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Cadmium is a metal that has no biological function and is highly toxic to plants
and animals. All vascular plants take up Cd through roots to varying degrees from
the soil. The aim of our previous study (Lunackové et al. 2003) was to screen
some fast growing woody plants from the family Salicaceae to find potentially
suitable clones able to tolerate and accumulate high Cd concentration in their
organs without significant inhibition of growth or physiological function. Now,
we give our attention to medicinal plants such as Hypericum perforatum
(Masarovi¢ova et al. 2004), Salvia officinalis and Matricaria recutita (Pavlovi¢ et
al. 2005). Some of them have the ability to accumulate high levels of toxic metals
in the shoot and have been classified as Cd accumulators (Kralova and
Masarovicova 2003) according to Baker (1995). Although hyperaccumulation of
Cd by plants for the purpose of phytoremediation be a very useful tool for
remediating contaminated sites (Raskin and Ensley 2000), there is also another
side of the coin. The above-mentioned medicinal species are widely used in
pharmaceutical, food and cosmetics industries, therefore higher content of
cadmium in their shoot is undesirable. But a novel approach, termed
biofortification, use plants with enhanced capacity to accumulate minerals (e.g.
selenium) to improve human health through balanced mineral nutrition. Marquard
and Schneider (1998) were the first to confirm that chamomile plants had the
potential to accumulate high levels of cadmium from the soil. However, there is
little information about effects of Cd on growth and production characteristics (De
Pasquale et al. 1988, Grejtovsky and Pir¢ 2000) and no information about
physiological processes such as photosynthesis, respiration or pigment content,
except for our previous study with Hypericum perforatum (Kralova and
Masaroviovad 2003, Masarovitova et al. 2004), in plant species producing
specific secondary metabolites. We also assumed (Kralova and Masarovitova
2003, Kralova et al. 2004) possible sequestration of Cd by some of specific
secondary metabolites (such as hypericin, apigenin, quercetine). Palivan et al.
(2001) found the formation of copper complexes with hypericin in Hypericum
perforatum that has been classified as Cd accumulator species previously
(Kral'ova and Masarovi¢ova 2003). Grejtovsky and Pir¢ (2000) found no necroses,
only small inhibition of growth in Cd-treated chamomile plants, despite relatively
high values of accumulated Cd. This enhanced Cd tolerance of chamomile
(similarly to H. perforatum) could also contribute the formation of Cd complexes
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with its specific secondary metabolites such as -(-) a-bisabolol oxide B, and some
flavonoids e.g. quercetin, apigenin that can also play a role in the detoxification
mechanism (Kral'ova et al. 2004). The aim of our present study was to investigate
the effect of Cd on physmloglcal and production characteristics in two tetraploid
cultivars Matricaria recutita in response to the uptake and accumulation of Cd
under different cultivation conditions.

MATERIALS AND METHODS

Two tetraploid cultivars of Matricaria recutita L., cv. Goral and cv. Lutea were
used for our experiments. Seeds were obtained from Institute of Agroecology in
Michalovce (Slovakia) and were germinated and grown in soil in growth chamber
under standard conditions: 25 °C, 80% relative humidity and 100 pmol m? s
PAR irradiance with day/night photoperiod of 16 h light/8 h dark. Fourteen days
after germination, 20 seedlings of each variant were gently washed to remove the
soil adhering to the roots. Than the roots were put on the strips of filter paper. The
primary root length was measured. The filter papers were coiled, put into flask
and 3 cm submerged in Hoagland solution with the following Cd concentrations:
3, 6,12, 24, 60 pM Cd(NOs), x 4H,O p.a. (w/v) (Lachema, Czech Republic). The
plants growing in Hoagland solution without Cd served as control. The plants
were cultivated at 25 °C, 80% relative humidity and 260 pmol m? s" PAR for 7
days. Primary root length, root increment (root length after treatment — root length
before treatment) was calculated [(root increment of Cd-treated plants / root
increment of control plants).100] in %, root and shoot dry mass (n = 20), as well
as Cd content in plant organs were determined after 7 days of treatment. In
another experiment the older plants were grown in the greenhouse conditions in
the soil for 7 weeks after germination. Then, the plants were gently washed in
water to remove the soil adhering to the roots and transferred to hydroponic
Hoagland solutions (control) and Hoagland solution containing the following Cd
concentration: 3, 6, 12, 24, 60, 120, 240 uM Cd(NO3), x 4H;0 (n = 12) and were
grown in a growth chamber under conditions described above. Root and shoot dry
weight and Cd content in plants organs were determined after 7 days of exposure.

Plants used for photosynthetic and respiration measurements (n = 4) as well as for
analysis of assimilation pigment concentration were grown under greenhouse
conditions for 9 weeks after germination. Then their roots were washed,
transferred to hydroponic Hoagland solutions (control) and Hoagland solution
with 12 uM Cd(NOs), x 4H,0 and placed in the growth chamber under above-
mentioned condition for 10 days. The solutions were continuously aerated and
changed every 3 days to avoid depletion of Cd and oxygen. After 10 days, shoots
of intact plants were placed in the thermostabilised chamber and CO, exchange
rates were determined by infrared gas analyser (IRGA) using a closed
measurement system at the air temperature of 25 °C, irradiance of 300 pmol m? s~
' PAR and 350 vpm COs,. Finally root and shoot dark respiration rates (Rp) were
determined. Four plants were used for each variant. The measurement and
equipment used have been described in detail by Masarovicova and Kralova
(2005). The remaining part of the plants was used for determination of
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assimilation pigment concentration. Concentration of assimilation pigment was
determined after Cd treatment (12 and 120 pM Cd) in the leaves, which had
grown before treatment (old leaves) and young leaves growing during experiment.
The plants growing in Hoagland solution without Cd served as control.
Chlorophylls and carotenoids were extracted with 80% chilled acetone p.a. (v/v)
(Fluka, Czech Republic) and determined spectrophotometrically (Jenway 6400
UV/Visible, London, Great Britain) for chlorophyll a at 663,2 nm, chlorophyll b
at 646,8 nm and carotenoids at 470 nm against 80% acetone blank. Detection limit
was 0,1 nm. Three plants were used for each variant and pigments contents were
calculated according to Lichtenthaler (1987).

All plants were processed for Cd analysis. Plants were harvested and thoroughly
washed under running water to remove the test solution from the exterior of the
roots and total root and shoot accumulation of Cd was determined. Plant samples
were dried at 70°C and cut to small pieces (<1 mm). Digestions of plants were
carried out in the stainless steel coated PTFE pressure vessels ZA-1 (Czech
Republic). 0.1-0.5 g of plant sample was weighted to the vessel and 5.0 ml of
conc. HNOj; p.a. (Lachema, Czech Republic) was added. Vessels were closed and
heated in the oven at 160°C for 6 hours. After digestion the solution was diluted to
50 ml with redistilled water and stored in a 100 ml polyethylene (PE) bottle.
Cadmium contents were determined by flame atomic absorption spectrometry
method (AAS Perkin Elmer Model 1100, at 228.8 nm with deuterium background
correction). The accuracy of analytical results for Cd in plant samples was
checked by the analysis of the certified standard reference materials DC 73350
Poplar Leaves and DC 73349 Bush Branches and Leaves (both NCS, China). The
precision of Cd determination expressed by relative standard deviation
(corresponding to four independent replicates) varied in the range from 1 to 5 %.
Recovery of Cd found in various types of plant samples varied from 98.3 to 100.6
%. The detection limit of cadmium was 2 pg L™.

The Cd concentration in solution - Cd content in plants organs and Cd content in
plants organs - growth parameter (root length, shoot and root weight) relationships
were processed by linear regression analyses (statistiXL ver.1.6 for Excel). In
same cases, Cd concentration (uM) in solution or Cd accumulation in tissue (ug g’
") was log transformed (marked*, in table 1) to equalize the variance of the data.
Where it was possible, we used the ANCOVA (statistiXL ver.1.6 for Excel) to test
the homogeneity of slopes and y-intercepts of the relationship between the Cd
concentrations in solution - Cd content in plants organs and Cd content in plants
organs - growth parameter (root length, shoot and root weight) for cv. Goral vs.
cv. Lutea. Data from photosynthetic and respiration measurements were processed
by t-test. One-way ANOVA (Statgraphics) was used for data from concentration
of assimilation pigment.

RESULTS AND DISCUSSION

The concentration gradient that was used in our experiments reflects Cd content in
the soil from non-contaminated to highly contaminated sites (Linkes et al. 1997).
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For estimation of Cd toxicity to roots, we used primary root length and increment
in root length, which are considered to be a reliable parameter for heavy metal
tolerance (Murphy and Taiz 1995). At the beginning of Cd-treatment, non-
significant variance in root length was observed (cv. Lutea, P = 0.07, cv. Goral, P =
0.7, ANOVA). Significant inhibition of root growth was observed in both
chamomile cultivars after Cd-treatment (Table 1). We did not find any differences
in Cd accumulation in roots (slope and y-intercepts P>0.05) between cultivars, but
cv. Lutea accumulated slightly higher amount of Cd in the shoots (y-intercepts P =
0.025). No differences in shoot weight between cultivars were recorded after Cd-
treatment (slope P>0.05) (Table 1). Limited elongation of roots after Cd
application could result from inhibited mitosis, decreased synthesis of the
components of cell walls, damaged Golgi apparatus or changes in the metabolism
of polysaccharides in the root cap (Punz and Sieghardt 1993). We also observed
fragility, browning and twisting of roots. In shoots leaf roll, chlorosis and leaf
growth inhibition occurred. During the root test chamomile plants cv. Goral formed
the anthodia in all concentrations except control, despite the fact that the plants
were only 3 weeks old. According to our observation, the plants started blossoming
when they are 8 — 12 weeks old, however Cd treatment resulted in reduced size of
flowers. From 4 to 5 weeks earlier blossoming under Cd administration was also
recorded for Cd hyperaccumulator Arabidopsis halleri (Kiipper et al. 2000). Lower
Cd content in plants cultivated in paper rolls than plants cultivated in hydroponic
solution is due to bind between ions and cellulose in the paper rolls (Tamas et al.
2006). These conditions are similar to soil, where metals are bound to the soil
particles. Thus insoluble metals are not available for plant uptake (Raskin and
Ensley 2000). The plants growing in paper rolls exceeded the limit of Cd
hyperaccumulator (100 pg g') sensu Baker (1995) at 60 uM Cd in solution.
Grejtovsky and Piré (2000) also found over 100 pg g”. d.w. in shoots of plants
growing in contaminated substrates. In another experiment, seven weeks old plants
growing 7 days in Cd-hydroponic solution exhibited no significant changes in root
biomass (cv. Lutea, P = 0.92, cv. Goral, P = 0.83) and shoot biomass (cv. Lutea, P
= 0.81, cv. Goral, P = 0.45), which has already been observed in our earlier paper
for Hypericum perforatum and Matricaria recutita cv. Novbona (Kralovi and
Masarovicovd 2003). Experimental plants growing in hydroponic solution
exceeded the threshold for Cd hyperaccumulator at 6 pM Cd and accumulated up
to 5-times more Cd in the shoots than the ?lants growing in paper rolls (root cv.
Goral: slope = 21.97, y-intercept = 389.4, R* = 0.95, root cv. Lutea: slope = 27.43,
y-intercept = 315.1, R? = 0.98, shoot cv. Goral: slope = 4.22, y-intercept = 145.8,
R? = 0.91, shoot cv. Lutea slope = 4.16, y-intercept = 170.1, R? = 0.83, non-
significant differences in slopes and y-intercepts between cultivars using
ANCOVA, data not shown). Comparable Cd accumulation in the shoots was
recorded also for accumulator Brassica juncea (Zhu et al. 1999) and the medicinal
species Hypericum perforatum (Masaroviova et al. 2004). Conversely, woody
plants from the family Salicaceae (Lunackova et al. 2003) as well as the medicinal
species Salvia officinalis, that are not Cd accumulator species, accumulated
considerably less Cd in the shoot under the same cultivation conditions (no
common slope exists for Salvia and Matricaria, P = 0.001, Pavlovi¢ et al. 2005).
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Table 2 Values of net photosynthetic rate (Pn) and dark respiration rate (Rp), dry
weight, root length and Cd accumulation in the plants used for photosynthetic

measurement.

Parameter Variant cv. Goral cv. Lutea

Px (nmol CO, g d.w.s™) control  148.48+4.77 177.39+8.63*
n=4 Cd12puM 110.12+827 124.85+10.91"
Rp shoot (nmol CO, g'1 d.w.s'l) control 3422 +1.45 38.62+1.59
n=14 Cd12pM 36.75+3.03  40.61 +3.81
Rp root (nmol CO, g* dw.s™)  control  132.36+21.43 44.19+5.12*
n=4 Cd12puM 181.87+2242 5583+9.60*
Shoot biomass (mg) control 116.92+11.61 136.92 £8.36
n=15 Cd12puM 85.00+11.81 101.18+15.88
Root biomass (mg) control 25.86+3.08 24.56 +2.77
n=15 Cd12puM 1544+241° 1233+1.83"
Root length (cm) control 14.14 + 1.07 13.97 + 0.81
n=15 Cd12pM 1050+ 084" 9.65+1.117
Shoot Cd content (ug g’ d.w.)  control 159+ 3.7 4.6+0.9

n=4 Cd12pM 360.5+23.6" 2483+19.6"*
Root Cd content (ug g™ d.w.) control 199+ 1.5 14.8+ 1.0
n=4 Cd12puM 1081.0+ 543" 895.0+55.0"

Mean + SE, comparisons were done between control variant and Cd treatment (Cd
12 uM) at P = 0.05 (*) and P = 0.01 (**) and between cultivars at P=0.05 () and
P =0.01 (##). Student’s t-test was used.

Table 3. Chlorophyll a (Chl a), b (Chl b) and carotenoid content in relation to Cd

treatment.

Chl a Control 12 uM-o0 12 pM-y 120 uM-y  ANOVA
cv. Goral 8450437 658x2073° 456:026° 6.30x028° P =0.003
cv. Lutea 484029 407+017° 188+0.17° 3.04:x013% P <0.001
Chl b Control 12 uM-o 12 pM-y 120 uM-y  ANOVA
cv. Goral 3.79+018% 3.04+019° 182+0.14° 273+016° P <0.001
cv. Lutea 215+0.14° 1.96:0.09° 085z 0.10° 1.55+0.02° P <0.001
carotenoid  Control 12 uM-o 12 pM-y 120 yM-y  ANOVA
cv. Goral 336+0.15° 270+020° 192+0.16° 3.22+0.16® P =0.001
cv. Lutea 2.08+0.16° 1.89+0.09® 1.00+0.08° 1.55+0.02° P <0.001

Mean + SE, ANOVA, identical superscripts denote no significant difference in
arow. o - old leaves growing before treatment, y - young leaves growing during
treatment.

Twelve pM Cd concentration in hydroponic solution represents strong
contaminated soil (Linke§ et al. 1997), however the Cd effect on plant was
stronger in comparison to the soil, because Cd are not bound to the soil particles
and so all ions are available for plant uptake. Cv. Lutea seemed to be more
sensitive to Cd treatment. The measurements confirmed higher inhibition of
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photosynthesis in cv. Lutea (70% of control Py, P = 0.01), although they
accumulated less Cd than cv. Goral (75% of control Py, P = 0.05). Similar
decrease of shoot dry weight (72% of control) in both cultivars was also
detected (Table 2). Decrease of net photosynthetic rate could be due to structural
and functional disorders in many different levels. Inhibition of Py in Cd treated
plants has been well described in Vassilev and Yordanov (1997). Py was not
effected in Hypericum perforatum after application of Cd (Krafova
and Masaroviova 2003), but it was inhibited to a greater extent in some species
and cultivars of Salicaceae, despite lower Cd concentration in the leaves (from 2,0
to 62,1 pg g” d.w., Lunatkova et al. 2003). Shoot and root respiration rates were
not changed significantly in both chamomile cultivars (Table 2). Data about effect
of Cd upon dark respiration are often controversial. Lee et al. (1976) established
that Cd increased dark respiration rate and activity of the following enzymes:
isocitrate dehydrogenase, glutamate dehydrogenase, malate dehydrogenase. On
the contrary, Cd inhibited enzymes activity directly - by interaction with SH-
groups, or indirectly - by disturbing cation balance at the subcellular level
(Vassilev and Yordanov 1997). Lunackova et al. (2003) confirmed higher root
respiration rate in Cd variant of some species of Salicaceae as well as
Masarovicova et al. (2005) in Hypericum perforatum. Significant decrease of
chlorophyll a and b content was confirmed in young chamomile leaves grown
during Cd treatment. Lower decrease was observed in older leaves which had
grown before Cd application. Therefore inhibition of chlorophyll biosynthesis was
more affected than its degradation. This finding is consistent with Stobart et al.
(1985) that reduction of chlorophyll in Cd treated plants is connected with
inhibition of its biosynthesis. On the other hand, Somaskekaraiah et al. (1992)
established that chlorophyll concentration could be lowered by the activation of
its enzyme degradation, e.g. increased lipoxygenase activity. Significantly higher
pigment content was detected in young leaves of chamomile growing at 120 uM
Cd than at 12 pM Cd (Table 3), despite higher Cd concentration in the shoot at
120 pM (1957 pg Cd g" d.w. in shoot at 120 uM Cd, 521 pg Cd g” d.w. in shoot
at 12 pM Cd). Except well-known defense mechanisms, another explanation of
this phenomenon might be increased production of specific secondary metabolites
that could play a supplementary role in detoxification mechanism induced by Cd.
Cadmium application induced higher production of some of them in chamomile
plants such as: a-bisabolol (De Pasquale et al. 1988) polyacetylenes ene-yne-
dicycloethers and sesquiterpene (E)-B-farnesene (Grejtovsky et al. 2001),
herniarine, umbelliferone (EliaSova et al. 2004).

We confirmed that chamomile belongs to the group of Cd accumulator species. If
we take into account high content of Cd in chamomile shoot (over 300 pg g™ at 12
puM Cd in solution), only small extent of damages occurred in Cd treated plants.
Therefore this plant species exhibited high tolerance to Cd treatment.
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