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PEAKIIIT POCJIMH KOHIOIIIMHA
! HA 3ABPYTHEHHSA IPYHTY COJISIMA ITHHKY
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BuBueHO BILIHB iOHIB LIHHKY HA picT, Macy Ta cTaH nirmeHTHOT cuctemH anctkis Trifolium pratense L.
Po3suTok KopeneBol cHcieMH npopocTkiB Gilibme npurHivyeTses, Hisk Ham3eMHOI YACTHHH. 3a mepeBH-
wenns MK y 10 pasis nuioma JHCTKIB 3MeHIIYBANACH NOPIBHAHO 3 KOHTpoaeM Ha 65-70 %. 3’scoBaHo
3aKOHOMipHOCTI aKymyasuil Ta po3noAiny UHHKY B opraHax KoHiownnu. IpH 36i1beHHi KoHueHTpauil
e1eMeHTa Y IpYHTi Horo KOHHEHTPALlif B POCIHHI 3pocTac A0 neBHOT MexXi, a NPH HH3LKHX KOHLUEHTpauisix
3pocrac niniitno. Ipn konuenTpauil uunky y rpyni (1, 5, 10 MIK) BMicT NOIOTAHTA B KOPEHSIX 3pOCTAE B
2, 3, y Haazemnilt 4acTuni— B 1,5-2,0 pasa.
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>
PEAKIIMY PACTEHMI KJIEBEPA ! .
HA 3AI'PSI3HEHME ITOYBBI COJISIMA ITMTHKA :

4

H3y4eno BAHAHHE MOHOB LUMHKA HA POCT, MACCY M COCTOSIHHE MHIMEHTHOH CHCTEMbl JIHCTLEB ¢ H
Trifolium pratense L. PasBnTHe KOpHeBOH CHCTeMBI NpopocTKoB Goabiue nogaBasieTcs, 4eM HanzemHoH ;
yacty. lIpu npesbnuennn MK B 10 pa3 nuioiaab MHCThEB yMEHLIIANACh IO CPABHEHHIO € KOHTPOJIEM Ha } «
65-70 %. BpisicHeHB!I 3aKOHOMEPHOCTH AKKYMY/SIUHH M pacnpeleieHusl UHHKAa B OpraHax Kiesepa. ? ! F
Ilpn yse1HYeHHH KOHUEHTPALHH J1eMEHTa B N04YBe KOHLEHTPAUMS B PACTEHHH BLIPACTAET J0 ONpeaeteH- v »

. 'HOro mpejena, a NPpH HH3KHX KOHLEHTPAUHAX pacTeT auHeiHo. IIpH KoHUeHTpauuH uHHKa B no4se (1, 5, ) L

10 MJIK) cofiepsaHie NOANIOTAHTA B KOPHAX YBelnyuBaeTcs B 2, 3, B Haa3eMHOH yacTi — 8 1,5-2 pasa.
H. M. Denchilja-Sakal, V. 1. Nikolaychuk, A. V. Kolesnik, M. M. Vakerich
Uzhgorod National University

REACTIONS OF CLOVER PLANTS
TO SOIL CONTAMINATION WITH ZINC SALTS i

It is studied the influence of zinc ions on growth, weight, and pigment system state of leaves of
Trifolium pratense L. It is revealed that the root development of seedlings is suppressed more than above- 1
ground parts. It is shown that under tenfold excess of MAC the leaves area decreased by 65-70 %in 1
comparison with the control. It is ascertained the regularities of accumulation and distribution of zinc in the
clover organs. It was found that with increasing concentration of the element in soil, its concentration in the

plant grows to a certain extent, but under low concentrations it increases linearly. Thus, the concentration of v

zinc in soil (1, 5, 10 MAC) its content in the roots increases 2, 3, and in the above-ground parts —1.5-2 times. . [
Beryn ‘ :

ToripineHHs exo/I0riYHOl CHTYaLi — OfHa 3 HAHBAKIMBINIMX pobneM, 110 3yMOBIIOE 1 :
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BHKKHX METaliB fK HaitHeGesnedHilmx 3a6pyamiosauis [13]. Bucokuit piBeHb ix Hamxo-
JDKEHHS CIPHYMHSAE iCTOTHI NOPYLIEHHA onHy PEYOBMH Ta MPHIHIYEHHA POCTOBHX npote-
CiB, 11O BHIUTHKAE 3HIDKEHHS TIPORyKTHBHOCTI pociH [15]. Cepen BemMkoi KibKOCTI pevio-
BHH, IO TIOTPAIUISIOT 10 HABKO/HIIHBOIO CepelioBHLIA, OCOOTHBE MiCLIe MOCIAIOTh BAXKKI
merad. HalimonmpeHiwe IoKepeso 3a6py1memu ABTOTPAHCIIOPT, BUXJIONHI rasH AKOro
[A0Th OCHOBHY Macy CBHHLIO, kaaMito, Miji, LiuHKy [1; 8].

Xo9a IeAKi 3 BaXIKHX METANIB Y HH3bKHX KOHLEHTPALSX — XKHTTEBO BAXUTHBI KOMIIO-
HEHTH pocm«umox KTITHHH, HEOOXi/Hi [T IMPOXOKeHHs mpowecis MeTaboiiamy, y BHCOKHX
KOHLIEHTpALISX BOHM CIIPHUMHIOOTH 6arato ¢izionoriyxux Ta GioxiMiyHKX nopymeHs. ITpo-
T€ B KOHKPETHMX YMOBAX POC/IMHH MOXYTh [POABIATH NEBHY PE3HCTEHTHICTH i afamTHB-
HICTB 10 Aii NomoTaHTiB [6]. AfanTanis pocMH 10 TOKCHYHOTO BIUIMBY 3a6pyaHioBaviB
MOMUTHBA JTUIIE Y By3bKOMY Jliana3oHi KOHLeHTpauiii i B yMOBaX 30BHILIHEOIO CepeoBHILa,
KOJTH IIPUpONHI dhakTopy He CTBOPIOKOTD JOZIATKOBHX CTPECOBHX cuTyauii [11].

TOKCHYHHMMH, 3aN1EXHO BiJ PAHMYHHX KOHLEHTpauid, MoxyTs 6yTH 6ynp-aKi pedo-
BHHH, Y TOMY YHCII i HTTEBO HeoOXinHi. Tak, Milb Ta IMHK HAJIEXKATH A0 MiKPOE/IEMEHTIB,
OZIHAK MABMILEHHA iX KOHLIEHTpAL(ii y KIiTHHI 3yMOBJIIOE MeHepallilo OKCHIAHTHOIO CTPeCcy
[16]. BMicT nirMeHTiB Ta iX CTAH BH3HAYAIOTH PO3BMTOK i AKTHBHICTE (POTOCHHTETHYHOIO
anapary, a TAKOX MPOXYKTHBHICTD, XKUTTE3AATHICTS i CTiHKICTs pociuH [2; 7; 9].

Mera ui€i po60oTH — OLHHTH piCT, PO3BHUTOK, CTaH MIrMEHTHOI CHCTEMH Ta aKyMy-
NAL{IO MHKY B OPraHax POCJIMH 32 YMOB 3a0pyqHEHHs CepeIOBHILA BAXXKHMH METAIaMH.

Marepian i meToan gocixKeHb

O6’eKT HalIMX AOCHIMKeHb — KoHIomMHa JiyuHa (Trifolium pratense L., Fabaceae) co-
pty Crapra. Bubip six TecT-06’€kTa caMe L€l KyIbTypH 3yMOB/IEHHH, Hacammnepes, ii LuHpo-
KMM CiIbCHKOrOCMOAapChbKMM BHKOpHCTaHHAM. KOHIOmMHA TyyHa — GaraTopiuHa KOpMOBa
kyneTypa. KopeHeBa cucreMa cTprdkHeBa, Jo0pe po3BHHEHa, yxe posramyxeHa. JlncTiu
ckianHi, Tpitfuacti, yepemkosi. CyuBitrs — Kynsacti abo OBaIbHI roNiBkH: 2—6 Ha OTHOMY
crebni, Bix 10-15 mo 80-100 i Gimsine Ha oawiit pocmuni. KeiTku Mami, cuasui, 3 yeproHo-

" dionerosum BiHoukoM. KoxkHa KBiTKa Mae yamieyky 3 m°STbMa 4allOJHCTHKAMH, BIHOYOK i3
I’ATEMA MEIOCTKAMH, MaToyky Ta 10 TiumHok. I[hnia — ogHOHaciHHMM, piIko ABOHACIHHMIA
616. Hacinus apiGHe, BUIOBKEHO-OKPYTIIOi HOPMH, %OBTE, dioneToBe M cTpokare.

V npupoasux ymoBax BoraHiyHOro cagy Y ropoAckkoro HaUiOHaIBHOTO YHiBEpCH-
Tery 3aKJaZieHO cepilo eKCIIEpHMEHTIB. Y MOAENbHI AUIMHKH BHOCHIH COJli LIMHKY B TaKHX
koHueHTpauiax: 1, 5, 10 MJIK, mwo y nepepaxyHky Ha enemeHTt craHowio 300, 1 500, ta
3 000 mr/kr rpyHTy. KoHTpOnem ctyryBany poc;IMHH, BUPOIIEH Ha IPyHTi 6e3 yHeceHHs conei
1MHKY. [Ipu Binbopi BapiaHTIB eKCHEPUMEHTY KOPHCTYBATHCHA TaOMHMUAMH MaKCHMAaIbHO
JOITCTHMMX PiBHIB BMiCTY BaX{KMX METANB Y IPYHTax i pocimHHiMH npoxykuii (tabs. 1) [14].

Tabnuya 1
MakcHMaNbLHO IOMyCTHMI PiBHI BMICTY BaXXKHMX METAJIIB y IpyHTax i pocyiMHHiH npogykuii [13]

B e

. v
——

. Bor =

Merin MJIK, Mr/r MJIK BanoBoro BMicTy B POCIMHHIH npoxyxutii,
? MI/KT CYX0i pe4OBHHH

LinHk 300 <10

Mins 100 <035

Xpom 100 <03

PryTh 2 <0,02

Kanwmi 3 <0,003

CauHelb 32 <0,3
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BumipioBaid GiOMETpHHHI napameTpd NPOPOCTKIB, IUIONYY IJIMCTKOBOI MOBEpXHi,
OTPHUMaHi pe3y/bTaTd 0OpOOIIH CTaTMCTHYHO. BMiCT MeTaniB BH3HaYalH aTOMHO- 'y
abcopbuitiHum MeTosom Ha cnekrpodoromerpi C115MI1 y nponan-GyraHopoMy nosmym’i 3 N
BHKOPHCTAHHSAM AeUTEPiEBOro KOpeKTopa HeceleKTHBHO1 abcopbuii [10]. '

- v

-

PesyansTaTh Ta ix 06ropopeHss
Picr — omuH i3 HalBXIMBIUMX napaMerpis, fAKi XapaKTepU3YIOTh BiINOBIAHY

peaKwilo POC/IMH Ha crpec. JIOmiGiHa MPOPOCTKIB 3aIeXHTh Bif BMICTY Y IPYHTI Cynbgary
umHKy (puc. 1). Ha ninsukax, e gocmimiyBaHy CiUlb BHOCHIH B KOHLIEHTpAUISX, IO He re-

pesrunysamd | MIK, posmips pocnud GyaM GUIBIUMMH, HDK y KOHTpOJI, OJHaK 3a

-y =

R

1
xoHUeHTpauii 5 MJIK cnocrepirany 3HayHe NPHIHiYeHHs JiHiHOIO poCTy NMPOPOCTKIB KO- < ]
HIOWMHH. 32 yMOB yHeceHHs 10 MJIK mpopocTky 3°SB/SUTHCA 3i 3HAYHHM 3alli3HEHHAM Y ¥ { {
CTPOKaX MPOPOCTaHHS; GyNH CabKilMH, MEHIIMMH 33 PO3MipaMH, a Yepe3 NeBHuUiA Mepion , 4
30BCiM MPHMITHHAUIH CBiif picT. b H

¥ P
Tabauya 2 : -‘
BruiMe cysibaTy LMHKY Ha pocToBi moxasHsxu npopoctkiB Trifolium pratense L. ; :
Bapi ; M - nowa nucTkoBoi %
emn:p;a:;r JloBXHHa IPOPOCTKiB, CM aca npopocTKiB, M moBepXiii, oM
G M Cw % M v, % M Cv, % cy
10 MK 6,9 31,3 156,2 7,1 0,24 214 . : ’
5 MAK 18,9 18,1 198,5 6,6 0,47 28,3 i ;
1 MIK 20,6 13,1 273,7 58 0,63 16,9 i .
Kontposs 15,6 24,8 212,1 6,3 0,72 12,8 y ;
N :
25 : t
.; 20 ‘ :
: 15 i b
& ? }
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g 10 | ‘.
% s 5
= ST ) .
10MIK 5 MAIK IMIIK KoRTpOMS , )
KonneHrpauis cipIaBnoKHC/I0ro HHHKY = }
y a
Puc. 1. Tosxuna npopoctkis Trifolium pratense L. (cm) 3a pisunx KonuenTpauii ZnS0O, 7H,0 ; 4
Maca okpemoro oprana a6o BCi€i pocaMHH — iHTErpaIbHHH MOKa3HHK POCTOBHX MpO- ,' :‘
1eciB 3a Pi3HHX YMOB HaBKOJMIUHBOIO CEPENOBHILA. BHXOAAYH 3 LBOro BM3HAYAIM Macy :
IPOPOCTKIB, BUPOLLIEHHX 32 Pi3HO Kormem‘pa.ui'l' cynbdary IHMHKY. Orplma.ui PE3YIIBTATH B ' '
3arabHHX PUCaX BUSRIUTH Ty CaMy TeHJEHLO, IO i y NepioMy BapiaHTi eKCIIEPHMEHTY. ?
3 oTpHMaHMX pe3yNbTaTiB BHAHO (pUC. 2), MO Maca BapiiOBana Mif BIUIMBOM Pi3HMX '
KOHLIEHTpaLIi# CIpYaHOKHC/IOro LIMHKY. -
Cepene 3Ha4eHHA Mack NPOPOCTKIB, BUPOILEHHX 32 aii 1 MJIK cynegaty umHKy, 6y- ? i ?l
JI0 JielO BHILMM, HDK Yy KOHTPOIBHOMY HOCHiAi (BHpOIIyBaHHA Ha MAWCTWILOBaHIA BOAi). . g
3a Beix iHIMX BHNPOOYBaHKX Y Aockini koHueHTpauii (1-10 MJIK) Maca npopoctkis 6yna
!
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“wio, HDK y kontpomi Ta 3a mii 1 MIK. Onepxani maHi — cBimueHHs Toro, mwo
sit1eHHs KOHUEHTpaLUil CynbaTy UMHKY CHPUYMHSE iCTOTHE ralbMYBAaHHS He TUTBKH
", OI'0 POCTY, @ H POCTOBHX MPOLIECIB Y LILTOMY.

300 ;

N
W
o

N
[=4
o

Maca npopocrtkis, M
@
[=]

10MIOK 5 MK IMIOK KOHTPOJIb
KoHueHTpanis cip4aHoKHCJI0r0 UHHKY

Puc. 2. Maca npopoctkiB Trifolium pratense L. (Mr),
BHPOIIEHMX 32 Pi3HUX KoHUeHTpauiii ZnSO, 7H;0

BasloMBHIA TIOKA3HUK, KM XapaKTepusye aCHMUILIAHMI anapaT pOC/IHH, — PO3MIPH

JIMCTKIB Ta iX Iuioma. B ycix BapiaHTax eKCTIEPHMEHTY BHSRBIEHO JIiHikHy 3a/IeHICTB: 31 3p0-
CTAHHSM KOHLEHTpAL{i METATY Y IPYHTI IUIOLIA JIMCTKOBHX TUIACTHHOK 3MEHIUYETBCA (puc. 3).

0,8

0,7

0,6

0,5

0,4

0,3

0,2 4

ILtoma THCTKOBOT MOBEPXHI, MM KB.

10MOK SMIK IMIK KOHTPOJIb

Kounuenrpanin cipianoxacioro naHKy

Puc. 3. 3mina wiomi aHcTKoBoT noBepxHi Trifolium pratense L.
3aJI€3KHO Bill piBHA 3a0pyAHeHHS IPYHTY COJIAMH HHHKY

3a nepesrenss MK y 10 pasis ruioma JINCTKIB 3MEHIITYBajacs NOPiBHSIHO 3 KOH-
Tposem Ha 65-70 %. Hespaskatoun Ha YiTKO BHPKEHHH JO303aJIEKHNH eeKT MPH OHO- Ta
I’ sTAKpaTHOMy nepesrutensi MJIK, peakuii pocuH Ha cTpec BiAPI3HSUTHCA 3AJIEXHO Bill
THIy nojmoTaHTa. IIpH JecaTHKpaTHOMY TIEpEBUIICHHI JOMyCTHMHX DiBHIB 3a0pyZHEHb
CTpec-peakiis 3yMOB/IOBaJla 3MCHIICHHSA roroni JmeTkie g0 0,24 Mm’. I3 niTeparypHux Ja-
HMX BiZIOMO, HIO NPH BUBYEHHi PAMy CLIBCHKOrOCTIONAPCHKHX POCIHH (ropoxy, KYKypyAasH,
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COHAIUHHKA, SYMEHIO) CrocTepiranacs u4iTko BHpaXeHa BHAOBa creumdika peaxuii
acHMULALIMHOrO anapary 1pu HaJUTHIIIKY LMHKY [5].

Ha,zmnpm KOHUEHTpawii BM y rpyHTi BHIIMKAIOTS He TUTBKH 3MiHH mopdonoriyHux
napaMe'rpm a | BHHUKHEHHS Pi3HOMaHITHHX TePaTOJOriYHHX BiIXWIEHb OYHIOBH BEr€TATHB-
HUX 1 TeHEPATHBHMX OpraHiB pocimH. TTogi6Hi, BumMMI yacTO Heo30pO€eHHM OKOM, 3MiHH
JOBHILUHBOFO BHITIARY POCIIHH HE 3aBXIH nos’ A3YIOTBCHA CaMe 3i BIUIMBOM MOJIIOTAHTIB 1 TO-
MY TPHBATHIA MEPiOJ] 4aCy LILOMY MHTAHHIO He HaZaBarnocs HaNeKHO1 yBarH.

3a KOHueHTpaun 1 MJIK cipyaHokucnoi Mifi HiAKHX BHAMMHUX 3MiH y SOBHlLLIHBOMy
BHIVIAZlI JTHCTKIB He cnoc'rep1ranocn. 3a HacTyNHOTro 30LUNBLICHHS BMICTYy METaTy y IDYHTI
(5 MJIK) Ha eninepMi NOYHHAMH 3’SBIATHCA TOYKOBI HEKpO3H Y BHIVIAAI TUIAM Byporo Ko-
JIHOPY, IO IIBHAKO TEMHUIH i 3aCHXANH.

Puc. 4. ToukxoBi Hekpo3u Ha aucTkax Trifolium pratense L.
3a KOHIeHTpauil IMHKY y rpyHTi S MK

3a konuenTpanii 10 MJIK Hekpo3 BpaxaB Maibke BCIO MOBEpXHIO JIMCTKiB. ILiowa
HEKPOTMUHMX IUIAM y JESKX BHIAAKAX JOCSTANa MaiDke TPETHHH Bill pO3MIpiB NHCTKOBHX
mwacTHHOK. JUISHKH MDK IUIAMaMM 3aIHILATHCA 3€JIEHHMH, ajie HabyBamH CBITJIILIONO KO-
apopy. Crioctepiranocs He3HaYHE OMajaHHsA JHCTKIB. AHATI3 JAHHX JIITEpaTypH CBIIUMTS,
IO NP HAKOITHY€HHI BOKKHX METAJIIB Y JIHCTKaX PO3BHBABCA MDIOKWIKOBHH XJI0pO3, HEKPO3
KpaiB i KiHYMKa JIMCTKA, HACTaBaB paHHil micTonan. Omke, Halli pe3yJIbTaTH Y3ro/UKYIOTECA
3 JllTepaTypHHMH ,uammu [2 3].

Pnc. 5 TO‘IKOBI Helcposn Ha JIHCTKAX Trzfobum pralense L
3a KOHUeHTpauil uuHKYy y rpyHTi 10 MK

IMoka3aHo, 1110 BHECEHHSA B IPYHT LIMHKY, KOHLEHTpallis skoro nepeuiyye I'JIK, cnipu-
YHHIOE 3HAUHy HOro aKyMyJULIIO y BEI€TaTHBHWX opraHax pociuH (pHc. 6). Ilpu mocmin-
JKEHHi aKyMyJIALT UMHKY KOHIOMIMHOIO BHSABIIEHO 3JaTHICTh POCIHH AO HAKONMYEHHS JO-
CHTb 3HaYHHMX KUTBKOCTE#H LPOro TOKCHYHOrO ioHa. 3i 30iIbLIEHHAM KOHLIEHTpaLlii eJleMeHTa
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y rpyHTi #oro KOHLIEHTpAL(is B POC/THHI 3 € 110 eBHOT M _

spoctac iiliHo (puc. 6). pocTac 210 rieBHof Mexki, a 38 HIBLKHX KOHUEHTPaLU
140

)

120 4

100 4
@ KopiHb

80 -

g crebno

“ we. P o=

60
[0 /MCTOK 4
i i P

40

20 1

Bmict uHHKY MI/KI €YX0i pe4OBHHE

KOHTPOJIb

10MJK SMIK
KoHueHTpauis cip4aHOKHCIOr0 HHKY .
i

Puc. 6. AKyMyasiltisi LIMHKY B OpraHax Trifolium pratense L.
MJIK) BMiCT MOJTFOTAHTA B KOPEHAX 3pOCTaE B
2, 3, y Ham3eMHii yacTuHi — B 1,5-2 paza. 3 jiiTeparypHix Hiepel BIZIOMO, IO PiCT KOPEHIB !
GBI Y TIIMBHI JI0 A BOKKHX METaiB MOPiBHAHO 3 POCTOM rarosis [4; 12; 17; 18]. Le nosic-
HIOETBCSA THM, 11O BOKKI METAH Y GTLLIOCT] BHAIB POCIHH HAKOIHIYIOTBCA CaMe B KOpEHAX.
BACHOBKH

V' HU3bKHX KOHLIEHTPALILAX CONi IMHKY NpOSB/ISUTH aHauHKH CTHMYJTIOBATBHHH E(eKT
Ha JOBXKHHY Ta Macy NMpOpOCTKIB POC/HH KOHIOLIHEH, a HeraTHBHHH BILUTHB criocrepirascs :
TiTHKH 3a MIEPEBHULIEHHS 5 MJIK. 3i 3pocTaHHAM KOHLIeHTpaLli MeTaty Y rpyHTI ILIOLIA JIACT- @ X
KOBMX TUTACTHHOK 3MEHLIYETHCS, JIHCTKH BTpa4aloTh Typrop, B’sHyTs. Ha/UTHILIOK LMHKY ¥ ;
[IOKMBHOMY CEpEJIOBMILI BHITHKAB MiioiakoBHit x10po3. [Ipu 36iTBMIeHHI KoHLeHTpalii |
eJleMeHTa y IPYHTI #oro KOHLIGHTpALlis B POCITHHI 3pOCTaE A0 neBHOT Mexd, a 3a HU3BbKHX '

KOHIIEHTpaLli# 3poCcTae JIHIAHO.

3a KoHLEHTpaLli HKy Y 1pyHri (1, 5,10

Bi6aiorpadiuni mocHJIaHHA '
Anexcees 1O, B. TspkeJbic METAILTEL B nousax u pactenuax. —JI. : Arponpomsziat, 1987. - 142 c. : i
Becconosa B. IL [TacHBHKIH MOHITOpHHT 330pyAHCHHA CepeIOBHINA BKKHMH MCTAIAMH 3 BUKOPH- :
mdﬁGo'x-aJ-ﬂqmﬂxcypHaJL—IWI.—T. 48, Ne2.— C. 77-80. :

a // Yxpaitcskuii GoTaHiu- f

craHmsM pociHH // YKpaiHch
3. BeccoHosa B. I BIUTHB BAXKUX METATB Ha MMMEHTHY CHCTEMY JIHCTK

pwit cypean. — 1992. - T. 49, Ne2.— C. 63-66.
Boiixo JI. A. QH3HOIOrHA KOpPHEBOH CHCTEMBI pacTeHHi B

n-pa Groj. HayK. — K., 1970.—42c.

5 Bnusiame m0piTKa LMHKA HA pOCT NPOPOCTKOB, SAMEH, [OICOHEUHHKa, TOPOXa, KYKypY3b! /

O. P. Muxaiinos, B. I1. beccoHOBa, A, 1. JTspxkenxo, O. J1. Kapacesa // AHTpOIYKIMsA H 3KCIIEPHME- :
HTTbHAA SKOJIOTHA pacTeHHi. — JTHempONeTPOBCK Iy, 1985.-C. 3-11. o

6. Typampuyk XK. 3. MeXaHH3MBI YCTOHIHBOCTH pacTeHui K DDKE/BIM METAILIaM /! ®usnonorus H :

GHOXHMUA KYJIBT. PaCTEHHH. — 1994.— T. 26, Ne 2. - C. 107-117.

7. Hasnn B. B. K oueHke MAccOTOTOKA TDKEJIX MET/LIOB B CHCTEME TI0YBa — CENBCKOXO03ANCTBEH-
Has Ky/sTypa // ATpOXHMUA. —2006. - Ne3.—C. 52-65.

8. Hmpnucknii A. B. Bronormicckat OUMCTKA TIOB, 3ArpA3HEHHBIX THKELIMH METAUIAMH // Arpo-

xuM. BecTH. —2003. _Ne5.—-C.30-32.
23

—

YCIIOBHAX 32CONEHHA: ApToped. mucc. ...

NI T T I
~ ~r
J AT INI AL 1T I



13.

14,

15.

16.

18.

Wnekcyn I'. M. l'azoycroifausocts pactenmt, - K. Hayxk. aymka, 1971. — 146 c.

. MeToHuecKHe yKa3aHHs TI0 ONpeIeNIeHHI0 TKEIbIX META/UIOB B TI0YBAX CELXO3YTOMMH H Npo-

JyxumH pactenuesoctsa. — M. : [IMHAO, 1992. - 53 ¢.

. Iamyna O. L Karanasa Ta aganratis poc/iH cossIIHHKa A0 Iii xanmito Ta cerrumo / O. 1. Tamyna,

O.T. liemxis // Bicvk JIbBiBchkoro yH-Ty. Cepis Gionoriuna, — 2003. — Bum. 34. — C. 225-230.

. Ceperun I. B. Snnisierca 1 GapbepHas ¢yHKIMs SHI0EPMEI €IHHCTBEHHOH PHYHHOH YCTOHH-

BOCTH BETBJICHHA KOpHeH K colsiM Tskensix Metawios / M. B. Cepervn, B. b. Heanos / ®uzHouo-
rus pacTeHuit. — 1997. — T 44, — C. 922-925. )
Yemanos T. 0. Dxonoraaeckas ¢rsuonorns pacrenwi / T. 0. Yemanos, 3. @. PaxmaHiynosa,
A. IO. Kynarnn. — M. : Jloroc, 2001. — 224 .

(MoHOBHI BMICT MikpoeieMeHTiB Y IpyHTax Yipaiim / 3a pea. A. I Qarecsa, 5. B. INawenxa. —
Xapxis : HHI] «IHCTHTYT IpyHTO3HABCTBA Ta arpoximii iM. O. H. Cokornoscskoron, 2003. — 120 c.
Baker A. J. M. Accumulators and excluders strategies in the response of plants to heavy metals //
J. Plant Nutr. — 1981. — Vol. 3. - P. 643—654. .
Mitchell C. D. Cadmium and zinc toxicity in white pine, red malp and norway spruce / C. D. Mit-
chell, T. A. Fretz// J. Soc. Hort. Sci. — 1977. - Vol. 102. —P. 25-42.

. Nolan A. L. Prediction of zinc, cadmium, lead, and copper availability to wheat in contaminated soils

using chemical speciation, diffusive gradients in thin films, extraction, and isotopic dilution
techniques / A. L. Nolan, H. Zhang, M. J. McLaughlin // J. Environ. Qual. — 2005. — Vol. 34. —
P. 496-507. '
Rengel Z. Wheat genotypes differ in zinc efficiency when grown in the chelate-buffered nutrient
solution / Z. Rengel, R. D. Graham // I. Growth. Plant Soil. — 1995. - Vol. 176.— P. 307-316.

Haditiura do pedronezii 14.07.2012

24

canned by CamScanner

2
— s

P N S

A W o m e e -



