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Abstract: The influence of cadmium and lead ions on the growth of seedlings of selected inbred lines was
studied after the application of three organic acids. The growth stunt of the researched seedling lines was
a result of the harmful effects of the aforementioned elements. The application of ascorbic and gibberellin
acids inhibited the stress caused by lead and cadmium ions, which was shown by the growth of shoots and
roots of seedlings. However, 2,4-D acid did not minimize the toxic influence of cadmium and lead. It can
be concluded that the application of ascorbic and gibberellin acids may lessen the negative effects of stress
caused by those heavy metals.
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There are many factors which pollute the environment. Some are natural, others are
caused by humans (industry and agriculture) where eg heavy metals are released [1, 2].
Cadmium is especially harmful for plants which actively absorb this substance through
their roots and transport it to all organs. A 5 mg/kg content is enough for symptoms
of toxicity to appear. These are chlorophylic marks, the browning of leaves and red-
dening of nerves. The excess of this toxic substance leads to a change of DNA struc-
ture in plants, a reduction of membrane permeability and growth stunt [3]. Lead is also
absorbed through roots but is transported to shoots to a lesser extent. It is then stored
in cellular walls. The excess is manifested through withering, darkening of leaves and
smaller roots [4].

For this reason, the aim of the work was to check whether the selected organic acids
inhibit the toxic activity of those elements on the growth of seedlings of genetically dif-
ferentiated rye inbred lines.
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Materials and methods

5 of 11 inbred lines (CH./99, L310, L176, M353, 1299, L230, M15, 154/6) of the
S,s generation of winter rye (Secale cereale L.) assessed by Kubicka and Pyza [5] were
selected for the experiment. They differed on account of their sensitivity to lead and
cadmium. The germinated seedlings of the rye lines were treated with ascorbic and
dichlorophenoxyacetic acids at concentration of 10> M as well as gibberellin at con-
centration of 10~ M for 72 hours, and then placed on the Hoagland nutrient containing
lead ions at concentrations of 10~ M and cadmium (107 M) for 48 hours. Next, 25
seedlings of each combination were placed on the Hoagland nutrient. Measurements of
root and shoot lengths as well as the number of roots were conducted on the 14 day-old
seedlings. Standard deviations were taken into account.

Results and discussion

In an earlier research [5] it was observed that cadmium at a concentration of 107 M
caused a significant stunt of growth in rye inbred lines. However, a lower concentra-
tion of lead had a stimulating influence on the growth of shoots (above that of control)
therefore both concentrations of lead 107 M and cadmium 10™ M were applied.

Rye inbred lines subjected to the influence of lead at a concentration of 10~ M were
characterized by a significant reduction of growth. Line M15 occurred to be most sen-
sitive with its shoot and root length decreased by 72 % and a 34 % reduction of root
number. L299 line proved most tolerant. Cadmium caused a 9 % reduction of shoots
and a 34 % reduction of the length of roots. In lines L230 the greatest reduction in the
growth of roots (48 %) was observed (Fig. 1-4).
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Fig. 1. The influence of lead on length of shoots of rye inbred lines [mm]
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Fig. 2. The influence of lead on length of roots of rye inbred lines [mm]

Heavy metals found in soil are at first absorbed by roots which are at greatest risk to
their toxic activity [6]. This is confirmed in the conducted experiments, in which the de-
formation, browning, reduction of root length and growth stunt of rye inbred line shoots
was observed.

The lines selected for the experiment were characterized by a differing sensitivity to
ions of those elements, and their reaction to the harmful activity of lead and cadmium
was dependent on the genotype. A similar tolerance to cadmium in wheat and barley
varieties caused by genetic variability was observed by Ozaruk et al [7] and Tiryakioglu
et al [3].

Stress factors influencing the growth and development of organisms may be limited
through the use of growth regulators [8] and antioxidants [3, 7]. Gibberellin and 2,4-D
acids are commonly used in vitro cultures to regenerate plants. Taking this into account,
3 organic acids were used in this experiment: ascorbic, gibberellin and 2,4-D. Their
influence on the reduction of stress to the activity of lead and cadmium ions was ob-
served.

The application of organic acids (ascorbic and gibberellin) before the placement of
inbred lines seedlings of rye on the lead nutrient reduced their toxic influence, which
was observed by the growth of shoots and roots growth in inbred lines (Fig. 1, 2). In all
lines a growth of seedlings was observed in combination with gibberellin. The greatest
growth of shoots in lines: L176 — fourfold and M15 and M353 — threefold was founded.
In the case of roots the greatest growth was observed in line M353 (twofold) in rela-
tion to combination with lead. The substances used also increased the number of roots
in almost all lines with the exception of L299. 2,4-D had the weakest influence on lead
stress reduction. It had little effect on root growth, and even reduced their length and
number in lines L176 and L299.
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Fig. 3. The influence of cadmium on length of shoots of rye inbred lines [mm]
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Fig. 4. The influence of cadmium on length of roots of rye inbred lines [mm]

A similar to lead influence of organic acids on seedlings growth was observed in
cadmium combinations. Gibberellin acid also appeared most efficient because it caused
the greatest seedling growth, almost twofold in lines CH7/99 and L230 in comparison
with control (Fig. 3). In line L230 the application of vitamin C resulted in the twofold
growth the length of roots in comparison with cadmium combination (Fig. 4). The posi-
tive influence of ascorbic acid on the reduction of stress was caused by the action of
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cadmium on barley varieties [7]. However, gibberellin caused root growth only in line
M353. Both substances had a negligible influence on the increase in roots in rye lines.
2,4-D acid almost did not reduce cadmium stress in the researched lines.

Gibberellin acid has an influence on many process accompanying plant develop-
ment — eg elongation of stems [9]. This was proven in the research in which gibberellin
caused a greater growth of shoots which were characterized by a brighter colour.

Lead and cadmium have induced the production of reactive forms of oxygen in
plants which leads to oxide stress and the increase in antioxidant enzyme activity [3, 7].

In this research it was shown that initial incubation of rye seedlings in a vitamin C
solution (antioxidant) before treatment with cadmium and lead ions — neutralized the
stress caused by these elements with the exception of L299 (root length). However, the
activity of gibberellin acid was more effective. Both substances can be applied to lessen
the toxic stress researched in plants which is caused by those heavy metals.
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DZIALANIE WYBRANYCH KWASOW ORGANICZNYCH NA WZROST SIEWEK ZYTA
TRAKTOWANYCH KADMEM LUB OLOWIEM

Ogrod Botaniczny — Centrum Zasobow Roznorodnosci Biologicznej PAN, Warszawa

Abstrakt: W przeprowadzonym doswiadczeniu analizowano wptyw kadmu i otowiu na wzrost siewek wy-
branych linii wsobnych zyta ozimego po uprzednim zastosowaniu trzech kwaséw organicznych. Szkodliwe
dziatanie tych pierwiastkow ujawnito si¢ zahamowaniem wzrostu siewek badanych linii. Stosowane kwasy
— askorbinowy i giberelinowy spowodowaty zmniejszenie stresu wywotanego jonami kadmu i otowiu, co
uwidocznito si¢ zwigkszonym przyrostem czgsci nadziemnych i podziemnych siewek. Natomiast kwas 2,4-D
nie miat wptywu na niwelowanie szkodliwego dzialanie kadmu i otowiu. Wykazano, iz zastosowane kwasy
organiczne — askorbinowy i giberelinowy moga znalez¢ zastosowanie do zmniejszania negatywnych skutkow
stresOw wywotanych tymi metalami cigzkimi.

Stowa kluczowe: otéw, kadm, kwasy organiczne, zyto, Secale cereale L.



