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EFEKT INTERFERENCJI Cd-Se NA AKUMULACJ E
KADMU | SELENU WE WSCHODACH GROCHU

Summary: Effect of three cadmium compounds (Cd$e0dSeQ@ and Cd(NCSejnia)) containing Se in
different oxidation states were used for experimeRea seedlings (cv. Felix) cultivated in hydrap@olutions
under control conditions were treated with the &bmentioned compounds for two weeks
(c = 3+120umol dnt®). Then root and shoot dry mass was estimatedtenddncentrations of Cd and Se in plant
organs were determined using AAS. Bioaccumulataxtdrs related to both investigated elements (@),aS
well as translocation factors were evaluated. Higleenpound concentrations were toxic and desiceaifathe
shoots was observed. Cd concentration in the meatshed higher levels than in the shoots and adeteduCd
amount in plant organs increased with increasing cBdcentration. Whereas treatment with CdsSe@d
Cd(NCSe)(nia), resulted in expressively higher Se concentratioroots, for CdSeftreatment Se concentration
in shoots exceeded Se concentration in the rodterefore treatment with CdSg@esulted in much higher
mobility of Cd and Se within the plants than theatment with CdSe{and Cd(NCSejnia),.
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Cadmium is toxic metal which is relatively mobile plants where it can influence
mineralnutrition and negatively affects plant growth anevelopment [1, 2]. The main
basis of Cd toxicity in biological systems lies its strongaffinity for SH-containing
ligands, particularly polythiols. Cd is considetedtarget zinc metalloenzymeasgembrane
phospholipids and oxidative phosphorylation gj,causing impairment of cell respiration,
inhibition of enzyme activities and protein denaturation {2d. also causes serious damage
of plant photosynthetic apparatus [5]. Cadmiumrietes with some essential elements
(eg Zn, Fe), including Se [6]. It was previously foutidt in crops Se is mainly taken up in
the form of selenate(VI) or selenate(lV) and that i6 form of Se(VI) is more mobile
within the plants than Se(IV) [7]. Shanker et @] found that the presence of sodium
selenate(VI) and sodium selenate(IV) reduced Cdractation in maize shoots. According
to Whanger [9], the presumed protective effect@Bfainst cadmium and mercury toxicity
is through the diversion in their binding from Ilomnelecular-mass proteins to
higher-molecular-mass ones.

This study is aimed to investigate the effect ameoCd compounds on production
characteristics as well as on Cd bioaccumulatigslant organs oPisum sativum L. and to
determine the influence of selenium oxidation estan Cd and Se bioaccumulation
capacity.

Material and methods

For experiments following compounds were used: @jiSe CdSeQ
and Cd(NCSegjnia). These compounds were prepared according tdokéaet al. [10].
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Analytical reagent-grade chemicals purchased fraohema (Brno, CZ) were employed

for the preparation of all solutions. Freshly distl water was used in all experiments.

For cultivation of experimental plants the seed#isfim sativum L., cv. Felix were
used. The seeds of pea were placed on the surffditteropaper wetted with distilled water
and after 72 hours exposure at mean air tempergf%et0.5°C) the seedlings were

exposed in hydroponia for 14 days

relative air
80 umol m? s™): control variant in Knop solution and metadated variants in Knop

+0.5°C,
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mass of shoots and roots were estimated. FAASkifReEImer 110, USA) was used for

determination of Cd and Se contents in shaontsroots of studied plant species.

solution containing 3, 6, 12, 24 and g&ol d

Results and discussion

Dry mass of roots and shoots of pea plants deatesitle the increasing concentration

of the studied compounds (Fig. 1).

(60 and 12Qumol dn®) were toxic and desiccation of the shoots wages!.
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Fig. 1. Dry mass of roots and shoots of pea plaeatged with the studied compounds
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Fig. 2. Cd and Se shoot concentrations after tresatmvith studied compounds

Cd concentration in the roots reached higher letrels in the shoots and accumulated
Cd amount in plant organs increased with increasidgconcentration. The dependence
of bioaccumulated Cd and Se amount in the shootghenconcentration of studied
compounds is shown in Figure 2. It is evident tiat lowest Cd bioaccumulation in the
shoots caused treatment with Cd$e@hereas the highest Cd concentration was
determined after treatment with Cd(NCgeia). On the other hand, treatment with
CdSeQ resulted in expressively higher Se concentratioghioots than the treatment with
CdSeQand Cd(NCSejnia), and Se concentration in the shoots exceeded Semation
in the roots.

The bioaccumulation factors (BAF) related to Cdagimumulation in pea roots ranged
from 108.6 to 333.0 for CdSeCfrom 170.1 to 726.5 for CdSg@nd from 327.7 to 705.8
for Cd(NCSe)(nia), and those related to Se bioaccumulation in peasreoagedfrom
34.6 to 158.7 for CdSeQfrom 90.5 to 435.7 for CdSeCGand from 33.8 to 629 for
Cd(NCsSe)(nia),.

The corresponding BAF values related to Cd bioacdation in pea shoots ranged
from 7.3 to 50.0 for CdSeQfrom 5.6 to 35.6 for CdSe&and from 11.9 to 35.9 for
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Cd(NCSe)(nia) and those related to Se bioaccumulation in peatsitangedrom 49.4 to
173.8 for CdSe@ from 8.7 to 25.9 for CdSe@nd from 5.6 to 16.9 for Cd(NCS@)ia),.

In general, BAF values decreased with the increpSia (Se) concentration. However,
increase of BAF values determined for pea rootkigiter CdSe@and Cd(NCSejnia),
concentrations (60 and 120nol dm™, respectively) indicated damage of root cells lay C
connected with uncontrolled ion uptake. At the lstvapplied compound concentration
(3 umol dn® values of BAF for shoots confirmed interactive effects of @dd Se
resulting in reduced Cd uptake in case of CdSeéatment and reduced Se uptake in case
of CdSeQtreatment.

It could be concluded that selenium oxidation statstudied compounds significantly
affected bioaccumulation of Cd and Se in pea plantstreatment with CdSe@esulted in
much higher mobility of Cd and Se within the platitan the treatment with CdSe@nd
Cd(NCsSe)(nia),. Due to CdSe@treatment up to 38% of Cd and 89% of Se from tial t
accumulated metal amount by the plant was accuetiiatthe shoots whereas these values
for CdSeQ@ and Cd(NCSejfnia), reached only 18% for both Cd and Se. The obtained
results are in accordance with our previous regtiis 11] as well as with the findings of
Arvy [7] and Shanker et al. [8, 12].
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Streszczenie: W eksperymencie wykorzystano trzy zwki kadmu (CdSeg) CdSeQ@, Cd(NCSexnia)),
zawierajce Se w rénych stopniach utlenienia. Wschody grochu uprawiamewodzie w warunkach
laboratoryjnych byly traktowane wymienionymi zwkami przez dwa tygodnie (¢ = 3+120 pmol-grNastpnie
w prébkach korzeni i géw ragilin oznaczano ggtenia Cd i Se z pomacAAS. Dokonano oceny bioakumulaciji
i czynnikdw wplywajicych na przemieszczanieg dbadanych pierwiastkdwWigksze stzenie zwiazkoéw byly
toksyczne i powodowaly wysuszeniegdpw railin. Stezenia Cd w korzeniach byly wksze ni
w pedach rglin, a stzenie zakumulowanego Cd w organackliny zwigkszato s¢ wraz ze wzrostem gtenia Cd.
Podczas dziatania CdSg@d(NCSe)(nia), wyniki wyraznie wskazywatyze stzenie Se w korzeniach wzrosto,
podczas dziatania zwikiem CdSe@ stzenie Se w gdach bylo weksze od sgzenia Se w korzeniach. Zatem
w wyniku dziatania CdSefma miejsce wiksza kumulacja Cd i Se wdlmie niz podczas dziatania zgdkami
CdSeQi Cd(NCSe)(nia).
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