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M3yuyeHO BIUSIHUE TOIUMETAJITINYECKOTO 3arpPsI3HEHMSI I COMYTCTBYIOIIEH 06paboTKM OpacCUHOCTEPOUIa-
MU (TOMOKACcTaCTEpPOHOM MJIM TOMOOPACCUHOIMAOM) Ha paCTeHUST STYMEHSI 1 HA MOHOOOMEHHYIO CIT0CO0-
HOCTB KJICTOYHBIX CTEHOK, BBIICJIEHHBIX U3 I00EroB U KOpHeii. I1pu Bo3aeiiCTBUY ITOJMMETAIIOB HA0JII0-
TajioCh CHUZKEHHE CYX0il MacChl KOpHE, OBOMHEHHOCTHU U JOJIU KJIETOYHOM CTEHKM B HUX, HO I0OaBJIeHE
B Cpely TOMOKACTaCTepOHA MPUBOIWIO K BOCCTAHOBJIEHUIO 3HAUYCHUI 3TUX MTapaMeTpOB MOYTU A0 KOH-
TPOJILHOTO YpOBHS. B Han3eMHOIT YacTH pacTeHM BIMSIHUE KaK MTOJMMETAJIJIOB, TaK 1 OpacCUHOCTEPOM -
OB Ha JaHHbIE MOKa3aTelu ObUIO ¢1a60 BBIpaXXeHO. B mpuCyTCcTBMM roOMOKAacTacTepOHa BO3pAacTaio CO-
JIepkKaHue JeEMETWIMPOBAHHBIX KapOOKCHMIILHBIX TPYIIT MOJUTaJIaKTYPOHOBOM KHCJIOTHI B COCTaBE TTEKTH -
HOB KJIETOUHBIX CTEHOK KOPHEM M JINCThEB, SIBJISIOIIMXCSI OCHOBHBIMHU CaiiTaMU CBSI3BIBAHUSI MOHOB
TSDKEJIbIX METaJUIOB B arorjiacte. TakumM oO6pa3oM, MOXXHO 1oJjiaraTh, 4YTo 00padoTKa OpaccuHOCTEpOUAaMU
(roMOKAacTacTepOHOM) IIPUBOIUT K U3BMEHEHUIO COCTaBa U MIOHOOOMEHHBIX CBOMCTB KJIETOYHOM CTEHKH, UTO
MO3BOJISIET CHU3UTh TOKCUYECKOE AeHCTBUE TTOJIMMETAIIIOB 32 CYET MX UMMOOWIM3AallMY B alloIlIacTe.

KnwoueBnie cnoBa: Hordeum vulgare, KjeTouHasi CTeHKa, NIOHOOOMEHHbIE CBOICTBA, TSIXKeJble METaJLIbI,

OGpaccMHOCTEPOUIBI, TIMEHb

DOI: 10.31857/50015330322600474, EDN: AMMZYE

BBEJEHUWE

Bpaccunocrepounsi (bP) urpator BaxHyro posib B
pOCTe M Pa3BUTUU PACTECHUI, peryJIupys nejieHue 1
pacTsoKeHUe KJIETOK, (hoToMopdoreHes, nuddepeH-
MAALIMI0 KCUJIEMBI, Pa3BUTHE KOPHEBBHIX BOJIOCKOB,
pa3BUTHE YCTBUII, MOJIOBOE pPa3MHOXEHHE, OTBETHI
Ha abuoTUYecKMe U OMOTHMYeCKHue cTpeccophl [1].
HeiictBue BP TkaHe- m mo3ocnennmuaHO, TIPU 3TOM
HU3KKWE KOHLIEHTPALMU aKTUBUPYIOT POCT, a BBHICO-
Kre — Topmossar. OmmcaHo Ooliee 69 pasIUUHBIX
CTPYKTYpHBIX (popM BP, HO Hambombmieit ¢pusnoro-
T'MYeCcKOM aKTUBHOCTBIO oOagaeT 6paccuHoaus, [1].
B nmanHoit paboTe mMccienymoTcs OBa €CTECTBEHHBIX
¢duznonorndyeck akTuBHBIX BP: romokacractepon
(keToH-conepxkamuii bP, GuocuHTeTUYECKUI TIpe/-
IIECTBEHHUK OpacCHMHOIMIa) U TOMOOPACCHUHOIUI
(nakToH-conepxaiuii BP).

Coxkpamennsi: BP — 6paccunocrepoumsi, I'BJI — romo6paccuHo-
sin, KK — runpoxkcukopuunsle kuciotbl, [KC — romokacra-
crepoH, KC — knerounas creHka, I1I'K — nonuranakrypoHoBast
kuciorta, [IM — nomumertautbl, TM — TsoKeble METaJLThL.
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B nHacrosiee Bpems mpumeHenne bP ni1st 60pr0bI
C HETaTMBHBIM BO3JICHCTBMEM Ha PACTEHUS TSIKEIbIX
MeTauioB (TM) akKTMBHO MCCIAEOYETCsI, XOTS MOJY-
YEeHHBIX JaHHBIX HAMHOTO MEHbIIIe, YeM, HallpuMep,
MpU AEUCTBUM TEMIIEPATYPHOTO WU OMOTUYECKOTO
cTpecca. TeM He MeHee, 0O0pabOTKM roMOOPaCCUHO-
JIMIOM pacTeHU yKe IPUMEHSIIOTCS IIpU (DUTOpEME-
Jualuy 1moyB [2]. B LemoM, aJisi MHOTUX U3YYEeHHBIX
BUIOB PacTeHUiII OTMEUEHO ITOJIOXUTEIbHOE BO3IEii-
cTtBUe 00paboTtku BP 1pu BhIpamiMBaHuUM Ha 3arpsis-
HeHHbIX TM cpenax: yirydiiaeTcs: TpopacTaHue CEMSTH,
PpOCT HOOETrOB 1 KOPHEIi, bromacca, ypoxKaitHOCTb. Bbi-
saBiIeHHBIe Tyt BosnaelictBuss BP mpum TM-crpecce
BKJIIOYAIOT B C€0S CHUKEHMWE MOMIONIEHUS MOHOB
METAJUIOB M3 cpedbl (3a cueT M3MEHEeHUsSI paboThl
MOH-TPAHCIIOPTHBIX CUCTEM), aKTUBALIMIO (hepMEHTOB
AHTUOKCUIAHTHOM 3alllUThl, HAKOIUIEHWE B KJIETKaX
Kayusi, HaTpusl, IIPOJIMHA, HU3KOMOJICKYJISIPHBIX aH-
TUOKCHUIIAHTOB, OocMOJIMTOB [2]. Takke B TpHCyT-
ctBun BP BoccTraHaBinuBaeTcss ¢pyHKIMOHUPOBAaHUE
(G OTOCMHTETUYECKOIO anmapaTa, Kak oKa3aHo, Ha-
IpuMep, A1 TOMATOB MPU BO3AeCTBUM Kaamusi [3].
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Jns cHkeHus BeI3BaHHoTO TM cTpecca mpume-
HSTIOT 00paboTKy ceMsiH BP, onpeicKuBaHue T1MCThEB
B3POCJBIX pacTeHWiT unu nooasneHre bP B muTarenb-
HBI paCTBOP B TMIPOIIOHHOM Ky/IbType. Tak, mpeario-
ceBHasi 00paboTKa ceMsiH ropuuiibl (Brassica juncea)
1 HM pacTBOpOM TOMOOpPACCHUHOJMIA MPUBOIMIA K
CHIDKEHUIO HAKOIUICHUS IIMHKA Y CEMUITHEBHBIX pac-
TEHUI 10 CPaBHEHMIO C KOHTPOJIEM, a TAKXKE yJTydIiia-
Jla pocT 1o6eroB [4]. AHaJIOTUYHO, pacTeHUs puca,
BBIpanieHHBIe 13 00paboTraHHbIx 0.1 HM smmbpaccu-
HOJIMJIOM CEMSTH, HaKaIUIMBaJIM MEHBbIIIE XpoMa, MMe-
JI1 OOJIBIIYIO IUIMHY M Maccy IT00eroB M KOpHEM Mo
CpaBHEHMIO c HeoOpaboTtaHHBIMH [5]. JIcToBast oOpa-
ootka 1 10 HM snubpaccuHomnoM, u 10 HM romo-
OpacCUHOJIMOOM VIIydlllajia POCTOBbIE MapaMETpPhI
pacTeHuii MaIla, BIpaliBaeMbIX Ha CPelIe C aJIIOMU-
HueMm [6]. JobaBieHne OpaccMHOMMAA B TTUTATEIb-
HBIi1 pacTBOp B KOHLEHTpauuu 2 X 10712 M u BbIe
MPU OJHOBPEMEHHOM BO3ACUCTBUU aTIOMUHUS BOC-
CTaHABJIMBAJIO POCTOBBLIE MapaMETPhl paCTeHUI Ma-
II1a ¥ COAepKaHME XJIOpOo(dULIa B IUCTHIX 10 YPOBHSI
KOHTPOJILHBIX pacTeHUit Ha cpene 6e3 mertaiuia [7].
Taxoke, He3aBUCHMO OT criocoba BHeceHMsI bP y He-
CKOJILKMX BUIOB pacTeHUII HAOIIONAIN YBEJIMUCHUE
aKTUBHOCTU AaHTUOKCUAAHTHBLIX (epMEeHTOB (cCy-
MEPOKCUAMMCMYTa3bl, KaTajaa3bl, aCKOPOATIIePOKCH-
JIa3bl, TIyTaTUOHPEIYKTa3bl) U TPAHCKPUIILIMY KOIM -
pYIOLLIMX UX reHoB [4—6, 8, 9], a Tak:Ke Bo3pacTaHue
colepKaHUsI B TKaHgX mpojuHa [5, 6]. M3BecTHO,
YTO BO3JIEIICTBUE N30BITOYHBIX KOHIIEHTpauuii TM n
aJIIOMUHUS TIPUBOJIUT K 00pa30BaHUIO B TKaHSIX pac-
TEeHUII aKTUBHBLIX (OpM KHUCIOpOoJa U Pa3BUTHIO
OKMCJIMTEJILHOIO cTpecca. AKTUBALIMS CUCTEMbI aH-
TUOKCUIAHTHOM 3allIMThl OpacCUHOCTEPOUIAMU Ha-
MHOTO 0oJjiee BEIpaXkeHa y paCTeHUI B IPUCYTCTBUU
TM B cpene, 4eM B KOHTPOJIE, Y 3TO TTO3BOJISICT eI~
MOJOXUTh, YTO JaHHBII 3¢ dekT bP B ocHOBHOM 1
oOecrneuynBaeT ImoaaepxaHre pocta 1 QOTOCUHTETU-
yecKoi akTuBHOCTH Ipu TM-cTpecce.

BP urpaiot posib B peryJsiliui coctaBa U CBONCTB
kiteTouHol creHKU (KC), Kak B OOBIYHBIX, TaK U IIPU
HEOJTarONpPUSITHBIX YCIOBUSX OKpPYXKaIOIIEH Cpedbl.
Bo-nepBbix, BP MHAYLIMPYIOT 3KCIIPEeCCHIO0 IEHOB HEKO-
TOPbIX U30(POPM KCUJIOTTIOKAH-3HIO-TPAHCIIIMKO3M -
JIa3 ¥ 3KCITAaHCUHOB, KOTOPhIE Pa3phIBAIOT BOIOPOIHbIE
CBSI3M MEXITy MUKPODUOPWILIIaMU LIEJIJTIONO3bI U CILIU-
BOYHBIMM TnKaHaMm¥ [10] m, cOOTBETCTBEHHO, TIOBBI-
marot pactsokuMocth KC. Bo-BTopsix, bP npenmnono-
XKUTEIBHO PETYIMPYIOT KOIMYECTBO 11e/u1i01036l B KC
Y1 OpUEHTALNI0 MUKPOGUOPUILI IIOCPEICTBOM PEOP-
raHU3aly KOPTUKAJTbHBIX MUKpPOTpyOouek [11, 12].
B-TtpeTbux, npu xonogoBoM ctpecce bP nHaynupy-
0T DKCIIPECCUIO TTIEKTUHMETUIIICTEPA3bl, YTO MPUBO-
JIUT K AEMETUJIMPOBAHUIO IEKTUHOB, YBEJIMYEHUIO KO-
JIMYECTBA KATbLMEBBIX CHIMBOK U K YIJIOTHEHUIO TeK-
TUHOBOTO T€Jisi, 4YTO TIOBBIIIAET YCTOWYUBOCTH
pacTteHuit K naHHOMY ctpeccopy [13]. HakoHnen, mo-
CKOJIbKYy BP akTuBHpYIOT paboTy aHTHUOKCUIAHTHBIX
¢depMeHTOB, B TOM YMCJIE alOIJIACTHBIX MEPOKCUIA3Z,

OHM TIOJIOKUTEJIFHO BIWSIOT HAa CMHTE3 JINTHUHA [ 14]
1, BOBMOXHO, Ha 00pa3oBaHME CIIIMBOK MEKIY MOHO-
MepaMM JIMTHUHA U OKCUKOPUYHBIMU KHcJIoTamHu [ 12].
B pesynbrare noBraiaercs xxectkocTb KC n cHkaeT-
csl colepXXaHue aKTMBHBIX (hOpM KHCJIOpoaa B arlo-
IUIacTe, o0pa3zoBaHME KOTOPHIX ObLIO BHI3BAHO CTPEC-
coBbIMU (pakTOopamMu. TeM He MeHee, MHGOpMAIIUS O
BJIMSIHUM OpacCMHOCTEPOUIOB HEMOCPEIACTBEHHO Ha
noHooOMeHHEIe cBoiictBa KC oTcyTCcTByeT, Kak u
maHHbBIe 00 MHOynMpyeMbix bP Mommdpukanmsax KC
npu BosneiictBuu TM. B To ke BpeMst U3BECTHO, YTO
KC xopH$ BBICTYNAIOT KaK IIEPBHIi 3allIMTHbII Oapbep
Ha IIyTA NOCTYIUICHUSI METAJUIOB B LIMTOILIA3MY, (-
($EKTUBHOCTh KOTOPOTO O0YCJIOBJICHA MOHOOOMEHHOM
crnocobHocThio KC B oTHomeHuu kKatnoHoB TM [15].
BciienctBue aToro 1eib HacTosIeil paboThl 3aK/II04Ya-
Jlach B MCCJIENOBAaHUM BJIMSIHUSI OpacCMHOCTEPOUIIOB
(romokacTacTepoHa U TOMOOPACCUHOJINIIA) B YCIIOBU-
sax nmoymMeTaumdeckoro (ITM) 3arpsisHeHUsT Ha pac-
TeHUSI STIMEHSI M1 MOHOOOMEHHYIO criocobHocTh KC,
BBIJICJIEHHBIX 13 TI00ETOB ¥ KOPHEM 3TUX PaCTCHUIA.

MATEPHAJIbBI 1 METO/IbI

BoipanmmBanue pacrenmii. CemeHa stumenst (Hor-
deum vulgare L., copt “buom”) npopaiiuBaiu Ha
CBETY B IIepJIMTEe B TeueHue S5 cyT. Jlamee pacreHmus
TIEPEHOCIIIN Ha XKUJIKYIO ITUTaTeNabHylo cpeny (mo 10
pacteHuit Ha cocyn oobemoMm 1 1), pH 4.5, conepxka-
wywo 147.5 mxM K,SO,, 5 mxM KH,PO,, 95 MmxM
MgSO, - 7H,0, 120 MkM NH,/NO;, 620 MxM CaCl,,
275 MxM Ca(NO;), - 4H,0, 0.5 MxkM MnSO, - 5H,0,
0.5 MxM ZnSO, - 7H,0, 0.2 mxM CuSO, - 5H,0,
0.01 mxM Na,MoO, - 2H,0, 10 mxM NaCl, 1 mxM
H;BO;, 6 MM FeSO, - 7H,0 1 2.22 /1 DATA. B tu-
TaTeJbHBIA PACTBOP €XEIHEBHO BHOCWUJIU PacTBOP
KH,PO, u3 pacuetra 1 MKMOJIb COJIM Ha JIUTP CPEBI.
CocTaB HJaHHOI cpenpbl IIPUOINKEH K COCTaBy I104Y-
BEHHOI'O pacTBOpa Ha KMCJIbIX TOYBaX, a HU3KOE CO-
Jiep>XaHue B Helt (pocdopa U HU3KUIA TT0 CpaBHEHUIO
C TPAAUIIMOHHO UCTIOJIb3YEMBIMU MMUTATENIBLHBIM Cpe-
namMu pH mos3BoJisieT n3dexarb 00pa3zoBaHUsS Majlo-
pacTBOpUMEBIX ocdaToB npu nodasieHun TM [16].
PacteHus BblpaliMBaid B KJIMMaTUUYECKOI Kamepe
npu Temiieparype 17—19°C, 16-yacoBoM CBETOBOM
JHE U MHTeHCcUBHOCTH cBeTa 100—110 MKMoub/ (M2 €).

Ilo ucreyeHun 7 cyT NMPOBOAMIM 3aMEHY IMUTa-
TEJIbHOM Cpelibl, a paCTeHUs pa3aeisuiu Ha 4 BapuaHTa:
(1) “KoHTposib” — muTaTesibHasl cpeia BblllIeyKa3aHHO-
ro coctana; (2) “IM” — nuraresibHas1 cpefa ¢ 1o0aBe-
HUEM VOHOB CIIEAYIOUIMX MeTauios: AP — 20 MM,
Mn?" — 50 MmxM; Cd?** — 2.8 MxM; Cu?*" — 2 MKM;
Ni2* — 16 MxM; Zn*" — 40 MxM; Pb*" — 0.3 MkM;
(3) “I'bJI + IIM” — nutaTenbHas cpefa ¢ nobdasJe-
HMEM MOHOB MeTasutoB 1 10~8 M romo6paccuHonmnna;
(4) “T'KC + I[IM” — nurarenbHas cpena ¢ 1obasie-
HUeM MOHOB MeTaioB U 10~8 M romokacractepona.
Konnenrpanyuu TM u amoMuHus 06U TOO00paHbl
®U3UOJIOTU PACTEHUN Ne 1
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Ha OCHOBAHWUM TUIIMYHBIX 3HAYEHU KOHIIEHTpalni
3THUX MOHOB B TOYBEHHOM PaCTBOPE MPOMBIILJIECHHO
3arpsI3HEHHBIX KMUCIIBIX TTOYB [16].

Yepes 10 cyT m1ociie 3aMeHbI Cpeibl paCTeHUS pa3-
JIeJISUIM 110 opraHaM (JIMCT, “cTebenb” (T. €. Biara-
JIMIIIHAsI 9acThb JINCThEB), KOPEHb), OIPEACIISIIN UX
CchIpyIo Maccy (1o 5 pacteHuii B 10 MOBTOPHOCTSIX Ha
BapuaHT), (PUKCUPOBAIM B TEYEHUE 5 MUH IIpU
105°C, a 3atem BbIcyluuBagu npu 60°C 10 MOCTOSTH-
HOTO Beca U ONpeaessiii CyXylo Maccy.

OBoznHeHHOCTH YacTeil pacTeHuit (Ky,o) paccuu-
ThIBaJIX o popmyine (1):

KHZO = (mcmp - mcyx)/mcyx 5 (1)
rae mmp n mcyx — CbIpas M cyXasd Macca KOpHeﬁ, cTeO-
JI€ WU TUCThEB (r), COOTBETCTBEHHO.

BblesieHne NOJMMEPHOT0 MATPHKCA KJIETOYHBIX
cTeHOK. [IpoBOAMIIN U3 BBICYILIEHHBIX JIUCTHEB, CTEO-
JIeii 1 KOpHEll Mo onucaHHOMY paHee mertony [17].
Hasecku pacturensHoro marepuana (~ 1.5 r) mome-
M B KOJObI M MPOMBIBAIM IIOCJIEI0BATEIbHO
90%-pIM 3TaHOIOM (TOJBKO JUCThI U cTeOnu, ~0.1 1
Ha KoJIOy) B TeueHue 48 4, IpH1 MOCTOSTHHOM IIepeMe-
mmBaHuM), 1%-bIM pactBopoM NaOH (~0.6 11, B Te-
yeHue 24 4, INpu IIOCTOSIHHOM IIepeMellMBaHUN),
H,O (~2 m), 1%-vmm pactBopom HCI (~0.6 11, B Teue-
HUe 24 4, IPU IIOCTOSTHHOM NepeMEIIMBaHUN) U I1-
CTUWIMPOBAHHOI BOJIOI 10 UCUE3HOBEHMS B ITPOMbBIB-
HBIX BOJIaX XJIOPUI-UOHOB. 3aTeM ONPEAeJIsIN ChIPYIO
U cyxyio (mocie BeicymBaHuy pu 60°C) maccy Tipe-
napata KC. JJaHHBII MeETOI BbIIECICHUS IO3BOJISIET
nmojiydyuth Tnpenapatsl KC, B KOTOpBIX COXpaHeHa ap-
XUTEKTYpa TKaHeu, HO yIajleHO BHYTPUKIIETOUHOE CO-
JIep>XKUMOe, TIPU 3TOM BCE KATUOHOOOMEHHBIE TPYIIITbI
nomumMepos KC npucyrersyror B HT-dopme, aHnoHO-
OOMeHHbIe (aMUHOTPYTIIbI) — B (hopMe CBOOOIHOTO
amuHa [17]. Jomo cyxoit maccel KC (Ggc) B cyxoit
Macce opraHoB (%) onpenelsuin 1o hopmyse (2):

GKC = (ch/mK) X 100, (2)

rae m, i m,, — Cyxast Macca 4acTei paCTeHU U Macca
BblIeJIeHHBIX U3 HUX KC cooTBETCTBEHHO (T).

OnpenesieHe HOHOOOMEHHBIX CBOICTB KJIETOYHBIX
creHOK. MccienoBaHre MOHOOOMEHHBIX TPYIII B CO-
CTaBe KJIETOUHBIX CTEHOK MPOBOIWIN METOAOM MO-
TEHLIMOMETPUYECKOTO TUTPOBAHUS, KaK OIMCAHO
paHee [ 18], mpu MOCTOSTHHOM MOHHOM CUJIe pacTBOpa
(10 MM), xoTopyio co3naBanu gobasieHuem NaCl.
Yucao tTunos noHoooMeHHbIX rpymil B KC (j), a Tak-
Xe X KoamdecTso (AS) onpenenstau o nruddepeH-
uuaibHbiM kpuBbiM (dS;/dpH,) = fipH,). Crenensp
MOHM3aMU (0) IJIs1 KaXI0H IpyIbl pacCUYUThIBAIU
o popmyite (3):

o, = S/ /AS, 3)

rie S/ — KOJMYeCTBO TUCCOLIMMPOBAHHBIX TPYIIIT j-TO
Ttuna npu pH;.
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YToObl paccuuMTaTh KOHCTAHTY MOHU3ALUU IS
KaXKI10if MTOHOOOMEHHOI rpyTINbl, UCITOJIb30BAIN MO-
IuduurupoBaHHoe IperopoM ypaBHeHHE XeHIEPCO-
Ha-Xaccenbbaxa (4):

pH = pK, + nlg(a/(1 - a)), 4)
rae pKa — KaXymiasgcsa KOHCTaHTa MOHMU3alluM MOHO-
0OMEHHOI1 rpyIIEI NOJIMMEpPa; O — CTEIIEHb €€ MOHM -
3alliM; N — KOHCTAHTAa, 3aBUCSIIASI OT CTPOESHMUSI 1O~
JIMMEPHOI MaTPULIbI ¥ IPUPOIHLI TPOTUBOMOHA [ 18].

HMcnonab3yst ycTaHOBJIEGHHbBIE 3HAYEHUSI TTapaMeT-

poB (AS, pK!, ), paccunrtbiBamu SP*° no cymmap-
HOMY ypaBHeHuto [18]:

s = 55 = S asi a0} )

Jsi=1

e S — pacueTHOE 3HAYECHIE HOHOOOMEHHOI CII0-
cobHoctn KC 1mipu COOTBETCTBYIOIIEM 3HA4YEHUU

pH;; S;*" — MakcuMabHast KATHOHOOOMEHHAs CITO-
cobHocts KC; AY — KOoIMYecTBO MOHOOOMEHHBIX

rpynn j-ro tuna; Sy, AY u S BbIpaxkeHbl B

MKMOJIb/T cyxoii Macchl KC; pK; — KaxyIascst KoH-
CTaHTa UOHU3ALIMU UOHOOOMEHHBIX TPYMILj-T0 TUTIA;
# — KOHCTaHTa ypaBHeHUA (4) I NOHOOOMEHHBIX
IPYIII j-TO TUMAa; K — YMCJIO TOYEK Ha MOTEHIIMOMET-
PUYECKOM KPUBOU, M — YUCIO TUIIOB MOHOOOMEH-
HBIX IPYIIII.

ANeKBaTHOCTb MMPUMEHEHHOTO MOaX0a K onuca-
HUIO KMCJIOTHO-OCHOBHOTO PaBHOBECHS OLIEHUBAIU
METOIOM PErpecCMOHHOIO aHajinu3a, onpeaesss na-
pameTpsl ypaBHeHUs (6):

Sipacq — BS[BKCI'[ +A’ (6)

rae S u S7°" — paccunTaHHas 10 ypaBHEHMIO (4)
W OKCIIEPUMEHTAIBHO OIpeaeeHHass NOHOOOMEeH-
Hasl CITOCOOGHOCTbD TIPY COOTBETCTBYIOIIEM 3HAYCHUU
pH,, mxmonb/r cyxoit Maccel KC; A u B — mapamer-
DBl pEeTpecCcum.

ITornonenue MOHOB MeIH H30IMPOBAHHBIMH KJje-
TOYHBIMHM CTeHKaMH. HaBeckm cyxoil m3MerbueHHOMI
KC maccoit 40 £ 2 Mr mHKyOMpOBaan B TedeHUE 72 9
B 12.5 Ms1 1 MM pactBopa CuCl, cpH,,, 5.1 £ 0.1, npu
IMOCTOSTHHOM TIepeMernnBaHuu. 3ateM o6pasisl KC
OTHEJISUTH OT pacTBOpPa, OIPEIEIISUIM B HEM KOHIICH-
tpauuio noHos Cu?’, kak onucaso B [19], 1 paccuu-
TBIBAJIM MIOHOOOMEeHHYI0 crtocooHocTs KC mo ¢op-
myie (7):

SCu = (Co - C1) V/g, (7)
rae S¢, — copoironHas criocobHocTs KC B oTHOI111E-
Huu noHoB Cu?", MKMoJIb/T cyxoii maccel KC; C, u
C, — ucxonHas U KoHeuHas KoHueHTpauuu Cu’" B
pactBope, MM; V' — 006beM pacTBopa, MJI; g — cyxasi
HaBecka oopasua KC, 1.
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Tabauna 1. Cyxast Macca KOPHEH (Myqpeyy,, T), CTEOTEN (Mpegeny,, T) U JTUCTHEB (Myycq, T), OTAESIEHHBIX OT NATH PACTEHU
stumeHs1. PacteHust Ob111 BeIpalieHbl Ha KOHTPOJIbHOM cpene (KOHTPOJIb), ¢ nobaBieHreM noaumerauios (ITM), B mpu-
cyTcTBUM romobpaccuHoimaa ¢ momuMerauiamu (I'BJI + ITM) miu romokacractepoHa ¢ mojmMeTtauiamu (IKC + I1M)

BapuaHTt 06paboTku Myopens Meregens M yyer
KounTposnb 0.229 + 0.010 0.280 £ 0.010 0.386 £0.014
M 0.137 £ 0.005* 0.322 £0.014* 0.379 £ 0.011
I'bJI + IIM 0.165 £ 0.005* 0.282 £ 0.007 0.339 £+ 0.009*
I'KC + I[IM 0.192 £ 0.005* 0.352 £ 0.019* 0.431 £0.014*

HpuMeLtaHue. HpI/IBeﬂeHI)I Cp€aHME 3HAYCHUA U UX CTAaHOAaPTHBIC o1mnOKU. 3HAYEHUSI CO 3BE3IOYKOM JOCTOBEPHO OTJIMYAIOTCA OT KOH-

tposs ipu P < 0.05.

Ta6muua 2. Osonrennoctsb (T H,O/T cyxoii Maccbl oprana) KopHen (Kyqpens), CTEOIEHN (K repen,) 1 MUCTBEB (K y10r) sTUME-
Hs. PacTeHus ObLIM BhIpallleHbl Ha KOHTPOJIbHOM cpene (KOHTPOob), ¢ nodapieHrueM nojumeraioB (IIM), B mpucyT-
cTBUM roMobpaccuHosmaa ¢ nonumetauiamMu (I'BJI + TTM) wnu romokacractepoHa ¢ nonumeramiamu (FKC + [TM)

Bapuant 06pabortku KKOpeHb Keresem Kimer
Koutpoib 8.612 £ 0.176 5.320 £ 0.089 4.062 £0.274
M 7.685 £0.176* 3.953 £ 0.106* 3.743 £ 0.078
I'bJI + TIM 8.016 £ 0.220* 4.208 £ 0.087* 3.946 + 0.101
['KC + I[IM 8.498 + 0.159 3.995 = 0.104* 3.764 £ 0.137

HpuMettaHue. HpI/IBeﬂeHBI CpE€AHUEC 3HAUYCHUA U UX CTAaHOAPTHLIC OomnOKM. 3HAYEHUSI CO 3BE3IOYKOM JOCTOBEPHO OTJIMYAIOTCA OT KOH-

Tposs ipu P < 0.05.

CratucTyeckasi 00padoTka ganHbix. OTbITHI TPO-
Boauan B 3 (ITOTEHOIMOMETPUYECKOE TUTPOBaHHUE,
nornomeHue Cu) — 10(ompenenaeHue Macchl opra-
HOB) OMOJIOTMYECKMX ITOBTOPHOCTSIX Ui KaxKIOTO
BapuaHTa BbIpaniuBaHusg. O0paboTKa TaHHBIX IIPO-
BoIMJach ¢ mMoMolllblo mporpamMM Microsoft Excel u
IBM SPSS Statistics. [IpuBeaeHBI cpeqHue 3HAYCHUS
M MX CTaHAZAPTHBIC OTKJIOHEHWS MJIM OommnoKu. Ho-
CTOBEPHOCTb Pa3INUMil MeXAYy U3ydaeMbIMHM TTOKa3a-
TeJIIMU OTIPeNesISIIA C MTOMOIIIBIO TBYXBHIOOPOUYHOTO
t-xputepust CteiogeHTa. Pa3mmaust cauraim I0CTO-
BepHbIMU T1pU P < 0.05.

PE3VIJIbTATHI

XapakTepucTHKA PACTEHMIl, BHIPAIIEHHBIX HA MUTA-
TeJIbHOI cpelie B NPUCYTCTBHM MOJMMETAJLIOB M Opac-
cuHocrepounoB. Cyxasi Macca KOpHeil 3aMETHO CHU-
2Kajiach MO OTHOLIEHUIO K KOHTPOJIIO B IIPUCYTCTBUU
MOJIMMETAJIJIOB B ITUTAaTeNbHOM cpene. I1pn nobasie-
HUU B cpedy OpacCMHOCTEpOUIOB cyxasi Macca Kop-
Hell TakxKe OCTaBajlach HMXKE KOHTPOJIbHBIX 3Haye-
HW, HO OBLIa TIPM 3TOM BBIIIE, YeM IIPU BO3OCH-
cTBUM ToabKO IIM (Tabn. 1). Tak, eciv B mOocCJIeTHEM
cliydae cyxasl Macca CHMKajach B 1.7 pa3a, To B IIpu-
cyrctBuu I'BJI m 'KC — B 1.4 1 1.2 pa3a cooTBer-
cTBeHHO. TakuM o0Opa3oM, MNPUCYTCTBUE B cCpele
OpacCUHOCTEPOUIOB YaCTUYHO HUBEIUPOBAJIO MH-
ruoupyloniee OeiCTBUE TOKCHUYHBIX METAaJJIOB Ha
pocT KopHei ssuMmeHs. Cyxast Mmacca cTebeit pacTte-
HUIi ObLIa BIIIE WX paBHA KOHTPOJIIO IIPU BCEX 00-
pabotkax. Cyxast mMacca JJUCTbEeB IIPU BO3IECHCTBUH

IIM cosmecthO ¢ I'BJI cHuxanack Ha 14%, a B Bapu-
ante 'KC + I[1M Hao60poT GbL1a BhIlIe KOHTPOJISI Ha
12%. CnenoBarejibHO, MOXHO 3aK/IIOUYUTh, YTO MPU-
cyrctBue bP Ha ¢one obpadborku IIM okaswsiBaio
MOJIOXKUTEbHOE BIMSIHME HA MacCy KOPHEN.

OBOOHEHHOCTb TKaHeil KOpHs (Tabj. 2) cCHMXa-
JIach IpU O00AaBJICHUM B MUTaTelIbHYIO cpeny [1M, a
npu godasneHun bP mosblanack, U A1 BapraHTa
I'KC + IIM 3T1O0T noka3zarteiab JOCTOBEPHO HE OTJIU-
yajicsi OT KOHTpOoJist. OBOOHEHHOCTh HaA3eMHBIX Ya-
CTell paCTeHU MTO-pa3HOMY U3MEHSIACh KaK B OTBET
Ha Bo3aevictBue IIM, Ttak u Ha neiictBue 1M coB-
MecTHO ¢ bP. B cTebiisx 3TOT mokKas3aTesib CHUXKAJICS
B 1.35 pasa nipu aeiictBuu [IM, nipu 3TOM mobasJe-
Hue bP He MpUBOAMIO K BOCCTAHOBICHUIO OBOJHEH-
HOCTHU J10 KOHTPOJILHOTO YPOBHS. B JHCTBSIX Xe BO
BCEX BapHMaHTaxXx oO0pabOTKM OBOIHEHHOCTHh TKaHEH
JIOCTOBEPHO He OoTiamYajachk oT KoHTpos (P < 0.05,
Tabm. 2).

MaccoBag noist kietouHoii cteHku (GXC) Bos-
pacTajia B psSay: KOPpHU > JIMCThS = cTeonn (Taba. 3).
B mucThSIX 3TOT IMOKa3aTesb TOCTOBEPHO HE OTINYalI-
CcsI OT KOHTPOJISI MpU BCeX BapuaHTax 0OpabOTKU U
cocrasysan 41.6 + 0.7%, a B cre6asax u kopHax GKC
CHIXaJIach Ipu Bo3aericteuu [1M, mipu a3ToM nob6aB-
JIEHHE B Cpey TOMOKACcTacTepOHAa IPUBOMAUIIO K BOC-
cra”HoBiaeHulo 3HadeHus GKC 1o koHTponbHOro
YPOBHSI, TOIJa KakK IIpyu 00paboTKe roMo0OpaccCruHO-
munoMm (BapuaHT I'BJI + IIM) snauenns GX€ ocrasa-
JIMCh Ha YpOBHE 3HaueHui BapuaHTa IIM (tabi. 3).
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Ta6mua 3. Maccosast noist KC (GXC, %) ot cyxoit Macchl COOTBETCTBYIOIIIX OPTAHOB TIMEHS. PacTeHNs GBUTH BBIpa-
ILIEHbI Ha KOHTPOJILHOI cpeae (KOHTPOJIb), ¢ fobaBieHreM noiaumeraaion (ITM), B mpucyTCTBMM TOMOOpacCUHOIMAA C
nonumeTtaaiamu (I'BJI + IIM) mm romokacractepoHa ¢ momMerauiamMu (IKC + T1M)

BapuaHT 06paboTKn GE(S)CH]: G(I:(TSGE:nb GEMCCT
Kontponn 58.85+0.74 41.4 £ 1.16 42.85+0.49
1M 53.97 £ 1.1* 38.25+0.61* 40.7 £0.71
I'BJI+1IM 56.19 £ 0.43* 38.03 + 0.82* 41.84 £0.53
I'KC+IIM 57.51 £0.78 39.46 = 0.99 41.22 +0.57

HpuMewaHue. HpI/IBe,E[eHBI CpCAHME 3BHAYCHU S U UX CTaHIaPTHLIC OIIMOKY. 3HAYCHUSI CO 3BE3MOYKOI JOCTOBEPHO OTJINYAIOTCA OT KOH-

Ttposst mpu P < 0.05.

Ta6mma 4. KosdduieHT Koppeasaiuu (r,(zopp) zaBucumoctu 7! = f(5;7“") u sHayeHns mapameTpoB perpeccun A u B

ypaBHeHus (6): SP*"

= BS*" + A, tne SP*" u 7" — paccunTanHast o ypaBHeHUIO (4) U 3KCIEPUMEHTAIBHO OIIPE-

neJIeHHast MOHOOOMEHHast ClTOCOOHOCTh KJIETOUHBIX CTEHOK, U30JIMPOBAHHBIX U3 KOPHEit, CTeOIeii U TUCThEB, ITPU COOT-

BETCTBYIOLLIEM 3HauYeHUU pH;

Kopuu Crebenb Jluct
Bapuant
00paboTKI" A B 2 A B 2 A B 2
KOpp Kopp Kopp
KoHnTponb 26.0 0.93 0.975 8.3 0.981 0.983 19.5 0.94 0.985
[TM 4.62 0.95 0.990 10.2 0.972 0.997 5.41 1.00 0.996
I'bJI + IIM 6.09 0.981 0.997 7.64 1.023 0.988 1.96 0.98 0.990
I'KC + IIM 5.41 0.982 0.998 6.94 1.035 0.997 14.1 1.01 0.988

Takum o6pazom, BP oka3bIBaiy MOJ0XUTEIBHOE
BIWUSIHME HA CyXyl0 MAaccy M OBOOTHEHHOCTH TOJIBKO
KopHeit, Ho He moberoB, nmpuuyeM I'KC 6p11 6osee
addexTnBeH, yeM I'BJI, 1 TakKe TOJIBLKO €ro IMpucyT-
CTBUE ITPUBOAIO K BOCCTAHOBJIEHUIO 3HaueHUsT GKC
KOpHEH 1 cTebJIeii 10 KOHTPOJIbHOTO ypoBH:. Ciemno-
BaTesibHO, pucyTcTBUe B cpene I’ KC vactnaHo HU-
BeJIUpYyeT MHTUOMPYIollee ASCTBUE TOKCUYHBIX Me-
TaJUIOB Ha KOPHU PACTEHUI STUMEHS.

BymsiHne OpaccMHOCTEPOMIIOB HA COCTAB HOHOOOMEH-
HBIX TPYII KJETOYHBIX CTEHOK PACTEHUil NpPU BO3Heil-
CTBHM MOJMMETAILIOB. DKCIEpUMEHTAJIbHbIE KPUBbIE
MOTEeHLIMOMETPUYECKOTO TUTPOBAHUSI CBUAECTEILCTBY-
0T O HAJIMYMU HECKOJIbKUX TUIIOB MOHOOOMEHHBIX
IPYIIIT B cOCcTaBe CTPYKTypHbIx noaumepoB KC. Bo
Bcex BapuaHTax rpu pH > 10.8 3HadyeHUsT KATUOHO-
obmenHoit crocoonoctn KC mo Na® mocturanu
MaKCUMaJIBHOTO YPOBHS. ODTO O3HayaeT, 4YTO BCE

MOHOTEHHbIE IPyIIibl 3aHATh Na*, a S5 xapakrepusy-

€T 00I1Iee KOJIMIECTBO KMCIOTHBIX MJIM KAaTHOHOOOMEH-
HBIX TPYIII, KOTOPBIE UMEIOTCS B IOJIMMEPHOM CTPYK-
Type KC nccimenyeMpIX pacTeHHWiA. DTH TPYIITHI MOTYT
BKJIIOYATHCS B peaKiii MOHHOTO 0OMeHa Ip1 COOTBET-
cTBytolIMX 3HaueHUsx pH cpenpl. CiemnyeTr OTMETUTD,
YTO B CTEHKaX KaK HaA3eMHBIX OPTaHOB, TaK U KOPHEM
0oOHapyXeHbl aHIOHOOOMEHHBIE TPYITIIEL, HO X KOJIM-
YeCTBO He ITpeBhIaio 20 MKMOJIb/T cyxoit Macchl KC.
Pesynbrarhl mokasajim, 4TO pacCUMTaHHbIC 3HAYCHUS

®OU3HUOJOTUA PACTEHUM  Tom 70  Ne 1 2023

MOHOOOMEHHOM CITOCOOHOCTM TOJIHOCTBIO COOTBET-
CTBYIOT HOJTyYEHHBIM 3KCITEpUMEHTAILHBIM JAHHBIM, O
YyeM CBUICTEIIbCTBOBAIM 3HAUCHUST KO3((PUIIMEHTOB
Koppesiiun 1 Ko3dduimeHToB perpeccun mist KC u
KOpHeii, 1 moberoB (Tadir. 4).

Tak xe, KaKk U B KJIETOUHBIX CTEHKaX JAPYTUX BU-
noB pacteHuii [19], B KC u kopHeii, 1 TOOGeroB stume-
Hs HE3aBMCUMO OT BapraHTa 00paboTKu oOHapyxe-
HO TpU TUIIAa KaTMOHOOOMEHHBIX TPyl (Tabi. 5):
KapOOKCHUIbHBIE TPYIIIIbI MOJUTAIAKTYPOHOBOM KHC-
JIOThl (Sprk), TMAPOKCUKOPUYHBIX KUCIOT (Stgkk) U
denonbHbie OH-rpynnbl (Sg.op). IlocnenHue He
MIPUHUMAIOT yJ9acTMe B MOHOOOMEHHBIX peakIIusX,
Tak Kak 3HaueHue pK, atux rpynm (pK;, Tadn. 6) ne-
JKUT 3a TipenesiaMu pusuosorudyeckoi odnactu pH.

Pacuersl KpUBBIX TOTEHIIUOMETPUYECKOTO TUT-
poBaHMs TpernapatroB uszonupoBaHHbIX KC cBuue-
TEJIbCTBYIOT O TOM, UYTO KaYECTBEHHBI COCTaB MOHO-
oOMeHHBIX TpyIn onuHakoB B KC KopHeli 1 Haa3eM-
HBIX 4YacTeii pacTeHUi, a TakKe B pPasJIUYHBIX
BapMaHTax o0paboTku (Tabj. 6, TpencTaBlIeHbI
yCpenHeHHbIe Mexay obpaborkamu 3HavyeHus pK;).
CrenyeT OTMETUTD, YTO KUCJIOTHBIE CBOMCTBA KApOOK-
cuibHbIX rpynn [1I'K B KC crebieii 6oiee sIpKo BbI-
paXeHbl M0 CPAaBHEHUIO C KOPHSIMU U JIUCThSIMU U
yOBIBAIOT B PSIAY: CTEOIN > JINCThS > KOPHHU (TalbI. 6).
OnHako KoJIM4YeCTBO TPYIIN Kax10ro tumna (S;, Tadir. 5)
3HAUYUTEJbHO Pa3HUTCS MEXIY OpraHaMu, a B HEKO-
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Ta6muua 5. ConepxaHne HFOHOOOMEHHBIX TPYIIIT K&XIOTo TUIA (.S, MKMOJIB/T cyxoil Macchl KC) B KJIICTOYHBIX CTEHKaAX,
U30JIMPOBAHHBIX U3 PA3JIMUHBIX OPTAaHOB STYMEHS. PacTeHust ObUIM BhIpallleHbl HA KOHTPOJIbHOI cpelie (KOHTPOJIb), C OO0~
6asineHueM noauMeTaioB (IIM), B mpucyrctBum romo6paccuHoauna ¢ momumerauiamu (I'BJI + I1M) wiau romokacra-

crepoHa ¢ nonumerauiamu (I'KC + I1M). Maaekcsr: IITK —

KapOOKCUJIbHbIC TPYITIbI MOJIUTaJIaKTYPOHOBOM KUCIIOTHI;

I'KK — kapGOKCWIbHBIE TPYIIIIBI THAPOKCUKOPUYHBIX KucaoT; @-OH — dpenonbHble OH-rpynibl

BapuanTt Kopuu Crebnu JIucThs
06paboTkH Snrk Srkk So-on Snrk Srkk So-on Snrk Srkk So-on
KoHTtponb 119 £8 280 £25 | 250%£25 [ 260+ 15 | 460 £20 | 700 =50 | 270+ 10 | 290 £ 25 | 450 £ 40
M 120+ 9 26028 | 300+ 30 | 350+£20 | 540 £30 | 50030 |290£15 |290+20 | 400+ 30
MM +TBJT | 120 £ 8 280 £20 | 200+20 | 30030 | 300 £25 | 580+45 | 350+ 18 | 300 £ 30 | 430 £ 35
IMIM +TKC | 140 £10 | 30025 | 280+ 35 | 280+ 15 | 40035 | 50060 | 35015 | 317 =35 | 400+ 40

HpuME’-taHlle. le/IBCHCHbI Cp€AHMEC 3HAYCHUA N UX CTAaHOAPTHBIC OTKIIOHCHUA.

Tab6muna 6. CpenHue 3HaueHMs1 pK, TOHOOOMEHHBIX TPYIIIT B COCTaBE KIIETOUHBIX CTEHOK, U30JIUPOBAHHBIX U3 KOPHEH U
HaA3eMHBbIX yacTeil pactreHuit sumeHsi. Munekcnl: [I'K — kapOOKCUIbHBIE TPYMITBI MOJIUTaJIaKTyPOHOBOM KUCJIOTHI;
T'KK — kapGOoKCUIbHbIE TPYHITbl TUAPOKCUKOPUYHBIX KucsioT; @-OH — deHonbHble OH-rpynibl

OpraH pacTeHuit pKHIK pKITK pK®-OH
Kopuu 4.76 £ 0.04 7.29 +£0.12 9.71 £ 0.29
Crebnu 4.06 £0.15 7.46 £0.42 9.70 £ 0.47
Juctest 4.47 +0.04 7.32 £0.30 9.54 £0.12

HpuMettaHue. HpI/IBeZ[eHI)I Cp€OAHMEC 3HAYCHUA N UX CTAaHOAPTHBIC OTKIIOHCHUA.

TOPBIX Cydasix U MeXIy BapvMaHTamMu OOpabOTKU.
Tak, B KC u namcTtheB, M cTeOJieil coaepKaHUE
KapookcminbHbIX rpynmn IIT'K m dpenonpHbix OH-
rpynn B 2.3—3 u 1.3—2.9 pa3 Brie, yeM B KC Kop-
Heil, cooTBeTcTBeHHO. CoaepkaHWe KapOOKCHUIb-
Hex rpynn KK B KC creb6ieii Boiire, uem B KC xop-
Heit u mucTheB (Tab. 5).

C TOYKM 3peHMST MOHOOOMEHHOM CITOCOOHOCTH
KC xopHeii siumeHsT cjiabo OTBeYaloT Ha IIPUCYT-
CTBUE B MUTATEJIbHOU cpelie U MOTMMETATTUYECKUX
3arpsi3HeHUi, U1 OPacCCUMHOCTEPOUIOB: B BapuaHTe
IIM + I'KC conepxanue I1T'K B 1.2 paza BreIle, yem
Ha Ipyrux cpelax, a couepxaHue OCTaAIbHBIX TUIIOB
rpynn 01M3Koe BO Bcex BapuaHTax (Tadia. 5). B KC
crebseit B pucyrctBuu IIM conmepkaHue KapOOK-
cunbHbIX Tpynm IITK B 1.3 pa3sa Bbiire, 4eM B KOH-
TpoJie, HO npu godasiaeHun bP cumxkaercsd. Jo6as-
neHue BbP B cpeny cyllieCTBEHHO CHMXKAET KOJIUYe-
ctBo KapookcunbHbIX rpynn 'KK B KC crebieii, a
IIM (u IIM + BP) — denonbHbIXx OH-rpynn. B KC
JIUCTbEB B OTBET Ha BozaelicTBue IIM coBMecTHO C
BP B 1.3 pa3a yBeauumBaeTcsl cofepkKaHne KapOOK-
cutbHBIX Tpynm T1T'K.

YT10oOBI MOATBEPAWUTH IAaHHBIE O COIAEPKaAaHUU
kapookcwiabHbIX Tpyni [II'K B KC pa3Hbix opraHoB
pacTeHuil STIYMEeHsI ObUI MCIOJb30BaH METOI, OCHO-
BaHHBIN Ha ToM, 4TO npu pH < 4 B MTOHOOOMEHHBIX
peakuuax ¢ Cu?" yqacTBYIOT TOJIBKO 3TU TPYIIIbI, U
noatomy Cu-cBs3biBaroliasi crnocooHoct KC nzme-
HSIETCSI B TOM K€ PSIIy, UTO M colIepKaHue KapOoK-
cunpHbIX Tpynn IIT'K [19]. ITonydyeHHbIe HAMM JaH-

HBIE IT0Ka3aJI1, 9YTO IT0CJIe KOHTAaKTa M30JIMPOBAHHBIX
KC ¢ pactBOpamMu, cogep>KaliiMU NUOHBI MEJIU B KOH-
neHrpaunu 1 MM, pH pactBopa cHmkaicst ¢ 5.0 + 0.1
o 3.25—3.75. CnenoBaTtenbHO, MOXHO YTBEPXKIATh,
YTO IIPY 3TUX YCIOBUSIX B aICOPOILIMOHHOM Ipoliecce
3aIeICTBOBAHbl TOJILKO KapOOKCWJIbHBIE TIPYIIIIhI
III'K. INpuBeneHHbIe B Ta0OI. 7 JaHHBIC TOKA3LIBAIOT
BbIBOZ, 0 TOM, yTo KC KopHeii ssuMeHsI conepxKaT 3Ha-
YUTEJIbBHO MEHBIIIee KOJIMYECTBO IEeMETMIMPOBAHHBIX
MEKTUHOB MO CPaBHEHUIO C IT00eraMu, M1 OHO U3MEHSI-
€TCsI B TOM XK€ PSIy, KOTOPBIi ClielyeT U3 JaHHBIX IT0-
TEHLIMOMETPUYECKOTO TUTPOBAHUSI: JINCThSI > CTEOIN >
> KOpHH.

OBCYXIEHHWNE

MN3BecTHO, 4TO B OTBET Ha U30BITOK TM B cpene
pacTeHUs1 MOTYT peajlu30BbIBATh IBE CTPATETUU U3-
MEHEHUS colepXaHus U cocTaBa INMeKTUHOB B KC
KopHs. M3HavyanbHO cekpeTupyemblie B KC neKTHHBI
XapaKTepu3yITCsl BLICOKOI CTENeHbI0 METUIMPOBA-
HMS, a UX JEMETUJIMPOBAHME OCYILIECTBIISIOT aIlo-
IUIaCTHBIE TIEKTUHMeTWIacTepasbl [20]. YUem Huke
CTeTNeHb METUJIMPOBAHUS TEKTUHOBBIX BEILIECTB, TEM
BBIIIIe KaTMOHOOOMeHHas crnocooHocts KC u, cie-
JIoBaTeIbHO, €€ CIOCOOHOCTh HaKaIlUIMBaTh WMOHBI
TM. IlepBas u3 HuUX, OOHapy>XKeHHAas1 OOJIbIICH Ya-
CThIO Y UYBCTBUTEJIbHBIX K BO3AEHCTBUIO TSXKEIbIX
METAJUIOB COPTOB M BUAOB paCTEHUI, 3aKJTIOYAETCS B
YBEJIMUYEHUM MAacCCOBOI JOJU NeMETUINPOBAHHBIX
MEKTUHOB B KJIETOYHBIX CTEHKAX KOPHS TPpU BO3/eii-
®UBNOJIOTUS PACTEHUN Ne 1
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Taomuna 7. Cu-cBs3biBatoias crocodbHoctsb (MkMosb Cu/t cyxoit Mmacchl KC) KJI€TOUHBIX CTEHOK, U30JIMPOBAHHbBIX U3
pa3IMYHbIX OPraHoB sfYMeHsl. PacTeHust ObLUIM BbIpallleHbl HA KOHTPOJIbHOM cpee (KOHTPOJIb), C A00aBIeHUEM OIUMe-
tajuioB (IIM), B mpucyrcTBumM romoopaccuHonuna ¢ mommMmetauiamu (I'bJI + IIM) niamu romokacTacTepoHa ¢ IoJIMe-
tayuiamu (I'KC + IIM). McxonHast KOHIIEHTpalMs Meay B MOAeIbHOM pacTtBope — 1 MM

OpraH pacTeHuit KouHtpoib MM I'BJI + TIM I'KC + I[IM
Kopnu 45149 56.5+4.1 52.7£5.5 55.2+%4.5
Crebnu 76.0 £4.2 63.8 5.8 722+ 54 67.0 6.4
JIuctes 92.0 £3.7 88.7 4.7 91.4+4.0 92.0£3.6

HpuME’-taHlle. le/IBCHCHbI Cp€AHMEC 3HAYCHUA N UX CTAaHOAPTHBIC OTKIIOHCHUA.

CTBUM TaKMX TSDKEJIBIX MeTallioB, Kak Pb, Cd u Cu, a
Takke amoMuHuii [21, 22]. Bropast, HanmpoTus, 3a-
KJIFOYAeTCs B YMEHBIIEHUM MaCcCOBOI TOJIM IeMETH-
JUPOBAHHBIX TEKTUHOB B KOPHEBOW KJIETOUHOI
CTEHKE B OTBET Ha M30BITOK MeTajia B cpene [21, 23].
Taxk, B kiieTkax KopHs Silene paradoxa ipouncxonuia
reHepalurs KJIETOYHBIX CTEHOK C BBICOKOI CTEIIEHBIO
METHINPOBAHMS. ABTOPBI IPEANOI0XMIN, YTO (pop-
MHUpOBaHMe HCKIovaomumux Metal KC sBiasgercs
OOHUM 13 (PAKTOPOB, TAPAHTUPYIOIINX HIU3KOE aro-
IUIACTHOE HAKOIUIEHUE MEIU M, BEpPOSTHO, OTpaHU-
YMBAIOIIMX CUMILJIACTHOE IIOIJIOIIeHNE MEIU KJIeT-
Kamu KopHs [21]. HemaBHO OblLia oOHapyxXeHa ele
ogHa ctpaterust Mmogudukanuu KC B oTBeT Ha BO3-
JIEJICTBYE IIOBBIIICHHBIX KOHILICHTPALIMII METaJJIOB,
3aKJIFOYAIOIIAsICSl B YCUJIEHUY CUHTE3a B paBHOM Mepe
BCeX MOJMMEPHBLIX KoMnoHeHToB KC, B ToM uucie u
MeKTUHOB [24]. Bbulo TToKazaHo, 4YTO peanu3alus Ta-
Koit Momudukamu B KC KopHsI Mallla NpUBOIMUT K
yBeaudyeHuto maccoBoil nmonu KC B oOiieil Macce
KOPHSI Y, COOTBETCTBEHHO, K YBEJIMUUBAETCS CBSI3bI-
BaoIlEi CIOCOOHOCTM KOPHS IO MOHAM MeIu 3a
cueT ux nenoHupoBaHus B KC. B 3aBucumocTu ot
BHUA, 9KOTUIIA WJIM COPTa paCTEHUS KaxKaasl U3 cTpaTe-
U MOKET SIBJISITHCS JIMOO MEXaHM3MOM YCTOMIMBOCTI
K BozaeiicTeuio TM, 1m0 Ha000POT IMPUBOOUTE K pa3-
BUTUIO MeTaJUI-cTpecca. CiemyeT OTMETUTb, 4TO BCe
yKazaHHbIe cTpaTternn Mogudmnkanu KC B oTBeT Ha
MOBBIIIIEHHBIC KOHILIEHTPAMK METaJIJIOB B cpee 00-
HapyXeHBI B KOPHSIX TOJIBKO IBYIOJbHBIX pPACTECHUIA.
B 11poTHUBOIIOIOXKHOCTE 3TUM PACTCHUSIM Y 3J1aKOB B
KJIETOYHBIX CTeHKaX KOpHEIl He peaIn3yeTcsl HU OJHA
M3 BHIIIEYKa3aHHBIX BO3MOXHOCTE MoaupUKaun
KC, xak mokasaHo 11 MIIEHULBI U suMeHs [24—26].
OnHako HeImaBHO OOHApy:XeHO, 4TO IIpU BO3Ieii-
crBun TM Ha pacTeHMsS MOXET IIPOMCXOOUTH HeE
tosibko Mogudukanuss KC kopHell, Kak ObUIO M3-
BECTHO paHee, HO U Mogudukauus KC mobderos, Ko-
TOpasi 3aKJI0YaeTCs B AeMETUJIMPOBAHUY IEKTUHOB C
LIEJIbIO YBEJIMYEHUST MOHOOOMEHHOI CIIOCOOHOCTHU
KC [26]. ABTOpSBI mO/IaraloT, YTO TAKOi OTBET CBA3aH
¢ MexaHM3MaMMU IoctyriieHust TM B pacTeHUS sTuMe-
Hsl. BeaencTBue HeOONBIIOTO coaep>XKaHUsI KapOoK-
cubHBIX Tpy1 IIT'K B KC kopHeit, MOHBI METaIIOB
MMOCTYMNAIOT B HAA3EMHYIO YacCTh, Ie HAaKaIlJIMBAIOTCS
1 MTHAKTUBUPYIOTCS, B ToM ynciie, n B KC.
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JlobaBiieHME B MUTATEJILHOM Cpeny ¢ TToIuMeTal-
nmamu BP nmpuBonmiio K nsMeHeHWIO U (PU3NOoJIOTHYe-
CKOTO COCTOSIHUSI PACTEHUI STUMEHs, U TTapaMeTpOB,
XapaKTepU3yIOIINX HMOHOOOMEHHYIO CIIOCOOHOCTh
KC, no cpaBHEHMIO ¢ paCTEeHUSIMU, HAXOAVUBIINMUCS
T1011 BO3AEHCTBUEM TOJILKO MeTajllI-cTpecca. B mpucyt-
ctBun OpaccuHocreporna (I'KC) Bospacrano comep-
XKaHue IEeMETUIMPOBAHHBIX KapOOKCUJIBHBLIX TI'PYIIIT
IIT'K B cocTaBe nniektnHOB KC KOpHEii, KOTOphIe, KaK
W3BECTHO, SIBJISTIOTCS OCHOBHBIMHM CaliTaAMM CBSI3bIBA-
Hust noHoB TM B KC [15], yTo mpenoTBpaiaeT ux
M30BITOYHOE TMOCTYIJICHUE B IIMTOIIA3My KIIETOK
KOPHS U CHMXKaeT nHrubupyriee aeiictsue I1M Ha
poct maHHoro opraHa. CiegoBaTesibHO, MOXHO
MPEIIToNOXKUTh, YTo HakoruieHue IIM B KC kopHeit
STAMEeHsI ycunmBaeTcs npu Hanuumu B cpege ['KC,
YTO TIPUBOAMUT K MX MHAKTMBAIlMM B arorjacre u
CHMZKAET MX MHIMOMpYIollee IeiiCTBUS Ha pOCT KOp-
Heil. [TomoxurtensHoe neiictBue BP Ha conepxkaHue
II'K BO3MOXHO CBsI3aHO C oIocpenoBaHHBIM BP
YBEJIMYEHUEM KOJIMYECTBA IIEKTMHMETWIACTEpa3 B
KC nipu IIM ctpecce, Kak 3T0 ObLIO ITOKa3aHO paHee
I XoJjiomoBoro crpecca [13]. B To ke BpeMms He-
CMOTpS Ha TO, 4YTo BP, Kak M3BeCTHO, aKTUBUPYIOT
paboTy aHTUOKCUJIAHTHBIX (DEPMEHTOB, B TOM YMCJIC
aroIJIaCTHHIX ITIEPOKCHUIA3, U TAKMM 00pa3oM CTUMY-
JIUPYIOT CUHTE3 JIMTHUHA [ 14], yBeJIuueHUs coaepKa-
g peHonbHbIx OH-rpynm nmpu odpadotke bP He
0OHapyKeHO.

B npucyrctBuu IIM B nuTaTeIbHOMU Cpeae 3aMeT-
HO CHUXXAJIUCh cyXasi Macca KOpHeil, uX OBOIHEH-
HocTb 1 noJisi KC no oTHoumeHuto K koHTposao. 1
9TU Pe3yabTaThl COOTBETCTBYIOT U3BECTHBIM JaHHBIM
0 TOM, UTO HapylI€HWE BOIHOTO OOMeHAa U CHUXKEHUE
colep>KaHUsI BOJbI B TKAHSIX SIBJISIETCSI OMHUM U3 TIep-
BBIX CHMIITOMOB TOKCHYECKOTO AeiicTBust TM u, Kak
MPaBUJIO, OCTPEE MPOSIBIISIETCS B KOPHE, YEM B ITOOE-
rax [27, 28]. I1pu nobGaBiieHUM B cpely OpacCHMHOCTE-
pPOMIIOB cyxasi Macca KOpHei TakKe ocTaBaJlaCh HIXKE
KOHTPOJIbHBIX 3HaUeHU, HO ObLJIa TPU 3TOM BbIIIIE,
yeM npu BozaeicTBuu Tosibko [1M (tab. 1). Tak, ec-
JIM B MOCJEOHEM Ciydyae cyxash Macca CHUXajaach B
1.7 paza, To B nipucyrctBuu I'bJI m T'KC — B 1.4 n
1.2 pa3a cooTBeTcTBEHHO. TakuM 00pa3oM, TIPUCYT-
CTBHUE B cpejie OpacCUHOCTEPOUIOB YACTUUHO HUBE-
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JIMPOBAJIO UHTUOMPYIOIIee NEUCTBUE TOKCUYHBIX ME-
TaJIJIOB HA POCT KOPHEM STUYMEHS.

B otimmume ot KC KopHei, y KOTOPBIX coaep:Ka-
Hue KapookcuibHbIX rpynn III'K He u3MeHsioch B
npucytcteuu [IM, B KC u nuctbeB, u crebieit co-
JIepXXaHue AEMETUINPOBAHHBIX IMTEKTUHOB YBEINYM-
BaJioCh Mpu BozneicTBuu [IM. OTH pe3ynbTaThl Jal0T
OCHOBaHHE IToJIaraTh, YTO B OTBET Ha BO3IeiiCTBUE
TM npoucxonut MogupuKanys IIeKTUHOBBIX OJIN-
MEpOB IIyTeM WX IeMETWIMPOBAHUS, TaK COmepXKa-
Hue kapookcmibHbIX Tpyni [1T'K Bo3pacTano, a Mac-
coBas goisg KC B moberax He M3MeHsIIach 110 OTHO-
IIeHUI0 K KoHTpoJito. Ob6padoTka pactenuit I'BJI u
I'KC Ha ¢poHe Bo3neiictBus [IM He npuBoamiIa K 13-
MEHEHUIO colepkaHns KapOooKcIbHBIX rpyrT ITT'K
B KC crebJieii, HO 3HaUMTEJIbLHO YBEINYMBAJIa COALP-
xkanwue 3tux rpynn B KC 1ucTbeB 1 COOTBETCTBEHHO,
Me-cBsa3piBaromnyo crrocooHocts KC, uro mpenor-
BpalllaeT U30BITOYHOE IOCTYIUIEHHWE B LIUTOILIA3My
KJIETOK 3TOTO OpraHa. OTU pe3y/IbTaThl IIOATBEPKAAIOT
MPUBEIEHHOE BBIIIIE IPENIIOIOXKEHNUE [26] 0 TOM, YTO
BCJIEZICTBUE HEOOJIBIIIOTO COMAEpKaHUSI KapOOKCUIIb-
Hbix Tpyrn [II'K B KC kopHeit suMeHsl, MOHbI MeTa-
JIOB IIOCTYIIAIOT B HAA3€MHYIO YacTh, IA¢ HaKaILIABa-
JOTCSI U UTHAKTUBHUPYIOTCS, B ToM uncie, u B KC.

Taxxe B oTamune ot KopHeit mpucyrctBue [1M B
cpelle He TPUBOIMIO K CHUKEHMIO MacChl TKaHei B
Haa3eMHBIX 4YacTsax pacTeHuii. OOpalmaeT Ha ceds
BHUMaHMe TOT (PakT, yTo obpadorka 'KC Ha done
IIM yBenmuuBaeT Maccy 1 cTeOeid, U IUCTheB. Takum
obpazomMm, npucyrctBue bP Ha ¢one o6padboTku 1M
OKa3bIBAJIO CYIIECTBEHHOE ITOJIOKUTEIbHOE BIMSHIE
KakK Ha Maccy KOpHeii, Tak 1 IT0Oeros.

Takum o6pa3oM, pe3ynbTaThl Halleil padoThI JAfOT
OCHOBaHMeE IoJIaraTh, YTo 00paboTKa OpPacCUHOCTEPO-
nIaMu (TOMOKACTaCTepPOHOM) MOXET IIPUBOIUTH K 13-
MEHEHUIO COMIeP>KaHUSI IIEKTUHOB, 1, COOTBETCTBEHHO,
MOoHOOOMeHHBIX cBolicTB KC 1 KopHeii, 1 moOeros,
KOTOpBIC ITO3BOJISIIOT CHU3UTh TOKCHUYECKOE Jeii-
crBue IIM Ha pacTeHus SIMEHS 3a CUET UX JICITOHM-
pOBaHUS B allOILIACTE COOTBETCTBYIOIIMX OPTaHOB.

ABTOpPBI BBIpaXkarT OiarogapHocTh B.A. Xpumagy
(MHcTuTyT OMoopranndyeckoir xumuu HaimoHanb-
HoIM akageMuu Hayk Pecnnyonuku benmapycs, MUHCK)
3a MpeaocTaBjieHre TpernaparoB OpacCUHOCTEPOUIOB,
a taxkxke JI.B. Komomeituyk u O.K. Mypran (Tomckuii
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B IPOBEAEHUU SKCIIEPUMEHTOB.
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