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Influence of platinum ions
on the germination and seedling root growth
of different plant species
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Abstract: For several decades an increase of platinum in the environment was recorded. This is connected with
the release of platinum from automobile catalytic converters and pharmaceutical industries. In the conducted
experiments the effect of various forms and concentrations of platinum on the germination and roots growth
of different plants (oat, garden cress and tomato) was investigated. Two separate experiments were performed
with lower (experiment 1*: 1, 5 and 10 mg/L) and higher (experiment 2™ 10, 20 and 40 mg/L) [Pt(NH,),](NO,),
or PtCl, dosages.

There was no significant effect of dose and form of platinum on the germination of seeds (experiment 1%
and 2"). The effect of platinum containing substances dose on root growth of young seedlings was observed
during experiment, dependent on the species of tested plants.

The root length of oat plants was similar in all treatments in experiment 1. The shortest tomato roots were
observed in the case of a 10 mg/L of PtCl,, it was statistically shorter than the control plants (treated with water)
as well. The roots of the tomato treated with [Pt(NH;),J(NO,), were the same length as observed for the control
sample. The garden cress root growth was not affected by [Pt(NH,),](NO;),, but a solution containing Pt** stim-
ulated the root growth.

The roots of tomato and oat treated with [Pt(NH,),](NO;), had similar length as the control plants in contrast
to the far shorter roots treated with PtCl, (experiment 2"¥). Moreover, the treatment with [Pt(NH,),](NO,), stim-
ulated the growth of garden cress roots compared to the control, while only the lowest dose of PtCl, stimulated
the root growth.
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INTRODUCTION

In the urban areas car engines are one of the major
sources of environmental pollution. The main con-
taminants from this source are carbon monoxide
(CO), hydrocarbons and nitrogen oxides (NO,),
but also products of car parts abrasion (Moldovan
et al. 2002). According to European standards,
pollution emitted by cars should be limited. New

automobile catalytic converters containing Plati-
num Group Elements (PGEs) such as Pt, Pd and
Rh were introduced. Metals from this group are
released to the environment due to everyday car
usage. This causes a necessity to study if and how
those elements affect living organisms (Palacios et
al. 2000). In the recent years, significant increase
of platinum is observed in soil, surface water, street
dust and plant samples. The PGEs are present in
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the environment mostly due to car usage, but also
as a result of jewelry and pharmaceutical indus-
try. Platinum is bioavailable mainly as chloro- or
organic complexes, and its most common ionic
forms exist in +2 and +4 oxidation states (Paw-
lak et al. 2014). Plants have the ability to accumu-
late PGE:s in their tissues what was demonstrated
in studies conducted on different plant species
such as spinach (Spinacia oleracea L.), phacelia
(Phacelia tanacetifolia), annual ryegrass (Lolium
multiforum), moss (Rhytidiadelphus squarrosus),
mushrooms (Vascellum pratense) and others. Di-
cotyledons (for example tomato, flowering plants
which usually have in seed two embryonic leaves)
are thought to accumulate more metals than
monocotyledons (for example oat — has one em-
bryonic leaf). Platinum is accumulated mostly in
the roots and after its translocation to the abo-
veground parts the toxic symptoms are visible
(Ravindra et al. 2004). The concentration of PGEs
in the soil and plants located at high-traffic roads
was investigated (Djingova et al. 2003, Whiteley
&Murray 2003, Lesniewska et al. 2004a, Dubi-
ella-Jackowska et al. 2007). However, the impact
of PGEs on plant growth and development is not
a popular topic of research. Heavy metals accu-
mulation in the soil, water and air environment
can cause abiotic stress. Such stress disrupts plant
growth, especially biomass production and seed
yield. Every metal interacts in a different, specif-
ic way, depending on soil type, metal form and
other ions presence (Ghani 2010). It is confirmed
that heavy metals when applied in high doses, de-
crease seed germination rates as well as root and
shoot growth. However the addition of Zn to al-
falfa growing solution even in high doses (40 ppm)
increased both root and shoot growth (Aydinalp
& Marinova 2009). Heavy metals are reported to
cause delay in germination, reduce the germi-
nation percent, inhibit root elongation, seedling
development and also affect the seed morphol-
ogy and physiology (Sethy & Ghosh 2013). It is
known that platinum affect the growth of plants
and also inhibition of root growth was reported
(Farago et al. 1979, Mikulaskova et al. 2013). In
the case of Lemna minor the growth inhibition
expressed as reduction in numbers of leaves or
total amount of biomass was noted (Supalkova et
al. 2008). Some authors also reported the chlorosis
of young tissues and dry weight reduction as an

effect of platinum on horticultural crops (Pallas
& Jones 1978). The platinum content in road dust
collected in the area of Biatystok (Poland) ranged
from 34.2-110.9 ng/g (Le$niewska et al. 2004a).
The platinum content in the soil depends on many
factors, including the traffic intensity and the dis-
tance from the road, and it may range from 3.8
to as much as 444 ng/g (Sobrova et al. 2012). The
listed values were determined for other countries
than Poland. An information that near Poznan
(Poland) concentration of platinum may range
0.1-2.7 pg/kg of soil can also be found (Hofman
& Wachowski 2010).

The aim of the presented study was to com-
pare different doses of [Pt(NH,),](NO;), or PtCl,
on the germination and root growth of different
plant species. For the experiment three plant spe-
cies were selected (oat, garden cress and tomato)
belonging to monocotyledon and dicotyledons
popular in toxicity testing.

MATERIALS AND METHODS

The effect of different forms and concentrations
of platinum on germination and seedling root
growth was conducted in two experiments. In both
experiments, salts containing platinum at different
oxidation state were used: Pt?>* ([Pt(NH,),](NO;),)
and Pt** (PtCl,). In the first experiment (E1) doses:
1, 5 and 10 mg/L were applied. In the second ex-
periment (E2) concentrations: 10, 20 and 40 mg/L
were used. Both experiments were performed in
two separate series. In addition, each serie includ-
ed control treatment with distilled water. In each
experiment there were seven treatments (includ-
ing control) (Tabs 1, 2). Filter paper was placed
in Petri dishes and soaked with 3 ml of a suitable
solution. For each solution five dishes were pre-
pared, in every dish 20 seeds were sown. In each
experiment three plants: oat (Avena sativa), gar-
den cress (Lepidium sativum) and tomato (Lyco-
persicon esculentum) were used. The dishes were
kept in an incubator at 22°C in the dark, sealed
to reduce evaporation. After 2 days (in the case of
oat and cress) or 3 days (in the case of tomato) the
evaluation of seed germination and root length
measurements were done. The percentage of ger-
minated seeds was calculated. The sown seeds (20)
were assumed as 100% and the number of germi-
nated seeds was x%. The results were statistically
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analyzed using ANOVA and Fisher LSD test at
a given level of significance a = 0.05 using STA-

TISTICA10 (StatSoft).
Table 1
The content of platinum in solution
Concentration Concentration Concentration
of the compound | of platinum Pt** | of platinum Pt*
[Pt(NH,),] [mg/L] from [mg/L]
(NO,), or PtCl, [Pt(NHS,),] from
[mg/L] (NO,), PtC4
1 0.50 0.58
5 2.52 2.89
10 5.04 5.79
20 10.08 11.58
40 20.15 23.16
Table 2

The scheme of experiments

RESULTS

Two separate experiments were performed. Seeds
germination test was conducted. In both experi-
ments there was no significant effect of dose and
form of platinum on the germination of tomato
and garden cress seeds (Tabs 3, 4). Only during
the first experiment in the case of oat, a dose of
1 mg/L of PtCl, stimulated the germination of seeds.
Except this case, generally platinum ([Pt(NH;),]
(NO;), or PtCl,) did not change the percentage
of germinated oat seeds in comparison to control
samples.

Root growth of young seedling was affected by
platinum ions form and concentration. The shortest
root of tomato was observed in the case of 10 mg/L
of PtCl, during the first experiment (Fig. 1).

The 1* experiment concentration | The 2" experiment concentration
Treatment Compound of the compound of the compound
[mg/L] [mg/L]
1 H,0 - _
2 [Pt(NH,),](NO,), 1 10
3 [Pt(NH,),](NO,), 5 20
4 [Pt(NH,),](NO,), 10 40
5 PtCl, 1 10
6 PtCl, 5 20
7 PtCl, 10 40
Table 3
Seeds germination of three species influenced by platinum ions — experiment 1
Treatment Germination [%]
No. (dose/form) Lycopersicon Avena sativa Lepidium sativum
esculentum
1 (control / H,0) 74.5 70.0 a* 96.0
2 (1 mg/L / [Pt(NH,),](NO,),) 75.9 77.5 ab 96.0
3 (5 mg/L / [Pt(NH,),](NO,),) 61.6 78.5 ab 95.0
4 (10 mg/L / [Pt(NH,),](NO;),) 67.1 74.0 ab 99.5
5 (1 mg/L / PtCl,) 72.5 82.5b 98.0
6 (5 mg/L / PtCl,) 65.3 70.0 a 97.0
7 (10 mg/L / PtCl,) 65.4 78.5 ab 97.5
Deviation of results n.s** P =0.0487 n.s.

* letters indicate homogenous groups separated with a = 0.05,

** n.s. - not significant differences between groups.
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Table 4

Seeds germination of three species influenced by platinum ions - experiment 2

Germination [%]

Treatment
No. (dose/form) Lycopersicon Avena sativa Lepidium sativum
esculentum
1 (control / H,0) 82.5 43.5 95.6
2 (10 mg/L / [Pt(NH,),](NO,),) 87.5 53.5 98.5
3 (20 mg/L / [Pt(NH,),](NO,),) 90.0 62.5 97.4
4 (40 mg/L / [P{(NH,),](NO,),?) 87.2 60.5 99.5
5 (10 mg/L / PtCl,) 89.0 53.0 97.0
6 (20 mg/L / PtCl,) 95.0 53.0 95.5
7 (40 mg/L / PtCl,) 84.3 47.5 95.0
Deviation of results n.s.x n.s. n.s.

* n.s. - not significant differences between groups
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Fig. 1. Root length (mm) of the three plant species affected by
platinum ions - experiment 1. Letters indicate homogenous
groups separated with o = 0.05, lack of letters indicate lack of

significant differences

Fig. 2. Root length (mm) of the three plant species affected by
platinum ions — experiment 2", Letters indicate homogenous
groups separated with o = 0.05
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The root growth of tomato seedlings was not
influenced by [Pt(NH,),]J(NO,),. Root growth of
oat seedlings was similar in all treatments during
the first experiment. Stimulation of root growth
was observed in garden cress after incubation in
PtCl, 1-10 mg/L solution as compared to control
samples. Roots of garden cress was not affected by
[Pt(NH,),](NO),.

A greater variability of root growth was ob-
served in the second experiment (Fig. 2). Tomato
seedlings incubated in solution of PtCl, were short-
er than control ones and also these incubated in
[Pt(NH,),](NO,),. The solution of PtCl, also inhib-
ited the growth of oat roots and, similarly like for
the tomato, the [Pt(NH,),](NO;), solution did not
affect root growth. It is interesting that in the case
of garden cress different responses of plants root
growth were observed. Platinum at +2 oxidation
state in [Pt(NH;),](NO;), at 10 and 20 mg/L con-
centration increased the root growth as compared
to control plants. The concentration of 40 mg/L
of [Pt(NHj;),J(NO,), did not change root length of
the garden cress. Only incubation in 10 mg/L of
PtCl, stimulated the root growth of garden cress.
Treating with mixtures of higher concentration of
PtCl, did not affect root length in comparison to
control ones.

DISCUSSION

Plant susceptibility to stress factors depends on
growth phase. It is assumed, that seeds germina-
tion and seedling growth phases are the most sen-
sitive to unfavorable conditions. That is the reason
why seed germination and seedling growth rates
are commonly used for toxicity tests (Salavtore et
al. 2008, Solanaki & Dhankar 2011). In the pre-
sented study instead of commercially used Phyto-
toxKkit test, influence of solutions containing plati-
num ions on seed germination and further growth
were evaluated. One of the used species was a gar-
den cress (Lepidium sativum) commonly used in
toxicity tests (Czerniawska-Kusza et al. 2006). Ad-
ditionally, the oat (Avena sativa) was chosen which
is also used in biological tests (Forester et al. 2009).
The third chosen specie was tomato (Lycopersicon
esculentum) which is not only a popular vegetable
plant but is also used to estimate different solu-
tions toxicity (Salvatore et al. 2008). Lepidium sa-
tivum was the least sensitive to different pollutants

than other plant species (Czerniawska-Kusza et al.
2006). In the mentioned study, Authors observed
that pollution affect in various way the growth of
Lepidium sativum: from inhibition to stimulation.
Similarly in the presented studies, the garden cress
showed no reaction or even growth stimulation
under potentially toxic doses of platinum.

In the environment the concentration of plat-
inum is rising. Eckhard and co-workers (2000)
observed 4-fold increase of PGE in soil during
2 years of study in Germany. Having this in mind
and also results presented by Lesniewska et al.
(2004b) and Bednarova et al. (2014) we used quite
high concentration of platinum ions in presented
experiment.

The salts may limit seed germination and seed-
ling growth multidirectionally. High concentra-
tions of salts may on one hand hinder water up-
take, while on the other hand can easily penetrate
into the plant. The accumulation of adverse com-
ponent may result in different toxic symptoms of
the test plants, such as the limited growth of the
organs.

The study of Li et al. (2005) has shown that
Arabidopsis is more sensitive in the growth stage
than germination stage to adverse environmental
factors such as the concentration of heavy metals
(Hg, Pb, Cu, Zn). Higher growth than germination
inhibition was observed in the cited study. Simi-
larly, in the presented experiments, there was no
effect of platinum ions on seed germination, but
the marked effects of the tested solutions on root
growth of seedlings was observed. Both inhibition
and stimulation of root growth was noticed.

Both tested forms of platinum (both substanc-
es) are available for plants (Verstraete et al. 1998,
Sobrova et al. 2012). But toxicity of both substances
may differ because of the oxidation state of plati-
num and additional anion (Bae et al. 2014). Despite
the fact that Pt** is considered to be less toxic to
plants than Pt** (Sobrova et al. 2012) in the pre-
sented study the inhibitory effect on root growth
was demonstrated in the case of Pt** instead of
Pt*. This effect may be associated with an anion
which was introduced through salt dissolution.
Chlorine from PtCl, may be more toxic to plants
than nitrate and ammonium ions.

Study was supported by Polish Ministry of Science
and Higher Education DS 3500/2014.
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