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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
'"TU Bergakademie Freiberg, Institute for Biosciences
Leipziger Str. 29, 09599 Freiberg, Germany
2 National Mining University, Department of Ecology
K. Marks Av., 19, Dnipro, 49005, Ukraine
e-mail: oliver.wiche@ioez.tu-freiberg.de

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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decreased in the presence of citric acid and DFO-B, indicating a discrimination of the
formed complexes.

This study with a grass species grown on different substrates clearly shows that
citric acid and the microbial siderophore DFO-B can enhance phytoextraction of Ge and
REEs due to the formation of soluble complexes that increase the mobility of elements
in the rhizosphere of soil-grown plants. However, as demonstrated by the sand-culture
experiment, uptake of organo-complexes of Ge and REEs is discriminated. Therefore
further biological processes in the rhizosphere of soil-grown plants may contribute to
chelant-enhanced phytoextraction.

Aknumuyk P.
MYTALIWHA MIHNUBICTb O3MMOI NWEHWULI, IHAYKOBAHA 3ABEPYOHEHHSAM
I'PYHTY MPOMUCNOBUMU BUKUOAMM
YMaHCbKUI aepaBHUI negaroriyHnm yHiBepcuTeT iM. NaBna TuumnHm
Byn. Cagoea, 2, M. YMaHb, 20300, YkpaiHa
e-mail: peoplenature@rambler. ru

Yakymchuk R. MUTATION VARIABILITY OF WINTER WHEAT, INDUCED BY
SOIL CONTAMINATION OF INDUSTRIAL DISCHARGES. Genetic consequences of
heavy metal contamination for winter wheat of the area affected by industrial discharges
were studied. The frequency of visible mutations exceeds control indicators by 2.1-4.9
times. A typical spectrum of their types: late maturity, high and short, long, dense, loose
spike — can be used as an indicator of environmental contamination with heavy metals.

OgpHieto 3 nepegymMoB aHaniay i MPOrHo3yBaHHSA CTaHy 3abpyAHEHHS TEPUTOPIN Npo-
MUCIIOBUX LIEHTPIB € PETESIbHUN KOHTPOSb 3a KOHLEHTPAaLIE IOHIB BaXKKMX MeTanis.
Kpim iX npamMoi TOKCUYHOI Aii, nosBu idionoridHnx i yHKLiOHaNIbHO-MOPOSOrivYHMX
BiAXUNEHb, 3pOCTaHHS 3arasibHOT 3aXBOPHOBAHOCTI XapaKTepHi 1 BigaaneHi edpekTu, Wwo
TOPKAKTBLCS OCHOBHUX (DYHKLiA XXMBUX CUCTEM — BiOTBOPEHHS M OiONPOAYKTMBHICTD,
reHepaTMBHI BMACTMBOCTI Ta CMEPTHICTb. TOMYy aKTyanbHUM € BUBYEHHS FeHEeTUYHUX
HacnigkiB 3abpygHEHHsT HABKOMNULLIHBOTO CEPEAOBMLLA BaXKKMMIN MeTanamm BUKUAIB nia-
NPUEMCTB 3 TOYKM 30pYy iHAYKOBAHUX LMW BAAMBaMU NOPYLUEHb reHepauinHnX gyHK-
Lin reHeTUYHOro anaparty M peecTpaLin y HM3LI NOCNiA0BHUX MOKOMiHb PiBHS BUAUMUX
MyTaLin.

PocnuHn o3umoi nweHunui copTiB AnbbaTtpoc opecbkuii i 3umosipka BUPOLLIEHO
y 2012-2013 pp. 3a 5 km Big BypwTtrHcbkoi TEC no oci nepeHeceHHst MOBITPAHMX Mac
Ta B Mexax npomucnoBux 3oH BAT «[lMonTtaBximmaluy, [1BK «CneujianizoBaHuii 3aBog no
TepMiYHin nepepobui TBepanx nobyToBux Biaxodie» M. Xapki, AT «JlyraHcbki akymy-
naropuy, KIN «JlybHmBogokaHan» Ta nobnuay Byn. b. XmenbHULBKOro M. KOCTSHTUHIBKA.
B nokoniHHax M, i M, Bu3Hayanu 4actoTy i CnekTp MyTaHTHUX POPM 3a BiAHOLUEHHSM
KiNIbKOCTi POAMH i3 MYTaHTHUMU POCNMHAMKN OO BUBYEHUX POAMH MOKOMIHHA M,

XpOHiYHa Aia MyTareHiB r'pyHTY , 30KpeMa 1 BaXKKux meTtanis, npunernoi o bypuu-
TuHcbKoi TEC TepuTopii Buknvkana B nokoniHHAX M,-M, 03Mmoi nweHuui copTy cyTTeBe
3pOCTaHHSA pPiBHS BUOAUMMX MyTaLin, Wo B 3,9 pasn nepeBuLLyBaB CNOHTaHHI MOKa3HUKK.
MepeBuLLEHHS Y I'PYHTI npomMucrioBoi 30HM BAT «[lonTaBxiMmalu» d)OHOBOrO BMICTY
iOHIB CBUHLIO i LIMHKY CMPUYMHUITO 3POCTaHHS YaCcTOTU MyTaLii y pocruH copTiB Anbba-
Tpoc ogecbkuii i 3umosipka B 4,9 Ta 2,1 pasn, BignosigHo. MNigBULLEHNM BMICTOM BaXKMX
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