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INTRODUCTION

Black gram (Vigna mungo L.Hepper) is the important food
legume and rich in protein. In spite of its importance, the crop
however has very limited genetic variability (Arvind kumar et
al.,2007). Therefore, development of new plant types for
different situation is required. Mutation techniques are the
best methods to enlarge the genetic variability of a species
within a short time (Micke 1988). Biological damage caused
by mutation for germination, pollen sterility and survival at
maturity may be considered as an indication of mutagenic
effect (Gaul 1964)

Many mutants have been identified as donors of desirable
traits in breeding program. Mutation breeding of plants is
useful to improve the character if the character is not located
in a plant germplasm of a species, and also for generating
variability in the existing varieties (Khan and Goyal ,
2009).Induced mutation using physical and chemical
mutagens is one method to create genetic variation resulting
to new varieties with better characteristic features
(Wongpiyasatid et al., 2000).

Ionization radiations still remain most suitable agents for
inducing genetic variability (Tah 2006). Application of
radiation has been most frequently used for induction of
mutation resulting in direct development of 89% mutant
varieties (Velmurugan et al., 2010). Gamma irradiation is one
of the main physical mutagens for mutation studies in plants.
It had diverse effect on traits of plants and this depended on

plant species or varieties and the dose of irradiation (Saxesena
et al., 2014). These effects include changes in the plant cellular
structure and metabolism e.g., dilation of thylakoid
membranes, alteration in photosynthesis, modulation of the
antioxidative system and accumulation of phenolic
compounds (wi et al., 2005).
Gamma irradiation has provided number of useful mutants
and still shows an elevated potential for improving vegetatively
propagated plants. A great majority of mutant varieties (64%)
were developed by the use of gamma rays (Ahloowalia et al.,
2004).There are different types of ionizing radiation viz., X-
rays, gamma rays, protons, neutrons, alpha and beta particles.
However, gamma rays are widely employed for mutation
studies as they have shorter wave length and therefore, possess
more energy per photon than X- rays and penetrate deep into
the tissue (Khin, 2006 and Zhu et al.,2006).
Hence, the present study was undertaken to study the response
of two black gram varieties for seed germination, survival and
pollen sterility to the gamma ray exposure.

MATERIALS AND METHODS

Plant material
The experimental plant material (seed) of two black gram
cultivars i.e. ADT 3 and CO 6 were collected from Tamil Nadu
Rice Research Institute, Aduthurai and from the Department
of Pulses  Tamil Nadu Agricultural University, Coimbatore
respectively. The trials were laid out in randomized block
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design with two replications at Agricultural College and
Research Institute (ACRI), TNAU, Madurai, during Rabi 2016.

Mutagen treatment
Well filled and healthy 500 seeds of ADT 3 and CO 6 with the
moisture content of 12 per cent were packed in butter paper
covers and placed in an irradiation chamber located in vertical
drawer inside the lead flask in gamma chamber. The seeds for
each treatment were irradiated in the gamma chamber at
200,300 and 400 Gy doses of gamma rays.  Seed material was
exposed to gamma irradiation from the Cobalt 60 gamma
source for appropriate time for each dose based on the half-
life of the source in the gamma chamber installed at the Bhabha
Atomic Research Centre. Mumbai

The non irradiated dry seeds were taken as the control.  After
the completion of the treatment the treated seeds were sown
in the field along with their respective control to raise the M1
generation in a randomized block design with two replications.
All the treatments including the control were raised adopting
a spacing of 30 cm in between rows and 10 cm in between
plants. Number of seeds germinated on 7th day was counted
and the germination percent was calculated. Survival
percentage at 45  DAS crops was recorded and the survival
percent was calculated. Pollen fertility was observed during
flowering period.

Germination percentage
The number of seed emergence of the radical was counted
and mean was expressed as percentage.

Pollen sterility
Pollen sterility was determined from five randomly selected
plants of each treatment along with control. The anthers from
the fresh flowers were removed and burst at one end. The
pollen mass was smeared on a slide followed by addition of a
few drops of 1% potassium iodide (the stain was prepared by
dissolving 1 gm of iodine and 2 gm of potassium iodide in
100 ml of distilled water). Fully stained pollen grains were

considered as fertile while empty, partially stained and shriveled
ones were classified as sterile and round pollen grains were
recorded as fertile and those mixed with both the types were
classified as partially fertile. The pollen fertility percentage of
the pollen grains was calculated based on the formula given
below. The values were expressed as percentage.

                                                     100
pollen unstained and stained of number Total

pollen stained well of number Total
percentage fertility Pollen ×=

Survival of plants at maturity
Survival of plants in each treatment and their respective controls
were recorded in the field at the time of maturity. The values
were expressed as percentage.

RESULTS AND DISCUSSION

Evaluation of the effects of mutagen in M1 generation is a
common procedure in any mutation breeding experiments.
Physical mutagens induce physiological damages (injury), gene
mutations (point mutations) and chromosomal mutations
(chromosomal aberrations) in the biological material of M1
generation(Gaul The biological damages caused by the
mutagens in M1 generation could be measured based on seed

Table 1: Effect of gamma rays on germination percentage of ADT 3
and CO 6 in M1 generation

Mutagen                        Germination percentage
 (Dose) Transformed % over % reduction
ADT 3 Mean (%) control
Control 81.87 100 -
200 Gy 57.91 70.74 29.26
300 Gy 41.10 50.20 49.80
400 Gy 34.85 42.57 57.43
CO 6
Control 79.73 100 -
200 Gy 54.71 68.62 31.38
300 Gy 39.08 49.02 50.98
400 Gy 33.98 42.61 57.39

                    control 200 Gy 300 Gy 400 Gy

control 200 Gy 300 Gy 400 Gy

ADT 3

CO6

Figure  1 : Effect of gamma irradiation on pollen fertility in ADT 3 and CO 6 rice varieties
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germination, survival reduction (lethality) and fertility reduction
(sterility). Gaul (1970) reported that the damage to the biological
material as reflected in the above parameters might be
considered as an indication of the mutagenic effects. As similar
to aforesaid findings, the following different M1 damages
(effects) have been studied in the present investigation of black
gram.
Effect of mutagens on germination
The data on germination percentage in M1 generation for
various mutagenic treatments in ADT 3 and CO 6 are given in
Table 1. In both the varieties, in comparison to the control, the
percent germination was low in all treatments. The maximum
reduction was observed at higher concentrations of the
mutagens and the LD50 value (50% reduction of seed
germination) was observed in 309.75 Gy of gamma rays for

ADT 3 and in 301.06 Gy of gamma rays for CO 6 variety. In
case of ADT 3, reduction in germination ranged from 29.26
percent (200 Gy) to 57.43 percent ( 400 Gy). Similarly, in M1
generation of CO 6, germination percentage ranged from
percent  31.38  percent (200 Gy)  to 57.39 percent  (400 Gy).
Similar inhibitory effects on seed germination observed by
Kumari et al., 2013, Padavai and Dhanavel (2004) , Singh and
Kole (2005) and Mundhe and Borse (2012).
In accordance with the above findings, in the present
investigation, at higher dosage of mutagens, the seed
germination got delayed and the seedlings were shorter which
subsequently died in a short period. This might be due to the
effect of mutagens by which, affected seedlings after the
cotyledonary emergence remained alive only for a particular
period of time. The mutagenic sensitivity of a biological material
can be attributed to the level of differentiation and development
of embryo at the time of treatment and also to the extent of
damage to the growth processes like rate of cell division, cell
elongation, various stages of hormone and biosynthetic
pathways observed by Scholz and Lehman (1962).
The reduction in germination per cent due to treatment may
be attributed to a drop in the auxin level or chromosomal
aberrations as reported by Reed (1959). In the present study,
the characteristic feature of effect of irradiation in dicots seems
to be that, the affected seedlings, after the emergence of
cotyledonary leaves, remain alive in the critical stage for a
considerably long time (Dubinin, 1964). During this phase
there is some type of repair or unaffected cells after the primary
shoot dies or the so called intra-somatic or diplontic selection
(Gaul, 1958) takes place and unwanted cells and other
disturbances detrimental to the plant are eliminated,
alternatively, the seedlings are not able to overcome the
radiation damage and hence they die without putting forth
any side shoots. The seedling mortality was reported to be
due to the assimilation mechanism (Quastler and Baer, 1950)
inhibition of auxin synthesis (Skoog, 1935), chromosomal
damage and inhibition of mitosis (Gunkel and Sparrow, 1961).
Survival percentage on 30th day
Seedling injury is widely used as an index of determining
biological effects of various physical mutagens in M1
generation. In the present study, the survival of the seedling
was reduced with increase in dosage of gamma rays. All the
treatments resulted in retardation in the height of seedlings.
The maximum seedling injury was 59.11 % in ADT 3 and

Table 2: Effect of gamma rays on  plant survival of ADT 3 and CO 6
in M1 generation

Mutagen                       Survival percentage
(Dose) Transformed % over % reduction

 Mean (%) control
ADT 3
Control 75.37 100.00 -
200 Gy 58.05 77.01 22.99
300 Gy 38.96 51.69 48.31
400 Gy 30.82 40.89 59.11
CO 6
Control 74.04 100.00 -
200 Gy 59.01 79.70 20.30
300 Gy 37.73 50.96 49.04
400 Gy 28.82 38.93 61.07

Table3: Effect of gamma rays on  pollen sterility of ADT 3 and CO 6
in M1 generation
Mutagen Pollen fertility
(Dose) Transformed % over % reduction
ADT 3 Mean (%) control
Control 81.49 100.00 -
200 Gy 62.58 76.79 23.21
300 Gy 42.63 52.31 47.69
400 Gy 35.09 43.06 56.94
CO 6
Control 79.36 100.00 -
200 Gy 53.32 67.18 32.82
300 Gy 39.22 49.41 50.59
400 Gy 31.04 39.11 60.89

Figure 3: Effect of different doses of gamma rays on germination,
seedling survival (30 DAS), and pollen fertility in CO6 (percent
reduction over control)

Figure 2: Effect of different doses of gamma rays on germination,
seedling survival (30 DAS), and pollen fertility in ADT 3 (percent
reduction over control)
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61.07 % CO 6 with 400 Gy gamma rays treatment as compared
to control (Table no 2) . Also, the increase in survival had an
inverse relationship with in dose of mutagens.in the present
results are in agreement with the result obtained by Ignaimuthu
and Babu (1988) and Vanniarajan (1989).
The differential sensitivity of genotypes may be attributed to
their metabolic processes affected in differential manner, either
by mutagen uptake or degradation and sites of action in the
embryo (Ahmed John, 1996). Sparrow et al. (1961) assigned
the reduced seedling growth by radiations to inhibition of cell
division and extra chromosomal damage. Conger and
Stevenson (1969) correlated increased seedling injury with
chromosomal damage.
Pollen sterility
In the present investigation, the pollen sterility percentage was
gradually decreased with increasing dose of gamma rays when
compared to control (Table 3). Pollen sterility in M1 generation
is the first sign of genetic effectiveness of the treatments. The
maximum reduction was observed at higher concentrations
of the mutagens. Pollen fertility may be influenced by many
environmental factors as shown by the control. In M1 generation
of ADT 3, pollen sterility percentage ranged from 23.21 per
cent (200 Gy) to 56.94 per cent (400 Gy) and 32.82 per cent
(200 Gy) to 60.89 per cent (400 Gy) for CO 6. The gradually
increased percentage of pollen sterility with increased dose/
concentration was in conformity with the earlier reports in
mungbean ( Ignacimuthu and Babu 1989).
The negative effect of mutagens on pollen fertility percentage
in mutagenic treated plants may be due to meiotic aberrations
that were induced by mutagens leading to the formation of
aberrant pollen grains (Khan et al.,2005). The sterility of the
pollen may be due to physiological and genetic changes or
may be due to meiotic aberrations.The increasing pollen
sterility has been mainly attributed to chromosomal
interchange, chromosomal aberration, gene mutation (Gautam
et al., 1992) and  cytoplasmic factors. In most cases, meiotic
abnormalities are responsible for pollen sterility (Muthusamy
and Jayabalan, 2002) in cotton and(Khan and Wani , 2005) in
chickpea. According to ( knozak et al., 1961) induction of the
pollen sterility is due to chromosomal irregularities caused by
the mutagen.
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