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Cynk i mangan to biogenne pierwiastki wystepujgce powszechnie w $rodowisku. Ich niedob6r
niekorzystnie wptywa na wzrost i rozwgj roslin. W niniejszej pracy badano wrazliwo$c¢ siewek
pieciu linii wsobnych zyta na zwigkszong zawarto$c¢ jondéw cynku i manganu w podfozu. Uzy-
skane wyniki wskazujg, ze stezenie 10"'M obu pierwiastkéw powoduje znaczne zahamowanie
wzrostu roslin, zaréwno korzeni, jak i cze$ci nadziemnych. Natomiast nizsze stezenie 10°M
jonow cynku lub manganu stymuluje wzrost u niektérych linii. Najwyzsza tolerancja obu pier-
wiastkow cechowata linie 154. Oceniane linie wsobne zyta zréZznicowanie reagowaty na nad-
miar jondw cynku lub manganu w podfozu. Bardziej wrazliwe na dziatanie obu pierwiastkow,
anizeli korzenie, byty czeSci nadziemne ro$lin. Zastosowany w doSwiadczeniu kwas askorbi-
nowy w kombinacji z cynkiem lub manganem w stezeniu 10"'"M powodowat zmniejszenie stre-
su spowodowanego nadmiarem tych pierwiastkdw w podfozu u niektérych linii.

1. INTRODUCTION

Biogenic elements such as manganese and zinc are parts of many enzymes and are
necessary for development and growth of plants. They are abundant in soil, and their main
natural source is bedrock [CICAD 2004, Broadley et al. 2007].

Levels of anthropogenic zinc and manganese in environment have been rising along
with increasing industrialization. In the nineties emission levels of zinc were close to 2700
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kilotons * year' while two millennia ago it was only 10 kilotons * year'. The main areas of
zinc contamination are around zinc mining sites [Pugh et al. 2002]. Zinc is also released into
environment by burning fossil fuels and tyres, using pesticides as well as dumping sewage
sludge and metals coated with anticorrosive zinc layers [Broadley et al. 2007].

The main sources of atmospheric manganese contamination are ore mills and burning
fossil fuels [Hagelstein 2009]. Manganese soil contamination is mainly caused by penetra-
tion of manganese compounds from waste yards and through contaminated rainfalls [CI-
CAD 2004]. A source of manganese contamination is also the gasoline additive metylocy-
clopentadienyl manganese tricarbonyl (MMT) that is used in some countries to increase fuel
octane rating [Kitazawa et al. 2002].

Plant tolerance to deficiency of biogenic compounds differs not only between species
but even between lines. One of zinc hyperaccumulators are plants from the Thlapsi genus
and an example of a manganese hyperaccumulator is Phytolacca americana. Inhibition of
growth and disturbance in the mineral uptake and distribution are the main symptoms of ex-
cess Mn and Zn in soil [Lidon 2001, Broadley et al. 2007, Mina et al. 2007].

The objective of this research was to evaluate the influence of zinc and manganese in
the growth medium on growth of rye seedlings.

2. MATERIALS AND METHODS

Five, genetically different inbred lines (L176, 154, L29, CH7/99, L230, M353) of rye
were used in the experiment [Kubicka et al. 2006]. Four-day-old rye seedlings were trans-
ferred to the Hoagland’s medium with addition of zinc or manganese: the medium without
zinc or manganese addition was used as the control: 10-'M and 102M Zn or Mn. Two com-
binations were prepared with addition of ascorbic acid (102M) and zinc or manganese at
a concentration 10-'M. The length of roots and shoots was measured after seven and four-
teen days. The tolerance index was calculated according to the equation:

value before metal treatment
/e x 100%

Tolerance index =
value after metal treatment

3. RESULTS AND DISCUSSION

Although Zn and Mn are biogenic elements, exposition of rye inbred lines seedlings to
excess Zn or Mn resulted mainly in inhibition of seedlings growth (Fig. 1-4).

The shoots of tested rye inbred lines were more susceptible to Zn or Mn than the roots.
Distinguished growth inhibition was observed especially on the growth mediums with higher
metal concentration (10-'M). The plants exposed to lower metal concentration (102M) devel-
oped better. Manganese (102M) stimulated growth of 7 and 14 days old seedlings of inbred
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line 154. Lines L29 and M353 showed high tolerance to manganese at a 10-2M concentra-
tion — 7 days old seedlings were almost of the same length as the control seedlings. The big-
gest inhibition of growth, on the medium with excess Mn and Zn, was observed in line L230
(Fig. 1-2). Shoots of tested lines were more sensitive to Zn: they grew much shorter than
in the lines with Mn added to the medium. Zinc concentration of 102M had less influence
on rye seedling growth. Lines 154, L230 and L29 had the highest tolerance index, ranging
from 60% (line L29) to 80% (line 154). Some lines growing on the medium with ascorbic acid
showed higher tolerance to Zn and Mn. Shoot increment was noted in lines: CH7/99 and
L230 (7 days, Zn), L154 and L176 (7 and 14 days, Mn).

c
N

9 CH7/99

,_
N
W
S
<
@
a
@

Inbred lines
0OZn 7dni MZn 14 dni

Fig. 1. The influence of zinc ions on the length of shoots of 7 and 14 day seedlings of rye inbred
lines in comparison to control [%]

Rys. 1. Wplyw jonéw cynku na diugos¢ kietkdw 7 i 14 dniowych siewek linii wsobnych zyta w po-
réwnaniu do kontroli [%]
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Fig. 2. The influence of manganese ions on the length of shoots of 7 and 14 day seedlings of
rye inbred lines in comparison to control [%]

Rys. 2. Wplyw jondw manganu na dtugos¢ kietkow 7 i 14 dniowych siewek linii wsobnych zyta
w poréwnaniu do kontroli [%]
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The excess of both biogenic molecules had less influence on growth of roots than
shoots (Fig. 3—4). The biggest growth inhibition for Zn and Mn was observed at a concen-
tration of 10-'"M. The rye inbred lines differed in their reaction to tested metals. Lines L176
and L230 appeared to be most susceptible and line 154 most tolerant. The root tolerance
index of inbred line 154 exceeded 100%: at a concentration of 10-2M Zn or Mn, after 7 days
at a concentration 10-'M (Zn or Mn) and after 14 days at a concentration 10-'M with addition
of ascorbic acid. After 7 days of observation ascorbic acid lowered the stress caused by ex-
cess Zn or Mn in lines M353, L176 and 29.
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Fig. 3. The influence of zinc ions on the length of roots of 7 and 14 day seedlings of rye inbred
lines in comparison to control [%]
Rys. 3. Wplyw jonéw cynku na dtugosc¢ korzeni 7 i 14 dniowych siewek linii wsobnych zyta w po-

réwnaniu do kontroli [%]
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Fig. 4. The influence of manganese ions on the length of roots of 7 and 14 day seedlings of rye
inbred lines in comparison to control [%]
Rys. 4. Wplyw jondw manganu na diugos¢ korzeni 7 i 14 dniowych siewek linii wsobnych zyta

w poréwnaniu do kontroli [%]
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The results show that line 154 is the most tolerant to the excess Zn and Mn. However,
it has a higher tolerance to Mn than Zn. Depending on plant organs, the difference in toler-
ance was observed. Shoots were more susceptible to excess Zn or Mn than roots, though
Zn had a greater inhibiting effect. The roots of line 154 expressed especially high tolerance
to Zn ions. The tolerance index for the lower concentration of Zn reached 120% and was
greater than 100% for Mn. Growth of line 154 roots was stimulated by the lower concen-
tration (10-2M) of manganese or zinc and shoot growth was stimulated by the lower con-
centration of manganese. This can be caused by an important role of Mn ions in the PS I
complex, an increased efficiency of photosynthesis and better distribution of minerals. Ac-
cording to Monnet et al. [2001] an elevated concentration of manganese caused a disorder
in the uptake of important minerals — including iron, which is necessary for plant growth and
development. It is important to notice that the tolerance of roots is higher than shoots. This
is in accordance with suggestions of Lidon [2001] about storing manganese in different plant
organs. Lower Zn tolerance is probably caused by oxidative stress induction and mineral
uptake disorders of Mn, Mg, or Fe, what is proved by Broadley et al. [2007].

To test whether Zn and Mn do induce oxidative stress, an experiment was conducted
where the growth medium was enriched with ascorbic acid and Zn or Mn at a concentration
of 10-'M. It is well known that ascorbic acid is an important dietary ingredient. Plants are rich
in this compound and it is especially abundant in chloroplasts. It mainly works as an antioxi-
dant [Smirnoff 2000]. Because heavy metals induce oxidative stress, the higher tolerance
index was expected when plants grew on the medium enriched with ascorbic acid. The re-
sults show slightly better growth of some lines on the medium with ascorbic acid. It is true
for both 7 and 14 day-old seedlings.

Tested rye inbred lines differed in their reaction to excess Zn or Mn in the growth me-
dium. Line 154 showed to have the highest tolerance among all tested lines. The most sus-
ceptible was line L230.

4. CONCLUSIONS

1. Inbred lines of rye responded differently to excess of Zn or Mn in the medium.
2. Ascorbic acid in combination with Zn or Mn at a concentration 10-'M in the medium re-
duced the stress caused by the excess of analized heavy metal ions.
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