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Abstract: The impact of simultaneous Cd and Zn amendments in the substrate on the accu-
mulation of Cd and Zn were studied in a recently discovered Cd/ Zn hyperaccumulating Thlaspi 
praecox (Brassicaceae) and compared to a model hyperaccumulating plant species T. caerulescens. 
The plants were grown in pots with added Cd or Zn or both for three months in a greenhouse. The 
addition of Zn in the substrate increased Cd extractability in the substrate significantly without 
a significant pH change and this increase resulted in increased concentration and content of Cd 
in the shoots of both species indicating that species have similar abilities to extract Cd from the 
substrate. In the combined treatment (Cd and Zn) an increase in shoot biomass accompanied 
with a decrease in Zn concentration in roots and shoots of both species was observed, while no 
changes in total accumulated Zn in shoots were seen. These results suggest different uptake and 
translocation systems for Cd and Zn in T. praecox, positioning this plant species in the superior 
Cd hyperaccumulating league of T. caerulescens Ganges ecotype.

Keywords: Thlaspi caerulescens, Thlaspi praecox, cadmium uptake, hyperaccumulation, 
zinc uptake

Izvleček: Preučevati smo vpliv sočasnega dodatka Cd in Zn v substrat na njuno akumula-
cijo pri nedavno odkriti hiperakumulacijski vrsti rani mošnjak (Thlaspi praecox, Brassicaceae) 
in jo primerjali z akumulacijo pri modelni hiperakumulacijski rastlini modrikasti mošnjak (T. 
caerulescens). Obe vrsti smo gojili v rastlinjaku tri mesece. Dodatek Zn v substrat je povečal 
dostopnost Cd v substratu, ne da bi se ob tem povečala pH vrednost substrata, posledično pa 
smo izmerili večje koncentracije in vsebnosti Cd v poganjkih pri obeh vrstah, kar pomeni, da 
imata vrsti podobno sposobnost odstranjevanja Cd iz substrata. V kombiniranem tretmaju (Cd 
in Zn) smo pri obeh vrstah izmerili največjo biomaso poganjkov in zmanjšano koncentracijo 
Zn v koreninah in poganjkih, vsebnost Zn pa se pri tem ni spremenila. Rezultati nakazujejo na 
ločen privzem in transport Cd in Zn pri vrsti T. praecox, kar jo postavlja ob bok ekotipu vrste T. 
caerulescens Ganges, za katero velja superiorna sposobnost hiperakumulacije Cd.

Ključne besede: Thlaspi caerulescens, Thlaspi praecox, privzem kadmija, hiperakumulacija, 
privzem cinka
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Introduction

Accumulation of metals in plant shoots results 
from the mechanisms of both root uptake and root-
to-shoot translocation. The interactions between 
metals in soil and in the plant itself are important 
factors in these processes. Soil interactions can be 
explained by simple ionic competition between 
metals for sorption sites (christensen 1987). An 
increase in bioavailable metal concentration of one 
after the addition of the other in the soil solution 
is frequently observed (Ueno & al. 2004). In the 
plant, the competition for the metal binding sites 
in transport proteins normally leads to a decrease 
in the accumulation of one metal in the presence 
of other(s). Studies of these interactions are of 
immense importance in plants that are capable of 
taking up and storing high levels of metals without 
suffering from metal toxicity, the so-called hyper-
accumulators (Baker & Brooks 1989) because 
of their potential application in phytoextraction 
technologies (regvar 2008).

Thlaspi caerulescens J. & C. Presl (Brassi-
caceae) is one of the most studied hyperaccumula-
tors which occurs on metalliferous as well as on 
non-metalliferous soils (reeves & Baker 2000). 
Hyperaccumulation of non-essential metals Cd 
(>0.01% Cd in the shoot dry weight) and essential 
Ni (>0.1% Ni) has been reported in some popula-
tions of T. caerulescens and a superior ability to 
hyperaccumulate Cd was described in a population 
of T. caerulescens (Ganges) from Southern France 
(LomBi & al. 2000, Zhao & al. 2003). Recently, 
T. praecox Wulfen from a multi-metal polluted site 
in Žerjav (Slovenia) was reported to hyperaccumu-
late up to 0.6% Cd in shoots (vogeL-mikUš & al. 
2005), up to 0.07% Cd in flowering and seeding 
stalks (Pongrac & al. 2007), and up to 0.14% Cd 
in seeds (vogeL-mikUš & al. 2007) under field 
conditions. Besides the T. praecox population from 
Žerjav, populations from Mežica and Lokovec in 
Slovenia also exhibited Cd hyperaccumulating 
character (Likar & al. 2009).

Hyperaccumulation of Zn (>1% Zn in the shoot 
dry weight) was, unlike Cd hyperaccumulation, 
found to be a constitutive trait in T. caerulescens 
(escarré & al. 2000, assUnção & al. 2003). In 
T. praecox plants collected in Žerjav, up to 1.5% 
Zn was found in shoots (vogeL-mikUš & al. 2005). 
The uptake and translocation of Cd and Zn were 

studied in T. praecox and T. caerulescens Ganges 
ecotype in a hydroponic and in a pot experiment. 
The hydroponic experiment using radiolabels 109Cd 
and 65Zn showed that the short-term uptake rate of 
Cd and Zn was higher in T. caerulescens than in 
T. praecox, whereas the Cd but not Zn transloca-
tion efficiency was higher in T. praecox (Xing & 
al. 2008). In the pot experiment the two species 
hyperaccumulated Cd in the shoots to a similar 
extent whereas Zn concentration in T. praecox 
shoots was lower than that in T. caerulescens 
(Pongrac & al. 2009). However, the design of 
these experiments did not enable conclusions on 
the impact of interaction between Cd and Zn on 
the uptake and translocation of these two metals. 
Therefore a long-term pot experiment was set up 
in which T. praecox and T. caerulescens Ganges 
ecotype were treated with Zn, Cd or their com-
bination (Cd + Zn) to study their interactions and 
are presented in this paper.

Material and Methods

Plant material and experimental design

Seeds of Zn/ Cd hyperaccumulating population 
of Thlaspi praecox Wulfen were collected from a 
heavy metal polluted site in Žerjav, Slovenia and 
seeds of Thlaspi caerulescens J. & C. Presl were 
collected from the Ganges area (south France). 
The seeds were germinated on a mixture of 
perlite and vermiculite (1:1 v/v) moistened with 
deionised water. Thirty days old seedlings were 
transplanted to plastic pots (three per pot) filled 
with 500 g of commercial peat-based substrate 
(Damjan Čamernik s.p., Biobrazda; pH 6.9–7.2, 
7.45 g N kg–1, 2.64 g P2O5 kg–1, 2.67 g K2O kg–1 
and 251 g kg–1 organic matter). The substrate was 
amended 3 weeks before with Cd and/or Zn (both 
as a sulphate salt) to obtain the following treat-
ments: the Zn treatment contained 100 mg Zn kg–1, 
the Cd treatment contained 50 mg Cd kg–1 and the 
combined treatment contained 100 mg Zn kg–1 
and 50 mg Cd kg–1. The control treatment did 
not receive the addition of Zn nor Cd. One batch 
of substrate was prepared per metal amendment 
treatment and used to fill four pots for each treat-
ment and each plant species. Immediately before 
transplanting a sample of the substrate was taken 
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from each pot to determine metal availability us-
ing the extraction method with 1 M ammonium 
acetate (Baker & al. 1994). The substrate pH in 
the water fraction was determined after diluting 
1 g of dried soil in 20 ml of MiliQ water and 
shaking vigorously for 2 h (ÖhLinger 1995). The 
plants were grown for three months in a growth 
chamber under controlled conditions with 16 h 
day period, light intensity of 160 μmol m–2s–1, 
18°C:16°C day:night temperature and 50–60% 
relative humidity. Upon harvest, the plant material 
was carefully washed with deionised water; the 
shoots and roots were lyophilized and weighed 
(dry weight).

Cadmium and zinc determination

Subsamples (30 mg) of finely grinded plant 
tissue were digested with a mixture (7:1 v/v) of 
HNO3 and HClO4. The concentrations of Cd and 
Zn in the digest were determined using atomic 
absorption spectrometry (AAS) (Perkin Elmer 
AAnalyst 100) (vogeL-mikUš & al. 2005). 

Statistical analysis

The translocation factors (TF) were calculated 
as ratios of shoot and root concentration. The 
contents of Cd and Zn (µg) in the plant tissues 
were calculated by multiplying concentration 
and dry biomass. The effects of treatment on all 
the studied parameters were investigated using 
two-way analysis of variance (ANOVA) with 
species and treatment as independent factors 
(Tab. 1). When the within-species factor (effect 
of treatment) was significant, one-way ANOVA 
was undertaken with Tukey’s honest significant 
difference (HSD) test to determine the significance 
of the differences between the treatments for both 
species (p<0.05). When the between-species factor 
(effect of species) was significant, differences for 
each treatment between T. praecox and T. caeru-
lescens were determined separately using Student 
t-test at p<0.05. All the tests were performed using 
Statistica Statsoft® (version 6.0) software.

Results

The addition of Zn significantly increased Cd 
extractability in the substrate without a signifi-
cant change in pH, whereas the addition of Cd 
did not influence the extractability of Zn (t-test, 
p<0.05; Tab. 2). The plant species did not differ 
significantly in the root nor shoot biomass; only 
the treatments influenced the plant biomass sig-
nificantly (Tab. 1; Fig. 1A, B). The combination 
of Cd and Zn significantly increased the shoot 
biomass of both species in comparison to both 
control and Zn treated plants (Fig. 1B). 

Overall the two species did not differ signifi-
cantly in the Zn root and shoot concentration, nor 
in the Zn translocation factor (TF) (Tab. 1). Nev-
ertheless, differences were observed between the 
species in particular treatments, e.g. T. caerulescens 
accumulated higher shoot Zn concentrations in 
the Zn treatment compared to T. praecox (t-test; 
p<0.05). In the combined treatment (Zn and Cd) 
decreased root and shoot Zn concentration when 
compared to the Zn treatment in both species was 
observed (Fig. 1C, D). Zinc TF was higher in the 
Zn and combined treatments in comparison to the 
control and Cd treatments (Fig. 2A). There was no 
significant change in the total accumulated Zn in 
the plant shoots between the Zn and the combined 
treatments (Fig. 3A).

Species, treatment and their interaction influ-
enced the root Cd concentration and the Cd TF, 
but only the treatment influenced Cd concentration 
and content in the shoots (Tab. 1). In T. caeru-
lescens higher concentrations of Cd in the roots 
were measured in the Cd treatment. However, in 
the shoots the Cd concentration was not differ-
ent between the two species (Fig. 1E, F). In the 
combined treatment increased Cd concentrations 
(Fig. 1F) and content (Fig. 3B) in the shoots of 
both species were observed when compared to the 
Cd treatment. The Cd TF was higher in T. praecox 
than in T. caerulescens in the Cd and combined 
treatments (Fig. 2B). 
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Fig. 1: Plant biomass (A and B), concentration of Zn (C and D) and Cd (E and F) in Thlaspi praecox and Thlaspi 
caerulescens grown in Cd and Zn amended substrates (means ± standard error, n=4), C – control treatment, 
50Cd – treatment with 50 mg kg–1 Cd, 100Zn – treatment with 100 mg kg–1 Zn, 50Cd+100Zn – treatment 
with 50 mg kg–1 Cd and 100 mg kg–1 Zn. Different letters above the columns indicate significant statistical 
differences (one-way ANOVA and post-hoc Tukey HSD test; p<0.05).

Slika 1: Biomasa rastlin (A in B), koncentracija Zn (C in D) in Cd (E in F) pri vrstah Thlaspi praecox in Thlaspi 
caerulescens, ki smo ju gojili na substratu z dodanim Cd in Zn (povprečja ± standardna napaka; n=4), 
C – kontrola, 50Cd – tretma z 50 mg kg–1 Cd, 100Zn – tretma z 100 mg kg–11 Zn, 50Cd+100Zn – tretma 
z 50 mg kg–1 Cd in 100 mg kg–1 Zn. Različne črke nad stolpci nakazujejo statistično značilno razliko 
(enosmerna ANOVA in Tukeyjev HSD post hoc test, p<0,05). 

Discussion

The accumulation capacity of Cd and Zn in 
response to the addition of Zn, Cd or their com-
bination in the substrate was studied in Cd/ Zn 
hyperaccumulating species T. praecox from Žerjav 
(Slovenia) and T. caerulescens Ganges ecotype. 
The addition of Zn in the combined treatment 
increased the Cd extractability significantly in 
the substrate as previously observed (Ueno & al. 

2004). In contrast, the extractability of Zn was 
not changed due to the presence of Cd in the 
combined treatment which may be contributed 
to a constantly high amount (> 90%) of total Zn 
remaining insoluble in the substrate and thus una-
vailable for plant uptake (BroadLey & al. 2007). 
The concentrations of ammonium-extractable 
concentrations of Zn and Cd were measured three 
weeks after amending the substrate to ensure 
homogenous distribution of these two metals and 
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Fig. 2: Translocation factor (TF; the ratio between shoot and root concentration) for Zn (A) and Cd (B) in Thlaspi 
praecox and Thlaspi caerulescens grown in Cd and Zn amended substrates (means ± standard error, n=4); 
C – control treatment, 50Cd – treatment with 50 mg kg–1 Cd, 100Zn – treatment with 100 mg kg–1 Zn, 
50Cd+100Zn – treatment with 50 mg kg–1 Cd and 100 mg kg–1 Zn. Different letters above the columns 
indicate significant statistical differences (one-way ANOVA and post-hoc Tukey HSD test; p<0.05). 

Slika 2: Translokacijski faktor (TF, razmerje koncentracij v poganjkih in koreninah) za Zn (A) in Cd (B) pri vrstah 
Thlaspi praecox in Thlaspi caerulescens, ki smo ju gojili na substratu z dodanim Cd in Zn (povprečja ± 
standardna napaka; n=4), C – kontrola, 50Cd – tretma z 50 mg kg–1 Cd, 100Zn – tretma z 100 mg kg–1 Zn, 
50Cd+100Zn – tretma z 50 mg kg–1 Cd in 100 mg kg–1 Zn. Različne črke nad stolpci nakazujejo statistično 
značilno razliko (enosmerna ANOVA in Tukeyjev HSD post hoc test, p<0,05).

Fig. 3: Content (µg) of Zn (A) and Cd (B) in shoots of Thlaspi praecox and Thlaspi caerulescens grown in Cd 
and Zn amended substrates (means ± standard error, n=4); C – control treatment, 50Cd – treatment with 
50 mg kg–1 Cd, 100Zn – treatment with 100 mg kg–1 Zn, 50Cd+100Zn – treatment with 50 mg kg–1 Cd and 
100 mg kg–1 Zn. Different letters above the columns indicate significant statistical differences (one-way 
ANOVA and post-hoc Tukey HSD test; p<0.05). 

Slika 3: Vsebnost (µg) Zn (A) in Cd (B) v poganjkih vrst Thlaspi praecox in Thlaspi caerulescens, ki smo ju gojili 
na substratu z dodanim Cd in Zn (povprečja ± standardna napaka; n=4), C – kontrola, 50Cd – tretma z 
50 mg kg–1 Cd, 100Zn – tretma z 100 mg kg–1 Zn, 50Cd+100Zn – tretma z 50 mg kg–1 Cd in 100 mg kg–1 
Zn. Različne črke nad stolpci nakazujejo statistično značilno razliko (enosmerna ANOVA in Tukeyjev 
HSD post hoc test, p<0,05).

before the substrate was used in the experiment 
thus the observed changes in the extractability of 
Cd were not a result of plant growth.

Increased shoot biomass of both species was 
observed in the combined treatment in com-
parison to only Zn treatment indicating that the 
combination of Cd and Zn is beneficiary to plant 
growth of these hyperaccumulating plant species. 
In our previous experiment increasing Cd in the 

substrate resulted in the increase of the roots and 
shoots biomass of the same species (Pongrac & al. 
2009). However, in all the Cd treatments 100 µg 
Zn g–1 was added as T. caerulescens is extremely 
sensitive to Zn deficiency in soils (oZtUrk & al. 
2003) and has higher requirement for Zn (shen 
& al. 1997). The growth enhancing effect of Cd 
in T. caerulescens was previously demonstrated 
(escarré & al. 2000, roosens & al. 2003, yanai 
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Table 1: Two-way ANOVA table for analysed parameters with species and treatment as independent factors. 
Values p<0.05 are given in bold.

Tabela 1: Preglednica rezultatov statistične analize podatkov z dvosmerno ANOVA pri čemer smo kot neodvisni 
spremenljivki uporabili vrsto in tretma. Statistično značilne vrednosti (p<0,05) so odebeljene.

Source df F p
Root dry weight
Species 1 2.26 0.146
Treatment 3 3.39 0.035
Species × treatment 3 0.10 0.959
Error 24
Shoot dry weight
Species 1 0.02 0.885
Treatment 3 10.98 <0.000
Species × treatment 3 3.15 0.043
Error 24
Root Zn concentration
Species 1 1.58 0.220
Treatment 3 32.22 <0.000
Species × treatment 3 2.37 0.095
Error 24
Shoot Zn concentration
Species 1 4.05 0.056
Treatment 3 26.37 <0.000
Species × treatment 3 5.83 0.004
Error 24
Zn translocation factor
Species 1 3.75 0.066
Treatment 3 15.20 <0.000
Species × treatment 3 3.04 0.051
Error 22
Shoot Zn content
Species 1 0.0043 0.948
Treatment 3 39.19 <0.000
Species × treatment 3 3.96 0.020
Error 24
Root Cd concentration
Species 1 15.88 <0.000
Treatment 3 63.60 <0.000
Species × treatment 3 5.75 0.004
Error 24
Shoot Cd concentration
Species 1 2.14 0.157
Treatment 3 213.90 <0.000
Species × treatment 3 0.80 0.508
Error 23
Cd translocation factor
Species 1 7.09 0.014
Treatment 3 11.48 <0.000
Species × treatment 3 10.38 <0.000
Error 23   
Shoot Cd content
Species 1 4.03 0.057
Treatment 3 50.78 <0.000
Species × treatment 3 2.95 0.054
Error 23
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Table 2: Ammonium acetate extractable concentrations (µg g–1) of Zn and Cd and pH in the substrate before 
planting Thlaspi praecox and Thlaspi caerulescens in the pot experiment (means ± standard error; n=4). 
50Cd – treatment with 50 mg kg–1 Cd, 100Zn – treatment with 100 mg kg–1 Zn, 50Cd+100Zn – treat-
ment with 50 mg kg–1 Cd and 100 mg kg–1 Zn. Different letters beside the numbers indicate significant 
statistical differences (one-way ANOVA and post-hoc Tukey HSD test; p<0.05).

Tabela 2: Koncentracija (µg g–1) Zn in Cd po ekstrakciji z amonijevim acetatom in pH v substratu pred presaditvijo 
vrst Thlaspi praecox in Thlaspi caerulescens (povprečja ± standardna napaka; n=4). 50Cd – tretma z 
50 mg kg–1 Cd, 100Zn – tretma z 100 mg kg–1 Zn, 50Cd+100Zn – tretma z 50 mg kg–1 Cd in 100 mg kg–1 
Zn. Različne črke ob številkah nakazujejo statistično značilno razliko (enosmerna ANOVA in Tukeyjev 
HSD post hoc test, p<0,05).

& al. 2006) and a physiological role of Cd in 
T. caerulescens was proposed (LiU & al. 2008). 
Our results indicate that also in T. praecox Cd 
may have a physiological role and that high Zn 
substrate concentrations are required for optimal 
growth. 

The Zn hyperaccumulating concentration 
criterion set at 10,000 µg Zn g–1 in dry weight of 
shoots (Baker & Brooks 1989) was not reached 
in either of the species in this experiment which 
may be a result of the length of the plant growth 
as well as low availability of Zn for the plants. 
Zinc concentrations from the field exceeding this 
criterion were reported repeatedly for T. caerules-
cens (Baker & al. 1994, reeves & al. 2001) and 
for T. praecox (vogeL-mikUš & al. 2005, Likar 
& al. 2009). The highest concentration of Zn in 
shoots was measured in T. caerulescens in the Zn 
treatment which was significantly higher than that 
in T. praecox as observed in our previous experi-
ment (Pongrac & al. 2009). However, the species 
did not differ in the Zn TF indicating equally 
efficient Zn transport in both species supporting 
the observation from the hydroponic experiment 
(Xing & al. 2008). In the Cd treatment lower Zn 
concentrations in the shoots as well as Zn TF were 
found in T. caerulescens indicating a decreased 
Zn transport in this species in the case of high 
Cd to Zn ratio in the substrate that may lead to 
Zn deficiency in plants as previously suggested 
(chaney & al. 2006). A significant decrease in 
Zn concentration in the roots and shoots in both 
species was observed in the combined treatment 
when compared to the Zn treatment indicating a 

competition of Cd and Zn in the substrate that 
may have led to a decreased Zn uptake into the 
roots. This however did not result in a changed 
translocation of Zn within plants. High external Cd 
concentration was already reported to inhibit Zn 
accumulation in T. caerulescens Ganges ecotype 
(LomBi & al. 2001, Zhao & al. 2002, roosens & 
al. 2003), but not in Prayon ecotype (PaPoyan & 
al. 2007). Thus different uptake systems for Cd 
and Zn in T. caerulescens Ganges ecotype were 
proposed (LomBi & al. 2001) and based on our 
results may exist also in T. praecox. In another Cd/ 
Zn hyperaccumulator Sedum alfredii H. the addi-
tion of Cd enhanced Zn translocation and partition 
to the shoots (yang & al. 2004) indicating similar 
response to the one observed in T. caerulescens 
Prayon ecotype. On the other hand, no effect on 
Zn accu mulation by Cd supply was observed in 
a Cd accumulating chamomile (Matricaria recu-
tita L.) plants (chiZZoLa & mitteregger 2005). 
Increasing Cd application to Zn-deficient durum 
wheat plants (Triticum durum Desf. cv. Cakmak) 
tended to decrease Zn concentrations, whereas in 
plants with adequate Zn supply, the concentrations 
of Zn were either not affected or increased by Cd 
(kÖLeLi & al. 2004). It seems that the concentration 
range may profoundly affect metal interactions and 
accumulation in both metal (hyper)accumulating 
and non-accumulating species.

The concentration of Cd of both studied species 
exceeded the hyperaccumulating Cd concentration 
set at 100 µg Cd g–1 in shoot dry weight (Brooks 
1998) in the Cd and in the combined treatments, 
thus confirming the observations from our previ-
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ous pot study in which T. praecox matched the 
superior Cd hyperaccumulation ability (Pongrac 
& al. 2009) reported for T. caerulescens Ganges 
ecotype (LomBi & al. 2000, Zhao & al. 2003). 
However, higher concentrations of Cd in the 
roots of T. caerulescens were observed in the 
same two treatments and consequently lower Cd 
TFs were calculated. This supports the results 
from the hydroponic experiment where using 
radiolabels 109Cd the short-term uptake rate of 
Cd was higher in T. caerulescens Ganges ecotype 
than in T. praecox, whereas the Cd translocation 
efficiency was higher in T. praecox (Xing & al. 
2008). Relatively high Cd concentrations were 
measured also in the control and Zn treatments 
which may be a consequence of Cd presence in 
the commercial substrate or presence of Cd in the 
seeds of these two hyperaccumulating plants, or 
both. High Cd concentrations have been reported 
in seeds of T. praecox that contained on average 
1,000 µg Cd g–1 when grown at the most polluted 
site in Žerjav (vogeL-mikUš & al. 2007) and seeds 
of T. caerulescens were reported to contain on 
average 3,200 µg Cd g–1 (kachenko & al. 2009). 
The concentration of Cd in the substrate of these 
two treatments was however below the detection 
limit of the method used to determine ammonium-
extractable Cd concentration in soil. 

The interaction of Zn and Cd in the substrate 
in the combined treatment significantly increased 
the concentration and content of Cd in the shoots 
of both species which is probably a result of the 
increased Cd extractability in the substrate that was 
not a result of the pH change. In contrast, the Cd 
accumulation was not affected by the Zn addition 
in T. caerulescens Ganges ecotype (Ueno & al. 
2004) and an inhibition in the Cd accumulation 
was observed in T. caerulescens Prayon due to the 
Cd and Zn interaction in the substrate (LomBi & 
al. 2001, Zhao & al. 2002, roosens & al. 2003). 
Similarly, in a Cd accumulating M. recutita plants 
the addition of Zn to the soil led to a decreased 
Cd accumulation, whereas further increase in 
the Zn supply did not further decrease the Cd 
concentration in shoots (chiZZoLa & mitteregger 
2005). Neither was additional Zn supply accom-
panied by a corresponding decrease in Cd shoot 
concentrations of Cd sensitive T. durum (kÖLeLi 
& al. 2004). In the presence of Cd adding Mn to 
the solution significantly reduced the concentra-

tions of Cd in all organs of Mn hyperaccumula-
tor Phytolacca americana L. (Peng & al. 2008). 
These observations indicate the importance of the 
metal in question and its concentrations used in 
the experiment as well as plant species and metal 
(hyper)accumulation properties of the plants when 
studying the elemental interactions in soil and 
their importance for plant uptake. 

In conclusion, the interactions between the 
metals in the substrate may significantly affect 
their accumulation in the aboveground plant parts 
that are dependent on the metal(s) in question, its 
concentrations, plant species and/or even popula-
tion and soil properties. The metal concentrations 
and their mode of accumulation may already 
indicate the underlying metal uptake and transport 
mechanisms in plants. Studies of combined pol-
lution are therefore important as they are more 
likely to relate to the field conditions. The two 
studied hyperaccumulating plants showed similar 
responses to the interaction of Cd and Zn in the 
substrate with an observed decrease in Zn but an 
increase in the Cd concentration and content in 
the shoots. The results thus suggest that different 
uptake systems for Cd and Zn may also exist in 
T. praecox and that the two species have similar 
ability to extract Cd from substrate.

Povzetek

Na območjih obremenjenih s kovinami lahko 
življenjski cikel zaključijo le rastline, ki so na 
povečane koncentracije kovin v tleh prilagojene. 
Ena izmed prilagoditev na tovrstni stres je razvoj 
razstrupljevalnih mehanizmov, ki rastlinam omo-
gočajo, da v nadzemnih delih kopičijo zelo velike 
koncentracije kovin. Ta redek pojav imenujemo 
hiperakumulacija. 

V Sloveniji je bila v okolici Žerjava (Me-
žiška dolina), ki je zaradi delovanja talilnice in 
predelovalnice Pb obremenjena s Zn, Cd in Pb, 
nedavno odkrita hiperakumulacijska vrsta rani 
mošnjak (Thlaspi praecox Wulfen) (vogeL-mikUš 
& al. 2005). Za vrsto T. praecox smo že pokazali, 
da ima primerljivo dobre lastnosti kopičenja Cd 
kot modelna hiperakumulacijska vrsta za Cd mo-
drikasti mošnjak (T. caerulescens J. & C. Presl) 
(Pongrac & al. 2009). Po do sedaj znanih podatkih 
ima izmed različnih ekotipov vrste T. caerulescens 
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ekotip Ganges superiorno sposobnost hiperaku-
mulacije Cd in pri njem obstajata različna sistema 
za privzem in transport Cd in Zn. V pričujočem 
delu smo pri vrstah T. praecox in T. caerulescens 
ekotip Ganges preučevali vpliv interakcije med 
Cd in Zn v substratu na privzem in translokacijo 
Cd in Zn, da bi ugotovili, ali sta ta dva sistema 
različna tudi pri vrsti T. praecox.

V rastlinjaku smo tri mesece gojili obe vrsti 
v substratu, ki smo mu dodali Zn ali Cd ali njuno 
kombinacijo. Pred poskusom smo v substratu 
izmerili pH in dostopnost Zn in Cd po ekstrakciji 
z amonijevim acetatom, po poskusu pa rastlinam 
izmerili biomaso in koncentracije Zn in Cd s 
pomočjo atomskega absorpcijskega spektrometra 
po mineralizaciji suhega rastlinskega materiala v 
mešanici kislin HClO4:HNO3 (7:1 v/v). 

Primerjava dostopnih koncentracij Zn in Cd v 
substratu posameznih tretmajev in kombiniranega 
tretmaja je pokazala, da je dodatek Zn v substrat 
povečal dostopnost Cd, ki ni bil posledica spre-
memb pH vrednosti, dodatek Cd pa ni povečal 
dostopnosti Zn. Povečanje dostopnosti Cd v 
substratu je vplivalo na povečano kopičenje Cd v 
poganjkih preučevanih vrst. Pri tretmaju s Zn smo 
v poganjkih vrste T. caerulescens izmerili večje 
koncentracije Zn kot v poganjkih vrste T. praecox. 
V kombiniranem tretmaju (Cd in Zn) smo pri obeh 
vrstah izmerili največjo biomaso hkrati pa zmanj-
šano koncentracijo Zn v koreninah in poganjkih v 
primerjavi s Zn tretmajem. Ti rezultati nakazujejo 
na ločen privzem in transport Cd in Zn tudi pri vrsti 

T. praecox, kar jo postavlja ob bok superiornem 
ekotipu vrste T. caerulescens (Ganges).

Poznavanje mehanizmov, ki omogočajo 
tole  ranco in kopičenje velikih koncentracij ko-
vin je pomembno zaradi potencialne uporabe 
hiper akumualcijskih rastlin v fitoekstrakciji, eni 
izmed tehnik fitoremediacije, t.j. čiščenja okolja 
s pomočjo rastlin. Pri fitoekstrakciji bi z uporabo 
hiperakumulacijskih rastlin z veliko biomaso v 
relativno kratkem času odstranili presežne kon-
centracije kovin iz tal. S čiščenjem kmetijskih 
površin bi na ta sonaraven način preprečili prenos 
kovin naprej v prehranjevalno verigo. Izsledki 
naše raziskave potrjujejo, da sta vrsti T. praecox 
in T. caerulescens v enaki meri sposobni odstra-
njevanja Cd iz tal.

Acknowledgements

The authors are indebted to Prof. Dr. Damjana 
droBne for access to the AAS and to Dr. Fangjie 
Zhao for the seeds of Thlaspi caerulescens Ganges 
ecotype. The work was supported by the follow-
ing projects: MSZS P1-0212 »Biology of Plants« 
research programme, »Young researchers«, and 
EU COST 859. A scholarship from the World 
Federation of Scientists and a national fellowship 
awarded by l’oreal-UNESCO – The Slovenian 
Science Foundation to P. Pongrac is gratefully 
acknowledged.

References

assUnção a. g. L., W. m. BookUm, h. J. m. neLissen, r. vooiJs, h. schat & W. h. o. ernst 2003: 
Differential metal-specific tolerance and accumulation patterns among Thlaspi caerulescens 
populations originating from different soil types. New Phytol. 159: 411–419.

Baker a. J. m. & r. r. Brooks 1989: Terrestrial higher plants which hyperaccumulate metallic 
elements – a review of their distribution, ecology and phytochemistry. Biorecovery 1: 181–126.

Baker a. J. m., r. d. reeves & a. s. m. haJar 1994: Heavy metal accumulation and tolerance in 
British population of the metallophyte Thlaspi caerulescens J. & C. Presl (Brassicaceae). New 
Phytol. 127: 61–68.

BroadLey m. r., P. J. White, J. P. hammond, i. ZeLko & a. LUX 2007: Zinc in plants. New Phytol. 
173: 677–702.

Brooks r. r. 1998: Geobotany and hyperaccumulators. In: Brooks R. R. (ed.): Plants That Hyper-
accumulate Heavy Metals, CAB International, Wallingford, UK, pp. 55–94.



70 Acta Biologica Slovenica, 52 (2), 2009

chaney r. L., e. FiLcheva, c. e. green & s. L. BroWn 2006: Zn deficiency promotes Cd accumu-
lation by lettuce from biosolids amended soils with high Cd: Zn ratio. J. Residuals Sci. Tech. 3 
(2): 79–85.

chiZZoLa r. & U. s. mitteregger 2005: Cadmium and zinc interactions in trace element accumulation 
in chamomile. J. Plant Nutr. 28 (8): 1383–1396.

christensen t. h. 1987: Cadmium soil sorption at low concentrations: VI. A model for zinc compe-
tition. Water Air Soil Poll. 34: 305–314.

escarré J., c. LeFèBvre, W. grUBer, m. LeBLanc, J. LePart, y. rivière & B. deLay 2000: Zinc and 
cadmium hyperaccumulation by Thlaspi caerulescens from metalliferous and nonmetalliferous 
sites in the Mediterranean area: implications for phytoextraction. New Phytol. 145: 429–437.

kachenko a. g., n. P. Bhatia, r. siegeLe, k. B. WaLsh & B. singh 2009: Nickel, Zn and Cd loca-
lisation in seeds of metal hyperaccumulators using μ-PIXE spectroscopy. Nucl. Instr. and Meth. 
B 267 (12–13): 2176–2180.

kÖLeLi n., s. eker & i. cakmak 2004: Effect of zinc fertilization on cadmium toxicity in durum and 
bread wheat grown in zinc-deficient soil. Environ. Pollut. 131: 453–459.

Likar m., P. Pongrac, k. vogeL-mikUš & m. regvar 2009: Molecular diversity and metal accumu-
lation of different Thlaspi praecox populations from Slovenia. Plant Soil, in press. doi: 10.1007/
s11104–009-0192-x.

LiU m. Q., J. yanai, r. F. Jiang, F. Zhang, s. P. mcgrath & F. J. Zhao 2008: Does cadmium play 
a physiological role in the hyperaccumulator Thlaspi caerulescens? Chemosphere 71 (7): 
1276–1283.

LomBi e., F. J. Zhao, s. J. dUnham & s. P. mcgrath 2000: Cadmium accumulation in populations of 
Thlaspi caerulescens and Thlaspi goesingense. New Phytol. 145: 11–20.

LomBi e., F. J. Zhao, s. P. mcgrath, s. d. yoUng & g. a. sacchi 2001: Physiological evidence for 
a high-affinity cadmium transporter highly expressed in a Thlaspi caerulescens ecotype. New 
Phytol. 149: 59–67.

oZtUrk L., s. karanLik, F. oZkUtLU, i. cakmak & L. v. kochian 2003: Shoot biomass and zinc/cad-
mium uptake for hyperaccumulator and non-accumulator Thlaspi species in response to growth 
on a zinc deficient calcareous soil. Plant Sci. 164: 1095–1101.

ÖhLinger r. 1995: Acidity. In: schinner F., r. ÖhLinger, kandeLer e. & r. margesin (Eds.), Methods 
in Soil Biology, 396 pp.

PaPoyan a., m. Piñeros & L. v. kochian 2007: Plant Cd2+ and Zn2+ effects on root and shoot heavy 
metal accumulation in Thlaspi caerulescens. New Phytol. 175: 51–58. 

Peng k., c. LUo, W. yoU, c. Lian, X. Li & Z. shen 2008: Manganese uptake and interactions with 
cadmium in the hyperaccumulator—Phytolacca americana L. J. Hazard Mater. 154: 674–681.

Pongrac P., F. J. Zhao, J. raZinger, a. Zrimec, m. regvar 2009: Physiological responses to Cd and 
Zn in two Cd/Zn hyperaccumulating Thlaspi species. Environ. Exp. Bot. 66: 479–486.

Pongrac P., K. Vogel-MiKuš, P. KuMP, M. nečeMer, r. Tolrà, c. Poschenrieder, J. Barceló& 
m. regvar 2007: Changes in elemental uptake and arbuscular mycorrhizal colonisation during 
the life cycle of Thlaspi praecox Wulfen. Chemosphere 69: 1602–1609.

reeves r. & a. J. m. Baker 2000: Metal-accumulating plants. In: raskin i. & B. d. ensLey (Eds.): 
Phytoremediation of toxic metals. Using plants to clean up the environment, John Wiley & Sons 
Inc., New York, pp. 193–230.

reeves r. d., c. schWartZ, J. L. moreL & J. edmondson 2001: Distribution and metal-accumulating 
behaviour of Thlaspi caerulescens and associated metallophytes in France. Int. J. Phytoremediat. 
3: 145–172.

regvar m. 2008: Integrating vegetation ecology into contemporary phytoremediation technologies: 
a functional approach to phytoremediation. In: schroder h. g. (Ed): Grasslands: Ecology, Ma-
nagement and Restoration, Nova Science Publishers, Inc., New York, pp. 1–27.



71P. Pongrac, E. Brvar, M. Regvar: Impact of simultaneous Cd and Zn substrate amendments …

roosens n., n. verBrUggen, P. meerts, P. XiméneZ-emBún & J. a. c. smith 2003. Natural variation in 
cadmium tolerance and its relationship to metal hyperaccumulation for seven populations of Thlaspi 
caerulescens from Western Europe. Plant Cell Environ. 26: 1657–1672.

shen Z. g., F. J. Zhao & s. P. mcgrath 1997: Uptake and transport of Zn in the hyperaccumulator 
Thlaspi caerulescens and the non-hyperaccumulator Thlaspi ochroleucum. Plant Cell Environ. 
20: 898–906.

Ueno d., F. J. Zhao & J. F. ma 2004: Interactions between Cd and Zn in relation to their hyperaccu-
mulation in Thlaspi caerulescens. Soil Sci. Plant Nutr. 50 (4): 591–597.

vogeL-mikUš k., d. droBne & m. regvar 2005: Zn, Cd and Pb accumulation and arbuscular my-
corrhizal colonisation of pennycress Thlaspi praecox Wulf. (Brassicaceae) from the vicinity of a 
lead mine and smelter in Slovenia. Environ. Pollut. 133: 233–242.

Vogel-MiKuš K., P. Pongrac, P. KuMP, M. nečeMer & M. regVar 2006: Colonisation of a Zn, Cd and 
Pb hyperaccumulator Thlaspi praecox Wulfen with indigenous arbuscular mycorrhizal fungal 
mixture induces changes in heavy metal and nutrient uptake. Environ. Pollut. 139: 362–371.

Xing J. P., r. F. Jiang, d. Ueno, J. F. ma, h. schat, mcgrath s. P. & F. J. Zhao 2008: Variation in 
the root-to-shoot translocation of Cd and Zn among different accessions of the hyperaccumulators 
Thlaspi caerulescens and Thlaspi praecox. New Phytol. 178: 315–325.

yanai J., F. J. Zhao, mcgrath s. P. & t. kosaki 2006: Effect of soil characteristics on Cd uptake by 
the hyperaccumulator Thlaspi caerulescens. Environ. Pollut. 139 (1): 167–175.

yang X. e., h. B. ye, X. X. Long, B. he, Z. L. he, P. J. stoFFeLLa & d. v. caLvert 2004: Uptake 
and accumulation of cadmium and zinc by Sedum alfredii Hance at different Cd/Zn supply levels. 
J Plant Nutr. 27 (11): 1963–1977.

Zhao F. J., r. e. hamon, e. LomBi, mcLaUghLin m. J. & s. P. mcgrath 2002: Characteristics of 
cadmium uptake in two contrasting ecotypes of the hyperaccumulator Thlaspi caerulescens. 
J. Exp. Bot. 53: 535–543.

Zhao F. J., LomBi e. & s. P. mcgrath 2003: Assessing the potential for zinc and cadmium phytore-
mediation with the hyperaccumulator Thlaspi caerulescens. Plant Soil 249: 37–43.


