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QUANTITATIVE VARIABILITY, HERITABILITY AND GENETIC
ADVANCE IN BLACK GRAM BY EFFECT OF
MUTATION IN FIELD TRAIL
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SUMMARY

Genetic variation has led to an increasing the quantitative traits of crops. The variability
on genome is induced by mutation, which enhances the productivity. We evaluated
variability on quantitative characters such as, plant height, number of branches/plant,
number of leaves/plant, number of fruit clusters/plant, number of pods/plant, number of
seeds/pod, yield/plant and 100 seed weight of black gram in M2 generation by the effect
of mutation by gamma rays. The results were showed high genetic variability, heritability
and genetic advance with significant enhancement (P 0.05 and P 0.01) in growth and yield
traits. Hence selection is effective for these traits could be possible through gamma rays.
The speculation of effects of gamma rays on genome is that irradiation, induced addition,
deletion in DNA pairs and also attributed large chromosomal rearrangement. The result
were showed significant enhancement in yield and related traits. It indicates that
improvement in quantitative traits would be possible through gamma rays.
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biotic and abiotic genes. It is possible that

] genes for high productivity could have been
1. Introduction 1 .
lost due to overriding role of natural selection

Black gram (Vigna mungo (L.) Hepper) is an [2] and the genetic base of the present day

important pulse crop occupying unique collection remains poor [3] due to lack of

position in Indian agriculture. It is under
cultivation in India is about 3.25 million
hectares and an annual production is 1.45
million tons. National productivity of black
gram is alarmingly remaining around 500
kg/ha [1]. The systematic collection of black
gram is displayed inadequate variability for

variability owing to its autogamaous nature.
The creation of variability is difficult through
hybridization due to its high self-pollination
and flower drop [4]. Besides the major
constrains in achieving higher yield of black
gram is absence of suitable ideotypes for
different cropping system, poor harvest index
and susceptibility to disease [5]. In order to
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improve yield and other polygenetic characters,
mutation breeding can be effectively utilized
[4]. Therefore, genetic variability is the basic
requirement for making progress in crop
breeding [6]. The objective of this study, using
gamma rays on black gram was to create
genetic variability to which improve the
quantitative traits and to evaluate the genetic

variation.

2. Materials and methods

Plant material

One variety of black gram (variety
vamban-1) was chosen for the study to
evaluate the genetic variation on quantitative
characters in M> generation. The seeds were
collected from Vamban, Tamilnadu, India.
Mutagen employed

One of the physical mutagen namely
gamma rays were used to induce the genotypic
variation on seeds. The seeds were irradiated
at Sugarcane Breeding Institute (ICAR),
Coimbatore, India and the source of gamma
rays was labeled Cobalt (60Co).
Mutagenic treatment

Ten sets of three hundred well matured,
non-dormancy seeds were taken for irradiation.
The sets of seeds were packed in paper cover
for irradiation and treated with 20, 40, 60,
80,100 and 120 kR of gamma rays. Healthy,
well-matured, non-dormant, untreated seeds
were used as control.
Experimental design

The irradiated and control seeds were
grown for a year (2003-2004) at the Breeding
field, Department of Botany, Annamalai
University, Annamalainagar, TN, India.
M1 generation

The irradiated seeds along with control
(untreated) were planted in a randomized
complete block design (RBD) with three

replications for treatment in 2003. The plots
consisted of seven rows including control at 20
cm spacing, 4 m long and 1.5 m wide. The field
was fertilized with organic fertilizer. Along
with all the cultural practices such as irrigation,
weeding and protection measures were taken
throughout the growth period.
Harvest of M; and M2 generation

At maturity (60th day) triplicates (30
plants/plot for each dose) of all doses with
control plants were separately harvested and
the following parameters were duly analyzed.

Eight traits associated with control were
measured for each treatment, plant height,
number of branches/plant, number of
leaves/plant, number of fruit clusters/plant,
number of pods/plant, number of seeds/pod,
yield/plant (g), and 100 seed weight (g) The
bulked seeds collected form each dose/control
were saved and raised to Mz generation were
grown in suitable season for RBD with three
replications. At maturity all the parameters
were measured as M; generation.
Statistical analysis

Analysis of variance (Annova for RBD)
was to use to analyze yield and its component
traits  calculated using the  software
NPRCSTAT, developed in National Pulse
Research Center, Vamban, Pudukottai, TN,
India. The variance observed among the
replication was exclusively non-heritable and
hence treated as environmental variance. The
variance of M2 populations was partitioned
into heritable and non-heritable components
[7]. Phenotypic and genotypic coefficient of
variation (PCV & GCV) was computed using
the formula adopted by Burton [8] and
categorized of the range of variation was done
as proposed by Sivasubramanian and
Madhavamenon [9]. Heritability (h2) was
computed using the formula according to Lush
[10] and it was classified according to
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Robinson [11]. Genetic advance was estimated
adopted the method suggested by Johnson et
al [12]. The significance was assessed at the 5%
and 1% probability level, unless otherwise
stated.

3. Results

Quantitative traits mean performance

Among the different dose of gamma rays, a
gradual increase of mean values was observed
up to optimal dose when compared to control
in M2 generation. Beyond the optimal dose of
mutagen showed decreasing of mean values of
quantitative traits (Table 1). Variability
analysis showed an increase all the traits.
Table 1. Phenotypic growth habit (Quantitative
traits) mean values of different dose of gamma rays
and control in M, generation

Quantitative traits Control 40 kR 60 kR 80 kR
Plant height 50.38%4.54 51.89=4.59 54.37£3.22 49.81=3.82
“;‘;n‘;;cs ot 4212014 4382038 4.74037 3.2420.24
No. of leaves/plant 26.1322.18 27.74£2.41 28.56=1.77 24.91=1.81
No. of clusters/plant 14.87=0.88 15.96=0.64 17.67=1.12 12.91=0.79
No. of pods’plant 28.2922.87 29.42£1.87 32.71=2.88 30.28=1.96
No. of seeds/pod 8.42=0.81 8.62=0.58 9.01=0.36 8.2220.66
Seed yield/plant (g) 7.5920.08 7.82£0.05 8.3520.09 6.4520.07
100 seed weight (g) 4.834=0.41 4.952=0.36 5.111=0.46 4.638=0.28
SE 0.9843 SED 1.6121 (P=0.05)0.3722 (P=0.01) 0.4898

Mean performance of growth habit and yield
traits

The analysis of variance (ANOVA)
revealed the significance degree among the
treatment and control. The wide range of
variation was recorded at 60 kR gamma rays
for plant height (54.374£3.22; C-50.38+4.54),
number of branches/plant (4.74+0.37; C-
4.2140.14), number of leaves/plant (28.56+1.77;
C-26.13+2.18), number of fruit clusters/plant

(17.67£1.12;  c-14.871£0.88), number  of

pods/plant (32.71+2.88; C-28.29+2.87), number
of seed/pod (9.01£0.36; C- 8.42+0.18),
yield/plant (8.35+0.09; C-7.59+0.08) and 100
seed weight (5.111£0.46; C- 4.834+0.41). The
mean performance was significantly different
from control. The significant values were P-
0.05 and P-0.01.
Phenotypic and genotypic coefficient of
variation of quantitative traits (PCV & GCV)
The success of breeder in selecting
genotypes possessing higher yield and growth
traits depends largely on the existence and
exploitation of genetic variability of the fullest
extent. The estimates of range, phenotypic and
genotypic coefficient of variability was
presented in Table 2.
Table 2. Phenotypic and genotypic coefficient
variation of quantitative traits of black gram
induced by gamma rays in M, generation

40 kR 60 kR 30 kR
Q ive traits

PCV Gev | Pev Gev | Pev Gev
Plant height 19.67 1921 | 3169 | 3067 | 1428 | 1246
Hoiot 20.69 2018 | 2715 | 2336 | 1973 18.16
branches/plant
pozor 19.69 1755 30.82 30.12 18.66 16.22
leaves/plant
No. of = ” 2l
donteiklane 1233 1069 | 3869 | 3671 19.71 15.85
No. of 2 > 5 5 5
podiipiant 2044 1926 | 3669 | 3815 3217 | 3092
No. of seeds/pod 19.46 1838 | 2444 | 2066 | 1731 | 1557
Seed yield plant 18.24 1689 | 2566 | 2468 | 1411 | 17.39
100 seed weight | 21.66 2015 | 2250 | 2042 | 1916 | 17.16

The phenotypic and genotypic coefficient
of variation expressed in terms of per cent
were comparatively high at 60 kR of gamma
rays for plant height (31.69; 30.67),
branches/plant (27.15; 23.36), leaves/plant
(30.82; 30.12), cluster/plant (38.69; 36.71),
pods/plant (39.69; 38.15), seeds/pod (24.44;
20.66), yield/plant (25.66; 24.68) and 100 seed
weight (22.50; 20.42). The PCV and GCV
values were significant atP-0.05 and P-0.01
level, which positively correlated with their
mean values of quantitative traits (Table 1).
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Heritability, (h2), genetic advance (GA%) as
percent of mean of quantitative traits

The wide range of variability was
exhibited by heritability and genetic advance
as percent of mean. The heritability and GA as
percent of mean were high almost all dose of
gamma ray treatment (Table 3). However, 60
kR of gamma rays revealed highest values of
heritability with genetic advance as percent of
mean for plant height (89.16; 60.20),
branches/plant (76.61; 74.05), leaves/plant
(35.11; 37.88), cluster/plant (86.16; 37.69),
pods/plant (95.31; 31.58), seeds/pod (53.76;
50.16), yield/plant (75.45; 66.82) and 100 seed
weight (77.19; 84.52).
Table 3. Heritability (h2) and genetic advance as %

of mean of quantitative traits of black gram induced
by gamma rays in M, generation

40 kKR 60 kR S0 kR
Qi itative traits

h? GA % h? GA % h? GA %

Plantheight 2454 48.80 89.16 60.20 62.30 43.27

No. of

25 7 5 52.32 292
branches/plant 25.39 36.98 6.61 74.05 52.32 62.22

No. of

16.33 17.77 35.11 37.88 26.28 22.66
leaves/plant

No. of

clusters plant 29.39 3358 86.16 37.69 30.13 32.99

No. of

76.23 29.52 95.31 3158 71.56 2291
pods’plant

No. of seeds'pod 40.16 38.63 53.76 50.16 29.77 27.00

Seed yield plant 26.37 15.25 75.45 66.82 40.21 14.12

100 seed weight 2238 4947 77.19 84.52 52.26 46.14

4. Discussion

Effect of gamma rays on quantitative mean
performance

Plant breeding along with advances in
agronomic and production practices, has
played a major role in the advances grain yield
per hectare over the past 50 years [13]. The
wider range of variation was observed for all
the quantitative traits (Table 1). It suggested
the presence of enough variation for these

characters to exploit the variability. Similar
variation was recorded in barley for plant
height, number of kernels per spike and spike
length [14]. The highest mean values for plant
height and branches per plant were recorded
in chilli [15]. Plant height has been shown to be
an important trait for predicting the
competitive ability of wheat cultivars [16-17].
The study shown plant height and other
growth traits increased than control plant due
to effect of mutagen on genome may induce
genetic variability. Improved quantitative
traits namely plant height, number of
branches/plant, 100 seed weight and plant
yield with effect of EMS and gamma rays in M»
generation of Chick pea [18]. Positive shift
than control in plant height, number of
branches/plant, number of clusters/plant,
number of pods/plant and number of
seeds/pod with effect of gamma rays in M>
generation [19]. Quantitative traits such as
plant height, peduncles/plant, pods/plant,
1000 seed weight and seeds/pod were
increased than control with effect of EMS and
gamma rays recorded in M2 generation of

cowpea. [20].
Effect of gamma rays on Phenotypic and
genotypic coefficient variation (PCV and GCV)
The estimates of range, phenotypic and
genotypic coefficient of variation for all the
quantitative traits was presented in table-2.
The PCV and GCV expressed in terms of
percent points were comparatively high at 60
kR gamma rays for plant height,
branches/plant, leaves/plant, clusters/plant,
pods/plant, seeds/pod, yield/plant (g) and
100 seed weight (g). This closer magnitude
suggested that greater role of variability due to
the induction of gamma rays at genetic level.
The PCV and GCV were high at all the
quantitative traits including yield in sorghum
bicolor and these characters having possessed
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better potential for crop improvement [21]. The
maximum GCV was present for the grain
yield/plant indicates that simple selection for
yield may be advantageous as compared to its
components under study. Several characters
viz., number of pods/plant, number of
seeds/pod and 100 grain weight showed high
degree of GCV recorded in pea [22] it is agreed
with present study and providing sufficient
scope to bring an important in these characters
through phenotypic selection.

Effect of gamma rays on heritability and genetic
advance as percent of mean (h2 and GA %)

The estimate of heritability acts as a
predictive instrument in expressing the
reliability of phenotypic values. Therefore, it
helps the plant breeders to make selection for a
particular character when heritability is high in
magnitude [21]. The study revealed high
heritability with high genetic advance as
percent of mean in all the quantitative traits at
60 kR of gamma rays ion M> generation. High
heritability accompanied with high genetic
advance indicates preponderance of additive
gene action in such cases selection may be
effective [21]. High heritability for plant height,
seed cotton yield /plant, number of bills/plant,
number of sympodia/plant and average boll
weight recorded in F3 generation of cotton [23].
It indicated that predominance of additive
gene action. Similarly results observed on
heritability estimates for number of seeds/pod,
days to flowering, yield/plant, 100 grain
weight, number of pods/plant and harvest
index in pea [22]. This growth and yield traits
were significant at 60 kR of gamma ray
treatment when compared to control and other
dose. The variability
phenotypic and genotypic coefficient of

analysis such as

variation, heritability and genetic advance
showed at 60 kR than 40 and 80 kR of gamma
ray treatment. It could be regarded as an

indication of additive gene action due to
gamma ray treatment [24]. Gamma rays
induced addition and deletion of base pairs of
DNA mutation in black gram mutants when
compared to parent [5]. This could be
attributed to large chromosomal
rearrangement due to radiation [25].
Conclusion

From the present investigation it is evident
that the wide range of variability for different
traits coupled with high heritability and high
genetic advance for important yield traits
hence selection is effective for these traits.
Hence, gamma ray played a pivotal role in
crop breeding through mutation. This stability
of genetic variability should be analyzed next
generation and genes for important traits
should be cloned and used in transgenic
technique of black gram.
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