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Abstract

Seeds of Turda Super and Fundulea 376 maize hybrids were irradiated with Co and *°Sr
(doses: 2x102, 1.2x103, x10° rod) and sown on field. Unirradiated seeds were sown in an area
exposed to irradiation emitted by a waste dump (Cimpani-Fanate). The length of shoots was
recorded on plants of 35- 145 days and the dynamics of RNA was followed in roots. High doses of
radioactivity inhibited the shoot growth of both hybrids. RNA synthesis was stimulated in roots by low
doses of radiation in both hybrids, especially in younger plants, high doses inhibited this process. In
the exposed area (Campani-Fdnate) RNA content of the samples showed in both hybrids values
closed to the control, slightly lower, but the growth of plants was not much affected.

INTRODUCTION

Among the multiple aspects raised by radiobiology, the study of
synthesis and dynamics of nucleic acids, especially RNA, under the y and 3
irradiation emitted by ®’Co and *Sr, constitutes a field of investigation with
great theoretical and practical importance [1].

Beside the establishment of optimal conditions for the growth of
plants, it is necessary the detailed investigation of the influence of y and
irradiation emitted by ®®Co and *’Sr on the growth of plants and on the
biochemical aspects of metabolic processes.

The interaction of y and P radiation with different compounds, like
nucleic acids, constitutes a complex aspect, strongly influenced and
correlated with external and internal factors [2-3].

The objective of the present work was to study the effect of y and 3
radiation on the growth and RNA synthesis of two maize hybrids (Turda
Super and Fundulea 376) originated from irradiated seeds and to compare
this results with the influence of radioactive waste dump on the same
parameters, in an exposed area (Campani-Fanate).

MATERIALS AND METHODS

Experiments on field conditions were carried out using maize
plants (Turda Super and Fundulea 376 hybrids). The seeds of these hybrids
were irradiated with y and B radiation emitted by **Co and *Sr, using the
following doses and time of exposure:
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1.2x10%radueeee, 3 min
2x10°tad.eeeee, 5 min
4x10°rad..ee, 10 min

Irradiated and control seeds were sown on an unexposed area
(SCAZ Oradea) and parallel, control seeds were sown in the area Campani-
Fanate, closed to the radioactive waste dump. Each experimental series
occupied 10m?, the distance between plants was 40 cm.

Physiological and biochemical parameters were recorded on plants
of 35, 50, 66, 82, 105 and 145 days. The growth (shoot length) was recorded
at the mentioned ages of plants and the results interpreted in correlation with
the climatic conditions of the year 2010 when the experiment was run. RNA
content was determined according to the method of Cherry (1962) [4] by
extracting RNA with perchloric acid followed by UV spectropliotometric
measurement (260 nm), using a standard curve built up with known
concentrations of pure RNA (Merck).

RESULTS AND DISCUSSION

The analysis of experimental studies on field conditions with maize
hybrids shows the following:

The hybrids Turda Super and Fundulea 376 have grown and
developed in good conditions in 2010, especially in the last period of
vegetation (fig. 1, 2, 3 and 4), when the water deficit of soil, generated by
the climatic factors (low amount of rainfall in spring) was recovered (Table
1).

High radioactivity had an inhibitory effect on growth, while low
doses did not change the growth of plants, comparing to control, or had a
slight stimulatory effect on Fundulea 376 hybrid (fig. 1,2, 3 and 4).

The determination of RNA in roots (the hairy zone), carried out
through the vegetation period, showed normal values in the controls of both
hybrids (fig. 5, 6, 7 and 8). Fundulea 376 had a slightly higher RNA content
in all phases, comparing to Turda Super hybrid.

The plants originated from irradiated seeds - with y and 3 radiation
emitted by *°Co and ®Sr- showed in the case of low doses (2x107 rad) a
more intensive RNA synthesis in the first period of vegetation (60- 80 days)
(fig. 5, 6, 7 and 8). As the plants became older, the positive influence of low
doses of radiation disappeared. This fact is showed by the very similar
values of RNA content of control and irradiated plants.
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In the case of plants originated from seeds exposed to high y and
radiation doses, an inhibition of RNA synthesis of roots was recorded. This
effect is more accentuated in young plants in both hybrids (fig. 5, 6, 7 and
8).

Similar results were found in the case of RNA from maize leaves

[5].

Table 1.
Characterization of rainfalls during the year 2010
According to the Meteorological Station Oradea
1 | oo | o m | v v VI
Rainfall (mm)
Monthly average 8.6 35.9 13.0 17.9 24.7 49.5
Multianual average
19312010 34.7 33.7 34.5 46.7 62.1 87.1
Deviation -26.1 +2.2 -21.5 -28.8 -37.4 -37.6
vl | v | X XI XII
Rainfall (mm]
Monthly average 49 81.8 84.4 4.8 43.2 24.7
Multianual average
1931-2010 72 56.6 44.7 47.1 49.5 50.5
Deviation -23 +25 +39 -42.3 -6.3 -25.8

Maize plants cultivated in the area Campani-Fanate (closed to the

radioactive waste dump) showed in both hybrids lower RNA content of
roots, comparing to controls from the unexposed field.

The obtained values highlight the unfavorable influence of
radiation emitted by the waste dump on the growth and development of
maize plants (fig. 1, 2, 3 and 4) and on synthesis and dynamics of RNA in
roots (fig. 5, 6, 7 and 8).

All data showed that as plants became older, the RNA content in
the root decreased and at the end of vegetation the recorded values were
very low. This is in perfect correlation with the much lower synthetic
activity of root sells, at the end of vegetative phase.
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Figure nr.1 - The effect of y radiation on the growth of maize shoot
(Fundulea 376 hibrid)
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Figure nr.2 - The effect of p radiation on the growth of maize shoot
(Fundulea 376 hibrid)

However it is noticed that in plants originated from seeds, which
were irradiated with low doses of y and  radiation, the RNA content of
root, during vegetation is higher, proving the stimulatory action of low
doses of radiation on RNA synthesis.
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Fig. 3. The effect of y radiation on the growth of maize shoot
(Turda Super hybrid)
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Fig .4. The effect of p radiation on the growth of maize shoot
(Turda Super hybrid)

We consider that, due to the fact that under the influence of low
doses of y and P radiation plants synthesise and accumulate higher RNA
quantities in root hairs zone, roots are enabled to absorb the nutrients more
intensive. The more intensive mineral nutrition lead to better growth and
development of plants.
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The relationship between RNA synthesis and mineral nutrition is in
agreement with the theory of the absorption mechanism of ions [6-7].
According to this theory RNA is a very efficient ion carrier.
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Fig. 5. RNA content of maize roots (Turda Super hybrid)
under the influence of y radiation (averadge +std, n=3)
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Fig. 6. RNA content of maize roots (Turda Super hybrid)
under the influence of p radiation (averadge +std, n=3)

Our previous experiments concerning the influence of y and B
radiation on the absorption and dynamics of N and P on the same maize
hybrids (Turda Super and Fundulea 376) showed the positive influence of
low doses on the mentioned process (data not shown) [8]. These results, in
correlation with the founding that RNA dynamics is influenced in the same
manner by radiation, bring new arguments for the theory of absorption
involving RNA.
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Fig. 7. RNA content of maize roots (Fundulea 376 hybrid)
under the influence of v radiation (averadge +std, n=3)

It was found that RNA is very sensitive to radiation, and this
sensitivity is explained by the disturbed ratio of the bases under this kind of
stress, which led finally to the alteration of the composition of proteins and
inhibition of growth [1]. The effect of radiation on plant growth is also the
consequence of the unbalanced synthesis of phytohormones under or after
radioactive exposure [1,5].

The positive effect of low doses, radiostimulation, is useful in
agricultural production and it was introduced as a technique for obtaining
better crops [1,9]. Radiostimulation is explained by an earlier depression of
genes involved in physiological processes, so low doses of radiation can
influence the speed of some processes [1].
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Fig. 8. RNA content of maize roots (Fundulea 376 hybrid)
under the influence of § radiation (averadge +std, n-3)
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CONCLUSIONS

Low doses of radiation (2x10* rad) emitted by *°Co and *Sr

stimulated RNA synthesis of roots in both Turda Super and Funduiea 376
maize hybrids. The stimulation is more obvious at biochemical level and
less traduced as the stimulation of whole plant growth. High doses of
radiation (4x10° rad) had inhibitory effect on both studied aspects. The
influence of radioactive waste dump in Campani-Fanate area is not
remarkable (showing that the radioactive elements, in time, are washed out
from the soil), but the presence of it is showed, in some extent, by
physiological and biochemical parameters of plants cultivated in that area.
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