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An experiment was conducted to generate a broad genetic variability through induced
mutation using physical and chemical mutagens. Three doses each of gamma rays (20, 40
and 60kR), ethyl methane sulphonate (0.2, 0.4 and 0.6%), nitrosoguanidine (0.005, 0.010,
and 0.015%), maleic hydrazide (0.01, 0.02 and 0.03%) and their combinations were
administered to the seed of two greengram varieties, Sujata and OBGG-52. In M,
generation most treatment populations exhibited a reduction in population mean and
increased in population variance for pods/plant, seeds/pod, 100 seed weight, yield/plant
and the magnitude of such changes varied with mutagens, their doses and genotypes. A
greater shift in mean and variance was observed in treatments with higher doses. The
negative shift of mean was more pronounced in MH and its combined treatments in both
varieties. In general, most of the mutagen treated populations showed a wider range of
variation than the parent varieties and the variation was in both directions. The higher
values of heritability and genetic advance with a high genotypic coefficient of variation for
most of the yield attributing traits confirmed that selection in M, populations would be
effective in bringing the improvement in yield/plant and its direct components like
pods/plant, seeds/pod and 100 seed weight.

Introduction

Greengram [Vigna radiata (L.) Wilczek] is
one of the most important pulse crops, grown
from tropical to sub-tropical areas around the
world. It generates a triple benefit:income,
additional nutrient-rich food, and increased
soil fertility via biological nitrogen fixation.
Greengram is grown on more than six million
ha worldwide (about 8.5% of global pulse
area). India is the world's largest producer as

well as consumer of greengram. Though India
is the highest producer in the world,
productivity is still very low i.e. 500 kg/ha
(Anonymous. 2018). The bottlenecks in its
improvement have been the lack of variability
in different traits and improvement of one
trait on its own will affect the performance
of other  traits because of genotypic
correlations between traits (Das and Baisakh,
2019). Since genetic variability is essential for
crop improvement programme, induction of
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mutation by different physical and chemical
mutagens provide a powerful means of
creating new and useful variability in
greengram both in qualitative and quantitative
traits (Das et al., 2006). Information on the
extent of induced polygenic variability and
the genetic parameters for different polygenic
traits in M, generation indicates the scope of
improvement in traits through selection. Thus
the present study was undertaken to generate
a broad genetic variability through induced
mutation using physical and chemical
mutagens and study the effect of different
mutagens, ascertain the magnitude of induced
genetic  variability and other genetic
parameters of yield and its components in M,
generation.

Materials and Methods

Healthy seeds of two greengram varieties
namely Sujata and OBGG-52 were
administered mutagenic treatments with three
doses each of gamma rays (20, 40 and 60 kR),
ethyl methane sulphonate (EMS) (0.2, 0.4 and
0.6%), nitroso guanidine (NG) (0.005, 0.010
and 0.015%) and maleic hydrazide (MH)
(0.01, 0.02 and 0.03%) singly and combine
mutagens of 40 kR gamma rays with 0.4%
EMS or 0.010% NG or 0.02% MH. The
details of mutagenic treatments and the
symbols used for treatments are presented in
Table 1.

Dry seeds were irradiated with gamma rays
treatment at Bhaba Atomic Research Centre
(BARC), Trombay (India). For treatment with
EMS, NG, and MH, the seeds were presoaked
in distilled water for six hours, blotted dry and
then treated with a freshly prepared aqueous
solution of above chemical mutagens for six
hours, with intermittent shaking. For
combination treatments, seeds were first
irradiated with 40 kR gamma rays and then
treated with 0.4% EMS or 0.01 % NG or
0.02% MH solution in the same manner as

described above. After treatment, the seeds
were thoroughly washed with running water
to bleach out the residual chemicals and then
dried on blotting paper after treatment. These
treated seeds were sown as M; and the seed of
M; used to grow the M, generation at Orissa
University of Agriculture and Technology,
Bhubaneswar, in two separate trials in
randomized block design (RBD) with three
replications and spacing of 25x10cm?.
Twenty normal-looking plants, excluding the
macro-mutants, were randomly chosen from
each plot and observations were recorded on
yield/plant (g) and yield attributing traits. The
mean and variance of the traits in each
treatment population were estimated and
subjected to statistical analysis. The genetic

parameters for the traits in different
mutagenic  treatment populations  were
calculated as follows:
Genotypic variance (csj)z o —o.
Phenotypic coefficient of
variability (PCV) =70 4100
Mean
Genotypic coefficient of
(e)
variability (GCV) = —2 %100
Mean
2
Heritability coefficient (h?) = G—g
()
p
02
Heritability (h® in %) = —2x100

Gp
Genetic Advance (GA) =kh.c,=kh’c

GA (as % of mean) =

Where,

k= Standardized selection differential for
specified selection intensity at 5%.
h = Square root of heritability coefficient

c,= Square root of genotypic variance
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c,= Square root of phenotypic variance

Results and Discussion

To assess the nature and magnitude of
induced polygenic variability of micro
mutations in  quantitative  traits  like
pods/plant, seeds/pod, 100-seed weight and
yield/plant of the different mutagenic
treatments, populations of M, generation
were analyzed through statistical parameters
such as mean, variance, heritability and
genetic advance. Analysis of variance for
pods/plant, seeds/pod, 100-seed weight and
yield/plant of M, population showed
significant differences among the treatments
for the above characters in both the varieties.
The effects of different doses of different
mutagen on different genetic parameters and
in the induction of variability in different
quantitative characters are as follows:

Pods per plant (Table 2)

The population means for pods/plant in
different treatments of Sujata and OBGG-52
varied from 7.4 to 9.50 and 6.45 to 8.48,
respectively, while in their respective controls
it was 952 and 8.55. All mutagenic
treatments exhibited lower pods/plant than
respective controls. The negative shift in
mean was significant for E3, M1, M2, M3 in
Sujata and E3, M1, M2, M3, GM2 in OBGG-
52. The reduction in mean generally increased
with mutagen dose and the reduction was
more pronounced in EMS and MH treatments
in Sujata. The ranges of variation for pods per
plant in the control populations were 7 to 13
in Sujata and 6 to 11 in OBGG-52. The
variations in different treated populations for
pods/plant were observed 3 to 16 in the case
of Sujata and 4 to 15 in OBGG-52. Though
the induced variation in pods/plant was in
both directions, the lower mean of most
treatment populations indicated the induction
of more negative micro mutations. The

variance of pods/plant in treated populations
of Sujata and OBGG-52 ranged from 3.85 to
7.46 and 1.94 to 6.21 as against 1.82 and 1.77
in the respective controls. All the mutagenic
treatments  exhibited greater population
variance than controls in Sujata whereas a
significant increase of variance over control
was observed in all mutagenic treatments
except MH treatments and GN2 in OBGG-52.
The PCV estimates in the different M,
populations varied from 20.65% (N1) to
33.11% (E3) in Sujata and 21.59% (M3) to
32.65% (E3) in OBGG-52. The GCV
estimates in the different M, populations
varied from 15.00% (N1) to 28.64% (E3) in
Sujata and 6.39% (M3) to 26.65 % (E3) in
OBGG-52.

Heritability estimates for the trait in the
treated populations varied from 52.73% (N1)
to 75.60% (G3) and 8.76% (M3) to 71.50%
(E1l, E2) in Sujata and OBGG-52,
respectively. Genetic advance (GA) at 5%
selection intensity in the treatments varied
from 2.13 (N1) to 4.25 (G3) in Sujata and
0.25 (M3) to 3.67(E1, E2) in OBGG-52. GA
as a percentage of mean ranged from 22.43 to
51.04 in Sujata and 3.90 to 44.92 in OBGG-
52. GA as a percentage of mean was higher
for all treatments except N1 in Sujata and M2
and M3 in OBGG-52.

Seeds per pod (Table 3)

The mean value for seeds per pod in the
treated population of Sujata varied from 7.01
to 8.27 and in OBGG-52 varied from 6.89 to
8.49 while in respective controls it was 8.55
and 8.51, respectively. All mutagenic
treatments of both the varieties showed a
lower mean than respective controls. The
negative shift of mean was significant for G2,
N2, N3, M1, M2, M3, GE2, GN2, GM2 in
Sujata and M3, GE2, GN2, GM2 in OBGG-
52. Though there was no definite trend, the
reduction was generally higher in MH and
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combined treatments. The range for seeds per
pod in the parent population was 6.4 to 9.8 in
Sujata and 7.4 to 9.6 in OBGG-52 while it
was much wider in treated populations with a
range of 3.5 to 10.5 in Sujata and 4.3 to 11.6
in OBGG-52. Though the induced variation
was in both directions, it was more in a
negative direction. The variance of seeds/pod
in M, populations of Sujata and OBGG-52
ranged from 0.89 to 2.22 and 0.54 to 1.53,
respectively, while population variance in
respective controls were 0.76 and 0.28. All
treatments in both varieties showed higher
population variance than respective controls.
In Sujata, a significant increase of variance
over control was observed in all mutagenic
treatments except G1 and GN2. In case of
OBGG-52, significant increase of variance
over control was observed in G2, G3, E1, E2,
E3, N3, M2, M3 and GN2. The PCV
estimates in the different M, populations
varied from 12.02% (GN2) to 20.03% (M3) in
Sujata and from 8.92% (M1) to 17.55%
(GN2) in OBGG-52. The GCV estimates in
the different M, populations varied from
4.59% (GN2) to 16.24% (M3) in Sujata and
from 6.19% (M1) to 15.79 % (GNZ2) in case
of OBGG-52.

The heritability for seeds/pod in treated
populations was varied from 14.61% (GN2)
to 65.77% (M3) and 48.15% (M1) to 81.70%
(G3) in Sujata and OBGG-52, respectively.
Heritability estimates were high in all the
treatments except G1, GN2, and GM2 in
Sujata and M1 in OBGG-52. GA estimates in
treatments varied from 0.28 to 2.02 in Sujata
and 0.73 to 2.08 in OBGG-52. GA as a
percentage of mean showed a variation of
3.62% (GN2) to 27.13% (M3) and 8.85%
(M1) to 29.26 % (GN2) in Sujata and OBGG-
52, respectively. The GA estimates for the
trait in the treated populations were generally
moderate.

100-seed weight (Table 4)

The populations mean values for the 100-seed
weight (gm) in treated populations of Sujata
and OBGG-52 varied from 1.97 to 2.63gm
and 2.73 to 3.09 gm, respectively, whereas in
respective controls it was 2.67gm and
3.22gm. The negative shift of mean in
mutagenic treatments was significant for M2,
M3, and GE2 in Sujata and all except G1 in
OBGG-52. The reduction in mean generally
increased with mutagen dose in both cases.
The range of 100-seed weight in control
populations of Sujata and OBGG-52 showed
a range of variation of 2.28 to 2.96gm and
2.85 to 3.57gm, respectively. The ranges of
variation of 100-seed weight in the treated
populations of these two varieties were 1.52
to 3.54gm in Sujata and 2.1 to 3.8gm in
OBGG-52. The variance of 100-seed weight
in the treated populations varied from 0.053
to 0.1 in Sujata and 0.072 to 0.121 in OBGG-
52, whereas in respective controls the
variances were 0.03 and 0.05. Increases in
variance over control were significant in all
mutagenic treated populations of both the
varieties except for GE2 in Sujata and G1 and
GM2 in OBGG-52. The PCV estimates for
the trait in different treated populations of
Sujata and OBGG-52 ranged from 8.65 (E1)
to 11.72 (G3) and 8.68 (G1) to 12.41 (M3),
respectively. The GCV estimates for the trait
in different treated populations of Sujata and
OBGG-52 ranged from 5.05 (GE2) to
9.41(G3) and 4.8 (Gl) to 9.45 (GE2),
respectively.

The treated populations of Sujata and OBGG-
52 had heritability estimates of 27.27% (GE2)
to 64.44% (G3) and 30.56% (G1) to 58.68 %
(M1), respectively. There were a lot of
differences in heritability among the
treatments and estimates were higher in all
treatments of Sujata (except E1, M3, and
GE2) and OBGG-52 (except G1 and GM2).
Genetic advance in the treatments ranged
from 0.12 (GE2) to 0.40 (G3) and 0.17(G1) to
0.42 (M1, GE2) in Sujata and OBGG-52,
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respectively. Genetic advance as a percentage (G3) in Sujata and 5.47% (G1) to 14.87%
of mean varied from 5.43% (GE2) to 15.56%  (GN2) in OBGG-52.

Table.1 Details of mutagenic treatments

Tr. Treatment Mutagen Dose/ Duration of Duration of
No. symbol concentration pre-soaking treatment with
in distilled mutagenic
water solution

1 Gl Gamma-rays 20 kR - -

2 G2 Gamma-rays 40 kR - -

3 G3 Gamma-rays 60 kR - -

4 El EMS 0.2 % 6 hours 6 hours

5 E2 EMS 0.4 % 6 hours 6 hours

6 E3 EMS 0.6 % 6 hours 6 hours

7 N1 NG 0.005 % 6 hours 6 hours

8 N2 NG 0.010 % 6 hours 6 hours

9 N3 NG 0.015 % 6 hours 6 hours
10 M1 MH 0.01 % 6 hours 6 hours
11 M2 MH 0.02 % 6 hours 6 hours
12 M3 MH 0.03 % 6 hours 6 hours
13 GE2 Gamma-rays 40 kR + EMS (0.4 %) 6 hours 6 hours
14 GNZ2 Gamma-rays 40 kR + NG (0.010 %) 6 hours 6 hours
15 GM2 Gamma-rays 40 kR + MH (0.02 %) 6 hours 6 hours
16 C Control (parent) 6 hours -

Table.2 Genetic parameters for pods per plant in different mutagenic treatment in M, population
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of greengram

Tr. Tr. Range Mean @ Variance PCV = GCV h? GA GA (% of

No. Code (%) (%) (%)  (5%) Mean)
Sujata
1 Gl 5-15 947 5.91* 25.67 2136 69.20 @ 3.47 36.60
2 G2 5-15 9.35 7.23* 28.76 = 2483 7483 4.14 44.33
3 G3 4-15  8.80 7.46* 31.04 2699 7560 @ 4.25 48.34
4 El 5-15 872 5.06* 25.80 20.64 64.03 297 34.03
5 E2 3-16 8.67 7.20* 30.95 2675 7472 @ 4.13 47.64
6 E3 3-16 8.12* 7.23* 33.11 2864 7483 4.14 51.04
7 N1 4-14 | 950 3.85* 20.65 @ 15.00 52.73 @ 2.13 22.43
8 N2 4-15 943 5.49* 2485 2032 66.85 @ 3.23 34.22
9 N3 5-16 9.38 4.31* 2213  16.82 57.77 @ 2.47 26.34
10 M1 4-13 | 8.42* 3.99* 23.72 1750 5439 224 26.58
11 M2 3-11  7.40* 4.15* 2753 @ 20.63 56.14 @ 2.36 31.84

12 M3 3-16 7.87* 5.35* 29.39 @ 23.87 6598 @3.14 39.95
13 GE2 4-13 9.00 6.81* 29.00 2482 | 7327 394 43.77
14 GN2 4-15 9.05 7.05* 29.34 | 2527 7418 @ 4.06 44.84
15 GM2 3-13 | 8.65 6.53* 29.54 @ 25.09 7213 @ 3.80 43.90
16 Control | 7—-13 9.52 1.82

CD (5%) - 1.06 1.91
OBGG-52
1 GlI | 5-14 848 538* | 2735 | 2241 | 67.10 321 | 37.81
2 G2 5-15 8.25 534* | 2801 2290 66.85 3.18  38.58
3 G3 5-15 7.87 528%* 2920 2381 6648 315  39.98
4 El | 5-15 817 6.21* 3050 2579 7150 367 @ 44.92
5 E2 | 5-14 817 6.21* 3050 2579 @ 7150 @ 3.67 @ 44.92
6 E3 | 4-14 705 530* @ 3265 2665 66.60 3.16 @ 44.80
7 NI | 5-14 835 5.68* 2854 23.68 68.84 338 4047
8 N2  4-15 818 557 | 28.85 2383 6822 332 4055
9 N3 | 4-13 753 521* | 3031 2463 66.03 310 @ 41.23
10 M1 | 4-14 732~ 383 | 2674 1961 5379 217 @ 29.62
11 M2  4-12 675 291 | 2527 1582 3918 1.38 @ 20.39
12 M3 | 4-09 645 194 | 2159 639 876 0.25 3.90
13 GE2 | 5-13 7.63 461* | 2814 2209 6161 272 3571

14  GN2  4-13 750 425 | 2749 2100 5835 248 @ 33.04
15 GM2 | 4-14 717 415 2841 2152 5735 241 3357
16 Control  6-11 855 1.77

CD (5%) - 1.12 2.60

* Significant decrease (in mean) or increase (in variance) over control at 5 % level.

Table.3 Genetic parameters for seeds per pods in different mutagenic treatment in M, population
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of greengram

Tr. Tr. Range Mean Variance PCV GCV h? GA GA (% of
No. Code (%) (%) (%) (5%) Mean)
Sujata
1 Gl 6.3-9.9 8.16 1.16 1320 7.75 3448 0.77 9.38
2 G2 53-99  7.90* 1.72* 16.60 | 1240 5581 151 19.09
3 G3 5.4-10.0 8.13 1.79* 16.46 1248 5754 1.59 19.51
4 El 6.0-10.4 8.27 1.67* 15.63 | 11.53 54.49 145 17.54
5 E2 58-98 792 1.70* 16.46 1224 5529 149 18.75
6 E3 55-98 7.96 1.68* 16.28 | 12.05 54.76 @ 1.46 18.37
7 N1 6.0-10.5 8.15 1.70* 16.00 1190 55.29 1.49 18.22
8 N2 52-10.2 7.60* 1.70* 17.16 | 12.76 55.29 @ 1.49 19.54
9 N3 54-98 7.61* 1.72* 17.23 1288 55.81 151 19.81
10 M1 35-99 7.73* 1.73* 17.02 | 12.74 56.07 @ 1.52 19.65
11 M2 50-99  7.46* 1.79* 1793 13.60 5754 159 21.26
12 M3 50-10.0 7.44* 2.22* 20.03 = 16.24 65.77 @ 2.02 27.13
13 GE2 53-98  7.28* 1.77* 18.27 13.80 57.06 1.56 21.48

14 GN2 5.7-10.5 7.85* 0.89 1202 @ 459 1461 0.28 3.62
15 GM2 49-94 7.01* 1.35* 16.57 10.96 43.70 1.05 14.92
16 Control = 6.4-9.8 8.55 0.76

CD (5%) - 0.64 0.44
OBGG-52
1 Gl 64-116 830 087 1124 925 67.82 1.30 15.70
2 G2  65-11.2 819 123* 1354 1190 77.24 176 21.55
3 G3  6.0-11.2 815 153* 1518 13.72 8170 2.08 25.54
4 Fl  55-114 8.28 128* 1366 @ 12.08 78.13 1.82 21.99
5 E2  57-115 831 1.34* 1393 1239 79.10 1.89 22.70
6 E3  65-10.7 8.13 105~ 126 | 10.79 7333 155 19.04
7 NI  63-105 8.29 072 1024 800 6111 1.07 12.89
8 N2  64-107 821 100 | 1218 1034 72.00 1.48 18.07
9 N3  47-113 8.49 131* 1348 11.95 7863 185 21.84
10 M1  63-106 8.24 0.54 892 619 4815 0.73 8.85
11 M2 60-110 7.88 1.39* 1496 13.37 79.86 1.94 24.61
12 M3 54-098 7.45%  121* 1477 1294 76.86 174 23.38
13 GE2 43-092 6.90* 075 1255 994 6267 112 16.20
14 GN2 47-100 6.91* 147 1755 1579 80.95 202 29.26
15 GM2 55-092 6.89* 061  11.34 834 5410 087 12.63

16  Control  7.4-09.6 8.51 0.28
CD (5%) - 0.86 0.67

* Significant decrease (in mean) or increase (in variance) over control at 5 % level.

Table.4 Genetic parameters for 100-seed weight in different mutagenic treatment
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in M, population of greengram

Tr. Tr. Range Mean Variance PCV GCV h? GA GA®
No. Code (gm) (%) (%) (%) (5 of
%) Mean)

Sujata
1 Gl 2.26-345 2.63 0.061* 939 6.48 4754 0.24 9.20
2 G2 213-3.48 259 0.081* 1152 9.22 64.04 0.39 15.20
3 G3 2.10-3.16  2.57 0.091* 11.72 941 64.44 0.40 15.56
4 El 220-354 2.63 0.066* 8.65 5.28 37.25 0.17 6.64
5 E2 201-341 253 0.081* 10.72 8.04 56.16 0.31 12.40
6 E3 2.03-3.27 252 0.085* 10.62 7.87 5493 0.30 12.01
7 N1 2.06-3.18 2.56 0.083* 10.67 8.04 56.76 0.32 12.47
8 N2 2.04-314 252 0.087* 10.73 8.00 55.56 0.31 12.28
9 N3 2.14-351 252 0.100* 10.86 8.10 5556 0.31 12.43

10 M1 2.02-3.10 2.60 0.070* 10.18 7.50 54.29 0.30 11.38
11 M2 1.65-2.89 2.27* 0.067* 1132 8.12 5152 0.27 12.01
12 M3 152-274 1.97* 0.067* 1141 6.72 34.69 0.16 8.15
13 GE2 1.79-287 2.18* 0.053 9.67 5.05 27.27 0.12 5.43

14 GN2 215-298 2.59 0.064* 9.77 | 691 50.00 0.26 10.06
15 GM2 215-3.21 254 0.070* 988 693 4921 0.25 10.02
16 Control 1 2.28—-2.96 2.67 0.030

CD (5%) - 0.15 0.031
OBGG-52
1 Gl  236-359 309 0072 868 480 3056 017 547
2 G2 | 254-369 3.03* 0085* 962 617 41.18 025  8.16
3 G3  258-378 3.03* 0.097% 1028 7.15 4845 031  10.26
4 El  242-373 303* 0086* 968 | 626 4186 025 835
5 E2  219-360 3.02* 0107 1083 791 5327 036  11.89
6 E3 | 211-353 273* 0.086* 1074 695 4186 025  9.26
7 N1  246-348 291* 0087* 1014 6.61 4253 026  8.88
8 N2 [230-373 284* 0.087* 1039 677 4253 026  9.10
9 N3  234-353 286* 0.086* 1025 663 4186 025  8.84
10 M1  233-3.76 2.89* 0121* 12.04 922 5868 042 1455
11 M2 228361 288* 0113* 11.67 872 5575 039 1341
12 M3 223355 278% 0119* 1241 945 57.98 041 1482
13 GE2 218-376 280* 0120~ 1237 945 5833 042 14.87
14  GN2 226-368 285 0.103* 1126 808 5146 034 11.94
15 GM2 210-380 275% 0076 1002 586 3421 0.19 7.06

16  Control 2.85-357 322  0.050
CD (5%) - 014 0035

* Significant decrease (in mean) or increase (in variance) over control at 5 % level.
Table.5 Genetic parameters for yield per plant in different mutagenic treatment
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Tr. Tr.
No. Code
Sujata

1 Gl

2 G2

3 G3

4 El

5 E2

6 E3

7 N1

8 N2

9 N3
10 M1
11 M2
12 M3
13 GE2
14 GN2
15 GM2
16 = Control

CD (5%)

OBGG-52

1 Gl

2 G2

3 G3

4 El

5 E2

6 E3

7 N1

8 N2

9 N3
10 M1
11 M2
12 M3
13 GE2
14 GN2
15 GM2
16  Control

CD (5%)

* Significant decrease (in mean) or increase (in variance) over control at 5 % level.
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Range

0.95-3.91
0.71 -3.64
0.77-3.92
0.85 - 3.66
0.56 — 3.63
0.79-3.53
0.87 —3.63
0.56 — 3.12
0.87-3.78
0.65 - 3.64
0.30-2.20
0.38-2.78
0.48 —2.92
0.89 — 3.60
0.52-3.04
142 -2.74

1.07-3.94
1.22 -3.82
0.95-3.78
0.87-3.96
0.84 -3.61
0.73 - 3.47
0.89 —3.42
0.87 —3.76
0.79-4.09
1.02 -4.16
0.62 - 3.16
0.50 - 2.58
0.84-2.74
0.59 - 3.76
0.57-3.64
1.55-2.85

Yield per plant (Table 5)

in M, population of greengram

Mean
(gm)

2.05

1.93

1.85*
1.89*
1.73*
1.63*
1.96

1.77*
1.83*
1.70*
1.26*
1.16*
1.45*
1.84*
1.52*
2.16

0.26

2.16
2.03
1.93*
2.02
2.03
1.58*
2.01
1.93*
1.86*
1.74*
1.53*
1.35*
1.46*
1.48*
1.37*
2.33
0.33

Variance

0.51*
0.51*
0.55*
0.35*
0.41*
0.40*
0.23
0.21
0.34*
0.33*
0.20
0.22
0.33*
0.38*
0.25
0.12
0.14

0.36*
0.37*
0.40*
0.35*
0.39*
0.39*
0.37*
0.51*
0.56*
0.35*
0.23
0.20
0.17
0.29
0.23
0.13
0.17
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PCV
(%0)

34.84
38.52
39.72
29.13
38.34
37.04
23.50
27.99
34.50
32.05
35.49
37.90
41.38
35.86
31.76

27.78
29.96
32.77
29.29
30.76
39.53
30.26
37.00
40.23
34.00
31.35
33.13
28.24
36.39
35.01

GCV
(%0)

28.44
32.27
32.88
19.18
30.04
26.91
10.26
15.12
25.91
20.62
13.75
12.30
30.06
28.09
16.22

22.20
24.13
26.92
23.22
25.12
32.27
24.37
31.94
35.26
26.96
20.67
19.60
13.70
27.03
23.08

h2
(%)

66.67
70.18
68.52
43.33
61.36
52.78
19.05
29.17
56.41
41.38
15.00
10.53
52.78
61.36
26.09

63.89
64.86
67.50
62.86
66.67
66.67
64.86
7451
76.79
62.86
43.48
35.00
23.53
55.17
43.48

GA
(5 %)

0.98
1.09
1.04
0.49
0.84
0.65
0.18
0.29
0.73
0.46
0.14
0.09
0.65
0.84
0.26

0.79
0.81
0.88
0.77
0.86
0.86
0.81
1.10
1.18
0.77
0.43
0.32
0.20
0.61
0.43

GA (%
of Mean)

47.84
55.68
56.07
26.01
48.47
40.27
9.22

16.82
40.09
27.32
10.97

8.22
44.99
45.32
17.07

36.56
40.04
45.57
37.92
42.25
54.28
40.44
56.79
63.64
44.03
28.07
23.88
13.69
41.35
31.35
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Mean yield per plant in treated populations of
Sujata varied from 1.16 gm (M3) to 2.05gm
(G1) whereas 2.16 gm in control and in the
case of OBGG-52, it ranged from 1.35gm
(M3) to 2.16gm (G1) whereas 2.33gm in
control. All mutagenic treatments showed
lower seed vyield than respective controls.
Mutagenic treatments except for G1, G2 and
N1 in Sujata and G1, G2, E1, E2 and N1 in
OBGG-52 showed a significant negative shift
of mean as compared to respective controls.
Though there was no definite trend, the
reduction was generally higher in higher
doses (except N3 of Sujata) and in combined
treatments. Yield per plant was with a
variation of 1.42 to 2.74gm and 1.55 to
2.85gm in control population of Sujata and
OBGG-52, respectively. But the variation in
yield/plant in the mutagenic treated
populations was much wider with a range of
0.30 to 3.92 gm in Sujata and 0.50 to 4.16 gm
in OBGG-52. This trait for different treated
populations of Sujata and OBGG-52 exhibited
a variance range of 0.20 (M2) to 0.55 (G3)
and 0.17 (GE2) to 0.56 (N3), respectively,
while in the respective controls the variances
were 0.12 and 0.13. All mutagenic treatments
of both the varieties exhibited higher
population variance than respective controls.
All the mutagenic treatments, except N1, N2,
M2, M3, GM2 in Sujata and M2, M3 GEZ2,
GN2, GM2 in OBGG-52, showed a
significant increase in population variance as
compared to their parent respective controls.

The PCV estimates for this trait in different
treated populations of Sujata and OBGG-52
ranged from 23.50 (N1) to 41.38 (GE2) and
27.78 (G1) to 40.23 (N3), respectively. The
GCV estimates for yield in the treatments
ranged from 10.26% (N1) to 32.88 % (G3) in
Sujata and 13.70% (GE2) to 35.26% (N3) in
OBGG-52 and it was relatively higher (>
25%) in G1, G2, G3, E2, E3 N3, GE2and
GN2 treatments of Sujata and G3, E2, E3, N2,
N3, Mland GN2 treatments of OBGG-52.

Heritability estimates for yield in treated
populations varied from 10.53% (M3) to
70.18% (G2) in Sujata and 23.53% (GEZ2) to
76.79% (N3) in OBGG-52. Heritability
estimates were higher in G1, G2, G3, E2, E3,
N3, GE2 and GN2 treatment poulations of
Sujata and G1, G2, G3, E1, E2, E3. N1, N2,
N3, M1 and GN2 of OBGG-52. Genetic
advance in the treatments varied from 0.09
(M3) to 1.09 (G2) in Sujata and 0.20 (GE2) to
1.18 (N3) in OBGG-52. GA as a percentage
of mean in treatment population varied from
8.22% (M3) to 56.07% (G3) and 13.69%
(GE2) to 63.64% (N3) in the case of Sujata
and OBGG-52, respectively and it was
generally moderate to high in both varieties.

Induction of mutation is an important tool for
the creation of genetic variability for specific
characters in a crop when the variability of
the crop is completely exhausted and can lead
to no further possibility for genetic
improvement  through the conventional
approach. In  mutation breeding, the
possibility exists to change a single gene or
only a few genes without altering the total
genetic makeup of a specific/outstanding
genotype (Broertjes and VVan Harten, 1978).

In this study, there was a negative shift in
mean for all these quantitative characters in
mutagen treated M, populations in both the
varieties and the shift was significant in most
of the cases. A large portion of this induced
variability in different treatments might have
been due to the induction of more micro-
mutations with a negative effect on the trait.
Thus mean seed yield in the treatments was
lower than the control. A wide range of
variation and lower population mean of the
treatments showed that induction of change
was more in a negative direction and less in a
positive direction. A similar differential
negative shift of mean in different M,
populations of greengram was presented by
Das and Misra (2005), Das et al. (2006),
Khan et al. (2006), and Kozgar et al. (2011).
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In most of the above reports, the shift of mean
varied with mutagens and their doses. In this
study, there was a greater reduction in higher
doses for most traits. A decrease in the mean
value of various quantitative traits at higher
concentrations may be due to mutagenic
treatment means was shifted to a direction
opposite  to  selection  (Bhatia and
Swaminathan, 1962). A comparative study of
the effect of mutagens indicated that the
negative shift of mean was more pronounced
in MH and its combined treatments in both
the varieties. This might be due to
chromosomal abnormalities like stickiness,
fragments, laggards, bridges, etc (Ghose and
Chatterjee, 1989). The comparatively lower
magnitude of a negative shift in gamma rays
treatments might be due to less drastic effect
and either induction of less number of micro
mutants or induction of micro mutations in
either direction (Das and Misra, 2005). The
negative shift could be attributed to either
physiological damage caused chiefly by
chemical mutagens or  chromosomal
aberrations caused mainly Dby irradiations
(Swaminathan et al., 1968; Brock, 1971).
Induction of more chromosomal aberrations
was also reported by Virk et al., (1978) in NG
than EMS treatments.

Most of the mutagen treated M, populations
showed a significant increase in population
variance than the control population for all the
characters studied in both of the varieties.
Among different treatments each mutagen
group sufficient genetic variability observed
in the induced population of G3, E3, N2, M3
and GN2 for pods/plant; G3, E2, N3, M3 and
GEZ2 for seeds/pod; G3, E3, N3, M1 and GM2
for 100- seed weight and G3, E2, N3, M1 and
GN2 for yield/plant in Sujata whereas, G1,
El, E2, N1 and GE2 for pods/plant; G3, E2,
N3, M2 and GN2 for seeds/pod; G3, E2, N2,
M1 and GE2 for 100-seed weight and G3, E3,
N3 and M1 for yield/plant in OBGG-52. The
increase in the variance of the M, population

in a trait is a general indicator of the induction
of micro mutation with a negative and/or
positive effect on the trait. However, the
magnitude of an increase in population
variance varied with the mutagen and their
concentration, parental genotype and the
character concerned. A similar increase in
variability in M, population and differential
increase in treatments with different
mutagens, their combinations and doses in
various growth and vyield attributing traits in
greengram had earlier been reported by Das
and Misra (2005), Das et al. (2006), Khan et
al. (2006), Wani and Khan (2006) and Kozgar
et al. (2011). The study showed that though
the dose-variance relationship was not
completely linear, in most of the cases higher
doses of mutagens induced greater variance.
These results are in agreement with earlier
reports of Singh et al. (2001) and Sharma et
al. (2008).

In General, most mutagens treated M,
populations showed an increase in phenotypic
variability which can be attributed partly to
genetic effects and partly to environmental
effects. Depending upon the magnitude of
induced genetic variability in different
treatment  populations, different genetic
parameters like the phenotypic coefficient of
variability (PCV), genetic coefficient of
variability (GCV), heritability and genetic
advance under selection (GA) would vary
with different mutagens and its doses. These
parameters represent an indication of the
effectiveness of mutagenic treatments for the
induction of micro-mutations and the scope of
improvement for the trait through selection in
M, populations.

The GCV estimates varied with mutagenic
treatments and were high (> 20%) for
pods/plant and yield per plant while moderate
(10-20%) for seeds/pod and low (<10%) for
100-seed weight in both varieties. Similar
results for different traits in greengram were
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also reported earlier by Das et al. (2006),
Singh et al. (2001), Sharma et al. (2008) and
Kozgar et al. (2010, 2011). The GCV value
alone is not enough to determine the amount
of heritable variability thus estimation of
heritability and genetic advance along with
the GCV are required to assess the heritable
portion of the total variation. Heritability
along with high GA has indicated the
existence of additive and epistatic gene
effects, which are fixable and can provide the
desirable genetic gain. Thus, it is necessary to
consider all these three genetic parameters
(GCV, heritability and genetic advance) for
an effective selection of a particular trait.

The heritability estimates for different traits in
M, populations varied with mutagens and
their dose and in many cases it was relatively
high in both varieties for all traits, indicating
the greater scope of improvement through
selection in those treated population. Genetic
advance as a percentage of mean also
increased in treatments and comparatively
higher for pods/plant and yield per plant of
both the varieties. Similar results for different
traits in mutagenic populations of greengram
were also reported by Das and Misra (2005),
Mishra et al. (2008) and Sharma et al.
(2008).

In conclusion, the present investigation most
of the mutagenic treatments induced a wide
range of variation in populations than their
parental population in both varieties. The
range indicated that almost all mutagenic
treatments induced a wider range of variation
in M, populations in both directions for all
the traits. Most treatment populations
exhibited a reduction in population mean and
increased in population variance for all the
four traits studied and the magnitude of such
changes varied with mutagens, their dose and
the variety indicating that these treatments
appeared to be effective for induction of
micro mutation in yield component traits

however higher dose of gamma-rays and NG,
moderate to a higher dose of EMS, the low
dose of MH and moderate dose combination
of gamma rays and NG found as the most
useful dose for creation of sufficient induced
genetic variability for yield as well as the
yield attributing characters. The selection of
these doses of different mutagens would be
effective in the creation of sufficient genetic
variability and the development of desirable
high yielding genotypes. The higher value of
GCV, heritability and genetic advance for
yield and yield attributing traits i.e. pods per
plant, seeds per pod and 100 seed weight
indicated that selection in M, populations
would be effective for yield improvement.
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