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Summary

After Chernobyl nuclear accident it has become very

important to seek new ways of enhancing the vital activity

of plants in order to increase crops yields and to

suppress radionuclide accumulation. It is found that by

optimizing the vital activity processes in plants, is

possible to reduce radionuclide uptake.

A great number of biologically active compounds have

been tested, which increased the disease resistance of

plants and simultaneously activated the physiological and

biochemical pracesses that control the transport of micro-

and macroelements (radionuclide included) and their

"soil-root-stem-leaf" redistribution.

Introduction

Agriculture of the Republic Belarus suffered

abnormously after the Chernobyl nuclear accident. One of

the main objective of the study is search for efficient

ways for minimization of radionuclide intake by plants.

The previous study LI-33 have shown that one of the

most efficient means to reduce Cs-137 intake from the soil

for acid low-fertility soils of a light mechanical

composition is application of mineral fertilizers

(especially potassium because of competion between Cs-137

and its chemical analog potassium) and leaching. In

addition, there is information about decreasing the

transition of radionuclides (including Cs-137) into plants

by adding zeolites to light derno-podzolic soils. In this

case the soil is inriched with fine-disperse clayey
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mineral fractions at a high exchange rate, Cs-137 is fixed
and transferred into a relatively hard-soluble state.

The efficiency of agricultural and ameliorative
activities depends on biological properties of plants and
the duration of the interaction of amelioration agents
with the soil. In particular, for peas (grain and straw)
and corn, cut for green material, application of lime,
fertilizers and zeolite decreases the transition of Cs-137
insignificuntly. The transition of Cs-137, expressed as
the ratio of the radionuclide concentration in a plant and
soil, varied from 0.13 to 0.26 in pea grain, from 0.009 to
0.030 in wheat grain, from 0.012 to 0.042 in oat grain on
derno-podzolic, loamy sandy dusty soils E4-73.

The goal of the study is a search of ways for
raduction of the radionuclide accumulation by crop plants
and finding out natural and artificial biologically active
compounds that would enhance the activity processes,
primarily, photosynthesis, simultaneously increasing the
crop productivity.

Materials and methods
The approaches and methods are based on optimization

of the vital activity processes in plants, using
biologically active compounds, and on investigation of
metabolic processes in plants with the aim of determining
means of controlling the radionulide accumulation in
plants by regulation of their growth and development.

In 1989-1994 laboratory and field studies were
carried out to investigate compounds that increase the
disease resistance of plants and enhance physiological and
biological processes that control transport of micro- and
macroelements (radionuclides included) in plants and their
"soil-root-stem-leaf" redistribution. With this aim, use
was made of plant growth stimulators together with
microelements.

In field conditions (Vetkovskii State Farm, Gomel
region) the following compounds were tested: peat
oxihumate and copper, zinc and magnesium compounds
synthesized from caprolactam production wastes, campozan
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and Fisher's mineral mix (Gips-Basen).
The hydrolitic activity of chlorophyllase was

expressed as a percentage of the substrate transformed to
chlorophylide per h per 10 pairs of leaves [83.

The RuBPC activity was estimated from C-14
incorporation into the acidresistant products in the
presence of ribulose bisphosphat [93.

Chloroplasts were isolated from plants leaves using
conventional techniques (Hepes/NaOH, sucrose medium).

The cyclic photophosphorylation in the chloroplasts
was determined according to C103, and the noncyclic
photophosphorylation - according to El13.

The chlorophyll content was determined spectrophoto-
metrically in the acetone extracts [123.

Results and discussion
After three-times sprinkling of potato haulm with

aqueous solutions of microelement compounds (at a rate of
300 1/ha with 10-day intervals) in budding and flowering
phases, it was found that oxihumate and microelement
treatment, except magnesium microelement, resulted in a
signficant increase of potato yields. In spite of the fact
that the dry matter content was at the control level
(except for the zinc compound, when a 4.6% decrease was
found), the dry matter yield in all three variants was
higher than in the control.

It was found that peat oxihumate and copper compound
extended substantially the time of intensive life activity
of potato leaves and enhanced the chlorophyll and
carotenoid synthesis.

Some differences in Cs-137 accumulation in potato
tubers were found. In particular, a significant decrease
in accumulation of this radionuclide (as compared to the
control) was observed in tubers after treatment of the
plants with copper, magnesium and zinc compounds. The
Cs-137 contents decreased 1.4, 1.5 and 1.6 times,
respectively (Fig. la).
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Since in all the variants Cs-137 concentrations in
haulm higher than in tubers, it can be suggested that the
microelement compounds block the Cs-137 outflow from
leaves to tubers.

Studies of the effect of peat oxihumate and
microelement compounds on the activity of the
photosynthetic apparatus in potato plants (Fig.lb) have
revealed that in the budding and flowering phases in
microelement treated plants the activity of photochemical
reactions (the Hill and cyclic phosphorylation reactions)
were 1.2 to 1.5 times higher as compared with untreated
plants.

It was found that in plants treated with oxihumate
and microelements the activity of peroxidase, a peroxide
oxidation enzyme, was 2 to 4 times lower and the
chlorophyll concentration per unit fresh weight increased
1.5 times, which is very important as regards ionization
radiation resistance of the photosynthetic apparatus.
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Fig.lb. Influence of biologically active compounds on
photochemical, enzymatic and productive
activity of potato by farm crops in
radiocontaminated environment

A great number of biologically active copmounds have
been tested, which increased the disease resistance of
plants and simultaneously activated the physological
processes that control the transport of micro- and
macroelements (radionuclide .included) and their "soil-root -
stem-leaf" redistribution.

The studies carried out to investigate possible
raising of winter rye under radioactive contamination
(Vetkovskii State Farm, 8>10 Bq/ni ) have revealed that
campozan increased the radionuclide intake by the green
material, but reduced twice as much accumulation in
generative organs (Fig. 2).

The results have been confirmed by four-year studies.
It was also found that in the plant. ontogenesis
caesium-137 was redistributed in the organs of the winter
rye. In particular, the caesium-13? concentration in the
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Fig. 2. (influence of campozan on accumulation and
ditsribution of Cs-137 in organs of winter rye

green material in the shooting and heading phases was
lower after cainpozan application than in the control (no
campozan treatment). Before the harvest, caesium-137 and
strontium-90 concentrations in the straw were lower in the
campozan case as compared with the control (Fig. 3).

The life activity processes, including photosynthesis,
were enhanced by campozan (Fig. 4).

Application of Fisher's mineral mix in concentration
of 100, 200, 300 g/m* to soil decreased the Cs-137
accumulation in green material of lupine (Lupinus luteus
L.) 1.1, 1.3 and 2.2 times respectively and 1.2, 1.1 and
1.1 times, respectively, in green material of barley
(Hordeumm vulgaris L.). The decrease of Sr-90 accumulation
in green material of barley and lupine was similar
(Fig. 5a, b).
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Fig. 3. Influence of campozan on the dynamics of

accumulation of Cs-137 and Sr-90 in organs of
winter rye
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Fig. 4. Influence of campozan on photosynthetic and
productive activity of winter rye
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on radionuclide accumulation in green material
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Fig.5b. Influence of Fisher's mineral mix (Gips-Basen)
on radionuclide accumulation in green material
of lupine
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On the other hand, chloroplasts isolated from showed
with treatment higher activities of photochemical
reactions and the light-dependent ATPase enzyme. During
the whole growing period of such plants the chlorophyll
and protein concentration per wet unit mass were higher
than those in control, therefore the high vital activity
period in the former case was substantially extended.

Thus, treatment of plants with biologically active
compounds used as pesticides and weedicides results in a
higher photosynthetic activity, increasing the
radionuclide accumulation in green material and reducing
radionuclide contents in the generative organs.
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