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Abstract

Generation mean analysis was worked out for three crosses of blackgram viz., VBN(Bg) 4 x CO 5, VBN(Bg) 4 x APK
1 and VBN(Bg) 4 x Mash 1008. Five parameter model was utilized in this study to identify the gene actions of various
yield and yield contributing traits. Most of the traits recorded the presence of epistasis gene action. The traits viz., pod
length, the number of seeds per pod recorded additive-dominance model in the cross VBN(Bg) 4 x APK 1. Significant
additive—dominance model for 100-seed weight recorded in the cross VBN(Bg) 4 x CO 5. Hence, these traits can be
improved through pedigree breeding and simple selection. Significant additive or additive x additive gene action was
observed for days to flowering, plant height, the number of pods per cluster and 100-seed weight in all crosses. The
selection needs to be delayed due to the presence of additive or additive x additive gene action with an epistatic model.
Other traits had differential gene action in each cross. Based on the results, it can be concluded that an appropriate

selection programme needs to be followed for each cross based on the gene action.
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INTRODUCTION

Blackgram is an important food legume and is mostly
cultivated in south and southeast Asia. It is used as the
best nutritive food for vegetarian people. Itis a rich source
of protein and phosphoric acid. Blackgram has been
domesticated in India from its wild progenitor V. mungo
var. sylvestris (Chandel et al., 1984). Blackgram is short
duration crop, hence it fits well in mixed crop and crop
rotation. And also, it can be used as a green manure
crop. It helps to enrich the soil nitrogen by an associate
relationship with specific soil bacterium. Improvement of
yield is the basic objective of the breeding programme.
Yield is a complex trait controlled by a various genetic and
environmental factor. Identification of gene action and
inheritance pattern is important to improve the particular

trait. Gene action has been estimated through generation
mean analysis by Hayman (1954) and Jinks (1954). Such
analysis is more useful for obtaining the gene action of the
various genetic system involved and for fixing selection
indices for speedy gains in segregating generations.
Therefore, this study was conducted to identify the
gene action of yield and yield contributing traits through
generation mean analysis in three crosses of blackgram.

MATERIALS AND METHODS

Four genotypes viz., VBN(Bg) 4, CO 5, APK 1 and Mash
1008 were utilized as parents to develop three crosses
namely, VBN(Bg) 4 x CO 5, VBN(Bg) 4 x APK 1 and
VBN(Bg) 4 x Mash 1008 (Table 1). Selected parents
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were crossed during the summer, 2019 at National Pulses
Research Centre, Vamban. F, of the three crosses were
sown during kharif, 2019. True F, plants were selfed to
produce an F, population. The F, population was raised
during rabi, 2019 to obtain F, seeds. All generations viz.,
P,, P, F,, F, and F, were raised during summer, 2020.
Sowing was carried out in a row of 3 m length with the
plant to plant distance of 10 cm and row to row distance of
30 cm. Observations were recorded on 50 random plants
of both the parents and F.s. Observations viz., days to
flowering, plant height (cm), the number of branches
per plant, the number of clusters per plant, the number
of pods per cluster, the number of pods per plant, pod
length (cm), the number of seeds per pod, 100 — seed
weight (g) and seed vyield per plant (g) were recorded
on the plants. The presence or absence of non-allelic
interaction is estimated by the scaling test (Mather, 1949).
The generation mean analysis of five parameter model
given by Hayman (1958) was followed. Five parameter
model does not provide information about the additive
x dominance (j) type of interaction. Generation mean
analysis was computed using the software TNAUSTAT
(Manivannan, 2014).

Table 1. List of parental material

S. No. Genotype Parentage Source

1 VBN(Bg)4 CO4xPDU102 NPRC, Vamban
2 CO5 Pureline selection TNAU, Coimbatore
from Musiri local
APK 1 ADT 2xRU 1 RRS, Arupukkottai
Mash 1008  SML-32 x Mash-1 PAU, Ludhiana

RESULTS AND DISCUSSION

Generation mean and gene action of various generations
and traits are presented in Table 2 and Table 3,
respectively. For the trait, days to flowering, the female
parent VBN(Bg) 4 was late flowering compared to male
parents. The mean performance among the traits of
VBN(Bg) 4 x CO 5 cross showed that the generations i.e.,
F,, F, and F, had intermediate performance considering
the parental forms for the traits, days to flowering, plant
height, the number of pods per cluster, the number of
seeds per pod and hundred seed weight. Whereas, the
traits, the number of branches per plant, the number of
clusters per plant, the number of pods per plant, pod
length and seed yield per plant showed increased effects
among the generations of the cross compared to the
parental forms involved in the crosses. Among the various
generation of the VBN(Bg) 4 x APK 1 cross, the majority
of the traits recorded intermediate performance within
the parental forms except for the number of branches
per plant, the number of clusters per plant, the number
of pods per plant, pod length and seed yield per plant.
Which showed increased performances over the parents.
The mean effects among the various generations of cross
VBN(Bg) 4 x Mash 1008 recorded increased effects than

the parents for the traits viz., the number of branches per
plant, the number of clusters per plant, the thnumber of
pods per cluster, the number of pods per plant and seed
yield per plant. The remaining traits showed average
effects within the range of parental forms.

All crosses recorded significant C scale indicates the
presence of epistasis gene action for the trait days
to flowering. Additive and additive x additive genetic
components were significant in all crosses. Dominance
and dominance x dominance components were significant
in VBN(Bg) 4 x Mash 1008. This cross had a same sign
for dominance and dominance x dominance components
which indicates the presence of complementary
gene interaction. The cross VBN(Bg) 4 x APK 1 had
a significant component of dominance x dominance.
Hence, simple selection in the later generation will be
effective to improve this trait due to the presence of
additive and presence of epistasis gene action. Panigrahi
et al. (2020) also observed similar findings in blackgram.
The presence of a significant scaling test in all crosses
indicates the inadequacy of the additive-dominance
model for plant height. For plant height additive, additive
x additive and dominance x dominance gene interactions
were significant in VBN(Bg) 4 x CO 5 and VBN(Bg) 4 x
APK 1. VBN(Bg) 4 x Mash 1008 had significant additive
and dominance x dominance components. Similar results
were reported by Haque et al. (2013) in blackgram crosses.
Simple selection in the later generations will be effective
in these crosses due to the presence of additive as well
as epistasis gene action. The significance of the scaling
test for the number of branches indicated the presence
of epistasis gene action in all crosses. Dominance and
additive x additive gene interaction were significant in
VBN(Bg) 4 x CO 5. Dominance, additive x additive and
dominance x dominance interaction were significant in
VBN(Bg) 4 x APK 1 and VBN(Bg) 4 x Mash 1008 crosses.
Dominance and dominance x dominance gene effects of
VBN(Bg) 4 x APK 1 and VBN(Bg) 4 x Mash 1008 crosses
had opposite signs indicating the presence of duplicate
epistasis. Postponement of selection at later generations
will be helpful to improve this trait due to the presence
of additive x additive gene action of epistasis. Latha et
al. (2018) and Panigrahi et al. (2020) reported similar
findings among various blackgram crosses.

Inadequacy of additive-dominance model was observed
for all crosses for the number of clusters per plant.
Significant additive and additive x additive genetic
components were observed in VBN(Bg) 4 x APK 1.
Additive, dominance, additive x additive and dominance
x dominance components were significant in VBN(Bg)
4 x Mash 1008, dominance and additive x additive
components were significant in VBN(Bg) 4 x CO 5.
Selection in the later generation will be effective in the
crosses VBN(Bg) 4 x APK 1 and VBN(Bg) 4 x Mash 1008
due to the presence of additive and epistatic components.
Opposite signs of dominance and dominance x dominance
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interaction in the cross VBN(Bg) 4 x Mash 1008 indicates
the presence of duplicate gene interaction. Similar results
were reported by Vandodariya et al. (2020) in blackgram.
Non- significant scaling test was observed in the cross
VBN(Bg) 4 x Mash 1008 which indicated the presence
of additive-dominance model. VBN(Bg) 4 x Mash 1008
had significant additive gene action. A simple selection
technique may improve this trait in this cross. However, a
non-additive model was observed in the other two crosses
VBN(Bg) 4 x CO 5 and VBN(Bg) 4 x APK 1. The additive
gene effect was significant in all the crosses. Dominance,

additive x additive and dominance x dominance genetic
components were significant in VBN(Bg) 4 x CO 5. Both
additive x additive and dominance x dominance genetic
components were significant in the cross VBN(Bg) 4 x
APK 1. The opposite sign of dominance and dominance
x dominance genetic components were observed in the
cross VBN(Bg) 4 x CO 5 which indicated the presence of
duplicate gene interaction. Vadivel et al. (2019) reported
similar findings in a various set of crosses of blackgram.
Simple selection in the later generations will be effective
in these crosses due to the presence of additive as well

Table 2. Mean and standard error for yield and yield contributing traits in various generations among the

different crosses of blackgram

Traits P, P, F, F, F,
C1 4219 + 022 3467 + 015 3717 + 011 3853 + 0.26 3872 + 0.28
Days to flowering C2 4219 + 022 3484 + 0.18 359 =+ 0.16 3895 + 0.27 3935 =+ 0.29
C3 4219 + 022 3476 + 009 3683 + 0.13 3854 + 0.26 3840 =+ 0.29
C1 2756 + 043 3626 = 072 3160 = 0.77 2920 + 055 3059 =+ 0.70
Plant height (cm) C2 2756 + 043 3008 + 062 3216 + 0.77 2780 + 053 2805 * 0.55
C3 2756 + 043 2430 = 030 2960 + 051 2508 + 045 26.75 =+ 047
C1 200 + 013 190 + 012 160 + 012 229 + 010 254 =+ 0.09
Number of branches perplant C2 206 + 013 182 + 014 250 + 010 261 + 012 195 £ 0.10
C3 206 + 013 19 =+ 012 256 + 020 198 <+ 0.15 3.07 =+ 0.17
C1 838 + 031 887 + 012 880 + 041 1117 + 041 1237 + 0.51
Number of clusters per plant C2 838 + 031 1060 + 049 1170 + 0.72 1080 + 052 1151 =+ 0.55
C3 838 + 031 950 + 036 873 + 052 923 + 038 1338 =+ 040
C1 334 + 011 29 + 006 313 + 012 270 <+ 0.07 348 =+ 0.05
Number of pods per cluster c2 334 + 011 236 + 008 313 + 0.10 357 + 0.09 330 =+ 0.07
C3 334 + 011 264 + 009 343 + 012 341 <+ 0.08 331 =+ 0.08
C1 2678 + 127 2610 = 089 2260 =+ 171 2861 =+ 124 3361 = 1.49
Number of pods per plant C2 2678 + 127 2790 + 101 3290 + 125 3344 + 094 3469 = 1.04
C3 26.78 + 127 2734 + 143 2943 + 200 2793 + 142 3742 = 1.71
C1 521 + 012 511 + 008 543 + 013 533 + 007 545 =+ 0.56
Pod length (cm) C2 521 + 012 553 + 014 603 + 018 567 + 016 531 = 0.17
C3 521 + 012 480 + 009 526 + 012 463 <+ 0.08 508 =+ 0.09
c1 671 + 012 685 + 013 717 + 014 689 =+ 0.14 642 =+ 0.14
Number of seeds per pod c2 671 + 012 636 + 011 653 + 014 645 + 009 649 + 0.08
C3 671 + 012 622 + 009 68 =+ 0.16 625 + 0.09 6.58 =+ 0.08
C1 425 + 008 454 + 005 434 <+ 007 415 + 0.08 429 =+ 0.04
100 - seed weight (g) C2 425 + 008 398 + 008 391 + 007 437 + 006 423 =+ 0.05
C3 425 + 008 376 + 009 431 + 011 394 <+ 006 413 =+ 0.04
C1 601 + 045 606 + 031 6.07 + 048 6.04 + 027 751 =+ 0.36
Seed yield per plant (g) C2 601 + 045 5838 + 043 682 + 040 808 =+ 042 685 =+ 0.34
C3 601 + 045 485 + 034 670 + 056 6.09 + 034 805 =+ 0.39
C1-VBN(Bg) 4 x CO 5, C2 - VBN(Bg) 4 x APK 1, C3 — VBN(Bg) 4 x Mash 1008.
1333
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as epistasis gene action. Significance of the scaling test
was observed in all three crosses for the trait number
of pods per plant which indicates an epistatic model
for all crosses. Additive x additive gene interaction was
significant in all crosses. The cross VBN(Bg) 4 x CO 5
had a significant dominance component. Dominance
and Dominance x dominance interaction were significant
in the cross VBN(Bg) 4 x Mash 1008. The opposite

sign of dominance and dominance x dominance gene
interaction observed in the cross VBN(Bg) 4 x Mash 1008
indicated the presence of duplicate gene interaction.
Selection needs to be postponed to a later generation in
all crosses due to the presence of a significant additive
x additive genetic component. A similar type of results
was observed in various blackgram crosses for this trait
as reported by Panigrahi et al. (2020).

Table 3. Scaling test and estimates of genetic parameters for various yield and yield contributing traits in

blackgram
Scales Parameters
Traits
c D m d h i I

C1 293" £ 1.09 096 +1.26 3853 +0.25 3.76™ +0.13 -142 +091 7.36™ +0.87 -2.63 + 257
ngzrﬁg C2 353* + 11 -042 +129 3854 +026 3.71* +012 -077 +093 830" +0.88 -528 + 2.62

C3 6.86™ + 117 249 # 131 3895 +0.27 3.67* +0.14 -3.07* 095 6.83" + 09 -582* + 27

C1 -1023* + 28 014 +3.12 29.20* + 0.55 -4.35* + 042 -211 222 -10.50** +2.05 13.83* + 6.1
E('jg;t C2 -10.78* + 272 -1.02 +255 27.80* + 0.53 -1.25** + 0.38 2.23 +1.88 -3.63* =+ 1.85 13.00* + 554

C3 -10.74* + 214 4.98* +2.15 2509 + 045 1.63* + 026 -143 +158 -1.85 = 1.5520.96" ¢ 4.6
Number C1 201 & 051 326" +062 229" % 0.1 008 009 -2.22* +043 -1.67* +041 167 + 1.16
gf hes 2 158™ + 056 -1.30" 051 262" +0.12 012 + 01 169" +037 137" + 04 -3.83" + 1.14
ranches
perplant c3 121 + 0.76 4.30* £0.77 1.99* +0.15 0.05 £ 0.09 -2.51** +0.57 -2.96** +0.54 7.34* + 1.63
Number C1 981 & 186 0092 +223 11.17* + 041 025 + 02 -4.81™ +1.61 -548 +146 014 + 4.37
2{usters C2 086 + 259 548 + 25 10.81" +052 -1.11* £ 029 -1.3 +186 -574* 178 6.17 + 543
perplant c3 159 + 1.93 17.18" + 1.87 9.24* + 0.39 -0.56* + 0.24 -11.39* + 1.38 -12.31** + 1.34 20.79* + 4.04
Number C1 077 # 041 220" +0.31 270 008 019" + 0.07 -212" +0.23 -121" %027 3.97* % 0.76
ggr'”ds C2 231" % 044 036 039 357 +009 049" %007 043 £029 113" +0.31 -260™ + 0.88
cluster Cc3 078 + 044 047 +0.38 341 +008 035" +007 026 +0.28 - -
Numpey O 18377+ 622 2432 £664 28617 £124 034 +078 1733 £ 482 1281 £ 457 106 1349
ofpods C2 13.29* + 4.83 17.19* + 4.85 33.44* + 095 -0.56 + 0.81 -3.69 +3.45 -10.36* +351 520 + 9.96
PErplant s 125 & 723 3972 +7.65 27.04" £ 143 -028 + 096 -24.31" £ 554 -2724" 523 5462 + 1555

C1 -019 + 045 098 +041 525* +008 005 007 -042 +029 -058 +0.31 156 + 0.89
I'Z‘r’]‘éth C2 -009 + 075 -0.85 +066 568 +0.15 -0.15 +0.09 1.21* +0.49 - -

C3 200" + 043 1.04* +042 4.64* +0.08 021" +007 -077* + 0.3 -0.61* +0.31 4.05* + 0.86
Numpey C1 033 * 065 170" £065 689 £014 -0.07 +009 146" £047 093 +047 -182 + 139
ofseeds C2 -0.33 + 049 -0.02 +041 645 +009 0.18* + 009 -005 * 0.3 - -
PErPOd 3 165 + 05 087 + 04 626% 000 025 +008 -046 + 03 -036 +033 3.36™ + 0.92
j0p. C! 08 £ 037 005 £025 4157 £008 -0.14" £ 005 024 £020 - -
seed  C2 141" + 031 -003 £029 437" 006 0.14™ 006 006 *021 053" 022 -1.93" + 062
Welght 3 086" + 035 061" £ 026 395" £006 025 %006 -025 + 02 -006 022 196" + 064
eeg G 165 * 155 590 £165 604 £027 002 +028 -449% £115 371 115 567 + 316
yieldper C2  6.30* + 204 -110 %175 8.08* + 041 030 + 035 242 +127 240 + 142 -9.88* + 4.01
Plant 3 008 £ 186 947" £182 6.09% +034 058° +029 483 £131 -493% 1311211+ 376

* = Significant at 5 % and 1 % level of probability, respectively. C1 — VBN(Bg) 4 x CO 5, C2 — VBN(Bg) 4 x APK 1, C3 — VBN(Bg) 4

x Mash 1008.
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For the trait pod length, the scaling test indicates the
presence of an additive-dominance model in the cross
VBN(Bg) 4 x APK 1 only. The cross VBN(Bg) 4 x APK 1
had a significant dominance component. The significant
additive genetic component was observed in VBN(Bg) 4 x
Mash 1008 only. Crosses VBN(Bg)4 x CO 5and VBN(Bg)
4 x Mash 1008 had significant additive x additive genetic
component. Significant and opposite signs for dominance
and dominance x dominance genetic components in the
cross VBN(Bg) 4 x Mash 1008 indicated the presence
of duplicate gene action. Selection needs to be delayed
till the attainment of homozygosity due to the presence
of additive x additive genetic components in VBN(BQ)
4 x CO 5 and VBN(Bg) 4 and Mash 1008. Similarly,
Vadivel et al. (2019) observed the additive and epistatic
gene action for pod length among blackgram crosses.
The trait number of seeds per pod recorded additive-
dominance model for the cross VBN(Bg) 4 x APK 1
only. The additive genetic component was significant
in VBN(Bg) 4 x APK 1 and VBN(Bg) 4 x Mash 1008.
The cross VBN(Bg) 4 x CO 5 had significant genetic
components of dominance and additive x additive.
The cross VBN(Bg) 4 x Mash 1008 had significant
dominance x dominance genetic component. Immediate
selection through the pedigree method can be adopted
in the cross VBN(Bg) 4 x APK 1 due to the presence
of additive gene action with the additive — dominance
model. However, in the other two crosses, the selection
needs to be delayed due to the presence of additive or
additive x additive gene action with an epistatic model.
Similar results were reported by Vadivel et al. (2019) and
Vandodariya et al. (2020) in blackgram. Additive —
dominance model was observed for the cross VBN(Bg)
4 x CO 5 for the ftrait 100-seed weight. Significant
additive gene action was observed for all crosses.
Additive x additive and dominance x dominance gene
interaction were significant in the cross VBN(Bg) 4 x
APK 1. Dominance x dominance gene interaction was
significant for VBN(Bg) 4 x Mash 1008. Immediate
selection through the pedigree method can be adopted
in the cross VBN(Bg) 4 x CO 5 due to the presence of
additive gene action with the additive — dominance
model. However, in the other two crosses, the selection
needs to be delayed due to the presence of additive or
additive x additive gene action with an epistatic model.
Zubair et al. (2007) reported similar findings of additive
gene action for 100-seed weight in greengram. The
significance of the scaling test for the trait seed yield per
plant denotes the presence of epistasis gene interaction
in all crosses. Additive and additive x additive genetic
components were significant in cross VBN(Bg) 4 x
Mash 1008. Dominance and additive x additive genetic
components were significant in the cross VBN(Bg) 4 x
CO 5. A significant dominance x dominance gene
interaction was observed in the cross VBN(Bg) 4 x
APK 1. Selection needs to be postponed to a
later generation in crosses VBN(Bg) 4 x CO 5 and
VBN(Bg) 4 x Mash 1008 due to the presence of additive x

additive genetic component. A similar type of results was
also given by Selvam and Elangaimannan (2010); Prasad
and Murugan, (2015) in blackgram.

Generation mean analysis revealed each population had
various nature of gene action. Therefore, the selection of
breeding methods for each population was effective to
improve the trait (Hettiarachchi et al., 2009). The effect of
“m” was positive and significant for all the cross. Hence,
there was a significant difference among generations.
Significance of scaling test revealed the presence
of digenic and higher order interaction in addition to
principle gene effects in these crosses. The traits viz.,
pod length, the number of seeds per pod recorded
additive-dominance model in the cross VBN(Bg) 4 x
APK 1. Significant additive—dominance model for 100-
seed weight recorded in the cross VBN(Bg) 4 x CO 5.
Simple selection may be effective for the improvement of
a trait having additive-dominance model. The traits viz.,
days to flowering, plant height, the number of branches
per plant, the number of clusters per plant, the number
of pods per cluster, the number of pods per plant and
seed yield per plant recorded inadequacy of additive-
dominance model for all crosses. A significant additive
or additive x additive gene action was observed for days
to flowering, plant height, the number of pods per cluster
and 100-seed weight in all crosses. The selection needs
to be delayed due to the presence of additive or additive
x additive gene action with an epistatic model. The other
traits viz., the number of branches per plant, the number
of clusters per plant, the number of pods per plant and
seed yield per plant recorded various epistasis effects for
all crosses. An individual breeding method is needed for
an individual cross.
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