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The content macroelements in the leaves of wheat at germination under conditions of adding cadmium ions in the growth
medium. - H.F. Chechui, M.M. Vakerych. —In the model experiments in a laboratory study investigated vegetation content

in wheat (Triticum aestivum L.) during germination in the presence of cadmium ions in the medium. Show the decrease con-
tent of nitrogen, phosphorus and potassium in the wheat leaves by 15-th and 28-th day of germination under conditions of
adding cadmium ions at 10 (-4) M, while metal with a concentration of 10 (-7) M content of these macroelements increases.
An increase in potassium 28-th day of germination when cadmium concentration of 10 (-7) M.
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pell MaKpOEJIeMEHTIB OCHOBHA POJIb HAIICKHUTH HITPO-
reHy, Kajiro i ¢pochopy.

[MieHuIs HANEKHUTH 10 3€PHOBHX KYJIBTYp LIUPO-
KOTO CLIBCHKOTOCIIONAPCHKOro BUPOOHHUITBA. [IpakTu-
Ka T0Ka3aja, 110 MiPKUBJICHHS 3€PHOBUX POCIHH a30-
TOM € HaiOUThIl €()EeKTUBHUM METOJIOM YIIPABIIIHHS
PO3BUTKOM iX EJIEMEHTIB MPOJYKTUBHOCTI. Y 03MMOi
IIICHUIII ICHY€E MOCTIJOBHICTh JBAHAMIATU CTAIB Op-
raHoreHesy [4], KoeH 3 SKHX XapaKTEepU3YEThCs Pi3-
HOIO TIOTPe0O0I0 B OCHOBHHUX €JIEMEHTaX MiHEpabHOTO
uBNieHHs. Tak, B OCIHHIA TIepiol BereTarii o3uMa
MIICHAUIS TOTpeOye MOMIPHOTO JKUBIICHHS, SIKE B IIHO-

Beryn

Jns  HOpManmpHOrO  mepebiry  Bcix  (hisiosoro-
0i10XIMIYHMX TPOIIECIB B OHTOT€HE31 CLILCHKOTOCIIO-
JAapChKUX POCIMH Ta OTPUMAHHS SKICHOTO BpOXKalO
pocnuHa Mae Oytu 3a0e3medyeHa BciMa ITOKUBHAMHU
eNIeMEHTaMH, KOXKEH 13 SIKMX Ma€ NIeBHE 3HAUCHHS Y Me-
tabomismi [1,2]. MiHepanbHe KHBJICHHS € PEryJbOBa-
HUM (aKTOPOM OHTOT€HE3y PpOCIMH Ta HalOUIbII
MIBUAKOIFOYMM (DaKTOPOM IMiIBUINEHHS BPOXKAHHOCTI
cinbepkorocnomapebkux Kynstyp [3]. Sk Bigomo, ce-
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My TIepiofli 3amobirae mepepoCTaHHIO O3UMHUHH, HETPO-
IOyKTUBHOMY BUTPAYaHHIO BOJIOTH, & IIPU BHCOKOMY
dhochopro-KamiiiHOMy (oHI 3a0e3meuye 100pe po3BH-
HYTYy KOPCHEBY CHCTEMY Ta 3UMOCTIHKICTh pociuH [5].

Ha ximpKicHI 1 SIKICHI TOKa3HWKH BpPOXKAWHOCTI
BIUIMBAIOTh IPYHTOBO-KJIIMATHYHI YMOBH TEpUTOPIT
CUTbCHKOTOCMIOIAPCHKOTO MPU3HAYEHHS, 30KpeMa, 3a-
OpyZIHEHHSI B&KKUMH MeTallaMy, 3 SIKUX OJHHMM i3 Haii-
TOKCHUYHIIINX € KagMil, SKHA HaJEXUTh 10 HeeceHIia-
JBHUX MIKPOCJIEMEHTIB, Ma€ TPUBAIWKA TEPMIiH HaIiB-
BUBEJICHHA 1 30aTHUI 0 aKyMyJIslil y TKAaHHHAX POC-
JUH, ane OioJoTiYHa BaXKIHUBICTh IBOTO CNEMEHTY IS
pociuH MoK He BcraHoBieHa [6]. Kpim Toro, kammiit
BXOAWTH 10 ckiamy ¢ochopHUX TOOPHB, TOMY OTPH-
MaHHS ONTHMAJILHUX BPOXKAiB CUIBCHKOTOCIIONAPCHKUX
KyJbTYp 1 30epe)KeHHs JOBKLLIS MOXKJIMBE 32 YMOB pa-
LIOHATEHOTO BUKOPHCTAHHSI MIiHEPAIbHUX €JIEMEHTIB Y
CKJIaJi TOOpUB Ta MOXHMBHUX cyMilei. JlaHi CTOCOBHO
BMICTY KaaMil0 y IpyHTaX YKpaiHH € 37e0uIbIIoro
¢bparmenTapaumu [7, 8, 9].

BMicT BaXKMX MeTalliB B POCIMHAX 3aJIEKHUTh Bil
AKTUBHOCTI MOTJIMHAHHS MeTally KIITHHAMH KOpEHS Ta
edexTuBHICTIO Horo mepecyBaHHs 1o pociuai [10].
OpmanM 3 Bi3yalIbHUX TPOSBIB (PITOTOKCHYHOCTI Kaj-
MiI0 MOKe OYTH TaJbMyBaHHS POCTY KOPEHIB: 3MEHIITY-
€TbCS X MOBXKWHA, BiIMHPAIOTH KOPEHEBi BOJIOCKH,
3HIDKY€eThCs Oiomaca [11, 12, 13]. JloezeHo, 110 y Ko-
pEHSX IHAKTUBYEThCS OlblIa YacTHHA 10HIB KaJMifo,
SKi TOTPAIUIIIOTh Y POCIWHM, BHACIHIIOK IXHBOTO
3B’s3yBanHs (itoxenarunamu [14, 15], a Takox — BHY-
TPIIIHBOKJIITUHHOI KOMITapTMeHTami3anii. Jleski BueHi
NPHUITYCKAIOTh, IO BHIUICHHS KOPEHAMH 3JIAKOBHX
KyIbTYp QiTocuaepodopiB — HHU3IBKOMOJIECKYIIPHUX
CIIONTyK Y pr3ocdepy Moxke OyTH BaKIMBUM MEXaHi3-
MOM JIETOKCHKAIIil Kaamiro [16].

TokcudHa [ist KaaMif0 MOXKEe TIPOSIBIITHCS TaKOXK y
BUIIIS/II TIPUTHIYCHHS POCTY HAJ3eMHOI YaCTUHH POC-
qvH [17]. BaxIuBOO MPHYMHOIO 3HIDKEHHS HAI3€MHOI
OioMacy € HeraTHBHMI BIUIMB KaJMitO Ha PICT JIMCTKIB i
IHTEHCUBHICTh (poTocuHTe3y [18], BaxJMBY ponb mpu
IbOMY BIiJirpae IMparopueBHid JHUCT, SIKUH y 3JIaKOBHX
POCIIMH € TOJIOBHUM ITOCTA4YAJIbHUKOM MaKpOEJIEMEHTIB
J0 KOoJlocy W mpuiiMae y4acte y (opMyBaHHI 3epHa
[19]. 3okpema, Ha pociMHAX MIIEHHMIN MMOKA3aHO 3HH-
JKCHHS, B TIPICYTHOCTI IIbOTO METaJy, aKTUBHOCTI (pep-
MEHTIB (POTOCHHTETHYHOTO amapaTy. pidyno3006idoc-
darkap6okcunazu [20], sHWKeHHST BMICTY Xiopodimy
[21], nmerigporeHasu J-aMiHOJIEBYITIHOBOI KHCIIOTH,
npoToxyopodimtitokcuIopeaykrasu [22, 23].

lanpMyBaHHSA JOBXKUHU JIUCTKIB TA 3HIKCHHS 1HTe-
HCUBHOCTI (DOTOCHHTE3y B NPHCYTHOCTI KaaMito
NOB’s13aHe 31 3MiHAMHU Y MiHEPaIbHOMY KHBJICHHI poc-
s [24, 25].

Tomy BHBYEHHS BMICTY HiTporeny, ¢ocdopy Ta Ka-
T y TIICHWII HA PaHHIX CTaisgX MPOpPOCTaHHS B
YMOBax 30LTBIIEHOTO BMICTY iOHIB KaIMilo y cepeno-
BUI HPOPOILIYBAHHS € aKTYaJIbHUM IS IPOBEICHHS
3aBYACHOI [TIarHOCTUKU MiHEPAIbHOTO XHMBJICHHS 3€p-
HOOOOOBUX POCIHH.
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Marepianu Ta METOAU TOCTiIZKEHHS

B po6oTi BUKOPHCTOBYBAIM HACIHHS O3MMOI IMIICHHIII
(Triticum aestivum L.) copry IllyauumiHka yposkaro
2015 p. IpoBoannu J1abopaTOpHO-BEreTAIINHHI JTOCITi-
JUKEHHSI 3 BUKOPHCTAHHSIM TiPONOHHOI KYJIBTYPH, sKa
CKJIaJiaacsi 3 MiHEpaJibHOi BaTH Ta CBITJIONPOHUKHOI
IUTIBKH. B $IKOCTI a30THOTO >KMBJIEHHS 3aCTOCOBYBAIIN
cymimn Krona [26] y monoBUHHINA KOHLEHTpALii 3 J0-
JIaBaHHAM MikpoeneMeHTiB. HaciHus mpoportyBamm y
yamkax [letpi Ha 3MOYEHOMY IUCTHIILOBAHOKO BOIOIO
¢binpTpyBanbHOMY Marepi Ha mpoTsisi 3-X 1i0 y Tepmo-
crari 3a 27 °C ta 4-x 1i06 B ymoBax ¢irorpony. Pocnu-
HU MOAUTSUTH Ha rpynu: 1) Ha 8-Ty moly mpopocTaHHsS
POCIIMHY MIICHUI TEepecaKyBald Yy TiIpPONOHHY
KyJIbTYpY, B Ky KparelbHO JI0AaBalii KaaMiil y dopmi
CdCl, B cknmani cymimmi Kuaomna y KOHIEHTpariisx 10% 1a
10" M Ta npopolLyBaIH IIie TIPOTATOM 7-Mu i0; 2) Ha
21-my noOy mpopOCTaHHS POCIHMHH IIICHUII IIepeca-
IDKYBAJIM Yy TiAPONOHHY KYJBTYPY, B SIKY KpaIelbHO
nomaBamu Kammiid y dopmi CdACly B ckmami cymimi
Kuoma y kouentparisx 10 ta 107 M ta mpopouy-
BaJIM LI€ MPOTAroM 7-MHu Ai0. KOHTpoJbHI pOoCInHU BH-
pOILYBalli y TIOJIOBUHHIN KOHIEHTpalii po3unHy Kuo-
na 6e3 momaanus CdACl, Ha mpors3i 15-tu Ta 28-mu
0.

Bubip KOHIICHTpAIliii KagMil0 MOSCHIOETHCS aKTHU-
Balli€l0 IIPOLECIB  BUILHOPAJANKAIBLHOTO OKHCIICHHS
MIICHAI Y IbOMY Jiamna3oHi [27].

Bwmicr azory BusHauanu 3a meronom K. I'iH30ypr-
[ernoroi 3 peaktiBoM Hecnepa, pocdopy — 3a mero-
oM Jlenixke B Momudikarii JIsckoBChKOTO 3 MOMiOIe-
HOBOIO KHCJIOTOIO Ha ()OTOKOJIOPHMETPI, a Kajlio — Ha
MoJyMeHeBoMy (oToMeTpi miciss MOKPOTrO O30JICHHS
pociuaHOTO Matepiany [28, 29]. AmHamizyBaad BMiCT
asory, ¢ochopy Ta Kamiro y auctkax Ha 15-Ty mo0y
npopoiryBanss (pasza ABOX JUCTKIB) Ta Ha 28-My 100y
npopoctanHs (asa TPrOX JUCTKIB) B MPUCYTHOCTI i0-
HIB KaJMil0 y IO)KUBHOMY CEpEIOBHILIl ITPOTSTOM 7-MH
ni6. OOpoOKy maHWX 3MIHCHIOBAIM METOIOM Bapialliii-
Hoi  cratuctukn  ANOVA 3 BHUKOpHCTaHHSAM
KOMIT FoTepHOI nporpamu Statistica 7.0 [30].

Pe3yabTaTi T2 00roBOpeHHs

Sk mokazaHo B TaOn. 1, B IPHUCYTHOCTI iOHIB KaqMifO
CTIOCTEPIraeThCs 3HIKEHHS BMICTY HITpOreHy, ¢ocgo-
Py Ta Kajiro y JHCTKax mHmeHumi Ha 15-ty moly mpo-
POILIYBaHHS B IPUCYTHOCTI 10HIB KaJAMIO y KOHIIEHTpa-
i 10* M y noXuBHOMY CEpeJIOBHMILI IPOTATOM 7-MH
ni0. Bimomo, 1110 HITPOTeH BXOIUTH 10 CKIIaly HaBax-
JIMBIIINX O10JIOTTYHUX CHOJIYK Y POCIIHHI: aMiHOKHUCIIOT,
O1JIKiB, MypHHOBHUX Ta MiPUMIJMHOBHX OCHOB, HYKJIEO-
THJIB, HYKJICTHOBUX KHCJIOT, XJIOPO(DiTy, POCIMHHUX
TOPMOHIB, AJIKAJIOi/IIB, aMiHOIYKpiB. OCHOBHUMH (yH-
KuissMu Gocdopy B pOCINHAX € yIaCTh B EHEPTETUIHO-
My OOMiHi, ¢ochopmIroBaHHI KIITHHHUX OLIKIB,
3B’S3aHUN 31 CHAIKOEMHOIO 1H(QOpPMAIIEI0 OCKITBKH
BxoauTh 10 ckiany JIHK, PHK, 3MiHi npoHHKHOCTI
membpan Toro [31].
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Ta6muust 1. Bmict MakpoeneMeHTIB y JucTi nieHuni Ha 15-Ty n00y npopolyBaHHs IpH JOAaBaHHI i0HIB KaJMil0 Y MOXH-
BHOMY CEpelIOBHILI Ha mpoTs3i 7-mu 11i6, % Ha cyxy pedoBuny, M+m, n=5

Table 1. The content of macroelements in the leaves of wheat on 15-day in dermination when added under the action of

cadmium ions during the 7-days, % on dry substance, M+m, n=5

MakpoenemMeHT Kontpoas (cymim Knona) CdCI2 10*M CdCI210" M
N 1,27 £ 0,09 0,91+0,07* 1,39+0,14*
P20s5 0,68 +0,04 0,52+0,05* 0,77 £0,03*
K20 0,53+0,03 0,36 £0,03* 0,61+0,04

* - p<0,05 BiAHONIEHHIO O KOHTPOIIO

Tabauus 2. BMicT MakpoeIeMeHTiB y JHCTI NIIeHU] Ha 28-My 100y MpOpOLTyBaHHS NPHU JA0aBaHHI 10HIB KagMIiI0 Yy TIOXKH-
BHOMY CEpEeIOBHINI Ha IPoTs3i 7-Mu 1i0, % Ha cyxy pedoBuHy, M+m, n=5

Table 2. The content of macroelements in the leaves of wheat on 28-day in dermination when added under the action of

cadmium ions during the 7-days, % on dry substance, M+m, n=5

MakpoenemeHT Konrtpous (cymim Knona) CdCI2 10* M CdCI2 10" M
N 1,37+0,12 1,04 +0,06 * 1,52 £0,11*
P20Osg 0,78 +0,07 0,58 £0,04* 0,92+0,07*
K20 0,90+0,10 0,71 £0,09* 1,23 £0,06*

* - p<0,05 o BiTHONICHHIO 10 KOHTPOJIO

Ta6muust 3. Bucota svcrs mmenunni Ha 15-Ty 100y mpopoltyBaHHs Py J10JaBaHHI 10HIB KaJMII0 y HO)XKUBHOMY CEpEJOBHIII

Ha MpoTs3i 7-Mu 1i6, MM, Mtm, n=15

Table 3. The cheight of the leaves of wheat on 28-day in dermination when added under the action of cadmium ions during

the 7-days, mm, M+m, n=15

YMOBH eKCIIepUMEHTY

JloB:kuHA JuCTKa Ha 15-Ty 100y

JloB:kuHA JucTKaHA 28-My 100y

Koutpous (po3unn Kuoma) 148+12 178+14
10* M 103+9* 136+8*
107 M 113+8* 141+10*

* - p<0,05 110 BiAHOLIEHHIO O KOHTPOIIO

3MEHILIeHHsI BMICTy HITPOTeHy 3a [iil 10HIB KaaMilo B
KOHIICHTpAIIi{ 10* M moxe OyTH HACJIiJTKOM TOKCHY-
HOTO BIUTUBY I[bOI0 METAly Ha a30THUI MeTaboi3M.
Bucoka miacTHYHICTh a30THOTO MeTaboJi3My 3epHO-
BUX KYJIBTYP € OJHUM 3 HaWBaXIMBIIINX MPHUHIIMIIIB
MIPUCTOCYBAHHS POCIIUH JI0 Jii BOKKHX METAJIB, MPO-
BiTHOI0O KOMIIOHEHTOIO B YOMY € 3MiHa IIBHIKOCTI
(bepmenTaTuBHUX peakiiii [32, 33, 34].

3a mii xagMito 30UTBIIYETHCS BMICT BUIBHUX aMi-
HOKHCIIOT y 3yakoBux pociuHax [35, 36]. Cunres
MPOTETHOrCHHUX aMIHOKHCIOT B POCIHHAX 3MIHCHIO-
€THCS 33 PAXYHOK 0-KETOKHCJOT B CHCTEMI IJIyTamar-
cuHTe3a/okcanoaneraraminorpancdepasza [37], kiro-
YOBHMH CyOCTpaTaMu MpH IbOMY € MipyBaT, OKCaioa-
1erart, o-kerormyrapar. OCTaHHI YTBOPIOIOTHCS B pea-
KIiSX, IO KAaTaNi3yIOThCS aclapraT- Ta aJaHiHaMiHO-
TpaHcdepasamu, TPOJAYKTH TpPAHCAMIHYBAaHHS SKUX
BHKOPHUCTOBYIOThCS TPH CHHTE31 OUNKiB, aMiHyBaHHI
KETOKHUCIIOT Ta HAKOITMYEHHI TIyTaMiHy i acmapariny.
IToka3zaHo, 0 B yMOBaxX BIUIMBY KaaMil0 301TbITYETH-
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Csl aKTUBHICTh BHIIE3a3HAUYCHUX (PEepMEHTIB a30THOTO
Mmerabomizmy [38]. OTke, BMICT aMiHOKHCIIOT iHAYKY-
€ThCS IIJABHIICHUMHU J03aMH Kaamiro. Husbkomorne-
KYJISIpHI CTOJNYKH HITPOTEHY, SKi aKyMyIIOIOTBCS 3a
CTPECOBHX YMOB, BUKOHYIOTh IIPOTEKTOPHI Ta peryss-
TopHi QyHKIIi. OTHAM 3 MOSICHEHb 30iTbIICHHS 3ara-
JBHOTO MYy BUTPHUX aMIHOKHCIIOT 1 HU3BKOMOJIEKY-
JMSPHUX TENTHUIIB 32 Aii BAXXKUX METaJiB MOXe OyTH
Takox Jimoi3 [39].

SIk mokasaHo B Hamiii poGorti (tabma. 1, 2), 3a mii
KaaMilo 3a koHienTpamii 10% M BinGyBaerbcs 3HH-
JKEeHHsI BMicTy (hochopy B JIMCTI MIIEHHL 5K Ha 15-Ty
7100y POpOCTaHHS, B TOH 4ac K 3a KOHIIEHTpaLii Me-
tany 107 M BmicT docdopy 36IIBIIYETHCS, IO MOXKE
OyTH TIOB’S3aHO 3 HEOJHAKOBHM BILTUBOM JOCTIIIKY-
BaHMX KOHIIEHTpAIlil KagMilo Ha BMICT HYyKJIETHOBHX
kucor [40].

Pesynbrati Hammx OOCHIIKEHb MOKa3aid 3HHU-
JKSHHsI BMICTy Kaulito Ha 21-m1y no0y mpopocTaHHs 3a
YMOB JI0/1aBaHHs i0HIB KajMiio y KormenTpaii 10 M
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(tabum. 1), a Takox Ha 28-My 100y TPOPOCTaHHS 3a
YMOB JOJJaBaHHS 1OHIB KaJMil0 y KOHIICHTpamii 107
M. OtpumaHi pe3y/IbTaTH € aHAIOTIYHUMHU 3 TaHUMU
ABTOPIB, SAKI JOCIIIKYBaIH BMICT I[bOTO €JICMEHTY B
YMOBax BIUIMBY KaJMIil0 B POCIHMHAX 3JIaKOBHX KYJIb-
TYp, 30KpeMa, B IUCTKAX MIICHUII Ta KyKypya3u [41],
nmapoctkax pucy [42], a Takox B 1mbymi [43]. Kobu-
neupka M.C. ta Tepek O.1. [44] BuBuaroun BMICT Ma-
KpoesieMeHTiB Ha 12-ty noOy mpoporuryBaHHS 3a Jii
XJIOpUAY KaJaMi0 y KOHIICHTpAii 10 M, Takox mo-
Ka3aJM 3MEHIICHHS BMICTY Kalil0 B MMaroHax KyKypy-
34, 3HIDKEHHS BMICTy Kallifo y TIICHHII B yMOBax
CTpecy, CIPUYNHEHOTO JIi€I0 i0HIB KaaMilo MOXe OyTH
NOB’sI3aHE 3 TOPYLICHHSM, MiJl BINTHBOM Ba)KKOTO Me-
Tally, TPAHCIOPTHUX (DYHKI[H B KIITHHI, OCKUIBKH Ka-
JIifl € OMHUM 3 BaXKJIMBHX KOMIIOHCHTIB TpaHCMEMO-
paHHOrO TepeHocy ioHiB [45].

SIk mokaszaHo B Tabj. 2, BMICT HITporeHy Tta ¢oc-
¢dopy Ha 28-my noOy mpoporryBanHs Ha (oHi 000X
KOHIICHTPAIi{ KaJMil0 Ma€ MoMi0Hy AWHAMIKY JIO PiB-
HS JAaHUX MaKpoeJeMeHTiB Ha 15-ty moOy mpoporry-
BanHs (tabm. 1), ame crmocrepiraetbesi 36iTBIICHHS
BMICTy KaJlif0 TIpH KOHIICHTpAIii KaaMiro 107 M, mo
MOJK€ CBIUHTH TPO 3AIEKHICTH BMICTy €JIEMEHTIB
MIHEpaJbHOTO JKUBJICHHS BiJl KOHLEHTPALIl Ba)KKOTO
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Ti MeMOpaH BHACIIJIOK 301IbIICHHS aKTUBHUX (hopMm
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00OJIOHKH KIIITHH, 110 00yMOBIICHO 3B’SI3yBaHHIM 10-
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[opsin i3 MeTan-iHAYKOBaHUM IPUTHIYEHHSIM POC-
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IOTBCSL TIPOIIECH  JIIMONEPOKCHAALIi, 3MEHIIYEThCS
BMICT MOKa3HHWKIB AHTHOKCHAATHOTO CTaTycy, IO
MOJKE€ BKa3yBaTH Ha PO3BHUTOK aJIalTAIlifHIX IIPOIIECIB
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