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Abstract. First findings on the mutation efficiency of thermal neutrons in lentil are
presented.

1) The highest proportion of segregating progenies with chlorophyll mutants and chimeric
plants reached 229, when doses of 1-6 X 10% n em™2 and 2X 1012 n cm™? were used.

2) After irradiation with doses in the range from 2Xx 102 n em~2 to 2:6 X 1012 n em™2 different
chlorophyll mutants were produced at the same time in 2 to 4%, of the offsprings.

3) The maximum proportion of the progenies in which only the viridis mutants were segregated
was 189, that with xanthoviridis mutants alone 69%,, with xantha 49, with albina alone 29,
with chimerie plants alone 89%,.

4) The highest number of various types of mutants together with various combinations of two
types of mutants in the same progeny were induced by doses of 2Xx 102 nem~2 and 2:3 X
x 1012 n em™~2.

5) The highest number of induced chlorophyll mutants per 1 offspring was 0-44 mutants after
irradiation with the dose of 2-3 X 10*2 n em™2.

6) The highest number of chlorophyll mutants per 100 of planted seeds was 1:46 mutants after
a dose of 31012 n cm™2.

From published papers summarizing the effects of neutron irradiation of
plants (GOPAL-AYENGAR and SWAMINATHAN 1963, SmiTH 1961, 1969, UnLiK
1970) it may be concluded that due to the relatively small number of studies
there is so far no general agreement as to the biological efficiency of thermal
neutrons and especially to some specific phenomena which they produce.
For a number of cultivated plants which offer the possibility of mutational
improvement there are either no data on their radiosensitivity to neutrons
or the data are not easy to compare.

The present paper summarizes the first findings concerning the muta-
tional efficiency of thermal neutrons in lentil.

* Addyress: Praha 6-Suchdol, Czechoslovakia.

216



MUTATIONAL EFFICIENCY OF NEUTRONS 217

Material and Methods

The study of mutational efficiency was carried out in offspring of ir-
radiated plants of lentil (Lens esculenta MoENcH) cv. “Hrotovickd velko-
zrnnd”’, cultivated in 1967 in a season very suitable for cultivation, in
southern Slovakia at the Plant Breeding Station of Topolniky. For the ir-
radiation of seeds 9 doses of thermal neutrons were used, ranging from
6-6 x1011 ncm~2 to 3-3 x1012 n cm~2. The irradiation of the material was
carried out in the atomic pile of the Institute of Nuclear Research of the
CSAYV, at ReZ near Prague. The output of the pile was 2 MW, the neutron
flux amounting to 109 n em-2s-1,

From fifty randomly chosen plants of the M generation all seeds capable
of germination were planted, irrespective of their numbers. The seeds were
planted in soil in a greenhouse in areas of 10 cm X2 cm. The temperature in
the greenhouse was between 15° and 23° C.

The state of plants was evaluated from the 12th to the 18th day after
planting. The mutational efficiency was estimated from the relative num-
bers of chlorophyll mutants and chimeric plants. In the offspring, chloro-
phyll mutants viridis, xanthoviridis, xantha and albina were quantitatively
followed. Chimeric plants included seedlings with isolated light-green, yel-
low or white parts of leaves and stems, or with leaves markedly spotted.

When following the chlorophyll mutants the proportion of segregating
progenies with one mutant or with more types of mutants in the same
progeny, proportions of individual progeny with a given type of mutant,
as well as the number of mutants per progeny and per 100 planted seeds of
plants of the M; generation were evaluated.

Results

A) Proportion of Segregating Progenies in the Total Number of Analyzed Progenies

The highest proportion of segregating progenies (229,) was produced by
doses of 1:6 x102nem-2 and 2 x1012ne¢m-2 (Table 1). With both de-
creasing and increasing doses the proportion of segregating progenies was
regularly reduced.

Irradiation with lower doses produced in individual progenies only chloro-
phyll mutants of a single type. Only after irradiation with doses of 2 x
%102 n em~2, 2-3 x1012n cm~2 and 2-6 X 1012 n cm~2 two types of different
chlorophyll mutants were produced in the same offspring in 2 to 49, of
the offspring. When applying the highest doses again only chlorophyll mu-
tants of a single type were segregated.

If the efficiency of individual doses of irradiation is estimated solely from
the proportion of the progenies segregating only one type of chlorophyll
mutants, the dose of 1-6 x1012n cm~2, producing mutants and chimeric
plants in 229, of the progenies, appears to be most effective.

From the total number of analyzed progenies the relatively highest pro-
portion of progenies (189,) was segregated as viridis mutants, after a dose
of 16 x1012n cm~2 (Table 2, values %, §%). After irradiation with other
doses the proportion of these progenies did not exceed 89,. Higher pro-
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Tasre 1

TOTAL PROPORTION OF SEGREGATING PROGENIES and proportions of segregating progenies with
one or more types of mutants in the same progeny

Number of segregating progenies
. with mutants
Dose Number of progenies
[n em—2] of 1 type of more types
Sz Se % 8= S % 8= S % 8=
Control 50 0
6-6 x 1011 50 5 10 5 10
1012 50 4 8 4 8
1-3x 1012 50 7 14 7 14
1-6 x 1012 50 11 22 11 22
2:0x 1012 50 11 22 9 18 2 4
2-3x 1012 50 9 18 7 14 2 4
2-6 x 1012 50 6 12 5 10 1 2
3-0x 1012 50 5 10 5 10
3-3x 1013 50 5 10 5 10
8= — total number of analyzed progenies
Se — total number of segregating progenies
S — number of segregating progenies with mutants of one or more types in the same

progeny
% 8% — proportion of definite segregating progenies from total number of analyzed progenies

portions of progenies with the viridis mutants only were found after ir-
radiation with relatively low doses.

The proportion of the progenies with xanthoviridis mutants only reached
the maximum value of only 6%, A relatively high proportion of these
offspring was produced by medium doses of radiation.

With the progenies segregating xantha mutants only relatively high pro-
portions were found after relatively high doses. The maximum proportion
of these progenies found was 49,.

The progenies with albina mutants alone were found only after irradiation
with a dose of 3 X1012 cm~2 in 29, of all progenies.

The maximum proportion found with the chimeric plants only was 8%,.
The relative frequency of these progenies was found to increase regularly
with the radiation dose and to reach the above maximum when medium
doses were used.

B) Proportions of the Individual Segregating Progenies in the Total Number
of all Segregating Progenies

From the whole population of all segregating progenies those with viridis
mutants alone were again the most frequent (Table 2, values 9, S°). The
highest proportions (8:2%, and 8-09,) were found after irradiation with
doses of 1-6x1012n cm~2 and 3-3 X1012n cm~2. The dependence of the
number of progenies on the magnitude of the dose exhibits two maxima.

The maximum proportion of progenies with xanthoviridis mutants was
produced only with the relatively low dose of 6-6 x 1011 n ecm 2. In progenies
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with xantha mutants only higher frequencies were found after relatively
high radiation, whereas in those with chimeric plants only the high fre-
quencies were caused by medium doses.

The same holds for progenies in which two types of chlorophyll mutants
were segregated at the same time. Such progenies were found when doses
from the narrow range 2 X1012n ¢m-2 to 2:6 x1012n cm~2 were used. The
proportion of progenies in which some of the examined types of chlorophyll
mutants were segregated and that of their combinations in the total number
of segregating progenies produced by individual doses is given also in
Table 2.

The highest number of various types of mutants together with the com-
binations of two different types of mutants were produced by doses of
2x1012n em~2 and 2-3 X1012 n cm~2. After irradiation with these doses the
proportion of progenies segregating viridis mutants was pronouncedly
reduced.

When doses higher or lower than those from 2 Xx10!2ncm-2 to 2-3 x
X 1012 n cm~2 were used the number of different types of mutants as well
as of their combinations was decreased, representing from 2 to 4 types
(Table 5).

TaBLE 3

TOTAL NUMBER OF MUTANTS per 100 planted seeds of plants of M, generation and per progeny

Number of mutants
Dose Number Number
[n em™2] of seeds of progenies
S per 100 seeds per progeny

Control 4 588 50 0
6-6 x 1011 4 662 50 7 0-148 0-14

1012 4 369 50 7 0-159 0-14
1-3x 1012 3481 50 7 0.199 014
1-6 <1012 2523 50 15 0-593 0:30
2:0x 1012 2 353 50 20 0-852 0-40
2-3x 1012 2 567 50 22 0-858 0-44
2-6 x 1012 1892 50 19 1-000 0-38
3-0x 1012 1239 50 18 1-460 0-36
3-3x 1012 1383 50 12 0-867 0-24

8 — the total number of chlorophyll mutants produced with the given dose

C) Number of Mutants per Analyzed Progeny

The highest number of chlorophyll mutants produced per progeny was
0-44. If the maximum values found are considered, the highest proportion
per progeny was that of the viridis mutants (0.22), the frequencies of other
mutants decreasing in the sequence xanthoviridis (0-20), chimeric plants
(0-12), xantha (0-10), albina (0-04). The values corresponding to individual
doses are given in Table 4.

D) Number of mutants per 100 seeds

The highest number of chlorophyll mutants per 100 seeds was 1-46 after
irradiation with 3 x102n ecm-2. The maximum number of mutants of
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TABLE 5

NUMBERS OF VARIOUS TYPES OF CHLOROPHYLL MUTANTS and their various combinations in
progenies

Dose [n em~2)

101 x 1012

66 1-0 1-3 -6 ; 20 2-3 26 30 33 Control

Numbers of different types of chlorophyll mutants:

Number of various combinations of different mutants in the same progeny:

lear Research of the Czechoslovak Academy of Sciences with the results
obtained by other authors with various species of cultivated plants it must
be kept in mind that the radiosensitivity of various experimental plants,
various effects of factors capable of influencing the radiosensitivity of
the irradiated material, the mode of evaluation, as well as the composition
of radiation produced by different atomic piles, may vary rather substan-
ially from case to case.
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V préci jsou uvedeny prvé poznatky o mutaéni idinnosti tepelnych neutronti u doéky. Ute-
lem préace bylo i zjifténi dosud netestovaného biologického uéinku neutron@ produkovanych
atomovym reaktorem Ustavu jaderného vyzkumu CSAV.

1. Nejvyssi podil 3tépicich potomstev s chlorofylovymi mutanty a chimerickymi rostlinami
¢inil 22 9, po uZiti ddvek 1,6 X102 nem=2 a 2x 1012 n ecm™2.

2. Po ozafeni ddvkami v rozmezi 2102 nem™2 a% 2,6 x 102 n em™? vznikli u 2 % a% 4 %,
potomstev souc¢asné rozdilni chlorofylovi mutanti.
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3. Potomstev, v nichz vystépili pouze mutanti viridis bylo maximélné 18 9, potomstev pouze
8 mutanty xantoviridis 6 9%, s xanta 4 Y,, jen s albina 2 9, jen s chimerickymi rostlinami 8 9.
4. Nejvice ruznych druht mutantt spolu s rozdilnymi kombinacemi mutanti dvou druha
v tém# potomstvu indukovaly dévky 2102 nem~2 & 2,3 X102 n cm™2

5. Nejvétdi pocet indukovanych chlorofylovych mutantG pfipadajicich na 1 potomstvo &inil
0,44 mutanta po ozafeni dozi 2,3 X102 n ecm™2

6. Nejvétsi pocet chlorofylovych mutantt pfipadajicich na 100 vysetych semen éinil 1,46 mu-
tanta po ozafeni davkou 3 x 1012 n cm~2,



