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BJIMSITHUE MOHOB ME/IU 1 AJIIOMUHUSA
HA PABBUTHUE ITPOPOCTKOB Trifolium repens L.

HccnenoBaHue BBIMOIHEHO NpH (HHAHCOBOU MoAAepKKe MUHHUCTEPCTBA 00pa30BaHuUs
u Hayku P® (commamenus Ne 14.B37.21.2078 u 14.A18.21.0203), a Tax:ke MOJOABIX YUCHBIX
Yp®Y B paMkax peanusannu nporpaMmMsl pazButust Yp®dy.

IIposedeno usyuenue IUAHUA BLICOKUX 003 UOHOB MEOU U ANIOMUHUA HA PA36UmMe
npopocmros Kiegsepa noazyyezo. OnpeoeieHsl 8CXOHCeCMb CeMAH, TUHElHble pasmepbl
KOpewika u 2unoKomuis, co0epxcanue Gomocunmemuyeckux nuemenmos. B kauecmee
cmpeccopos 6 pabome UCNOAL306ANU PACMEOPbL CYIbpama medu u cyrvghama ano-
munus 8 xonyenmpayuu 50, 100, 200 u 1000 mxM no memanny. bBviio noxkasano, umo
bonee wyBCMEUMenbHbIM K NOLIIOMAHMAM ABIAEMC POCH KOPEWKA, MeHee Yy6Cmel-
menvHolM — pocm eunokomuis. Honvl meou 6viau 601ee mokcuuHol 0N NPOPOCMKOS
Knesepa, yem uonsl antomunus. Monvt meou 6 xonyenmpayuu 100-200 mxM evizvieanu
08YKpAMHOE YMEHbUEHUE BCEX USYUEHHbIX noKasamenel, 8 mo 6pems KaK aitoMUHUL 6
003e 200 u 1 000 mxM crudrcan ux ne 6onee uem Ha mpemun. Takoce ObLIU UCHONIB30E8AHL
xonyenmpayuu 10 u 5 000 mxM. Ilepsas us nux He oxkazana cyujeCmeeHHo20 6IUAHUSA
Ha pazeumiie npopocmKos, Mopas OKA3diach J1emaibHol.

KuroueBsie ciioBa: Trifolium repens L.; uonsl antomunus,; meosb, pocm pacmeHuil;
cmpecc.

BBenenune

VYXy/meHne SKOJIOrHYecKod OOCTaHOBKH, BBI3BAHHOE aHTPOIIOICHHOW Ha-
TPy3KO#, HEraTUBHO CKa3bIBAETCS HA JKU3HEAEATEILHOCTH OPraHW3MOB, B TOM
grcie pacteHnil. CHIBHBIM TOKCHUECKUM JIeHCTBHEM 00TaTaloT HOHBI TSKEIIBIX
METaJUIOB, B YaCTHOCTH Meau. VMccnenoBanue AeCTBUSI HOHOB MEIU Ha >KUBBIC
OpPraHu3MBbl MIPEJCTABIAET UHTEPEC B CBA3U C TE€M, UYTO ITOT NIEMEHT — BECbMa
pacnpocTpaHEeHHBIM aHTPOMOTEHHBIN MOJUTIOTAHT, TaK KaK MeTajlInyecKas Melb
SIBILSICTCST OJTHAM U3 CaMBIX BOCTPEOOBAHHBIX KOHCTPYKIIMOHHBIX MeTaJIoB. Bme-
CTE C TEM M€]Ib — BaKHBIM MUKPO3JIEMEHT, HOHBI KOTOPOT'0 Y4aCTBYIOT B IEPEHOCE
anexTpoHoB B DTL] MUTOXOHpHIA U XJIOPOIIIIACTOB, CHHTE3€ MUTMEHTOB U aKTH-
BallM¥ MHOTUX (DEPMEHTOB.

715t G0NBIIMHCTBA BBICIINX PACTEHHI TPAaHAIA TOIEPAHTHOCTH K HOHAM MEIN
B pactBope cocraBmsier 107° monb/n. [Ipu neiicTBum n30bITKA MEIU CHUYKACTCS
YpOBEHb OMOCHHTE3a XJIOPOPHILIA, U3MEHACTCSI OCIKOBBIN COCTAB XJIOPOTUIACTOB,
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WHTHOUPYETCS TPAHCIIOPT AIEKTPOHOB MO (POTOCHHTETHUYESCKOM 1erH [ 1]. OnbIThI
C XpPYCTaJIbHON TPaBKOW BBIIBIUIM MPSMYIO 3aBUCHMOCTh MEXKIY Pa3HBIMH KOH-
[EHTPAIUSIMH HOHOB MEX B CPEE M CKOPOCTHIO HHTHOMPOBAHMS TIPOIIECCOB Ha-
KOTLJICHUSI OMOMACCHI U MOSIBIIEHUS] HEKPOTUYECKUX 00pa30BaHUN Ha JUCThAX [2].
AJIOMUHHH B BRICOKHX KOHIICHTPAIISIX TaKXKe SBISETCS TOKCHIHBIM JIEMEH-
TOM 7151 pacTeHuid. OH — OAMH U3 CaMbIX PACIPOCTPAHEHHBIX AJIEMEHTOB B 3€M-
HOI Kope. B cBf3M cO CBOEH JETKOCTBIO, BBICOKOW TEIIO- U AIEKTPONPOBOIHO-
CTBIO IINPOKO MPUMEHSETCS B KAaUECTBE KOHCTPYKIIMOHHOTO MaTepHaa.
Hecmotpst Ha TO 9TO aMIOMUHUIT HE OTHOCHUTCS K TSDKEIIBIM METaJLIaM, €r0 HOHBI
JOCTATOYHO TOKCUYHBI JUISl PACTEHHUM, 0COOCHHO HA KUCIIBIX NOUBAX. TOKCHYHOCTD
MOHOB AJIOMHHHSI BO MHOTOM CBSI3aHA C €TO aHTarOHU3MOM TI0 OTHOIIICHHIO K KalTb-
U0 U MarHuio [3]. OTo 00ycloBIMBAET MHTEPEC K CO3AAHMIO (DOPM PACTEHHUH,
YCTOHYMBEIX K HEMY, U H3YHIEHHIO MEXaHU3MOB €TI0 TOKCHIYHOCTH W JICTOKCHKAITHH.
JlelicTBIEe METalIOB-TOKCUKAHTOB yHOOHO H3y4aTh Ha BUIAX, PACTYIIUX B
MECTax, IMOABEPraroIINXCs HX BO3/IeHCTBUIO. KiteBep momsyunii SIBIIeTCS] OMHIM
13 HIMPOKO PACHPOCTPAHCHHBIX BHUJIOB TPABSIHUCTBIX PACTEHUH CO CMEIIaHHOM
9KOJIOTUYECKON CTPAaTErueil ¢ BRIPAKEHHOM CKIIOHHOCTBIO K pyaepanbHOCTH. OH
UMeeT IIUPOKUN apeast, IPOU3PAcTACT B PA3IMUYHBIX SKOJIOTHUYECKUX YCIOBHSX,
MIPUMEHATCS YEIIOBEKOM B Ka4eCTBE KOPMOBOTO M MEIOHOCHOTO pacteHus. Vc-
MOJb3yeTcs, KaKk U Bce 00OOBBIC, B KaUECTBE CEJEPATHOTO YHOOPEHUsI, MOXKET
OBITH IEPCHIECKTUBHBIM B KaUeCTBE Fa30HHOTO PACTeHUS U IS Iielieil putopeme-
JIMAIUY U PeKyJIbTUBALIUY HAPYIICHHBIX 3eMelb [4].
Lens paboTel — M3yUeHNE BIUSHUS MOHOB MEIHM M aJIOMUHHS Ha MPOIECCH
IIPOPACTAHUSI U PA3BUTUS IIPOPOCTKOB KIIEBEPA MOI3YUEro.

MaTepnam,I U METOAUKHU HCCTICT0OBAHUS

CemeHa kJieBepa MpopaniBaIi B INTACTUKOBBIX yanikax [leTpu Ha JByX ClOSIX
($UITETPOBANBEHOM OyMard, Ha KOTOpbIe HAHOCKIIH 10 MII IUCTHIUTNPOBAHHON BOIIBI
(xouTposis), nim pactBop CuSO,, umu Al(SO,), B konnentpamuu 10, 50, 100, 200,
1000 u 5 000 MxM 10 MeTaimty. B kaxxmyro yamky nomeranu o 100 cemsa. Yarmku
BBIJIEpKUBaNU 1pu Temmeparype 26°C u gporonepuone 16/8 4. Ha 3-u cyT ompene-
JISJIA BCXOXKECTh CEMSIH, Ha 5-€ — TMHENHBIEC pa3MepPbl paCTeHUI. 13 MATHIHEBHBIX
MIPOPOCTKOB IKCTPArkupoBaiy (HOTOCHHTETHYCCKUE MUTMEHTHL. J{jis onpeneneHs
COJIep)KaHUs TUTMEHTOB 110 30 POPOCTKOB IMOMEIIAIH B TPOOUpPKY DrreHpopda,
nobasmsutn 1 Mt 96%-HOTo 3TaHONA, BBIICP)KUBAIM B TEMHOTE B TCUCHHE CYTOK
IIpY KOMHATHOH TeMITepaType, IIOCIIe YeTo AKCTPAKT CIUBAJIH, PACTUTEIBHEIA MaTe-
pHaT TIPOMBIBAIN STAHOIOM JBAXKIBI IO 00CCIBEUMBAHUS MPOPOCTKOB. ITAHOINb-
HBIC DKCTPAKTHl O0BEIUHSIIN, ONTHYCCKYIO TUIOTHOCTH PAacTBOPA OICHUBAIU IIPH
440, 649 u 665 um Ha cnekrpodoromerpe Apel UV-303 (SAnonust). Conepxanue
MTUTMEHTOB ONPEEIIUTH 10 (popMyITaM ISl STaHONBHBIX SKCTPAKTOB [5].

OMNBIT MOBTOPSUTH TPIOKABI, [UIs ONPECICHUSI TUTMEHTOB B KaXKJIOM OITBITE
Opayu Tpu OMOJIOTUYECKHE TTOBTOPHOCTH. 32 OMOJIOTHYECKYIO TOBTOPHOCTH TPH-
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HUMAaJIM yCpeaHeHHYo mpoly u3 30 mpopocTkoB. Jlis onpeaencHus THHEHHBIX
pa3MepoB MPOPOCTKOB BbIOOPKa cocTanisiia 50 pacTeHUi B KaX/10M U3 IKCIIEPU-
MEHTOB.

Craructudeckyro 00pabOTKy JaHHBIX MPOBOAUIM B npuiokeHusx MS Excel
2003 u StatSoft STATISTICA for Windows 6.0. CTaTHCTUYECKYIO 3HAYUMOCTb
OTIINUUIl B COMEpKAHUM NMUTMEHTOB ONpPECISUIN C TOMOIIBI0 HerapaMeTpHue-
ckoro kpurepus Manna — Yutau (p<0,05). 1151 OlleHKH BCXOXKECTH UCTIOJIb30Ba-
I yIoBoe mpeoOpazoBanue dumepa, THHEHHBIX pasMepoB — kputepuil CThio-
JICHTA TIOCTIC TTPOBEPKHU BEIOOPKH HA HOPMAIBLHOCTH pacpenesieHus. Pe3yasrarsr
IIPEACTABICHBI B BUIE CPETHETO 3HAYEHUSI C OMINOKOM.

Pe3ysibTarsl Hccieq0BaHNus U 00Cy:KIeHIe

B kauecTBe TOKCHKaHTOB HCIIONTB30BAIIN PACTBOPHI CyTb(aTa MeIH U Cyab(a-
Ta afoMuHUs B KoHIeHTpanuu 10, 50, 100, 200, 1 000 u 5 000 MxM 1o MeTaLTy.
Konmnenrpanus 10 MkM He oka3biBajia 3aMETHOTO BIMSTHHS HA H3y4aeMbIe POCTO-
Bble mokaszarenu, a 5 000 MxM ObLi1a JeTanbHON 111 popocTKoB. [losToMy Ha
PHUCYHKaX JaHHBIC TPEICTABICHBI TONBKO ISl KOHIIEHTpANi B Anamazone ot 50
10 1 000 MxM.

Bria onpenenena BCX0XKeCTh CEMSH IPH JSHCTBIH HOHOB MEAH H ATIOMIHIS
(puc. 1). DTOT MOKa3arenb UHTETPAIbHO XapaKTepU3yeT KU3HECTIOCOOHOCTh pac-
TeHUH. B OTHOIICHNN BCXOKECTH CEMSTH HOHBI MEIIH OKA3aJINCh O0JIee TOKCHYIHEI,
4yeM MOHBI anmoMuHus. Huskas koHueHTpanus noHoB Meau (50 MxM) He oka-
3bIBaJia BIMSIHHSI HA BCXOXKeCTh ceMstH. MoHbl Mean B koHmneHTpamuu 100 MmxM
BbI3bIBaIN 50%-HO€ HHTHOUPOBAHUE BCXOXKECTH CeMsIH. JIMHEeHHOI 3aBUCIMOCTH
MEXK/Y 10301 TOKCHKaHTa U BCXOXKECTHIO CEeMsTH JJIs1 KOHIIeHTparuit noHoB 100 n
200 MkM He noKa3aHO: OBBIIIEHUE JIO3bI TOKCUKAHTA B 2 pa3a BbI3bIBAET YMEHbB-
IIEHUE BCXOXKECTH Ha OIHY TPEeTh. MaKCHMabHAs M3 MCIIOIh30BAaHHBIX KOHIICH-
Tpauuii cynegara meau (1000 MkM) MOHMKAET BCXOXKECTh CeMsH 10 12%.
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Puc. 1. Bcxokects ceMstH KJIEBEpaA JIYroBOTo npu ,I[eﬁcTBPIPI HWOHOB MC/IU U AJIFOMUHUS
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Honb! amoMUHYSI OKa3bIBaIIU CYIIECTBEHHO MCHBIIIEE BIUSHIE HA BCXOXKECTh
cemsiH: B KoHueHTpauuu 200 MkM onu Bbi3bIBaNIK 50%-HOE MHTUOMpOBaHUE.
MaxkcumanbHast KoHIeHTpatus HoHOB amoMuHwYst (1 000 MkM) npuBoaMIIa K CHU-
YKEHUIO BCXOKECTHU MPUMEPHO 110 25% 0T BCXOKecTH B KOHTpouie. KoHueHTpaumn
50 m 100 MKkM He 0Ka3bIBAJIM BIUSHHS HAa BCXOKECTHh CEMSH.

Boun ompenesneHbl MokazaTeNu JIMHEHHBIX pa3MepoB MPOPOCTKOB. M3me-
HEHHE JIUTMHBI KOpelika mpu o0paboTKe pacTeHWH MOHAMH TSDKEJBIX METaJUIOB
OBUIH BBIPa)KEHBI CHIIbHEE, YeM JITHHBI TUIIOKOTHIIA (pHcC. 2). [Ipu KoHUEHTpauu
50 MxM Cu?* HabIOmaIi JOCTOBEPHOE YMEHbIIIEHHE JTHHBI Kopemmka. C pocToM
KOHIIEHTPALUHU MTPOUCXOAMIIO MPAKTHUECKH JIMHEHHOE YMEHbIICHHE €ro JJTUHBI.
Nownbr meu B koHIIeHTparuu 200 MkM BbI3biBasiu 50%-H0oe HHTHOUPOBAHHE PO-
CTa KOpellka; pu conepkanuu Mmeau B cpene 1 000 MKM Kopemok J0CTHral 4eT-
BEPTH CBOCH JUIMHBI. VI3MeHeHNe JTTMHBI THIIOKOTHIIS OBIJIO 3HAYMTEIIPHO MEHEE
YYBCTBUTEILHO K JISCTBUIO TSKEIBIX METAIIIIOB — TOJIBKO MIPU COJIEPIKAHUH METH
B cpeze 200 MKM mponcxoIniio He3HAYNTETHhHOE YMEHBIIIEHUE JUTHHBI THTIOKOTH-
151 BnusiHre caMoi BBICOKOH U3 HCTIONIb30BAHHBIX KOHIIEHTPALUI BBIPAXKaloCh B
royiaBneHuu ero pocra Ha 50%.

i

BOJIA SOMxM  100MxM 200 MM 1000 MM
KOpemoK O riumoKoTIIE

Puc. 2. BinusHue HOHOB MeIM Ha JUIMHY KOpELIKa U TUIIOKOTUIISL KJIeBepa MOoJI3yuero

AIOMUHHH HE OTHOCHUTCS K TSDKEIIBIM METaJlIaM, I0O3TOMY MBI IIPEIIOIONKH-
K, 4TO OH Oy/neT MeHee TOKCHYEH sl pacTeHUl, yeM Meab. Puc. 3 nemMoHcTpu-
PYeT, 4To caMasi BICOKAsl U3 MCITOJIb30BaHHBIX HaMU KoHIeHTparwmid (1 000 MkM)
BBI3bIBaJIa JOCTOBEPHOE YMEHbBIIIEHHE POCTa OPraHOB MPOPOCTKOB KieBepa. iu-
Ha THITOKOTHIIS TIPH 3TOM yMEHBIIaIach Ha TPETh, a pa3Mephl KOPEIIKa COCTaBIIs-
11 0koJ10 50% OT KOHTPOJISL.

W3BecTHO, UTO TIpH NEHCTBUN M30BITKA METAIUIOB IPOUCXOANT YTHETCHHE MH-
TEHCUBHOCTU (oTocuHTe3a [6, 7]. B 3HAUNTENbHON CTENEHHU 3TO CBA3AHO C Jie-
rpajamuell (POTOCHHTETHYECKUX MHUTMEHTOB. V3MeHEeHHe COmepKaHUs CyMMBI
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XJIOPOPUILUTOB OBLTO UCIIONB30BAaHO Kak Mapkep crpecca (puc. 4). JloctoBepHoe
CHIDKECHHUE COAEPKaHUS CyMMBI XJIOPO(HIUIOB BbI3bIBaJIa 00padOTKa IPOPOCTKOB
pacteopom 100 MkM nonoB meau. 200 MxM CuSO, BBI3bIBAJI yMEHBIICHHE UX
coziepkaHus B JiBa pas3a, a 1 000 MkM pacTBOp — B TpU pasa MO CPaBHEHUIO C
KOHTpOJIEM. AJIOMUHHH OKa3ajcs MEHEe TOKCHYCH, YeM Meb, U B OTHOIICHHH
nerpananuu xiaopoduiio. Konnenrpanus 200 MxkM cynbdara amoMUHHS HE
BBI3BIBAJIA JeTpaanuu murMenToB, 1| 000 MkM pacTBOp BBI3BIBAN CHIKEHHUE CO-
JIepIKaHMsI TUTMEHTOB Ha TPETh.
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Puc. 3. BiusiHuEe MOHOB aJIIOMUHHMSI HA JUINHY KOPCIIKAa U TUIIOKOTHJIA KJIEBEPA MOJI3YUYEro
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Puc. 4. CoznepxaHue CyMMbI XJIOPOGHIIIOB B IPOPOCTKAX KIIEBEPA MOJI3YYEro
[pU JEUCTBUM HOHOB AJIIOMUHHUS U MEJIU
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3akir0ueHne

Onpeznenexn MHTEpBaJ YyBCTBUTEIBHOCTH IIPOPOCTKOB Ki€Bepa IOJ3y4Yero
K JIEHCTBHIO MOHOB Meau U anmtoMuHus. Konuentpanus 10 MkM He oka3biBaja
CYIIECTBCHHOTO BIISIHUS Ha POCTOBBIC W (PH3HOJIOTHMYECKIE OCOOCHHOCTU pac-
TEHHUH, Torna kak KoHueHTpanus 5 000 MxM oka3zanach JieTanbHOI. Bo3aeiicTeue
50 MxM CuSO, yruerarouie AelCTBOBaNO Ha pasBuTHE pactenui, 200 MxM
BBI3BIBAJIO JIBYKPAaTHOE CHUIKEHUE COJEpKAaHUS XJIOPO(PHIIIOB B MPOPOCTKAX U
YMEHBIIICHHUE UTHHBI KOPEIIKa, TOAABISUIO POCT THIIOKOTHIIIS U Oollee 4eM B J1Ba
pa3a yMEHbIIIAI0 BCXOXKECTh CEMSIH.

Takum o0pazom, coneprkanue B cpene 200 MKkM Menn oka3bIBallo CHIIbHOE, HO
He JIeTaJbHOE TOKCUYHOE BO3JICHCTBHE HA pacTeHus KieBepa. MoHbI alroMHUHUS,
B CPAaBHEHUU C MEJIbIO, OKA3aJIUCh MEHEE TOKCUYHBIMU JUIs IPOPOCTKOB KJIEBEPA.
Camas BbICOKasi U3 HCIIONB30BaHHbIX KoHLEeHTpauuil (1 000 MkM) He BbI3bIBAIA
CTOJNb 3aMeTHBIX m3MeHeHuH, kak 100200 mxM noHoB menn. Pesymbrarsl nc-
CJIEZIOBAHUS MOTYT OBITh TIOJIE3HBI TSl JaJIbHEHIIIeH CeJIeKIH 3TON KyIbTYphI Ha
YCTOHYHMBOCTb K METajljlaM.
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Environmental degradation caused by anthropogenic impact affects the living
activity of organisms, including plants. Especially a lot of stresses are caused by heavy
metal ions, p.e. copper. Investigation of the effects of copper ions on living organisms
is important because this element is a very common pollutant, as metallic copper is
one of the most wide-spread constructing materials. However, copper is an important
trace element involved in the transfer of electrons in the ETC in mitochondria and
chloroplasts, pigment synthesis and activation of many enzymes. The excess of
copper in the environment lowers the level of chlorophyll biosynthesis, changes the
protein composition of the chloroplast and inhibits photosynthetic electron transport.
Aluminum at high concentrations is also a toxic element for plants. It is one of the
most abundant elements in the lithosphere. Due to its light weight, high thermal and
electrical conductivity, it is widely used as a structural material. Despite the fact that
aluminum is not a heavy metal, it is quite toxic to plants, especially in acidic soils.
Aluminum toxicity is significantly caused by its antagonism to calcium and magnesium.
All these facts cause the interest to creating forms of plants tolerable to these ions
and to the study of the mechanisms of their toxicity and detoxification. The aim of our
study was to investigate the influence of copper and aluminum ions on germination and
seedling growth in white clover.

Seed germination, root and hypocotyls sizes as well as the content of photosynthetic
pigments were studied under the influence of copper sulphate and aluminum sulphate
solutions at 50, 100, 200 and 1 000 uM on metal. Seeds were germinated in Petri
dishes on filter paper moistened with test solutions. The germination of seeds was
tested on the third day after sowing, on the fifth day the linear size of seedlings and
concentration of photosynthetic pigment were determined after ethanol extraction
spectrophotometrically. It was shown that the most sensitive indicator of copper and
aluminum stress is the root growth compared to hypocotyl growth. Copper ions were
significantly more toxic to clover sprouts than aluminum ones. 50 uM copper sulfate
caused a depression in the development of plants, and aluminum ions at the same
concentration had no effect on plant development. 100-200 uM CuSO, caused a two-
Jold reduction in all the studied parameters while the AL(SO ), at 200 and 1 000 uM
reduced them to no more than one third. Maximum concentration of aluminum ions
(1 mM) had less effect on plant development than copper ions at concentration of 100
and 200 uM. The obtained data could be used for clover breeding to get more heavy-
metal resistant forms.

Key words: Trifolium repens L; aluminum ions, copper, plant growth, stress.
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