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MUTAGENIC EFFICIENCY OF GAMMA RAYS IN SESAMUN

N. RAMACHANDRAN NAIR and V. GOPINATHAN NAIR
College of Agriculture, Vellayani, Kerala

Sesamum is the second important ol seed crop of Kerala. Only very
littte work has been done on the genetic improvment of this crop. According
to Gregory (1968) modern techniques involving radiation treatments form an
integral part in the genetic improvment of oil seed crops. Hence it is necessary
to study the radiobiological effects on sesamum and explore the possibility of
its improvement through mutation breeding.

Materials and Methods

The biological material consisted of the CV. Kayamkulam—-I, Gamma
irradiation was done at the Department of Botany, Kerala University Centre,
Karyavattom utiizing the cobalt 60 "Gamma shine 1000 curies". The source
was operating with a dose rate of 32.81 krad per hour. Six samples cf dry
seeds (1000 each) were exposed to gamma radiation at doses 5, 10, 15, 20,
25 and 30 krad

Studies on germination of seeds and seedling emergence were cond-
ucted under laboratory conditions. The seeds were sown in the field on the
third day after irradiation adopting a Randomised Block Design replicated thrice.
Survival percentage was calculated at 30 days after sowing. Plant height was
measured on the same day in 20 plants per treatment and the mean was
estimated. Pollen fertility was studied in 30 plants in each of the "treatments.
Plants exhibiting chlorophyll deficient sectors on their leaves were recorded as
chimeras.

50 M, plants per treatment were carried forward. The M, generation
was raised as M, plant progenies. Seedlings were examined frequently and
chlorophyll mutations were scored. Mutation frequency was estimated on M,
and M. plant basis. The different types of chlorophyll mutants in each of the
segregating progenies were counted separately and the mutation spectrum was
calculated. The segregation ratio was estimated as a percentage of the number
of mutants in the segregating M, progenies. Mutagenic effectiveness and
efficiency were estimated by methods suggested by Konzak et al. (1965).

Kesults and Discussion

The effects of mutagen in the M, generation are presented in table 1.
Germination percentages of seeds irradiated with different doses did not show
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Table 1

Effect of mutagen in the M, generation

Doses
Conrol 5 \vad  10krad 15krad 20 Kiad 25 krad 30 Krad
1 Germination % .00 94.00 98.00 97.00 9800 98.00 96.00
% on control 10000 10000 10425 10820 104.25 10425 10212
2, Emergence
a Kadicte (Mean
period hrs) 2790 2740 2880 2850 2790 32.20 29.00
% on control 10000 98.20 1832 10215 10000 11541 10394
b. Plumule (Mean
period hrs) 6210 66.00 65.40 62.10 61.50 65.50 61.90
% on control 100.00 10630 106.30 10000 99.00 105.50 99.70
3. Suwvival a 30
days % 23.30 1730 220 14 90 11.5¢ 850 7.00
% on control 100.00 74.24 52.40 63.94 49.35 36.50 30.00
4. Plant height at
30 days in cm 580 6.00 570 550 6.00 5.80 550
on control 10000 10044 93.30 94.80 10344 10000 94.80
5. Fertility
(Pallen) % 93.30 70.50 74.40 7110 65.80 38.€0 51.90
% on control 100.00 75.60 79.70 76 20 7050 62 80 55.60

any significant difference indicating that the doses employed had no effect on
germination of seeds. This is in confirmity with the observations of Joshua
ef al (1972) injute. The mean period for radicle and plumule emergence also
did not show any difference between the doses. Survival of plants at 30 days
decreased steadily with increase in the dose of radiation. Similar findings were
reported by Joshua ef al (1972) in jute and Mujeeb and Greig (1973) in
Phaseolus vulgaris. The reduction in survival percentage with increased doses
of radiation can be explained in cvfoloaical terms.  Mitotic abnormalities due to
irradiation results in structural changes in chromosomal compliments. This
interferes with growth and development leading to a fall in survivai percentage
at higher doses. Plant height measured on the 30th day did not show any
relationship with the doses employed. Greater variability in plant height was
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observed within treatments at higher doses. According to Gaul (1970) the larger
variability after treatment with gamma rays is apparently by the result of modi-
fying factors. The percentage of pollen fertility decreased with increase in doses.
Chromosome mutations are probably the major cause of all mutagen induced
sterility (Gaul 1970). Chlorophyll deficient plants were observed in the 30 krad
treatment only. Although the genetic basis of leaf spots is not exactly known
Kaplan (1954) has suggested that chromosomal aberrations were responsible
for the induction of the spots.

Table 2

Effect of mutagen in tbe M, generation (chlorophyll mutations)

5krad 10 krad 15 krad 20 krad 25 krad 30 krad

t.  Freguency
a M, plant basis
No. ofM; plant progenies Scored 4400  43.00 43.00 46.00 41.00 46.00
Segregating 700 800 . 00 8.00 800 9.90
No. of mutations per 100 M, plants 1591 1860 20.93 17.39 1951 1946

b. M, plant basis

No. of M, plints scored 9941.00 775200 543400 5791.00 504300 193400
No. of mutants 61.00 97.00 5400 2300 1900 1900
No. of mutants per 100 M, plants  6.61 1,25 0.99 0.39 0.37 0.98
2 Specirum

Tota number of mutants

Relative percentage 61.00 97.00 54.00 23 00 19.00 1900
Xantha (yellow) 700 412 1481 3913 7894 5.26
Chlorina (Yellow green) 2300 958 85.19 60.87 21.06 94.74

3. Segregation ratio
Totd No. of plants scord in

Segregating

M, progenies 239100 172300 102300 1123.00 1111.00 At .00
No. of mutants 61 00 97.00 54.00 23 00 19.00 19.00.
Segregation ratio 2,55 5.62 5.28 2.05 171 3,72

Mutagenic effects in the ™M generation are presented in table 2.
Mutation frequencies estimated as number of mutations per 100 M, plants gave
higher values than the estimate on M, plant basis at each of the doses
employed. This evidently was on over estimation of the mutation event in
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consideration of the differentiated nature of the embryo. Two types of chloro-
phyll mutations viz, xantha (yellow) and chlorina (yellow green) were seen in
all the treatments. But the relative percentages of these mutations varied with
doses. The mutation spectrum reveals that chlorina was more frequent than
xantha. Segregation ratio was maximum at 10 krad and minimum 25 krad.
With high segregation ratios a high proportion of mutants will be observed
facilitating their selection in segregating populations.

The mutagenic effectiveness and efficiency of gamma rays in inducing
chlorophyll mutations were estimated and presented in table 3. Effectiveness
was highest at the lowest dose employed and decreased with increasing doses.
This inverse relationship could be explained as due to the failure of mutations
to increase proportionately with increasing doses. Efficiency in relation to letha-
lity and sterility was high at the tower doses and decreased with increasing
doses. According to Konzak ef «/ (1965) the greater efficiency of low doses
of mutagen relate the fact that lethality and sterility increased with increase
in mutagen doses at faster rates than mutations.

Table 3

Mutagenic effectiveness and efficiency

Mutation Mutagenic

Doses Effﬂ“ﬁr,‘f[yn Leth IMnJ'lur(i/am;’ifijeerility e M X 1?)Aomag§2i)c< 1‘:)igder|1\:yx 100
basls) lity M X 100
™M) L) n S krad L | S
5 krad 1591 25.76 0 244 318.20 61.76 <s 65.20
10 krad 18,60 47.60 17 20.3 186.L0 39.07 1094.11 9i.62
krad 20.93 36.06 50 238 13953 58.04 402.50 87.94
20 krad 1739 50.65 0 29.5 86.95 34.33 x 58.95
25 krad 1951 63.50 0 372 78.04 30.72 o« 52.45
30 krad 1956 70.00 V2 44.4 65.20 27.94 376 15 44.05
Summary

Seeds of sesamum Cv. Kayamkulam—} were irradiated with gamma rays
at doses 5 to 30 krad. The effects of irradiation in the M and M, generations
were studied. The doses employed had no effect on germination, seedling
emergence and plant height in the N, generation. With increase in the dose
there was a steady decrease in survival and pollen fertility. The frequency of
chlorophyll mutation estimated on M, plant basis was higher than the estimate
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on M plant basis The mutation spectrum included xantha (yellow) and chlorina
(yellow green). Segregation ratio was maximum at 10 krad and minimum at
25 krad. Mutagenic effectiveness and efficiency were high at the lower doses
and decreased with increasing doses. These observations indicate that gamma
rays at low fo medium doses can be successfully employed for inducing
mutations in sesamum.
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