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HAKOIUIEHUME TSKEJIBIX METAJIZTOB B OPTAHAX 3EMJISSHUKHA
CAJOBOU B YCJIOBUAX TEXHOT'EHHOI'O 3AT'PA3HEHUA

O.A. BETPOBA, M.H. KY3HELIOB, E.B. JEOHUYEBA, C.M. MOTBIJIEBA,
M.E. MEPTBUIIIEBA

KpynHbie npoMbIUIeHHbIE IIAHTAINHE H YYACTKH CA/I0BO/IOB-TIOOUTEIEHl YACTO PACHOJIOKEHBI
B 30He BJIMSIHMSI TIPOMBIILIEHHbIX IIEHTPOB, /1€ BEJMK PUCK HAKOMJIEHHS TSDKEJbIX MeTAJLUIOB ((hOHOBbIE
noka3zaread no Cu, Zn u Pb moryr ObiThb npeBbimiensl B 4-55 pa3). B pactuteibHOM opraHuzme Ha
IPAaHUIAX <«KOPeHb—CTe0eNb», «CTe0eqb—IHUCT> U «CTe0elb—pPeNnpoayKTUBHbIE OPraHbl» CYLIECTBYIOT
¢uzunonornyeckue Oapbepbl, MPENATCTBYIOUMIME MOCTYILUIEHHI0 TOKCHKaHTOB B mioabl. B 2006-2008
rogax B MueHckom paiione OpJIOBCKOil 00/1aCTH B YCJOBHSX IMOJMIJIEMEHTHOTO TEXHOTEHHOTO 3arps3-
HEHHMs CBETJIO-Cepoii JIECHOIl MOYBbI HAMM M3YYEHO COIepKaHWe CBMHLA, HUKeNsA, IMHKA, Keje3a W
MelM B BEreTATHBHBIX OpraHax (KOpHH, KODHEBMIIA, YepellKH JMCTbhEB, JUCThS) M IJIOAAX Y YeTbIpex
COPTOB 3eMJISIHMKM canoBoii Fragaria X ananassa (Duchesne ex Weston): Pyounosblii Kyjaon, Mamou-
kKa, boumnnas u Borema. /s kaxnoro anemenTa HaOmoaam cnenuuyeckoe pacnpenesieHde B Opra-
HAaX pacTeHuil, 0COOEHHOCTH KOTOPOro 3aBHCENH OT (PU3HOJOTHYECKOro 3HAYEHHsI JJIEMEHTA, ero XUMH-
YeCKHUX CBOWCTB M TEXHOTEHHOil HArpy3ku. B To ke BpeMs ObLIM OTMeYeHbI CYLIECTBEHHbIE COPTOBbIE
pa3nmuus. Y coproB PyOuHoBblii KynoH, Mamouka W BbumMHHAs JucThsl coaepxkanu (oJiblie CBHHIA,
YeM KOPHH, YTO MOXKET OODBSCHATHCS JOMOJHUTENbHbIM (hOMAPHBIM MOTJIOLIEHUEM 3JIEMEHTA U3 ATMO-
ctepbl. Y copra Borema Ha0moaanoch nocTeneHHoe CHWXKEHHE AKKYMYJSIIMM CBUHIA B PNy KOPHH—
KOPHEBMIIA—JIMCThbSI—IUIONbI. 3aMeTHas (MKcauMsi HUKeJsA B KOPHSAX OTMEYeHA TOJIbKO y copra Ma-
MOYKA. Y OCTAJbHBIX COPTOB ILIO/BI CONEPKAIM NOCTOBEPHO 00JIblIe HUKEJS, YeM MOJ3eMHbIe OpTraHbl.
Pacnpenenenue MHKA M Kejie3a MO OpPraHam ObLIO 00YCJIOBJIEHO F€éHETHYECKMMH OCOOEHHOCTSIMH COp-
TOB 3eMJsiHUKHM. [IMHK He HAKAIUIMBAJICS B BEreTATHBHBIX OPraHax y coproB PyounoBblii KyJoH u Ma-
Mouka. B kopHsax y copra Borema u B KopHeBHmIax y copra BbuiHHASI, HANPOTHB, HAGMIOAAIACH BbICO-
Kasi aKKyMYJIsI|s 9Toro dyementa. Pacrenus copros PyouHoBblii Kynon, Mamouka u Borema conepxam
JKeJle30 MPeuMyLIeCTBEHHO B KOPHSIX M IUIONAX, cOPT BbUIMHHAS — B KOPHEBHMINAX M YepeliKax JIMCThEB.
Jna Pb — HCP A = 0,24; HCP B = 0,27; HCP AB = 0,53; ana Ni — HCP A = 0,04; HCP B = 0,05;
HCP AB = 0,10; anas Zn — HCP A = 0,24; HCP B = 0,27; HCP AB = 0,53; ana Fe — HCP
A = 0,79; HCP B = 0,89; HCP AB = 1,77; nasa Cu — HCP A = 0,47; HCP B = 0,52; HCP
AB = 1,05 (pakrop A — copra 3emusHuku; dakrop B — opransl pacrenus). CoproBbie pa3inyus B
HAKOIUICHMH TSKEJbIX METAJUIOB CBHIETEJbCTBYIOT O BO3MOMKHOCTH YMEHBLINTb 3KOJOTHYECKHii PUCK
3arpsi3HeHUs MUIOA0B 3eMJISIHUKH NP MOMOILM LieJIeHANPABJIEHHOTO M0ADOpa COPTOB.

Kawouessie cioBa: 3EeMJUIAHUKA, SATOTHBII arpoueHo3, TeXHOreHHOe 3arpA3HCHUE, TAXKeJble
MeTaJulbl.

B Poccum Ha KyabTypy 3eMisiHUKM Tipuxommtcs mo 70 % ot oOleit
TUIOLAAM SITOOHUKOB, YTO cocTamisieT mpumepHo 125 Teic. ra (1). ITnoabr 3eM-
JITHUKU CIyKaT AUETUYECKUM IPOAYKTOM M AOJKHBI ObITh 3KOJOTMYECKU Oe3-
ornacHel. B To Xe BpeMsl KpymHble MPOMBIILJIEHHbIE TUIAHTAMM U YJaCTKU ca-
JIOBOMOB-JTIOOMTENIE YacTO pACIOJIOXKEHBI B 30HE BIUSHUS IPOMBIIIICHHBIX
LIEHTPOB, IJI€ BEJUK PUCK HaKoIUleHUs Tskesabix MetauioB (TM) B mogax. Ilo
naHHbiM JI.A. M3epckoii ¢ coaBT. (2), B TMOYBE CaJg0BO-OTOPOIHBIX YYaCTKOB
¢onoBBIe OKa3arenu 1mo Cu, Zn u Pb MoryT OBITH IIpeBHILIEHH B 4-55 pas.

Conepxanue TM B pacTUTENbHON MPOAYKLMU OINPEAEIIeTCS KOMILIEK-
coM (hpakTOpOB, OCHOBHbBIEC U3 KOTOPBHIX — BUAOBBIC OCOOCHHOCTH pacTeHUit, hu-
3UOJIOTMYECKAsl 3HAUMMOCTb 3JIEMEHTOB U MX COAEpXKaHUE B OKpyXKalolleil cpeze.
Ilon BausHueM 3TUX (aKTOpoB (popMUpYETCsl XapaKTepHoe Ul BUAA pacrpene-
JIEHWE 3JIEMEHTOB IT0 OpraHaM U TKaHSIM.

B pactutesibHOM opraHuM3Me Ha TrpaHUMLaX <«KOPEeHb—CTeOeNb», «CTe-
Oeb—JINCT» U «CTeOeIb—PenpPONLYKTUBHbBIE OpPraHbl» CYIIECTBYIOT (PU3UOJOTU-
yeckue 0apbepbl, MPEMITCTBYIOLIME MOCTYIJIEHNIO TOKCUMKAHTOB B TJI0AbI (3-3).
BOdhEeKTUBHOCTh BHYTPEHHUX 0aphepoB B 3HAUMTEIbHON CTEMEHM OIpeaesisieT-
Cs TEHETUYECKMMU OCOOEHHOCTSIMM KYJIBTYp U COPTOB. B ycClIOBMSIX arporeHHO-
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ro 3arpsisHeHMs1 ouBbl TM geiicTBUe (PU3MOJOTMYECKUX OaphepoB Yy pa3HBIX
SITOMHBIX KYJBTYp HEOAMHAKOBO. TakK, Yy CMOPOIMHEI YepHOU B STOHAX ComepxKa-
Jgoch B 30-50 pa3 menbiie Pb, Ni, Zn u Cu, yeM B JIMCTbSIX; Y KPbIKOBHUMKA
KonuyecTBO TM B JIMCThAX MPEBBIIIATIO COOTBETCTBYIOIIMIA MMOKa3aTesb B IJIO-
nIax He 6ojee yeM B 15 pa3 (6).

CriocoOHOCTb pa3HbIX BUIAOB pacTeHUil momiowate TM U3 okpyxaro-
1Iei cpelbl 3aBUCUT HE TOJBKO OT I€HETMYECKUX OCOOEHHOCTEH, HO U OT HC-
TOYHMKA 3arps3HeHus. M3ydas peakumio KapTodesias Ha 3arpsA3HeHUEe ITOYBHI
BbIOpocaMu MeTajtyprudeckux npeanpusatuii, B.b. MubuH (7) oTMETHUN HMU3-
KYyIO CTeTICHb 3allIMIIEHHOCTH 3TOM KYJIBTYPHI MPH 3arpsI3HEHUN TSKEITBIMUA Me-
TajulaMu, 0OCOOCHHO KaamueM. Takke MMEITCsl AaHHbIe (§), UTO MPU BHECEHUU
B TIOYBY ocanmka cTouHBIX Bom (1600 T/ra), Korma comepxanue Cd mocturano 3
MK, Zn n Pb — 1,5 TIAK, KOIMYEeCTBO TSKENBIX META/UIOB B KIIYOHSIX Kap-
Todesist ObUIO CONMOCTAaBUMO ¢ KOHTpojieM. HeonnHakoBasi peakiidsl Ha 3arpsiz-
HeHue TM u3 pasHBIX UCTOYHMKOB OTMeUYeHa ISl sUMeHsl 1 miuneHuusl (9, 10).

IToctyruienue TM B pacTeHUsT 3eMJISIHUKM U3y4aloCh IIPEeUMYILIEeCTBEH-
HO B JJaOOpaTOPHBIX M BEreTAllMOHHBIX ONBITaX, rme (OHBI MO OTIEIBHBIM 3JIe-
MEHTaM B TTOYBE CO3IaBaJICh NCKYCCTBEHHO TIPW TTOMOIIM BHECEHMS JeTKOpac-
TBopuMbIX cojei (11, 12).

Llenbio Halelr paboThl OBLIO MCCIeNOBaHME OCOOEHHOCTEN HAKOTUICHUS
TSDKEJIbIX METAJJIOB B BEreTaTMBHBIX OpraHax M IIoJax 3eMJISTHUKU CaJoBOH B
YCJIOBUSIX PEIbHOTO TEXHOTEHHOTI'O 3arpsi3HEHUSI.

Memooduxa. MUKpOIOJEBON OIBIT MPOBOAWIN Ha 3eMJISTHUKE COPTOB
Py6unoBblii KynoH, Mamouka, beutnHHast u Borema B 2006-2008 romax. Iliot-
HocTb nocagku — 80%x20 cm. ITinomans aensgHku — 1,6 M2. TTOBTOPHOCTD OIbI-
Ta 6-KpaTHas. ATpOTeXHHMKA CTaHTAPTHAs UTS KYJIBTYpHI 3eMISTHUKHA (13).

VYuacrok, BbIOpaHHBIN JJI UCCeNOBaHWM, ObLT PaCcIiOIOXEeH Ha paccTosi-
HuM 1 KM OT KPYITHOTO OTBajia COJIEBBIX IIUIAKOB — OTXOMIOB TPEANPUITHS TI0
nepepaboTKe JoMa IBETHBIX MeTaaoB U criaaBoB (OpiioBckassi 00a., MueH-
ckuii p-H). [TouBa — cBemIO-cepas JieCHasT CYIIMHUCTAsI, XOPOIIO OKYJIbTypeHHas.
Conepxanne tymyca — 3,4 %, momBrXHOTO (pocopa M 0OMEHHOTO Kalhusl —
coorBeTcTBEHHO 34,3 1 49,9 Mr/100 r moussl, pHkcy 5,4, Hyyyp. 3,0 Mr-sks/100 r
nouBkl, EKO (eMKocTh KaTMOHHOTO 00MeHa) — 37,5 Mr-skB/100 r 1OYBBHI.

B 2007-2008 rogax omnpeaensiiu comepxkanue TM (Pb, Ni, Zn, Fe, Cu)
B KOpHSX, KOPHEBHUINAX, YepeIlKax JIUCTheB, JUCThIX M IUIOHAX 3eMIISTHUKU.
KonmmaecTBO TSIKEIBIX METAUIOB B PAaCTUTENBHBIX MPoOax M TMOABMKHBIX (popM
TM B nouse (B BoiTsKKe CH3COONH,, pH 4,8) ouieHMBaIu METOIOM BBICOKO-
a¢ddexkTnBHON XUAKOCTHOM Xpomatorpadum (MYK 4.1.053-96; XKuokocCTHBII
MUKPOKOJIOHOUHBIN xpomartorpad Mwummuxpom, HITAO «Hayuynpubop», Poc-
cust), BayioBoe coaepxaHue TM — peHTreHo(JIyopeCleHTHBIM METOAOM (CHeK-
tpomeTp CnekrpockaHn MAKC-G, HITO «Cmekrpon», Poccus). Arpoxummnde-
CKHYe MoKa3aTeJu IMOYBbI OIpeAessuii Mo CcTaHAAapTHbIM Metoaukam: pHygcp —
noreHuoMmerpuyeck (FTOCT 26483-85); comepxaHue MoaBIKHOTO docdopa u
OOMEHHOTO Kajiusl B MIOYBEHHBIX BHITSDKKAaXx — mo YupukoBy (FOCT 26204-84);
rymyca — no Tropuny (I'OCT 26213-84).

JanHple 0o0pabaThiBaIi METOIOM IBYX(PAaKTOPHOIO IUCIIEPCHUOHHOTIO
aHanusa c¢ ucrnojb3oBaHuem mporpammbl TVA ('HY BHUUCIIK) u makera
Microsoft Excel.

Pesyasvmamer. ConepxaHue TSKENbIX METAJIOB B MOYBE OMNBITHOIO yya-
CTKa B CpaBHEHUU (POHOBHIM YPOBHEM M CAHUTAPHBIMM HOPMaTHUBaAMM OBLIO
MOBBILLIEHHBIM (TabJ1.).

B uccnenoBanusix 1995-2000 ronoB otMeueHo mipeBbilieHUe TTK Tsoxe-
JIBIX METAJIJIOB B TI0JaX SIOJOHU Ha paccTosiHuU 2-3 KM OT 1utakootsania (17).
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Ilroaer 3eMIITHUKM BCEX M3YYaeMbIX COPTOB, BBIPAIICHHBIC B YCIOBUSX
TEXHOTEHHOTO 3arpsi3HEHMS, COACPKAIN TSDKEIble MeTaUThl B KOJMYECTBAX, He
MPEBBIIIABIINX TIPUHATEIC B HACTOSIIIEe BpPeMS TUTMEHWYECKHE HOPMATHUBHI.
OnHako COMOCTaBJCHUE MOJYYEHHBIX AAHHBIX CO CPEAHUMU (POHOBBIMU MOKA-
3aTeJISIMUA I 3TOM KyJabTypbl (18) CBUIETENBCTBOBAIO O BIAMSHMM Ha MUHE-
paJibHBIM COCTAaB BHEIIHUX TEXHOTEHHBIX (DaKTOPOB: HOJISI OMOTEHHBIX 2JIEMEH-
toB (Fe, Cu) ymMeHblumaach B 2-4 pa3za, B cOCTaBe ILJIOAOB MOSIBUIUCH TOKCUY-
Hble 31eMeHTbl — Pb u Ni (puc. 1).

CopaepkaHue TsDKeJIbIX META/LUIOB (MT/KT) B MOYBE ONMBITHOrO yyactka (OpiioBckasi
0011., MueHckuii p-H, 2006-2008 roxbr)

TMokasaTels [ Pb | Ni | Zn | Cu
Banosoe conepxanue (Xtx) 29,1+0,78 39,3+0,87 65,8+1,69 69,0£2,53
PernonanbHO-(OHOBOE BaJIOBOE
conepxanue (14) 12,7 15,0 13,4 12,3
OOKa, (15) 65,0 40,0 110,0 66,0
ConepxaHue TOABUXHBIX (GopM (XEx) 0,45+0,07 0,96+0,08 4,77£0,54 1,5+0,09
NOK o, (16) 6,0 4,0 23,0 3,0

Mpumeuanune OdKg, u IJK; o — COOTBETCTBEHHO OPMEHTHMPOBOYHO JOMYCTHMMBbIE KOHLEHTPALUK
TSDKEJIBIX METAUIOB B MOYBax (BaloBOE COAEPXKAHME) UM IMPEAENbHO-AOMYCTMMbIE KOHLEHTPALMKU IMOABHXKHBIX
(opM TsKeIbIX METAJIOB B MOYBAX.

A b
Pb Ni Pb
) Cu 09

Zn
11 % 21 %

Puc. 1. CooTHomeHne MHUKPO3JIEMEHTOB B ILI0OAAX
3eMJISHAKH copToB PyOuHOBBIi KyJnoH (A), Bbi-
sunnasa (B), Mamouka (B), Borema (I'), BbIpa-
HIEHHO B YCJOBUAX TEXHOTEHHOTO 3arpsi3HeHHs
(OpsoBckast 00;1., MueHckuit p-H, 2006-2008
ronel). Ha otnenvHoit nuarpamme (/1) mpuene-
HbI cpenHue (OHOBBIE TOKa3aTeau ISl TUIOJOB
3emsisiHUKHA (18).

Hesricokoe conepxxanue TM B

IUIOaX MOXKET OBITH CIeACTBUEM 3(-

(bexTBHOI pabOTHl (UBMOIIOTMYECKUX OaphepoB B pacTeHUW. g Kaxkmoro

MeTajla Mbl OTMeYalli XapaKTepHble OCOOEHHOCTH pacrpeieieHus 1o opraHaMm,

KOTOpBIE 3aBUCEIN OT (DM3MOJOTUUYECKOM 3HAYMMOCTU 3JIEMEHTA, €ro XMMUYe-

CKHX CBOMCTB U TEXHOTEHHON HArpy3ku. B To ke BpeMs HaOMIOMaINUCh CYIIECT-
BEHHbIE COPTOBbIE pa3nuuusl (puc. 2).

B Bereranmmonnbix ombitax b.K. Humy (12) 80-95 % cBuHIA, MOMIO-
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LIEHHOTO 3eMJISTHUKOM, aKKyMYJIMPOBAJOCh B MHOIOJIETHMX OopraHax. B Haimx
HCCIEIOBaHUSAX Ha (DOHE HEBBICOKOIO COACPXKAHMS MOABMXKHBLIX (DOPM MeTaia
B TIOYBE IIOCTETICHHOE CHIDKCHME HAKOIUIEHMSI CBMHIIA B PsIy KOPHU—KOP-
HeBUIIIa—JIMCThsI—IUIOAB HAOII0MAIoCh TOJIBKO Y copTta borema. ¥ coproB Py-
OMHOBBIN KyJ0H, Mamouka 1 BrlmmHHAas HauMMeHbIllee KoJMdecTBO Pb otmedanmn
B KOpDHEBUIIAX, a JIMCThSI COIepKaay OOJIbIe MeTajlla, YeM KOPHHU, YTO MOXET
OOBSICHATHCST TOTOTHUTEIbHBIM (DOIMAapHBIM ITonIolIeHneM Pb 13 atMocdephl.

Pb Ni
141 0,251
1.21 S 0,20
1,04 N N
N N
0,81 N N 0,151
6 T N §
0.64 N N
afls N N
0,44 N N
‘ \ N | [N
< [Nl N R e
MBI MEE SINE NIEE MBS Y
1 2 3 4 5
4.07 Zn
3,57

3.04
2,54

2,04
1,51

1,04

4

2 3
OpraH pacTeHns

C(!HCDX{IJ'I.I{C‘ \{]/K.I CYXOro BelIECTBa

Puc. 2. Conepxkanne MHKDPOIJEMEHTOB B KOPHAX
3.07 (1), KoneBumax (2), yepemkax JuctbeB (3), Ju-
cThsAX (4) ¥ miaonax (5) 3eMJISHUKH Cag0BOM: a —
2,5 copt Py6rHOBBI KysioH, 6 — copr MaMouka, B —
copt BeutnHHasi, r — copt borema (OpnoBckas
00u1., MueHnckuii p-H, 2007-2008 romsr).

N
S

\

§ daktop A — copTa 3eMJSIHMKU; ¢aktop B —
s opraHbl paCTCHUA.

\ Pb: HCP A = 0,24; HCP B = 0,27; HCP AB = 0,53.
Q Ni: HCP A = 0,04; HCP B = 0,05; HCP AB = 0,10.
N I Zn: HCP A = 0,24; HCP B = 0,27; HCP AB = 0,53.
Fe: HCP A =0,79; HCP B = 0,89; HCP AB = 1,77.
Opran pacrers Cu: HCP A = 0,47; HCP B = 0,52; HCP AB = 1,05.

=
AT LTI TTLS

Huxens Obu1 pacnpenesieH B pacTeHusx 6ojiee paBHoMepHO. Ero Bajo-
BO€ cojJiepXXaHUE B TOYBE MpakTUYecku cooTBeTCTBOBaIO OIKg,,, Mpu 3TOM
3aMeTHasi (pukcaumsi Ni B KOpHSIX HaOJojagach TOJbKO y copra Mamouka. Y
OCTJIbHBIX COPTOB IIOABI COAEPKAIU NOCTOBEpHO Oojiblie Ni, yeM Moa3eMHbIe
opranbl. Hamm pesyiabTaThl cOriacyloTcsl ¢ AaHHBIMU McciemoBaresieit, coob-
LIABIIMX, YTO MPU KOPHEBOM MOIJIOIIEHUM OoJblas yacTb Ni He JIoOKaau3yeTcs
B aroruiacte, a MPOHMKAET BHYTpb KJeTok (19). B pesynbTaTe TpaHcmopTa IO
CHUMILIACTy HUKEJb CJIab0 yaepXKMBaeTcsl SHIOAEPMOI, CBOOOTHO MPOHUKAET B
MPOBOASILINE TKAHU KOPHS M TPAHCIIOPTUPYETCS B Apyrue opraHel. B ycioBusix
TEXHOTEHHOTrO 3arpsi3HeHUs1 Oosiee BbICOKOE coaepxkaHue Ni B HaA3eMHBIX Op-
raHax y pacTeHUii 3eMJISTHUKM 1O CPaBHEHUIO C KOPHEBUILIAMU U KOPHSIMU MO-
KET TakKKe OOBSICHATHCS MIPUTOKOM MeTajlia U3 aTMochephl.
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Kak m B ciyyae ¢ HHMKeJIeM, B BEereTaTMBHEIX OpraHax y COpTOB Py-
OMHOBBIN KyJIOH 1 MaMouKa MBI He BEISBIUIM HAaKOIUICHUs LWHKA. [11oaer B
YCJOBMSIX HAlIEro omnbiTa comepxaiu B 4-20 pa3 6ojbliie 3TOro MeTajljaa, 4yeM
JIUCThSI, KOPHEBUIIIA U KOPHU. B TO Xe Bpems HaOII04an0Ch HaKoOIJIeHue Zn
B KOpHSX Yy copTta boreMa u B kopHeBuIax y copta beuinHHas. B pesyibra-
Te coiaepXaHue Zn B IUIogax y copToB bruimHHas u borema ObL10 mOCTO-
BepHO (B 2 pa3a) HUXE, UeM Yy COpPTOB, He (PUKCHUPOBABIIUX 3JIEMEHT B Bere-
TaTUBHBIX OpraHax.

IInoabl y Bcex M3YYEHHBIX COPTOB COAEpKalu OOJblle Keje3a, 4YeM
JIUCTBSI, a JIUCThSI — MEHbIIE, YeM NPpyrue BereratuBHbie opranbl. Copra Py-
OMHOBBIK KyJa0H, MamMouka u borema HakamiuBaiu Fe mperMMylleCTBEHHO B
KOpHSX M TIomax, copT BBUIMHHAsS XapaKTepH30BaJicsl IOBBIIIEHHON aKKy-
MyJisiliMeid MeTajljla B KOpHeBMIIAX M yepellkax JUcTheB. JlocTOBEpHBIE COp-
TOBBIC pa3auums (CM. puc. 2) B HaKOIUICHMH Fe pa3sHBIMU opraHaMM CBUIE-
TEJbCTBYIOT, UYTO IIOCTYIUIEHUWE 3JI€MEHTa OMNpPEeesiioCh MPEeUMYILECTBEHHO
MOTPEOHOCTBIO CAMUX PACTEHUI 3eMJISTHUKM.

BuoreHHbIi 37eMEHT Melb B YCIOBHUSX HAlllETO OMbITa ObUI MPUOPUTET-
HBIM 3arps3HuteseM (comepxkaHue B nmouse Bolle OJIK;,, ). Pacnipenenenue Cu
110 OpraHaM OKa3aJoCh CXOXHUM C pacIipefeieHNeM CBUHIIA: BHICOKAs aKKyMYy-
JISIIMST BJIeMeHTa Ha0JI01ajJach B KOPHIX M B UepelllKax JHUCTheB, MUHUMAIIb-
Hagd — B IUIOAAaX M KOpHEBWIaX. Takoe CXOACTBO MOXHO OOBSICHHTH TEM, UTO
MeIb KaK 3arps3HUTETb YAePKUBACTCS OapbepHBIMH TKAHAMU — SHIOACPMOI
KopHeit u mosicom Kacmapu. Kpome Toro, Menb M CBUHEL MMEIOT BBICOKOE
CPOJCTBO K KOMIIOHEHTaM KOPHEBOW CIM3U M KJIETOYHBIX CTEHOK IMPOBOMSIIMX
TKaHeil. M3BeCTHO, YTO IO YCTOMYMBOCTM CBsI3eil, 00pa3yeMbIX C KJIETOUHOM
CTEHKOW, NBYXBaJEHTHbIE KaTMOHBI METAJJIOB MUKPOIJIEMEHTOB pacIiojaralorcs
B pany Cu?t > Zn2* > Mn2* (20).

B TO Xe BpeMs MTUCThS Y BCeX M3YUYEHHBIX COPTOB 3eMJISTHUKU COAepKa-
JIA TOCTOBEPHO MCHBIIIE MEIW, 9YeM KOpHH. MOKHO IpEeAToNIOKUTh, YTO KOP-
HEBOE MOTJIOLIEHNE 3TOr0 3JeMeHTa B YCJIOBUSIX OIbITa Mpeobiaaano Haa (o-
ymapHbIM. Kpome TOrO, 3(EeKTUBHO ACUCTBOBAI (DU3MOJIOTUUECKUIT Oaphep,
MPEeNsITCTBYIOIIMIA U3TUIIHEMY MOCTYIUIEHUIO MEIY B HaJ3eMHbIE OpPTaHbI.

Takum o6pa3oM, B YCIOBUSX PEaJbHOTO IOJUDAEMEHTHOIO TEeXHOTeH-
HOTO 3arpsi3HEHMST Ha IpUMepe YeThbIpeX COPTOB 3EMJISTHUKU Mbl BBISIBUWIM -
¢exTuBHOE neiicTBUE (HU3MOJOrNUEeCKUX OaphepOB B OTHOLIEHMM CBUHIIA U Me-
IU U claboe — B OTHOIICHUU HUKeNd. [Ipu aToM pacripenesieHue IMHKA 1 Ke-
Jiesa 0 opraHaM pacTeHMi ObLIO OOYCIOBJIEHO MPEUMYIIECTBEHHO TeHeTHYe-
CKMMU OCOOEHHOCTSIMU cOPTOB. CyllleCTBEHHbIE COPTOBBIE pa3iMyusl B HAKOII-
JIGHUW TSDKEbIX METAJIOB CBUIETENbCTBYIOT O BO3MOXKHOCTH YMEHBIICHUS
9KOJIOTMYECKOTO PUCKA 3arpsi3HEHUSI TJI0J0B 3eMJISIHUKY MOCPEACTBOM lieJeHa-
MpaBJIeHHOTO oAdOpa COPTOB.
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Abstract

In case the large strawberry plantations and the plots of amateur gardeners are located in
the areas, influenced by industrial centers, the risk of soil and air pollution with heavy metals is high,
and the background values of Cu, Zn and Pb, for instance, can be 4-55 times increased. In plant
there are physiological barriers between the root and the stem, the stem and the leaf, and the stem
and reproductive organs, which prevent penetration of the toxicants into fruits. During 2006-2008 we
evaluated the accumulation of Pb, Ni, Zn, Fe, and Cu in roots, rhizomes, petioles, leaves and fruits
in four strawberry Fragaria X ananassa (Duchesne ex Weston) varieties, grown on the light gray for-
est soil under multielement anthropogenic pollution in Orlovskaya Province. The accumulation of
each element was shown to be specific, depending on its physiological effect and chemical proper-
ties, and on the anthropogenic load. Significant differences among the varieties were also observed.
In Rubinovii kulon, Mamochka, and Bylinnaya varieties the Pb content in leaves was higher than in
the roots, probably due to extra foliar absorption from air. In Bogema variety the Pb accumulation
gradually decreased from the roots to rhizomes, then to leaves and finally to fruits. Considerable Ni
content in the roots was indicated only in Mamochka variety. In other tested varieties the Ni accu-
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mulation in fruits was significantly higher than in the underground organs. Zn and Fe distribution
among strawberry plant organs was specified by the varietal genetic features. Zn was not accumulated
in the vegetative organs of Rubinovii kulon and Mamochka plants. Conversely, the high accumula-
tion of Zn was found in the roots of Bogema plants and in the rhizomes of Bylinnaya plants. In
Rubinovii kulon, Mamochka and Bogema plants the Fe accumulation was mainly detected in the
roots and in the berries, whereas in Bylinnaya plants this element was mainly concentrated in the
rhizomes and petioles. The least significant difference for factor A (strawberry varieties), factor B (plant
organs) and their combination (AB) makes for Pb 0.24, 0.27, and 0.53, respectively; for Ni — 0.04,
0.05, and 0.10, respectively; for Zn — 0.24, 0.27, and 0.53, respectively; for Fe — 0.79, 0.89, and
1.77, respectively; for Cu — 0.47, 0.52, and 1.05, respectively. An unequal accumulation of toxicants
among the varieties, which were not bred with a view to low heavy metal penetration under soil and
air pollution, shows that the ecological risk of the heavy metal accumulation in fruits could be de-
creased by purposeful choosing varieties for cultivation with respect to their physiological features.

Keywords: strawberry, berry agrocoenosis, technogenic pollution, heavy metals.
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