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B3aTtTa 3paskiB NUIKy NpoBOAWMSM B NMepiog MacoBOro UBITIHHA 3 OOHOPIYHUX Na-
roHiB gepeB. PepTUNbHICTb | CTEPUINBHICTb MUIKOBUX 3€PEeH BU3HAYanm NOgHNM METO-
AOM BUSIBIIEHHS KDOXMAIHO Y 3PINnNX NUIKOBMX 3epHaX.

B pesynbraTi gocnigpkeHb dhepTunbHOCTI NUNKOBUX 3epeH A. hippocastanum L. B
pi3HMX ymoBax M. Kam'aHusi-INMoginbcbkoro 6yno nokasaHo, L0 NOKa3HMK CTEPUITbHOCTI
nunky konueaecs Big 2,8% y BoTtaHiyHOMy cagy (ymMoBHO uyncta Teputopid) 0o 7,3%
nobnuay AT «lNoginbcbknii uemeHT». [Ona pocnvH nobnuay O BAT «Kam'siHeub-
MoginbCbkuin LKPOBUIA 3aBOA» LW NMokasHuK cTaHoBuB 4,8%, a nobnmsy marasuHy
«Cinbno» i mocTy «JlaHb, Wo 6ixnTb» —6,2% i 6,5% BianoBiaHO. BusHauyeHHs koedilieH-
Ty CTEPUNBbHOCTI NUINKOBUX 3epeH A. hippocastanum y pi3HMX Toukax M. Kam'sHus-
Moginbcbkoro, nokasano, WO MOoro BenuynHa konmeaeTbes Big 1,7 (nobnmsy O BAT
«Kam’siHelb-IMoginbcbknin LykpoBuMiA 3aBoay») Ao 2,6 (nobnmay MAT «[lMoainbcbkuin Lie-
MeHT»). Lli MOKa3HMKM OOCTOBIPHO Bi4Pi3HANOTHCS Bif MOKa3HMKa KoeilieHTy CTepurib-
HOCTI ripKOKallTaHy, WO 3pOCTaEe Ha YMOBHO YMCTIM AiNsHUI, WO BKasye Ha Te, Wo pi-
BEHb 3a0pyQHEHHS Ha JaHUX TEPUTOPIAX BiOPI3HAETLCS | € HaMbINbLMM nobnuay MAT
«lMoginbCbknin LEMEHT» Ta MOCTY «J1aHb, WO BGPKUTBY.

OTxe, aHani3 pepTUnbLHOCTI MMIKOBUX 3epeH A. hippocastanum A03BONS€ BCTaHO-
BUTW EKOJOTIYHY CUTYaLUito AoCnigKyBaHUX Teputopii M. Kam’sHusa-lMNoginscbKoro.

UsinuHiok O., Monouwlin T.
MOP®OMETPUYHI OCOBIMBOCTI POCIIVH ANUHU 3BUYANHOI
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«MUKOJAIBLLEEMEHT» TEPUTOPII
JIbBIBCBKMI HaLiOHaNbHUIA yHIBEPCUTET iMeHi IBaHa PpaHka
Byn. [pyweBcbkoro, 4, M. J1bsiB, 79005, YkpaiHa
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Tsvilynyuk O., Moloshiy T. MORPHOMETRIC SIGNS OF SPRUCE PLANTS (PI-
CEA ABIES L. KARSTEN) NEAR THE NICHOLAS CEMENT PLANT. Investigated
the prospects of morphological parameters of spruce, which grew under Influence of
cement plant emissions. The raw mass of needles increased by 15%, and dry by 31%
relative to control. The number of needles on the length of the axial shoot dovzhinoyu
increased by 40% relative to control.

Po3BuTok npommcrioBoro BMpobHuuTBa y MukonaiBcbkoMy parioHi J1bBiBCbKOi 00-
nacrTi, 3okpeMa yHKLiOHYBaHHSI Ha MOro Tepmutopii Ha NpoTsa3i 6inbLu Hixx 50 pokis MAT
,MukonaiBueMeHT”, BUkMan sikoro ctaHoBunun 3% Big BanoBux BukuaiB JIbBiBCbKOT 00-
nacrTi, 4ae nigcTaBu BiQHECTM TEPUTOPItD, MPUNErny oo mxepena 3abpyaHeHHs Oo no-
KanbHOI TEXHOTEHHOT reoxiMiYHOT aHoMarnil Ta 3yMOBMOE aKTyarbHICTb KOMMIEKCHUX
€KOMOriYHNX AoCHigKeHb HaaXOMKEHHSA NOMOTAHTIB, X akyMynsauil, Mirpauii Ta peakuii
KOMMOHEHTIB NPUPOOHNX EKOCUCTEM Ha TpUBane aepoTeXHOreHHe 3abpygHeHHs Kanb-
uieBmicHMM nvnom. HocnigkyBanu GioiHAMKaUINHY NEePCNeKTUBHICTL MOPKOnoriYHnX
NMoKasHUKIB siNMHU 3BMYanHoi (Picea abies (L.) Karst.) B ymoBax TeXHOreHHoro 3abpya-
HEeHHSA TepUTOPIi 3a paxyHOK AisNIbHOCTI LEMEHTHOrO 3aBoay. Buknan uemMeHTHoro 3aBogy
BMAMBaNM Ha CUpy Ta CyXy Macy XBOIHOK: crpa Maca 3pocTtana Ha 15%, a cyxa —Ha 31%
Y NOPIBHSAHHI 3 KOHTponeM. B 3oHi MNMAT «MwukonaiBueMeHT» JOBXMHA i LUIMPUHA XBOI Ann-
HW Ha NaroHax Pi3HMX POKIB NPUPOCTY 3BMYANHOI 3anuLianacs Ha piBHi KOHTPOro. A Kifb-
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KiCTb XBOTHOK Ha Bifpi3Ky 0CbOBOro naroHa JoBxmHoto 10 cm 3a Ail BUKMAIB LLEMEHTHOro
3aBogy 3poctana Ha 40 % y MOpiBHSAHHI 3 KOHTponeM. Take yLlifbHEHHS MiClb YTBO-
PEHHST XBOI € pe3ynbTaToOM 3MEHLLIEHHS MPUPOCTY NaroHiB y AoBXxuHY. [NoaibHe siBuLe
crnocTepirann y XBOMHUX 3a Ail HECNPUATINBUX YNHHUKIB cepenoBuLla. TakuM YUHOM,
He3Bakatouu Ha Te, Wo MuKonaiBCbKoM LEMEHTHUI 3aBO4, NPUNUHUB PO3MOBCIOOKEH-
HS KNiHKEPHOro Numy y HaBKONMULLHE cepeaoBuLle y nictonagi 2014 poky, yLifibHEHHSA
XBOI Ha nMaroHax SNIMHU 3BUYalHOI, WO pocTe nobnuay 3aBoay, CBIAYUTL MPO TpuBany
HeraTMBHY MNicNAAi BUKUAIB LEMEHTHONO 3aBOAY.

Wiche O.', Tischler D.', Klimkina 1.2, Kovrov 0.2, Heilmeier H.!
CITRIC ACID AND THE SIDEROPHORE DFO-B AS SOIL AMENDMENTS AFFECT
THE BIOAVAILABILITY OF GERMANIUM AND RARE EARTH ELEMENTS
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Leipziger Str. 29, 09599 Freiberg, Germany
2 National Mining University, Department of Ecology
K. Marks Av., 19, Dnipro, 49005, Ukraine
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The bioavailability of toxic and other target elements is a most determining factor
for phytoremediation (especially phytoextraction) and phytomining. It depends, among
others, on mineral and organic phases of the soil, pH and redox potential. Soil amend-
ments like organic acids or strongly chelating compounds, which, e.g., change soil pH or
can form stable complexes with the target elements, have been used in the past in order
to increase the mobility of the target elements in the soil. These additives, however, may
lead to leaching of toxic elements from the soil, possibly causing serious environmental
problems to water bodies. Therefore less dangerous alternatives are necessary which
use the natural capacity of plants to change availability of elements in their root environ-
ment. Here we report on the effect of citric acid, a major component of root exudates,
and desferrioxamine B (DFO-B), a naturally occurring microbial siderophore, on the
bioavailability of Ge and the rare earth elements (REEs) cer (Ce), samarium (Sm) and
dysprosium (Dy) in soils and their uptake into reed canary grass (Phalaris arundinacea).

The mobilization capacity of citric acid and DFO-B for Ge and the REEs was tested
in a soil dissolution experiment using 1 and 10 mM citric acid and 0.1 mM DFO-B, and
deionized water and deionized water adjusted with HNO, to pH 3.7 (corresponding to
the 10 mM citric acid treatment) as references. The effect of citric acid and DFO-B on
the uptake of Ge and REEs by P. arundinacea grown in sand culture was investigated
48 and 96 hours after applying treatment solutions containing Ge, Ce, Sm and Dy, in
the presence or absence of citric acid or DFO-B by harvesting plants for analysis of Ge
and REEs. The effects of citric acid and DFO-B on the accumulation of Ge and REEs in
soil-grown P. arundinacea were investigated by growing plants for eight weeks in pots,
applying nutrient solutions (N, S, K, Ca, Mg) with1 mM citric acid, 10 mM citric acid,
100 uM DFO-B, or only nutrients as reference. Trace elements were analyzed with
ICP-MS after micro-wave digestion. Addition of 10 mM citric acid significantly enhanced
desorption of Ge, Ce, Sm and Dy from soil and uptake into soil-grown plants, indicating
a higher bioavailability of the target elements in the presence of carboxylic ligands. The
application of DFO-B enhanced the dissolution and uptake of REEs; however, there
was no effect on Ge. In sand-grown plants, the uptake of Ge and REEs was significantly
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