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PENETRATION OF CS-134 FROM CONTAMINATED SOIL INTO DIFFERENT
CULTIVARS OF SOME LEGUMINOUS PLANTS

NOCTBLMNBAHE HA CS-134 OT KOHTAMUHWUPAHA MOYBA B PA3JIUYHU
COPTOBE HA HAKOW 3bPHEHO-BOBOBU KYNTYPU

BINEVA TZ., STOEVAN.

PE3IOME

[IpoBenenu 6sxa cpuoBu onutH ¢ Gacyn — coprose [Lnosaus 10, [Tnosnus 164 n JoOpymxancku 7; rpax —
coproBe Mupa, Uckpp u IlymmynmeBa; um cos — coproBe — IlaBmukenm 121, Xomson m S - 1346,
pasnpoctpaneHn B bearapusa. PacteHmsta Osixa OTriefaHM BBPXY OpHHUIIATA HA MOYBCHUS THIT U3ITY)KEH
YepHO3eM, KOHTAMHHUPAH C PAAUOHYKINIA 1e3uii-134.

Koncrarupano 6e, ue paguone3usaT ce HATPyIBa HEPABHOMEPHO B PAa3IMYHUTE OPTaHM HA PAaCTEHHATA, KaTo
Hal-BICOKa KOHLICHTpAIHs1 O yCTAHOBEHA B JINCTATA, a HAl-HUCKa B CEMEHATa HA M3CJIEIBAHUTE KyITypH.
YcraHoBeHN 0s1Xa COPTOBH pa3nu4us B aAcopOIuaTa Ha paJloHyKINAa B pacTeHusATa. Hali-H1CKa cTeneH Ha
Harpynsane Ha Cs-134 Ge otGens3ano npu dacyn-copt JoOpymkaHcku 7, rpax - copT Mupa u cost — copToBe
Xoazon u S — 1346.

He ce naGmiofaBaT ChUIECTBEHNM BHIOBH PAa3IMYMs IPU HATPYIBAHETO HAa PAJUOHYKIIM/IA B W3CIEIBAHHUTE
KynTypu. CpaBHUTEIHO 10-cl1ab0 U3BJIMYAHE U aKyMYyJIMpaHe Ha

Cs-134 e ycTaHOBEHO BBB BCHUKH HaJI3¢MHU OpraHH Ha (acyia B CpaBHEHHE C OCTAHAIIUTE KYITYPH.

KINKO4YOBU OYMU: nocTtbnBaHe, Cs-134, nouBu, paguoHyknenam, koe(uumeHT Ha
HaTpynBaHe

ABSTRACT

Pot experiments with different cultivars of beans, peas and soya spread in Bulgaria were carried out. The
following cultivars were analyzed: beans - cultivars Plovdiv 10, Plovdiv 164 and Dobrudjanski 7; peas -
cultivars Mira, Iskar, and Pulpudeva; soybeans - cultivars Pavlikeni 121, S — 134, and Hodzon. The plants
were grown on the soil type Haplic chernosem, contaminated with the radionuclide Cs-134.

It was established that the radiocesium was accumulated unevenly in the different plant organs, and the
highest concentration was recorded in the leaves, while the lowest was found in the seeds of the studied crops.
Cultivar differences with regard to the absorption of the radionuclide by the plants were established. The
lowest degree of accumulation of Cs-134 was found in beans —cultivar Dobrudjanski 7, in peas — cultivar
Mira, and soybeans — cultivars Hodzon and S 1346.

No considerable cultivar differences were observed with respect to the radionuclide accumulation in all
studied crops. A comparatively weaker extraction and accumulation of Cs"* was recorded in all above-soil
organs of the bean plants, in comparison with the remaining crops.
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DETAILED ABSTRACT

Pot experiments with different cultivars beans; peas and soy spread in Bulgaria were carried out. The
following cultivars were analyzed: beans - cultivars Plovdiv 10, Plovdiv 164 and Dobrudjanski 7; peas -
cultivars Mira, Iskar, and Pulpudeva; soybeans - cultivars Pavlikeni 121, S — 1346, and Hodzon. The plants
were grown on the soil type Haplic chernosem, contaminated with the radionuclide Cs-134.

After the seeds germination, in each pot there were left five normally developed plants. During the vegetation
process mineral fertilizer nourishment was applied and the soil humidity was kept at 60-70 %. The test plants
were grown until the phase of full ripeness. The epigeous parts of the plants (leaves, stems, capsules, and
seeds) were checked with a multichannel gammaspectrometer canberra equipped with a germanium detector
with an effectiveness of 20% and a measuring error of under 10%.

It was established that the radiocesium was accumulated unevenly in the different plant organs, and the
highest concentration was recorded in the leaves, while the lowest was in the seeds of the studied crops.

Cultivar differences with regard to the absorption of the radionuclide by the plants were established. The
lowest degree of accumulation of Cs-134 was found in beans —cultivar Dobrudjanski 7, in peas — cultivar
Mira, and soybeans — cultivars Hodzon and S 1346.

No considerable cultivar differences were observed with respect to the radionuclide accumulation in all
studied crops. A comparatively weaker extraction and accumulation of Cs-134 was recorded in all above-soil
organs of beans plants in comparison with the remaining crops.
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INTRODUCTION

The issue of the regularity of accumulation of
various radionuclides in the agricultural crops is
significant in connection with the fact that these
substances, by means of the plants, take on active
part in the biological cycle of circumrotation of
substances in nature ([2]; [4]).

The study of the radionuclides behavior at the time
of their penetration in the plants and accumulation in
the yield is important for the elaboration of well-
grounded measures, leading to a decrease of the
content of radioactive substances in the agricultural
produce ([3], [S]).

MATERIAL AND METHODS

Pot experiments with various beans, peas and soy
cultivars, grown in Bulgaria, were carried out. The
following cultivars were studied: beans cultivars —
Plovdiv 10, Plovdiv 164 and Dobrudjanski 7; peas
cultivars — Mira, Iskar, and Pulpudeva; soybean
cultivars — Pavlikeni 121, S — 134, and Hodzon. The
plants were grown on the soil type Haplic
chernozem (FAO classification) contaminated with
the radionuclide Cs-134. The experiment was carried
out in vegetation pots, each with a capacity of 5 kg
soil, under controlled conditions. The cesium
activity in the soil was 1.0 MBg/pot for beans; 0.45
MBg/pot ror peas; and 0.67 MBg/pot for soybeans.
The experiment was conducted in four repetitions.
After the seeds germination, in each pot there were

left five normally developed plants. During the
vegetation process mineral fertilizer nourishment
was applied and the soil humidity was kept at 60-70
%. The test plants were grown until the phase of full
ripeness. The epigeous parts of the plants (leaves,
stems, capsules, and seeds) were checked with a
multichannel gamma  spectrometer Canberra
equipped with a germanium detector with an
effectiveness of 20% and a measuring error of less
10%.

In order to assess the penetration of the radionuclide
into the separate plant organs we used the index
“coefficient of accumulation” (CA), representing the
relationship between the radionuclide activity in 1 g
epigeous plant tissue and 1 g soil.

RESULTS AND DISCUSSION

Table 1 shows the results from the conducted study
with beans — cultivars Plovdiv-10, Plovdiv 164, and
Dobrudjanski 7. It is evident that in the variants
grown on Haplic chernosem (FAO Classification),
the radionuclide Cs-134 is unevenly accumulated at
the above-soil plant organs, and it is mainly
accumulated in the vegetative tissue - the leaves and
stems- and comparatively weaker in the capsules and
seeds Depending on the cultivar difference, the
accumulation of Cs-134 in the plant leaves is by 22-
31 % higher than that in the stems, 45-50 % higher
than that in the capsules, and at about 53-60 %
higher than that in the seeds.

Table 1: Accumulation of Cs-134 in the yield of different bean cultivars.

Cultivar Plant organs

leaves
stems
capsules
seeds
leaves
stems
capsules
seeds
leaves
stems
capsules
seeds

Plovdiv - 10

Plovdiv - 164

Dobrudjanski - 7

Average activity Bq/g  Coefficient of

Dry tissue Accumulation
5.80+ 0,78 0,03
4.204 0,70 0,02
3214 0,17 0,02
2.10+ 0,16 0,01
3.89+0.39 0.02
2.76 £0.18 0.02
2.13+£0.17 0.01
1.96 £0.12 0.01
2.99+0,21 0.01
2.22+0,27 0.01
1.41 +0,50 0.01
1.03 +0,28 0.01
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The study on the cultivar influence on the absorption
of the radiocesium by the plants shows that cultivar
Plovdiv 10 is characterized by its capacity to
accumulate readily the radiocesium in all above-soil
organs, and this accumulation is highest in the
vegetative tissue. This cultivar accumulates the
radiocesim in the leaves and stems by 34,5 % and 35
%, respectively, higher than cultivar Plovdiv 164,
and by 52 % and 45 % higher than cultivar
Dobrudjanski 7. The differences in the capsules of
the studied cultivars vary from 30 % to 56 % and
from 10 % to 50 % in the seeds. The lowest
accumulation of the radiocesium in the studied
plants was recorded in cultivar Dobrudjanski 7. In
this cultivar the lowest values of the coefficient of
accumulation (CA = 0.01 for all above-soil organs)
were registered. The lower accumulation of Cs"** in
the plants of cultivar Dibrudjanski 7 may lead to its

recommendation for application in case of

radioactive contamination of the soil.

According to some authors ([6]), the -cultivar
differences with respect to the radionuclides
accumulation in the plant can be explained by the

genotype.

The results from the analysis of the studied peas
cultivars grown on the same soil type (Table 2)
show, that in this crop as well, the radiocesium
accumulation is concentrated mainly in the leaves
and stems. The Cs-134 content in the leaves is up to
20 % higher than that in the stems, twice greater in
comparison with that in the capsules, and from 2,5 to
4 times greater than that in the seeds. The
accumulation of the radionuclide is comparatively
low in the seeds, and this holds true for all studied
cultivars.

Table 2: Accumulation of Cs-134 in the yield of different peas cultivars.

Cultivar  Plant organs
leaves
stems

capsules
seeds

Mira

leaves
stems
capsules
seeds
leaves
stems
capsules
seeds

Iskar

Pulpudeva

Average activity Bq/g  Coefficient of

dry tissue Accumulation
576036 0.04
3.01+0.22 0'02
2.57+0.27 0'01
1.78 £0.27 ’

448 +£0.23 0.05
3.90+£0.31 0.04
3.40 £0.39 0.04
1.80 £0.54 0.02
4.16 £0.21 0.05
2.36+0.27 0.03
2.29+£0.50 0.02
2.12+0.28 0.02

The intracultivar comparisons with respect to the
radiocesium content in the leaves of the test plants
indicate differences at about 20 %, and in the leaves
— 25 %. The cultivar differences are more
considerable with respect to the radionuclide
accumulation in the capsules and the seeds

Of all studied cultivars, Mira is characterized by the
lowest degree of Cs-134 accumulation. In this
cultivar, in all above-soil organs, there were
recorded the lowest values of the coefficient of
accumulation (CA=0.04 in leaves; 0.03 in stems;
0.02 in capsules; and 0.01 in seeds).

The obtained results with respect to the distribution
of the radionuclides in the economically important

plant organs confirm Ambler’s thesis ([1]) that the
radionuclides are accumulated to the lowest degree
in the seeds and that their accumulation depends on
the cultivar peculiarities of the plants.

The results from the analysis of the soybean
cultivars, grown on Cs-134 contaminated soil,
confirm the already observed tendency in the other
studied crops about the radionuclide distribution in
the above-soil organs of the plants (Table 3). In this
bean crop, as well, there is observed a predominant
accumulation of the radiocesium in the vegetative
organs — mainly the leaves. The uneven distribution
of Cs"* was registered in all studied cultivars. The
lowest radiocesium accumulation was observed in
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the soybean seeds. It is up to 5 times smaller than
that in the leaves, and from 2.5 to 3.5 times smaller
than that in the stems.

The intracultivar comparisons indicate a much more
intensive Cs'** extraction by cultivar Pavlikeni 121
than that by cultivars S-1346 and Hodzon. In
Pavlikeni 121 the recorded values of the coefficient
of accumulation in all above-soil organs were twice
higher than those in the remaining cultivars (CA =
0.09 in leaves; 0.05 in stems; 0.02 in capsules and

considerable differences were observed with respect
to the accumulation of the radiocesium in the studied
plants.

The analysis of the data on the penetration of Cs-134
from contaminated soil into, the above-soil organs of
the studied bean crops does not show the presence of
any considerable cultivar differences.

A comparatively = weaker  extraction  and
accumulation of Cs-134 was recorded in all above-
soil organs of beans, in comparison with the

seeds). In cultivars Hodzon and S-1346 no .
remaining crops.
Table 3: Accumulation of Cs-134 in the yield of different soybean cultivars.
Cultivar Plant organs Average act1'V1ty Bq/g Coefﬁc1ent. of
Dry tissue Accumulation
leaves 11.80 £0.72 0.09
S stems 6.88£0.43 0.05
Pavlikeni 121 o cules 3.50 +0.30 0.02
seeds 2.80+0.16 0.02
leaves 6.60 +0.32 0.05
Hodzon stems 4.90 £0.34 0.04
Z capsules 2.18+0.53 0.01
seeds 2.00+0.10 0.01
leaves 5.90+0.33 0.04
stems 4.60 +0.43 0.03
S-1346 capsules 1.60£0.17 0.01
seeds 1.60 £0.21 0.01
CONCLUSIONS

Cs-134 is distributed unevenly in the different
organs of the plants. The highest accumulation was
recorded in the vegetative tissue, and lowest — in the
seeds.

There were registered cultivar differences with
respect to the radionuclide absorption by the plants.
The lowest degree of Cs-134 accumulation was
found in leaves — cultivar Dobrudjanski 7, peas —
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