Int.J.Curr.Microbiol.App.Sci (2019) 8(12): 1090-1099

International Journal of Current Microbiology and Applied Sciences

ISSN: 2319-7706 Volume 8 Number 12 (2019)
Journal homepage: http://www.ijcmas.com

EXCELLENT

PUBLISHERS

Original Research Article

https://doi.org/10.20546/ijcmas.2019.812.138

Heterosis and Combining Ability Analysis for Seed Yield and its Attributes
in Indian Mustard [Brassica juncea (L.) Czern and Coss]

Vidyut Kumar Saikia®, Rumjhum Phukan®’, Hrishikesh Ojah', Purna Kanta Barua’,

Meghali Barua® and Prakash Kalita?

! Department of PBG, Assam Agricultural University, Jorhat-13, India
?Department of Crop Physiology, Assam Agricultural University, Jorhat-13, India

*Corresponding author

ABSTRACT

Keywords

Indian mustard,
Diallel, Heterosis,
GCA, SCA,
Variance

Article Info

Accepted:

10 November 2019
Available Online:
10 December 2019

A set of 4 diverse parental lines were crossed in diallel mating design without
reciprocals to study the combining ability and heterosis for yield and yield
attributes in Indian mustard [Brassica juncea (L.) Czern and Coss] during rabi
2017-18. All the F; along with parents were evaluated in RBD with three
replications. Analysis of variance for combining ability reveals significant
variation was present among parents, crosses and among F;s and their parents.
Combining ability analysis revealed importance of both additive and non-
additive genetic variances for the control of various traits. From the evaluation
of GCA variances in parents, it was observed that Pusa Mahek is a best general
combiner for most of the traits, followed by TM-2. Out of the 16 characters
studied, seven characters exhibited significant GCA and SCA effects. The best
cross combination for 50% flowering PM-27 x DRMR-150-35, TM-2 X
DRMR-150-35 for days to maturity, and PM-27 x Pusa Mahek for plant
height. PM-27 x TM-2 was best cross combination showing significantly high
SCA and heterosis effect for several yield attributing traits.

Introduction

Rapeseed and Mustard is the second most

important oilseed crop in India after
groundnut. India contributes 19.29% and
11.12% to the total world acreage and
production  respectively (USDA, 2013).

According to the Government's assessments

the total area under Rapeseed-Mustard in India
during rabi 2016-17 was 6.7 million hectares
with a production of 7.2 million tons and an
average productivity of 1069 kg/hectare
(Anonymous, 2017). With approximately 50%
of the total edible oil being imported, the
scenario of India being self sufficient in the
field of oil production is a great challenge. To
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mitigate the ever-widening gap of demand and
production of edible oil, the development of
varieties which perform better and varieties
suited to various ecological niches are of
utmost importance. Mustard is a species with
genetic potential for high economic yield.
Mustard plants are much taller than that of
toria (Brassica rapa). It has a solid stems
unlike toria and has a much higher biological
yield than toria. However despite these
characteristics, mustard is not a favored crop
in Assam because it takes much longer
duration to mature and farmers prefer oilseed
varieties which are medium to short height
and duration. Hence, the development of
mustard varieties with medium to short
duration with short stature is the need of the
hour. It is believed that the yield can be
increased by dispensing with the unproductive
feet of the mustard plants, i.e., the portion of
the main stem from the ground level to the
first primary branch, which consumes a
considerable proportion of the photosynthates
produced by the plant, thus lowering the
amount of photosynthates available for
conversion to economic product i.e. seed. It
was proposed that selection for reduced foot
length will lead to short duration and higher
yield. From a previous study to assess the
genetic  diversity among 22 mustard
genotypes, four genotypes were selected and
an effort was made to study the combining
ability, nature of gene action and heterosis
involved in expression of 16 quantitative
characters by using a 4x4 half diallel mating
design.

Materials and Methods

In a previous study the genetic diversity of 22
genotypes of mustard was evaluated and four
genotypes namely Pusa Mahek, TM-2, PM-27,
and DRMR-150-35 were selected and crosses
were made in 4 x 4 diallel fashion excluding
reciprocal during the rabi season of 2016-17.
All the 8 crosses along with their parent were

evaluated in RBD with three replications in
rabi of 2017-18.

Observations were recorded in 10 sample
plants in each entry in each replication for
grain yield and fifteen other quantitative
characters. Data were recorded for days to
50% flowering, days to maturity, plant height,
number of primary branch per plant, number
of secondary branch per plant, main shoot
length, number of siliqua on main shoot, foot
length, maximum root length, stem thickness,
number of seeds per siliqua, 1000 seed weight,
oil content, biological yield per plant. Harvest
index, and seed yield per plant. Days to 50%
flowering and Days to maturity were
measured on subplot basis. The arithmetic
means of the observation were taken as the
plot mean data for statistical analysis.

The general combining ability (GCA) and the
specific combining ability (SCA) effects for
the diallel mating design was analyzed by
adapting  Griffings (1956), model-l1 and
Method-2. The average F1 value was used for
estimation of heterosis expressed as
percentage over better parent.

Results and Discussion
Estimation of combining ability

Analysis of variance (ANOVA) (Table 1) for
16 quantitative characters revealed significant
variation among the entries. Significant
variability existed among the parents as well
as crosses for most of the characters studied.
This signified that sufficient variation was
present among parents, crosses, and between
parents and crosses

Combining ability studies are important for
identification of parents as well as cross
combinations that yield superior segregants.
East, Shull and Jones in their classic studies
observed that certain genotypes when mated to
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other genotypes produce better hybrids.
Sprague and Tatum (1942) defined general
combining ability (GCA) as the average
performance of a line in a series of hybrid
combinations while specific combining ability
(SCA) refers to those cases where certain
combinations do relatively better or worse
than would be expected on the basis of the
average performance of the lines involved.
The variance arising out of GCA estimates of
lines has generally been equated to additive
and additive X additive type of gene
interaction. Similarly, the variance arising out
of SCA estimates of crosses has been equated
to non additive gene action (Sprague and
Tatum, 1942 and Falconer, 1960).

The characters like early maturity, reduced
plant height and length of main axis are
preferred in mustard, which enable plant
breeders to develop varieties evading or
tolerating the abiotic stresses like heat,
lodging and at the same allowing the
cultivation of a succeeding crop. Therefore,
the negative combining ability effects and
heterosis are desirable for these traits. The
remaining yield attributing characters provide
more opportunities for increasing yield and
therefore positive combining ability effect and
heterosis effects are preferred. TM-2 showed
high negative GCA effects for days to
maturity and foot length and could be used as
a good general combiner for developing
varieties with shorter duration and height
whereas the variety Pusa Mahek found to be a
valuable parent in crosses for most of the yield
and yield attributing characters followed by
variety DRMR-150-35. These parents could
be utilized successfully for subsequent
breeding programme. Since higher yields in F;
can be attributed to fixable (additive) and/or
non fixable (non additive) gene action, the
total effect partition of the progeny into
general and specific combining ability effects
interprets the causes of heterosis (Gupta et al.,
2011). In the study the SCA variance

exhibited a higher value than the GCA
variance for the characters days to maturity,
secondary branch number, siliqua on main
shoot, seeds per siliqua, thousand seed weight,
biological yield per plant, seed yield per plant.
This indicated the preponderance of non
additive gene action for these traits. Hence the
traits can be exploited through heterosis
breeding for enhancing the yield of Indian
mustard. These findings are in accord with the
results of Brandle and Mcvetty (1989) and
Teklewood and Becker (2005). Parmer et al.,
(2011) carried out a study on combining
ability was analyzed using a Line x tester of
ten lines and five testers in Indian mustard
[Brassica juncea (L.) Czern & Coss].
Combining ability analysis, on pooled basis,
revealed the importance of both additive as
well as non-additive genetic variances for
control of various traits. Similar results were
reported by Shrimali et al., (2016)

Highly significant GCA mean squares were
observed for seven characters viz. days to
maturity, secondary branch number, siliquae
on main shoot, seeds per siliqua, 1000-seed
weight, biological yield per plant, and seed
yield per plant (Table 2). Also highly
significant specific combining ability mean
squares were observed for thirteen characters
(Table 2). The magnitude of o% (Variance of
SCA) is higher than that 029 (Variance of
GCA) for the characters days to maturity,
secondary branch number, siligua on main
shoot, seeds per siliqua, thousand seed weight,
biological yield per plant, seed yield per plant
indicating a predominance of non-additive
gene action (Table 3). Kumar et al., (2001)
conducted a 6 X 6 diallel experiment to
estimate the combining ability and heterosis
for oil content in toria and found the presence
of both additive and non-additive genetic
components for oil component. Brar et al.,
(2006) studied the nature and magnitude of
combining ability effects for seed yield, its
components and oil content in toria and
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observed that both GCA and SCA effects were
significant for all characters. The average
degree of dominance was quite high for seed
yield per plant, plant height, number of
siliqguae on main shoot and primary branches,
indicating the involvement of non-additive
gene effects in controlling the inheritance of
these traits

Characters like early flowering and maturity,
reduced foot length and reduced length of
main axis are desirable traits in mustard. In the
study the maximum negative GCA was
exhibited by the genotype TM-2 for days to
maturity (-1.8) and foot length (-1.98), but
positive and significant GCA values were
observed for secondary branch number and
seeds per siliqua. Pusa Mahek exhibited
significant positive GCA effects for the
characters secondary branch number (1.02),
siligua on main shoot (2.36), 1000-seed
weight (0.24), biological yield per plant
(7.45), and seed yield per plant (2.75) and
significant negative GCA effects for the
character seeds per siliqgua (Table 4). The
variety DRMR-150-35 exhibited significant
positive GCA effect for seeds per siliqua and
negative significant GCA effect was exhibited
for siliqgua on main shoot, 1000-seed weight,
and seed vyield per plant. The variety PM 27
exhibited significant negative GCA effect for
primary branch number, secondary branch
number, siliqua on main shoot and thousand
seed weight and seed yield per plant. Similar
results were reported by Aghao et al., (2010)

The specific combining ability effects of the
F1 progeny are presented in Table 5. The
maximum negative SCA effects for days to
50% flowering(-4.34), days to maturity (-8.11)
and plant height (-41.09)was exhibited by the
cross TM 2 X DRMR 150-359.0n the other
hand the maximum negative SCA effects for
the character mean shoot length (-21.06) was
exhibited by the cross PM 27 X Pusa Mahek.

The highest positive SCA effects for
secondary branch number (3.58) was exhibited
by the cross Pusa Mahek X DRMR 150-35.
The cross, PM27 X DRMR-150-35 exhibited
the highest positive SCA effects for the
character siligua on main shoot(9.53) The
highest positive SCA effect for the character
mean root length (4.42), thousand seed weight
(0.97) and harvest index (10.77) was exhibited
by the cross PM 27 X TM 2.

Estimation of better parent heterosis

The estimates of better parent heterosis are
presented in Table 6. It was observed that all
the six crosses exhibited significant negative
heterosis for the character days to 50%
flowering in all the crosses with the highest
negative heterosis being exhibited by the cross
PM27 X DRMR-150-35 (21.08). Amongst the
five crosses which exhibited significant
negative heterosis, the cross TM 2 X DRMR
150-35 exhibited the highest negative
heterosis effects for the characters days to
maturity (13.80) and plant height (41.62).
Among the yield attributing characters,
highest positive heterosis was recorded for
secondary branch number (53.79) in the cross
Pusa Mahek X TM 2, siliqua in main shoot
(41.69) in the cross PM-27 X DRMR 150-35,
maximum root length (65.82) in cross TM 2 X
DRMR 150-35 and for harvest index (83.26)
in the cross PM 27 X TM 2. Similar findings
are in accordance with Thanmichon et al.,
2015, Yadav et al., 2012 and Gami et al.,
2013. By studying the relationship between
genetic divergence and combining ability in
Indian mustard Monalisa et al., (2005)
reported that medium genetic divergence
combined with low or average GCA effect in
the parents gave high SCA effects, which
corresponded with high heterotic performance
and concluded that there should be an
optimum level of genetic divergence to obtain
economic heterosis in Fy
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Source

Replication

Treatment
Parents
Crosses

Parents vs

Crosses
Error

“Significant at P=5% and " Significant at P=1%

df | FF = DM
2 120 1850
9 | 6130 89.§7*
3 289 631
5 1140 91.*29*
1 486.7 3334
8 7
18 | 257 | 758
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Table.1 Analysis of variance (ANOVA) for 16 quantitative characters in Indian mustard

PH

138.67

15434
0

304.63

1075.7
i
7597.9
=
77.47

df  FF DM PH
GCA | 3 | 090 | 10.92° @ 3043
SCA | 6 | 3024 | 39.47° | 756.48
Error | 18| 0.86 2.52 25.82

PB
N
0.30

4.86
0.67
4.06

21.4

3
0.30

PBN
0.24
2317
0.10

“Significant at P=5% and ~ Significant at P=1%
FF= Days to 50% flowering, DM=Days to maturity, PH= Plant height, PBN= Primary branch number, SBN= Secondary branch number, MSL= Main shoot
length, SMS= Siliqua on main shoot, FL= Foot length, MRL= Maximum root length, ST= Stem thickness, SPS= Seeds per siliqua, TSW= Thousand seed

weight, OC= Qil content, BYPP= Biological yield per plant, HI= Harvest index, SYPP= Seed yield per plant.

SBN | MSL
0.20 66.60
29.30 | 389.6
7
8.497 53.20
41.16 | 5239
5
3251 727.8
2
1.23 | 27.60

SMS

0.62

120.9
7

46.32

143.5
7+
231.8
0
4.60

FL

6.41
17.90

27.90

15.00

1.90

18.52

MRL
5.70
45.85
13.20
16.47
290.7

3
5.02

ST

0.013
0.010

0.010

0.011

0.022

0.05

mustard Brassica juncea (L) Czern & Coss

SBN MSL
6.66 | 12.84

11.327 1 188.41
0.41 9.19

SPS | TSW
0.30 0.5
10.39 | 0.90"
8.44" 074"
1342 | 118"
1.10 0.01
0.70 | 0.10

SMS | FL | MRL | ST | SPS | TSW
15.337 | 1330 | 0.43 | 0.03 451 | 019
52.82° | 2.27 | 22,707 1 0.04 296 | 035
152 | 6.17 | 167 1 0.02 024 0.02
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oC

0.03
2.15

1.60

1.84

5.37

*

1.05

oC
1.00
0.57
0.35

BYPP HI
19.45 = 34.30
607.79" | 202.45
530.70" 121.96
297.89" | 193.79
2388.86 487.50
63.50 | 36.95

Table.2 Analysis of variance (ANOVA) for combining ability in a 4 x4 half diallel cross for 16 quantitative characters in Indian

BYPP

150.26

228.76
21.17

HI
16.45
93.00
12.31

SYPP

1.30
30.49"

75.80"

**

2.22
35.93"

0.42

SYPP

21.13"

468"
0.14
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Table.3 Combining ability variances for 16 characters in a 4 x4 half diallel set of Indian mustard Brassica juncea (L) Czern & Coss

Varianc | FF | DM PH PB ' SBN MSL [ SMS| FL A MR | ST |SPS TS A OC  BYPP HI SYP

e N L W P
02g 000 140  O0.77 023 104 | 061 230 118 -0.21 001 0.7  0.03 0.1 2152 | 069 | 2.74
1 1 1
6’ 293 364 7301 221 109 | 1792 513 -39 2103 002 | 2.7 033 0.2 2075 | 80.6 | 4.54
8 7 8 1 2 0 2 2 9 9
6% 086 252 2582 010 041 | 919 @ 152 6.17 167 .00 | 02 002 03 2117 | 123 | 0.14
2 4 5 1
czg/ 6’s  0.00 | 004 001 | 010 0.02 | 0.03 | 0.04 - -0.01 1 005 02 001 04 | 103 H 001 0.60
0.30 6 9

“Significant at P=5% and ~ Significant at P=1%

Table.4 General combining ability (GCA) effects of parents for 16 characters in 4X4 half diallel set of Indian mustard Brassica
juncea (L) Czern & Coss

Parents FF /DM  PH PBN | SBN MSL|SMS FL |MRL ST @ SPS TSW | OC |BYPP HI | SYPP
PM27 - 092 - -029 - -122 -095 132 -034 001 01 -012° -022 -271 - -
0.44 1.98 1.28™ 1.92 1.22"
Pusa Mahek | 050 | 1.14 | 3.19 | 0.13 | 1.02° -0.82 236 | -0.27 | 0.08 A 0.03 -12° 024 | - ) 745 | 2.05 | 275
0.50
TM-2 - - - 014 068 -002 -044 -198 029 -002 040 0.02 034 -1.68
005 187 0.17

045 115
DRMR-150-35 | 0.01 -

- - 0.02 | -042 206 |-097 093 | -0.02 -0.01 0.80" |-0.14 | 0.33  -3.06 0.33 | -0.37"
0.25 | 1.02
SE(gi))CD5% 1.04 1.78 571 035 072 341 139 279 145 048 054 0.17 066 517 390 0.42

SE(gi-gj) 1.70 1 291 933 058 | 1.17 | 557 | 227 | 456 | 267 | 007 | 0.89 @ 0.28 | 1.08 845 | 6.40 0.69
“Significant at P=5% and ~ Significant at P=1%,
FF= Days to 50% flowering, DM=Days to maturity, PH= Plant height, PBN= Primary branch number, SBN= Secondary branch number, MSL= Main shoot
length, SMS= Siligua on main shoot, FL= Foot length. MRL= Maximum root length, ST= Stem thickness, SPS= Seeds per siliqua, TSW= Thousand seed
weight, OC= Qil content, BYPP= Biological yield per plant, HI= Harvest index, SYPP= Seed yield per plant
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Table.5 Estimates of Specific combining ability (SCA) effects of F; progeny for 16 characters in 4 X 4 half diallel set of Indian
mustard Brassica juncea (L) Czern & Coss

Crosses

PM27 X Pusa
Mahek
PM27 X TM 2
PM 27 X
DRMR 150-35
Pusa Mahek X
T™ 2
Pusa Mahek X
DRMR 150-35
TM 2 X
DRMR 150-35
SE(sij)/CD5%
SE(sij-sik)
SE(sij-skm)

“Significant at P=5% and ~ Significant at P=1%,

FF

-0.79

423"

-5.297
-2.84
-2.23"
434"
2.04

3.07
2.75

DM

3.78"

-5.94"

-1.17
-0.83
-4.06°

811"
3.50

5.27
4.72

PH

-27.827-2.027-3.027-21.06 -5.48" 0.10 2.02

12.87
-3.82

-15.10°  -0.40 (3.447 939 7.20°

-3.00

PB | SBN | MSL | SM | FL

N

-0.17 | 3.24

0.66 3.58" -9.34" 3.34

0.10 5.93"
-0.05 1.697 11.16" 9.537

S

-41.09 -2.15 -3.747-14.80 -6.91 " 0.13

11.19°
16.86
15.08

0.70 1.41

6.68

2.72 5.47

1.05 | 2.13 | 10.06 | 4.10 | 8.25

094 1.90

9.00

3.67 7.37

MR | ST ' SPS  TSW | OC | BYP @ HI | SYP

L

154 0.03 -0.01 0.79

5.68" | 0.03 -2.39

285 0.09 1.07
429 1014 161
384 013 144

-0.02 -2.52" -0.58"

-0.32/4.42" -0.01/1.90 097
2.08 3.297 -0.10° 0.59

-0.06

-0.42"

-2.31 -0.19 005 068 0.61°

4737

0.34
0.51
0.45

P P
-1.12 -2.16 -6.77 -2.76"

-0.66 -13.02°/10.77 | 0.52
0.07 -6.64 632 0.42

0.39 -23.56 |13.88" -2.11
-0.18 035 -1.14 -1.74
056 1.32 | -3.10 | 0.32
1.30 10.13 7.73 0.83

1.96 | 15.27 1 11.65 | 1.25
1.76 13.66 10.42 1.11

FF= Days to 50% flowering, DM=Days to maturity, PH= Plant height, PBN= Primary branch number SBN= Secondary branch number, MSL= Main shoot
length, SMS= Siliqua on main shoot, FL= Foot length. MRL= Maximum root length, ST= Stem thickness, SPS= Seeds per siliqua, TSW= Thousand seed
weight OC= Oil content, BYPP= Biological yield per plant, HI= Harvest index, SYPP= Seed Yield Per Plant
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Table.6 Estimates of Heterosis for 16 characters in 4 X 4 half diallel set of Indian mustard Brassica juncea (L) Czern & Coss

Crosses
PM27 X Pusa
Mahek
PM27 X TM 2
PM 27 X
DRMR 150-35
Pusa Mahek X
T™ 2
Pusa Mahek X
DRMR 150-35
TM 2 X
DRMR 150-35

FF DM
932" 202

822" -9.20°
-21.08" -5.63"
-1455 -451
-13.86 -7.89

-18.67  -13.80°

PH

*

-34.61

-6.90

*

-18.63
-25.63

-18.66

-41.62

PBN
-55.56

-30.26"
-20.00"

-27.18"
-5.56

-55.90"

“Significant at P=5% and ~ Significant at P=1%,
FF= Days to 50% flowering, DM=Days to maturity, PH= Plant height, PBN= Primary branch number SBN= Secondary branch number, MSL= Main shoot
length, SMS= Siliqua on main shoot, FL= Foot length. MRL= Maximum root length, ST= Stem thickness, SPS= Seeds per siliqua, TSW= Thousand seed

weight OC= Oil content, BYPP= Biological yield per plant, HI= Harvest index, SYPP= Seed Yield per Plant

SBN
-36.46°

29.67
21.24

53.79°
44.40

-37.73"

MSL | SMS | FL | MRL
-53.13" -16.85" -1.74 12.92
-5.98 | 27.53°| -8.31 | 56.01
2.33 4169 7.44 46.62
-0.46  18.64 | -1.64  6.04
-27.18° 6.81° -1091 3.20
-33.40° -13.98 -8.66 | 65.82
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ST
-4.70

-10.07
-16.117

5.44
3.40

1.08

SPS | TSW | OC
-36.53° -25.79° -5.46"
15.69 = 19.34  -2.33
-6.17 -195.15 -1.99
-5.85 | -19.04 | -2.04
-15.28 0.45 -3.17
-27.08"| -16.08 | -2.40

BYPP  HI
-37.33" -29.03"

83.26°
19.54

-59.02"

*

-39.88
-67.72° 5252
-34.09° -0.73

-32.95 -11.52"

SYPP
-55.41"

4,25
-10.317

-51.51
-45.18"

-10.68"
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The heterosis and combining ability studies
revealed that the genotype TM-2 showed high
negative GCA effects for days to maturity and
foot length whereas the variety Pusa Mahek
was found to be a valuable parent in crosses
for most of the yield and yield attributing
characters. The cross PM-27 x TM-2 was best
cross combination showing significantly high
SCA and heterosis effect for several yield
attributing traits

Hence, the two genotypes TM-2 and Pusa
Mahek can be used as potential parents for
combining desirable characters such as early
maturity as well as enhancing seed yield
through heterosis in future crop improvement
programmes.
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