIHUCTHOrO copTa JKOIUHCKHM K BIMSHUIO
HOHOB M€ NpH Bo3aercTBHH romodpaccunonuaa (I'b) u snukacracrepona (OK)

Kopenb IToGer
Bapuanr oneita
JUTMHA macca (20 mr) JUTMHA Mmacca (20 wr)
Cu*, 10*M 0,61 0,36 0,20 0,28
I'B, 10° % 1,04 1,01 1,02 0,98
Cu*, 10*M +TB, 10° % 0,69 0,37 0,25 0,32
9K, 10 % 0,99 1,11 1,12 1,05
Cu*, 10*M + 3K, 10° % 0,74 0,40 0,26 0,32

3HauMTeNIbHAS POJIb B CTPECCOBBIX OTBETHBIX PEaKIMsIX Ha BO3ACHCTBUA HeOIarompu-
ATHBIX (PaKTOPOB cpeasl (B YaCTHOCTH, TSDKENBIX METAUIOB) NMPHHAUICKHT CBOOOAHOPAIH-
KaJIbHBIM pEaKiésiM, CBA3aHHBIM C Y9aCTHEM KUCJIOPOIHBIX paaukaiioB. KileTku 3anmuiarTcs
OT aKTUBHBIX (JOpPM KUCIOPOIa C HOMOIIBIO aHTHOKCHAAHTOB. K OCHOBHBIM aHTHOKCHAHTHBIM
(bepMeHTaM OTHOCSTCS CYyNEepOKCUIIMCMYTa3a, KaTagasa i nepokcuaaza. Mx cuarTe3 uHIynu-
pyeTcs B OTBET Ha IOBBIIICHHAE YPOBHS CBOOOIHBIX paaukaioB [12; 13]. OcHoBHBIE (hyHKIAN
B PEryJIATOPHOM NEesTeNbHOCTH KJIETKH BBIIOJHSIOT MEPOKCHIAa3a M Karanas3a, o0ecneynBaro-
M€ HOPMAIbHBINA X0/l OKMCIHTEIbHBIX IIPOIECCOB IIPU Pa3IMYHOIO poJia HeOJIaronpHsITHBIX
Bo3aercTBUAX [14; 15]. OgHo M3 mposiBNCHMI 3aIIUTHBIX pEeaKIMi pacTeHWH B yCIOBHAX
cTpecc-(paKTOpOB — 3TO BO3pacTaHHe aKTHBHOCTH MEPOKCHIA3bl U KaTalassl.

B ornbiTax ¢ JIFONMHOM y3KOJNMCTHBIM HOHBI MeH B KoHIeHTpamuu 10~ M npusoaumm
K YBEJIMYEHHIO aKTUBHOCTH KaTaslazbl. Tak, akTUBHOCTH KaTajla3bl B KOPHSAX YBEIHMYMUBAIACh
Ha 11,9, a B noGerax — Ha 3,4 % (pucysok 1). [IpensapurensHas 00pab0TKa CeMsH JIFOIIHHA
Y3KOJIHCTHOIO roOMOOPaCCHHOJIMAOM NPUBOIIIIA K IOHM)KEHUIO aKTHBHOCTH KaTasia3sl (B KOp-
Hax —Ha 11,8, B noGerax — Ha 3,3 %). [Ipeno6paboTka 3muKacTacTEpOHOM TaK>Ke ITPHBOIMIIA
K YMEHBIIICHHIO aKTHBHOCTH Karaja3bl B KOpHsX Ha 18,7 %.
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PucyHok 1. — AKTHBHOCTBH KaTaJ1a3bl B IPOPOCTKAX JIONHHA Y3KOJHCTHOIO
copra KoAHHCKHI B IPHCYTCTBHH HOHOB MeJIH

V ropoxa MoCeBHOr0 NpH KCIOJB30BAHHM MENM B KoHIeHTpamusax 1074 M Taxxke
Ha0JII0NATIOCE CHIIBHOE HHIHOMpOBaHUE pocTa KOpHeH u moOeros. JIIMHA KOpHEH yMEHbLIA-
nach Ha 49,4, a noberos — Ha 82,3 % (Tabmua 3). CooTBETCTBEHHO HAOIIONAIOCH H CHHIKEHHE
cpenneii maccel 20 kopHe# 1 noberos. [IpeapapuTesbHas 06paboTka ceMsH roMOOpPacCHHOJIH-
oM B KoHUeHTpanun 1077 % npuBoauIa K YBETMYEHHIO JUTMHEI T06eroB Ha 32,4 %. ITpu npex-
BapHTEIbHON 00paboTKe ceMsH 3MMKACTACTEPOHOM B KoHUeHTpamuu 1077 % piuHa KOpHei
1 1o6eroB y pacTeHui ropoxa roceBHOro yBenuuyuBanack Ha 16,8 u 89,3 % cooTBETCTBEHHO

(Tabnuna 3).

Tabnuna 3. — Bimusaue romo6paccunonuza (I'b) u snukacracrepona (9K) Ha 1iHY KOpHEH,
1100eroB ¥ Maccy ropoxa nocesHoro copra CTapTep npu BO3ACHCTBHH HOHOB MM

BapuaHnr onsita

Kopnu

IToGern

JUTHHA, MM Macca (20 ), r | JAIMHA, MM Macca (20 wT), r
Konrposns 59,8+ 1,34 3,51+0,07 59,7+ 0,84 3,19+£0,09
Cu®*, 10*M 30,3 £0,79*** | 0,74 £ 0,04*** | 10,6 £ 0,29%** 0,58 £0,01***
I'B, 107 % 60,3 +0,89 3,59+ 0,20 44,4 +£0,83*%**)  250+0,18*
Cu*, 10*M+TB, 107 % 30,5+ 0,58 1,03 £0,03* 13,9 £ 0,43 ** 0,67 £ 0,03
3K, 107 % 61,7+1,16 3,67 0,15 54,9 £ 1,12% 2,62 £0,14%
Cu*, 10*M+ 2K, 107 % 35,3 £0,70* 1,360,05** [199+£0,55%**| 0,93+0,07*

Ilpumeuanue — * — oocmosepno npu P < 0,05; ** —npu P <0,01; *** —npu P < 0,001

VY pacrenuii ropoxa MoceBHOro 0ojiee BBHICOKHH HHAEKC TOJEPAHTHOCTH IO IJIHHE
¥ Macce KOpHel U no6eroB Habmonaics MpH MpeABapUTeIbHOU 00paboTKe pacTeHUi JMHKa-

CTacTepOHOM (Tabnuia 4).

TaxkuM 06pa3om, SMHUKACTacCTEpOH B OOJNBIEH CTENIEHH MOBBIAJI YCTOHYHBOCTD pacTe-
HHH ropoxa rnoceBHoro copra Ctaprep K BO3JEHCTBHUIO HOHOB MEIH.
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Tabmuna 4. — MHaEKC TOJIEPAaHTHOCTH ropoxa moceBHOro copra CrapTep K BIHSHUIO HOHOB
Meu npH BosaeHcTeiH romobpaccudonuaa (I'b) u snukacracrepona (9K)

Kopens [MToGer
Bapwua#nT onbiTa
JUIMHA Macca (20 wr) IUTMHA macca (20 wr)
Cu*, 10*M 0,51 0,21 0,18 0,18
I'B, 107 % 1,01 1,02 0,74 0,78
Cu®, 10*M+TB, 107 % 0,51 0,29 0,23 0,21
9K, 107 % 1,03 1,05 0,92 0,82
Cu?, 10*M+ 3K, 107 % 0,59 0,39 0,33 0,29

VCTaHOB/IEHO, 9TO NPH BO3JAEHCTBUM HOHOB MeIH B KoHNeHTpamuu 10~ M na6mona-
JIOCh YBEJIMYCHHE aKTHBHOCTH KaTasiasbl B IIPOPOCTKAX ropoxa moceBHoro (kopHu Ha 18,6,
a noberu — Ha 5,1 %) (pucynok 2). [IpenBapurensHas 06paboTka ceMsSH ropoxa moceBHOro
roMoOpacCHHOMKUIOM IPHBOIMIIA K HE3HAYHTEIbHOMY CHHIKEHHUIO aKTHUBHOCTH KaTala3bl JIUIIb
B noberax (Ha 2,2 %). Ilpeno6paboTka snMHKacTacCTepOHOM IIPUBOIUIIA K CHHIKEHHIO aKTHBHO-
CTH KaTasassl (B KopHsX Ha 15,1, B noberax — Ha 2,6 %).

900 829,7 872,33 853,06 849,68
800 U
700 7 7
600 / /
= 500 403,73% 478,94 / ]
S 400 - / 7 KOpEHb
= 300 e % ?;, @noberu
200 / %
g %/ |
Kontpoims Cu#,10'M G 10°M+TB,107% Cu¥,10-*M + 9K, 10-7%

Pucynok 2. — AKTHBHOCTB KaTajia3bl B IPOPOCTKAX FOPOXa OCEBHOTO
copra CrapTep B NPHCYTCTBMH HOHOB MeIH

3akirouenue

Beicokas KoHIEeHTpanus uoHoB Meau (107 M) NpuBOANT K 3HAYHTENLHOMY yMEHbIIIE-
HMIO JUIMHBI KOPHEH U 06EroB y MIONHHA Y3KOIUCTHOIO H FOpoXa IIOCEBHOI0, @ TAKXKe K MOp-
dbonoruyeckuM H3MEHEHUSM KOpHE# (CKPIOYEHHOCTH U MOXKEJITEHHIO), T. K. KOPEHB BBICTYIIAeT
OJIHMM M3 IEPBBIX 6apbepOB Ha MyTH MPOHUKHOBEHUS HOHOB TSDKEJIBIX METAJUIOB B PACTCHHS.
AHaJIM3 MHIEKCA TOJICPAHTHOCTH HUCCIIENyEMBIX KyJbTYp IOKa3ajl, YTO HCIIOIb30BaHHe Opac-
CHHOCTEPOHJIOB (TOMOOpAacCCHHONUAA U DIHKACTACTePOHA) B ONTHMAIBHBIX KOHIEHTPAIHAX
(1078 % s mornuua u 1077 % 11 ropoxa) MO3BOJISET TOBBICHTH YCTOHYHBOCTE GOGOBBIX KYJIb-
TYp K JEHCTBHIO HOHOB MEJIH.

B pacrenusix 6060BbIX KyJIbTYp (JIFOIIMH M TOPOX) ITOJ] BO3ACHCTBHEM HOHOB ME/IH yBe-
JIMYMBAETCS aKTUBHOCTD KaTajla3bl, KOTOPAas ABJISIETCS OAHUM H3 BRXKHEHIINX MEXaHW3MOB 3a-
IIUTEI B YC/IOBHAX TOKCHYHOIO JEHCTBHMS MOHOB TSDKENBIX MeTamioB. ['omoOpaccunonua u
3MHKACTACTEPOH 00J1aflaeT aHTHCTPECCOBBIM JEHCTBHEM B YCIIOBHSAX TOKCHYECKOTO JCHCTBHS
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Mean Ha 6000BBIE KYJIBTYpBI, YTO BRIPAXKAETCSl B CHI)KEHIH aKTHBHOCTH (pepMEeHTa aHTHOKCH-
JAHTHOMU CHCTEMBI — KaTaja3sl. [Ipeno6paboTka ceMsH pacTeHUH IIONUHA ¥ TOpOXa GpacCHHO-
CTEpOHAaMH, BEPOSITHO, CIIOCOOCTBYET CHUXECHHUIO MIOBPEXIAIOMIET0 ACHCTBUS MEIU Ha pacTe-
HUS, YTO YKa3bIBaCT Ha MX y4acTHE B Pa3sBHTHH PEaKIyii, CIOCOOCTBYIOMHUX MpeAaganTaliy
pacTeHUH K AEHCTBUIO HOHOB MEIH.

TaxkuM oOpa3oM, U3MEHEHHS OMOXMMHYECKHX IPOLIECCOB B KJIETKaX, IPOHCXOIAIINE
IO/ IeHiCTBHEM HOHOB M€Y, B OIIPEICIIEHHON CTEIIEHN MOTYT OBITh HUBEJIMPOBAHBI AEHCTBHEM
OpaccHHOCTEpOHUIOB.
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