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ABSTRACT

Seeds of a large seeded lentil cv., Precoz Selection, were treated with three doses each of
gamma-rays, ethylene imine (EI) and N-nitroso-N-ethyl urea (NEU). In general, both
mutagenic effectiveness and efficiency decreased with increasing doses of mutagens,
however, the highest dose of gamma rays and medium doses of the two chemicals were
found to be most efficient for inducing mutations. Effectiveness of mutagens differed
considerably; NEU was 1.2 and 241 times more effective than EI and gamma rays,
respectively. The order of effectiveness of mutagens was: NEU (168.6) > EI (138.6) > gamma
rays (0.7). Mutagenic efficiency was not as variable as their effectiveness. However, the
trend among the mutagens was similar to that observed for mutagenic effectiveness. NEU
showed the highest efficiency (0.38), followed by EI (0.33) and gamma rays (0.31). Thus,
NEU was 1.2 and 1.1 times as much efficient as gamma rays and EI, respectively.

Key words: Lentil, mutagenic effectiveness & efficiency, chlorophyll, morphological
mutations.

Lentil is an important crop of the Indian subcontinent where generally the small seeded -
(Lens culinaris Medik. var. microsperma Zhukovsky) varieties are grown. Studies on
experimental mutagenesis in this crop are limited and confined to microsperma varieties
[1-4]. For any mutation breeding programme, selection of effective and efficient mutagen(s)
is very essential to recover high frequency of desirable mutations. The present report deals
results on effectiveness and efficiency of physical and chemical mutagens in a large seeded
variety of lentil (Lens culinaris Medik. var. macrosperma Zhukovsky).

MATERIALS AND METHODS

The samples comprising 500, 1000 and 1500 dry and well filled seeds of uniform size of
the macrospermalentil cv., Precoz Selection, were treated with gamma rays (5, 10 and 20 kR),
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N-nitroso-N-ethyl urea (NEU) and ethylene imine (EI). The doses of chemical mutagens
were 0.005, 0.01 and 0.02%. Dry seeds were irradiated with gamma rays in a Co®® gamma
cell delivering 5000R/min and treated with freshly prepared aqueous solution of NEU and
EI with the above concentrations for 6 h at 21°C. The treated seeds along with control were
sown immediately in the field to raise M1 generation. Different biological parameters like
germination, plant survival and seed fertility were recorded in M1 generation. In M2, the
treated as well as control progenies were screened for lethal chlorophyll mutations during
the first four weeks after germination, whereas viable chlorophyll and morphological
mutations were scored throughout the crop duration. Mutation frequency was calculated
as percentage of mutated M2 progenies for both chlorophyll and morphological mutations
in each treatment. The mutagenic effectiveness and efficiency were computed using the
formulae suggested by Konzak et al. [5].

RESULTS AND DISCUSSION

Some definite patterns regarding various biological parameters were recorded in M
generation (Table 1). NEU was the most effective mutagen, followed by EI (medium
damage) and gamma rays (least damaging) in respect of all the biological parameters
studied. Dose-dependent relationship was noticed with all the three mutagens, i.e. with
increase in dose, there was corresponding

] R K Table1. Effect of mutagens on germination, plant
increase in damage. In general, the bio- 8 8 p

survival and seed ferility in M1 generation of

logical damage caused by the medium dose macrosperma lentil

of gamma rays (10 kR) was comparable -

with that of the lowest doses of Eland NEU ~ Treatment Germi- Plant Seed
(0.005%) in respect of all the biological ' nation survival fertility

parameters studied [6]. The highest doses
of EI and NEU (0.02%) caused a
comparable biological damage. The biolo- ~Gammarays (kR):

gically comparable doses are most appro- > ol 522 7es

X . . 10 85.5 74.6 726
priate for comparing the genetic effects of 2 791

Control 100 100 100

58.2 65.2

various mutagens, and their efficiency and BE (%)
effectiveness at comparable levels of 0.005 87.0 762 74.0
damage. 0.01 77.0 618 705
‘ 0.02 689 47.2 64.7

Mutageniceffectiveness pertainstothe o0,

rate of mutation induction as related to 0.005 83.1 732 7.3
mutagenic dose. In the present study, 0.01 733 55.6 68.9
effectiveness of mutagenic doses differed 0.02 65.3 44.0 626

considerably (Table 2). With all doses of
both the radiations ( gamma rays) and the Note. Data presented as percentage of control.

chemical mutagens (EI and NEU), mutagenic effectiveness decreased with increase in dose.
It was found that the lowest dose of NEU (0.005%) was the most effective for induction of
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mutations followed by the lowest of doses of EI (0.005%) and gamma rays (5 kR). Taking
the mean values over all three doses of each mutagen, NEU was 1.2 and 241 times more
effective than EI and gamma rays respectively. The order of effectiveness of mutagens was
NEU (168.6) > EI (138.6) > gamma rays (0.7), which clearly showed the superiority of the
nitroso compound (NEU) over other physical and chemical mutagens. The higher
mutagenic effectiveness of nitroso compounds (NEU/NMU) over other chemicals and
ionizing radiations has also been reported earlier [3, 6-9].

Mutagenic efficiency is referred to as
the mutation rate in relation to Mi
damage. Effectiveness and efficiency are

Table2. Mutagenic effectiveness and efficiency of
gamma rays, ethylene imine and N-nitroso-
N-ethyl urea in macrosperma lentil

two different properties of mutagens. A

highly effective mutagen may not Treatment St'eri- Mutatgd Mut.a- Mutf:\-
necessarily show high efficiency and vice 2,2; pm(g; ;ues efie:t‘ili o ffi:‘cllc
versa. The results indicated that muta- ness ency
genic efficiency is not as variable as muta-

genic effectiveness among the mutagens Gamma rays (kR):

and their doses used (Table 2). In case of 5 235 7.7 1.54 0.33
gamma rays, the mutagenic efficiency 10 27.4 86 0.86 0.31
decreased with the increase in dose, 2 348 26 0.48 0.28
whereas in case of both chemical muta- 286 56 070 031
gens medium dose (0.01%) was found to  EI (%

be most efficient. Efficiency increased g'g(l)s gg‘g 1?‘2 i;g; g'gg
withincrease in dose from thelowestdose o, 353 04 783 0.27
(0.005%) to medium dose (0.01%), but mean 303 9.7 138.6 0.33
declined drastically with further increase NEU (%):

in dose from medium to the highest . 277 10.8 360.0 0.39
(0.02%). This shows that the highest dose 01 31.1 13.3 217 0.43
of all the mutagens, causing maximum  0.02 374 115 95.8 0.31
sterility, is least efficient of all the three ~ mean 321 118 1686 0.38

doses used. The medium dose of NEU was
found to be the most efficient (0.43) for mutations induction, followed by the medium dose
of EI (0.39) and the lowest dose (5 kR) of gamma rays (0.33). The increase in the mutagenic
efficiency at the medium doses of chemical mutagens suggests that the increase in seed
sterility was of a lower magnitude than the response for mutation induction by both the
mutagens. Similar observations have been reported in foxtail millet [10].

With regard to efficiency also, the trend observed among the mutagens was similar to
that of effectiveness. Taking all the doses together, NEU showed the highest efficiency (0.38),
followed by EI (0.33) and gamma rays (0.31). Thus, NEU was 1.2 and 1.1 times as much
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efficient as gamma rays and EI, respectively. Similar to this study, higher efficiency of the
nitroso compounds than other mutagens has been reported earlier [3, 6, 7, 9]. However,
Nerkar [11] obtained different results where the order of mutagens based on their efficiency
was gamma rays > EMS > NMU. The low efficiency of certain mutagens may be attributed
to the use of low doses corresponding to their mutation induction [2]. The higher efficiency
of a mutagen indicates relatively less biological damage (seedling injury, sterility, etc.) in
‘rélation to mutations induced.
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