® Journal of Applied and Natural Science

A N s F 17(1), 277 - 284 (2025)
APPUEDAND NATURAL ISSN : 0974-9411 (Print), 2231-5209 (Online)

Houndiess Seisnce SCIENCE FOUNDATION journals.ansfoundation.org

Research Article

Identification of most prominent parents and cross combinations in
indian mustard for seed yield and quality traits

Durga Prasad*

Department of Genetics and Plant Breeding, School of Agriculture, Lovely Professional Article Info
University, Phagwara- 144411 (Punjab), India https://doi.org/10.31018/
Rajendra Kumar Yadav jans.v17i1.5669

: : . . Received: April 21, 2024
Department of Genetics and Plant Breeding, Chandra Shekha.r Azad University of Revised: February 22, 2025
Agriculture &Technology, Kanpur-208 002 (Uttar Pradesh) India Accepted: February 28, 2025

Shiv Prakash Shrivastav

Department of Genetics and Plant Breeding, School of Agriculture, Lovely Professional
University, Phagwara- 144411 (Punjab), India

Mohammad Amir

Department of Genetics and Plant Breeding, School of Agriculture, Lovely Professional
University, Phagwara- 144411 (Punjab), India

Deshraj Gurjar

Department of Genetics and Plant Breeding, School of Agriculture, Lovely Professional
University, Phagwara- 144411 (Punjab), India

Kanhaiya lal

Department of Genetics and Plant Breeding, Chandra Shekhar Azad University of
Agriculture &Technology, Kanpur-208 002 (Uttar Pradesh) India

*Corresponding author. Email: dpchaudhary.agri03@gmail.com

How to Cite

Prasad, D. et al. (2025). Identification of most prominent parents and cross combinations in indian mustard for seed yield and
quality traits. Journal of Applied and Natural Science, 17(1), 277 - 284. https://doi.org/10.31018/jans.v17i1.5669

Abstract

Indian mustard is an important oilseed crop with significant economic and nutritional value. Understanding the genetic mecha-
nisms governing key traits like seed yield is crucial for developing high-yielding varieties. This study aimed to evaluate the gen-
eral combining ability (GCA) of parental lines and the specific combining ability (SCA) of their cross combinations to improve
yield potential. A diallel model (excluding reciprocals) was used, involving 45 hybrids (F1's) produced by crossing 10 diverse
genotypes: Aashirwad, Basanti, NDR501-26, Rohini, KMR17-5-21, KMR17-5-22, KMR17-5-23, N8501, PR20, and PR21. These
hybrids were developed during the Rabi season of 2018-19 and evaluated in the 2019-2020 Rabi season using a Randomized
Complete Block Design (RCBD) with three replications at the Student Instructional Farm of CSAUA&T, Kanpur. The study as-
sessed GCA and SCA effects, focusing on additive and non-additive gene actions in trait inheritance. The results showed that
SCA variance exceeded GCA variance across all traits, with a predictability ratio and GCA/SCA ratio of less than one, indicafing
a dominance of non-additive gene action. While GCA variance was high for most traits except primary branches and 1000-seed
weight, SCA effects were more significant for traits like maturity days, siliquae per plant, 1000-seed weight, oil yield, and seed
yield. Parents like NDR 501-26 and Rohini demonstrated strong GCA effects, making them suitable for breeding. Specific cross-
es, such as KMR 17-5-22 x KMR 17-5-21 and NDR 501-26 x Rohini, showed desirable SCA effects, suggesting potential for
early-maturing and high-yielding hybrids. These findings highlight the potential of heterosis breeding and the use of non-additive
gene action for improving Indian mustard yield, offering insights to meet agricultural demands.
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INTRODUCTION try of Agriculture & Farmers Welfare (2022-23), soy-

bean leads in oilseed production, contributing 35% of
In India, the primary oilseed crops include soybean, the total output, followed by rapeseed-mustard at 32%
peanut, mustard, sesame, sunflower, castor seed, saf- and groundnut at 25%, with the remaining oilseed
flower, linseed, and niger seed. According to the Minis- crops collectively contributing only 8%. In terms of
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acreage, soybeans dominate 44% of the total area ded-
icated to oilseed crops, rapeseed-mustard accounts for
24%, and groundnut covers 20%. On average, kharif
crops contribute 67% to the total oilseed production,
while the remaining 33% is produced during the rabi
season. Cytologically, Brassica juncea L. (Indian mus-
tard) is an amphidiploid (2n=4x=36), resulting from the
hybridization of B. campestris L. (2n=2x=20) and B.
nigra L. (2n=2x=16), followed by chromosome doubling
(Tomar and Singh, 2015). The third advance estimate
from the Ministry of Agriculture and Farmers Welfare
(DAC and FW 2022-23) predicts a record total oilseed
production of 40.9 million metric tonnes (MT) for the
nation, including record outputs of soybean, mustard,
and peanut. Soybean production is expected to reach
14.9 MT, and both rapeseed-mustard and peanut are
projected to produce 12.4 MT each, representing in-
creases of 1.9 MT and 0.5 MT, respectively, over the
previous year.

Globally, India leads in the area covered with oilseeds,
although the yield of most Indian oilseed crops is below
the global average. Despite this, the demand for edible
oils in India is expected to rise significantly due to popu-
lation growth, projected to reach 28.40 MT by 2030 and
41.6 MT by 2050 (Kumar, 2017). To further increase
yields, it is essential to develop improved high-yielding
cultivars. Effective hybridization programs rely on identi-
fying superior parents and understanding their combin-
ing behavior to produce desirable segregants, as hy-
bridization is a fundamental mechanism for overcoming
yield barriers (Sheera et al., 2024). Therefore, the first
step in creating superior, high-yielding varieties is to
identify these superior parents (Prasad, 2014; Sheera
et al., 2022).

The present study aimed to evaluate genetic variance
components, including general combining ability (GCA)
and specific combining ability (SCA) variances and their

effects in Indian mustard. Combining ability analysis
highlighted the significant impact of GCA on seed yield
and quality traits, indicating the predominance of addi-
tive gene action. Conversely, SCA effects on seed yield
and quality traits underscored the importance of non-
additive gene action.

MATERIALS AND METHODS

Ten diverse genotypes were used to generate forty-five
single cross hybrids using a half-diallel crossing
scheme at the Student Instructional Farm of CSA-
UA&T, Kanpur, during the Rabi season 2018-19. The
details of diverse genotypes used in the experiment are
listed in Table 1, along with their sources and charac-
teristics. Forty-five F1 single cross progenies, their par-
ents and one check cultivar were planted during the
Rabi season 2019-20 using a randomized complete
block design in three replications with each row being 3
meters long and 45 cm apart, and a plant-to-plant dis-
tance of 20 cm was maintained during thinning. Each
plot had two rows. The border row was placed at both
ends of each replication/block to reduce the border ef-
fect. Agronomic practices, including fertilizer applica-
tion, weeding, and pest control, were carried out follow-
ing the standard recommendations.

Data were collected from five randomly selected plants
in each treatment (parents and F(] hybrids) for morpho-
physiological and biochemical traits. The recorded traits
included plant height (cm), leaf area index, number of
primary and secondary branches, main raceme length
(cm), number of siliques per plant, seed yield per plant
(9), 1000-seed weight (g), harvest index (%), oil content
(%), protein content (%), erucic acid (%), and total glu-
cosinolate content (umol/g). The determination of fatty
acid composition, including erucic acid (%) and total
glucosinolate content (umol/g), was performed using

Table 1. Parental genotypes, their sources, and characteristic features

S.N. Genotype Source Characteristics of Genotype
- N - — 10 -
1 Aashirwad CSAUT, Kanpur Maturlt.y (125-130 days), oil content (37-41%), medium
seed size
2 NDR 501-26 ANDAUT, Ayodhya Days to maturity (128-131), oil content (40-41%)
3 Rohini CSAUT, Kanpur Medlum pIar.lt height, medlum maturity, shattering re-
sistant, medium seed size
4 Basanti CSAUT, Kanpur Days to maturity (130-135 days), oil content (40-42%)
5 KMR 17-5-23 CSAUT, Kanpur Bold seed size, tall plant height
6 KMR 17-5-22 CSAUT, Kanpur Bold seed size, black seed
7 KMR 17-5-21 CSAUT, Kanpur Medium maturity, bold seed
Narendra Rai . .
8 8501 (N 8501) ANDUT, Ayodhya Medium maturity, brown seed color
. . . 450 .
9 PR 21 GBPUT, Pantnagar Med!um maturlt_y, oil content (40-42%), tall plant height,
medium seed size
10 PR-20 GBPUT, Pantnagar Medium maturity, tall plant height

CSAUAT- Chandra Shekhar Azad University of Agriculture and technology, Kanpur; ANDUAT- Acharya Narendra Deva University Of
Agriculture And Technology; GBPUAT- Govind Ballabh Pant University of Agriculture and Technology
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Gas-Liquid Chromatography (GLC) as per the method-
ology described by Ostrikov et al. (2020). Additionally,
plot-based data were recorded for days to 50% flower-
ing and days to maturity. Genetic variance components
were estimated following the procedures outlined by
Hayman (1954), while combining ability analysis was
performed using Griffing's (1956) Model |, Method II.
Statistical calculations were carried out using INDO-
STAT software and Microsoft Excel.

RESULTS AND DISCUSSION

The analysis of variance for combining ability (Table 2)
revealed significant genetic variation for most of the
traits studied, with both GCA and SCA highly significant
(P < 0.01). This indicates the involvement of both addi-
tive and non-additive genetic effects. Significant GCA
effects for traits like plant height and siliquae suggest
potential for improvement through selection, while sig-
nificant SCA effects for seed yield point to the benefits
of hybrid breeding. However, the number of primary
branches per plant and number of seeds per siliqua
displayed an exception in this pattern, as GCA did not
reach significance, reflecting the predominance of non-
additive gene action. The low error variances ensure
reliable estimates, highlighting the need for targeted
breeding strategies based on the genetic nature of
each trait. Similarly, previous studies by Singh et al.
(2019) and Rout et al. (2025) also observed significant

mean squares for GCA and SCA across various mor-
phological and seed yield traits in brown mustard.

The estimates of genetic variance components, includ-
ing general combining ability (GCA) and specific com-
bining ability (SCA) variances, as well as additive and
dominance variances, predictability ratio, and GCA/
SCA ratio, are presented in Table 1. Across all traits,
SCA variance consistently exceeded GCA variance,
while the predictability ratio and GCA/SCA ratio were
less than 1. These findings indicate a predominance of
non-additive gene action in the inheritance of the stud-
ied traits in Indian mustard, aligning with the observa-
tions of Patel et al. (2015) and Chand et al. (2022).

The general combining ability variance was notably
high for nearly all traits except primary branches and
1000-seed weight, suggesting that both additive and
non-additive genes significantly influence the inher-
itance of these traits (Table 3 and Figure 1). Specific
combining ability contributed more significantly to traits
such as maturity days, number of siliquae per plant,
1000-seed weight, oil yield, and seed yield, as evi-
denced by the higher mean sum of squares. Negative
gca effects are considered desirable for traits like days
to 50% flowering, days to maturity, erucic acid, and
glucosinolate levels. Conversely, for the remaining
traits, parents showing positive gca effects were re-
garded as good combiners (Patel et al., 2013; Barfa et
al., 2017).

The consistent performance of good combiners reflects

3
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Fig. 1. GCA estimates for different genotypes and traits, with significance levels (* at 5% and ** at 1% probability). Traits
include DFF - Days to 50% flowering, DTM - Days to maturity, LAl - Leaf area index, PH - Plant height, PB/P - Primary
branches per plant, SB/P - Secondary branches per plant, Sil/P - Siliqua per plant, Seeds per siliqua, LMR - Length of
main raceme, 1000-SW - Seed weight, HI - Harvest index, and SY/P - Seed yield per plant
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Table 2. Analysis of variance for sixteen characters for combining ability in 10 x 10 diallel model in Indian mustard

Characters GCA SCA Error
9 45 108
Days to 50% flowering 10.22 ** 4.26 ** 1.54
Days to maturity 25.96 ** 10.03 ** 1.44
Leaf Area Index 0.15** 0.12 ** 0.003
Plant Height 272.90 ** 127.10 ** 10.39
No. of Primary branches per plant 0.196 0.282 ** 0.1
No. of secondary branches per plant 7.25* 7.60 ** 0.84
No. of siliquae per plant 3029.18 ** 1610.64 ** 971
No. of seeds per siliqua 0.82 217 ** 0.422
Leaf of main raceme (cm) 32.67 ** 28.37 ** 8.51
1000-seed weight (m) 0.32 ** 0.46 ** 0.03
Harvest Index (%) 12.40 ** 5.69** 0.61
Oil Content (%) 9.88 ** 6.77 *** 0.97
Protein content (%) 6.68 ** 6.82 ** 0.54
Erucic Acid (%) 34.95 ** 19.73 ** 0.31
Total Glucosinolate (umol/g) 229.72** 318.09** 2.82
Seed Yield per Plant (g) 11.80 ** 11.62 ** 0.92

*, ** Significant at 5 % and 1% probability levels, respectively

stability across generations, possibly due to diversity in
parents with significant desirable and high gca effects
(Table 3). Parent NDR 501-26 showed desirable and
substantial gca effects for days to 50% flowering. Simi-
larly, other parents demonstrated commendable and
statistically significant gca effects for distinct traits: N
8508 for days to maturity, Aashirwad and Basanti for oil
content, Rohini for protein percent, Aashirwad and
KMR 17-5-23 for erucic acid content, NDR 501-26 for
total glucosinolate content, and Rohini and NDR 501-
26 emerged as good combiners for seed yield. Parents
with good gca can potentially transmit additive genes in
the desired way to their hybrids. Therefore, Rohini and
NDR 501-26 parents can be considered a good source
of favourable genes for increasing seed yield and other
yield attributes. Thus, using these parental lines in hy-
bridization programs would be worthwhile. Previous
studies by Nassimi et al. (2006), Aher et al. (2009),
Akabari et al. (2017), and Srivastava et al. (2022) ex-
posed comparable findings.

Assessments of SCA effects (Table 5) revealed signifi-
cant desirable SCA effects for crosses such as KMR 17
-5-22 x KMR 17-5-21, Basanti x KMR 17-5-23, and
NDR 501-26 x Rohini, which can be used to isolate
early maturing crosses in later generations. For erucic
acid, negative and desirable SCA effects were record-
ed for crosses such as N 8501 x PR 21, KMR 17-5-23
x KMR 17-5-22, and NDR 501-26 x PR 21. Substantial
and desirable SCA effects were recorded for NDR 501-
26 x Rohini, KMR 17-5-23 x PR 20, and Aashirwad x
KMR 17-5-22 for glucosinolate content. The top cross

combinations for oil content were Aashirwad x PR 21,
Aashirwad x KMR 17-5-23, and N 8501 x PR 20. Sig-
nificant and positive SCA effects were observed for
protein content in Aashirwad x PR 21, NDR 501-26 x
Basanti, and NDR 501-26 x KMR 17-5-21. The SCA
effect of the best crosses for the key traits is visually
represented in Fig. 2. The crosses exhibiting significant
SCA effects are anticipated to produce transgressive
segregants in subsequent segregating generations.
Therefore, these crosses hold the potential for enhanc-
ing yield and specific yield-contributing traits through
selective breeding. Significant positive SCA effects on
seed yield and its important yield component traits have
also been reported by Vaghela et al. (2014), Kumar et
al. (2015), Kaur et al. (2019), Tel et al. (2014).

The cross combinations KMR 17-5-23 x N 8501, Rohini
x KMR 17-5-21, and KMR 17-5-23 x PR 20 exhibited a
positive and significant SCA effect on seed yield. This
indicates that most characters closely associate their
performance and parental gca effects. However, cross-
es displaying significant and desirable SCA effects for
different traits involved parents with diverse combina-
tions of gca effects. These combinations consisted of
pairs of general combiner parents categorized as high x
high (H x H), high x average (H x A), high x low (H x
L), average x average (A x A), average % low (A x L),
and low x low (L x L) (Shrivastav et al. 2022). High gca
effects observed in cross combinations, whether involv-
ing both parents or just one, suggest the influence of
additive gene action in trait expression. These cross-
combinations are likely to produce transgressive segre-
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Table 5. Estimates of SCA effects of top three cross combinations for sixteen characters in Indian mustard

Top three cross- SCA ef- Top three cross- SCA
Characters L Characters A
combinations fects combinations effects
. KMR 17-5-21 x PR 20 .
Days to 50% KMR 17-5-21 x PR 20 38017 Length of Main Rohini x KMR 17-5-21 so1r
flowerin PR 21 xPR 20 -2.795 Raceme (LMR) KMR 17-5-22 x KMR 17-5 8.443
9 KMR 17-5-23 x PR 21 -2.323 ¢ 21 7.881*
Days to maturi- KMR 17-5-22 xKMR 17-5-21 -7.960 ** 1000-seed weiaht NDR 501-26 x PR 21 1.089 **
ty Basanti x KMR 17-5 -23 -6.348 ** Q) 9 Aashirwad x KMR 17-5-22  1.084 **
NDR 501-26 x Rohini -5.348 ** 9 KMR 17-5-23xPR 20 1.011*
Aashirwad x NDR 501-26 28.428 ** E?R 501-26 x KMR 17-5- 4 346+
Plant Height (c)  Aashirwad x KMR 17-5-21 15.595 **  Harvest Index (%) . 4.309 **
NDR 501-26 x Basanti 14.470 ** Aashirwad x PR 20 3.657 **
Aashirwad x Rohini
KMR 17-5-22 x KMR 17-5-21 0.966 ** Aashirwad x PR 21 5.208 **
Leaf Area Index NDR 501-26 x PR 21 0.638 ** Oil Content (%) Aashirwad x KMR 17-5-23  4.630 **
Rohini x PR 21 0.636 ** N 8501 x PR 20 4.369 **
No. of Primary ~ NDR 501-26 x PR 21 1.453 ** Aashirwad x PR21 3.926 **
L . . NDR 501-26 x Basanti x
branches per Rohini x PR 21 1.041 Protein content % NDR 501-26 x KMR 17-5- 3.870
plant Aashirwad x KMR 17-5 -23 0.883 * 21 -3.371*
No. of second- KMR 17-5-23 x PR 20 5.651 ** Erucic acid con- EI\?I20117>-<5|-22R32X1KMR 17-5 -6.426 **
ary branches Aashirwad x KMR 17-5-22 5.217 ** tent (%) 29 -6.295 **
per plant Aashirwad x Basanti 5.077 NDR 501-26 x PR 21 -6.523
- Aashirwad x KMR 17-5-22 76.316 **  Total Glucosin- NDR 501-26 x Rohini -29.966 **
Number of sili- . . KMR 17-5-23 x PR 20 .
uae per plant Aashirwad x KMR 17-5 -23 76.260 olate content Aashirwad x KMR 17-5-22 -25.12
quae perp KMR 17-5-23 x PR 20 67.538 **  (umolig) 24572 **
. - 8.169 **
Number of Rohini x KMR 17-5-21 3.144 Seed Yield per KMR 17-5-23 x N 8501 7 495 **
seeds per sili- Rohini x Basanti 2.830 * Plant (g) P Rohini x KMR 17-5-21 5'937 *x
qua NDR 501-26 x Basanti 2.083 * 9 KMR 17-5-23 x PR 20 )

*, ** Significant at 5 % and 1% probability levels, respectively
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gants in subsequent generations. Conversely, L x L
cross combinations demonstrate non-additive gene
action, which can not be fixed in a natural population
and can only be manipulated through heterosis breed-
ing to enhance specific traits (Singh et al. 2009;
Vaghela et al. 2011; Parmar et al. 2011; Chaurasia et
al. 2014).

Conclusion

The findings of the present experiment underscore the
importance of considering both gca and sca effects
when selecting parents for hybrid breeding. Parents
with good general combining ability (gca) can be uti-
lized to develop superior varieties through selection in
segregating populations. The cross combinations KMR
17-5-23 x N 8501 and Rohini x KMR 17-5-21 were
identified as the best for seed yield. For quality traits,
the cross N 8501 x PR 21 was most effective for reduc-
ing erucic acid, and NDR 501-26 x Rohini was most
effective for reducing glucosinolate content. Additional-
ly, hybrids exhibiting significant sca for a broad range of
desirable traits should be further tested to improve
seed yield and quality traits for commercial utilization
through heterosis.
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