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ABSTRACT
The four genetically diverse parental lines were crossed with well-adapted released varieties to
generate promising hybrids. The results demonstrated significant variability in heterobeltiosis
and inbreeding depression across different crosses and two environments (E1 and E2). In PR 36
x Rohini, seed yield per plant exhibited negative heterobeltiosis (-12.37% in E1 and -16.55% in
E2), suggesting hybrid weakness. However, traits like siliquae per plant (19.51%) and number
of seeds per siliqua (4.65%) showed positive heterobeltiosis, indicating genetic potential for
selection. Inbreeding depression was notably high for plant height (4.10%) and seed yield (-
19.77%) in E2, suggesting genetic instability. In PRE 11 x CS 60, moderate to high
heterobeltiosis was observed for the number of secondary branches per plant (10.52%) and
siliquae per plant (29.37%) in E2. However, seed yield per plant (-16.29%) exhibited negative
heterobeltiosis, and inbreeding depression was significantly high (-28.61%) in E1, indicating a
strong impact of selfing on yield- related traits. PRE 15 x CS 58 exhibited high heterobeltiosis
in siliqua length (36.36%) and seeds per siliqua (9.30%), indicating a high genetic potential for
selection. However, seed yield per plant showed negative heterobeltiosis (-8.87% in E1, -1.07%
in E2), and inbreeding depression was notable for seed yield (12.94%) and plant height (-
5.72%), emphasizing the need for hybrid stabilization. PRL 26 X Giriraj showed negative
heterobeltiosis in days to flowering and plant height, but positive heterosis for siliquae per plant
(3.59%) and seed yield per plant (6.18%) in E2. The highest inbreeding depression was
observed for seed yield (-35.18%) in E1, indicating genetic susceptibility to selfing.
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Indian mustard (Brassica juncea L.) is one
of the most important oilseed crops, significantly
contributing to edible oil production in India.
Hybridization in mustard plays a key role in genetic
improvement through heterosis breeding. The
present study aimed to analyze heterobeltiosis (H)
and inbreeding depression (ID) in mustard hybrids
for seed yield and agronomic traits across different
environments. The present investigation has been
undertaken to study the heterosis in F; over better
parent (heterobeltiosis) and inbreeding depression
over F, segregating generation for yield and
agronomic traits in Indian Mustard (Brassica
juncea L. Czern & Coss) across two environments.
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Heterosis, or hybrid vigor, is a fundamental
genetic phenomenon where the F; hybrid exhibits
superiority over its parents for traits such as
biomass, growth rate, and yield. This is a critical
tool in plant breeding for breaking yield plateaus
and enhancing crop productivity. In the context of
Indian mustard, the exploitation of heterosis has
been identified as a promising strategy to achieve
substantial yield gains to meet the growing domestic
demand for edible oils (Gupta et al., 2010).
Heterobeltiosis, a specific measure of heterosis
where the hybrid is compared to the better parent, is
particularly valuable for breeders as it indicates the
potential of a cross to produce offspring that
outperform even the best existing varieties.
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Successful development of hybrids in
mustard relies on identifying genetically diverse
parental lines that combine well to express
significant and consistent heterosis for key
agronomic traits (Singh et al., 2022). Conversely,
inbreeding depression is the counterpart to heterosis,
representing the reduction in fitness and
performance observed when genetically related
individuals are crossed, such as in selfing to produce
an F, generation. This decline in vigor is attributed
to the increased homozygosity, which exposes
deleterious recessive alleles that were masked by
heterozygosity in the F; hybrid (Akbari ef al., 2017).
A high magnitude of inbreeding depression for yield
and its components poses a significant challenge for
breeding programs, as it indicates genetic instability
and limits the commercial viability of hybrids if
farmers cannot reliably save seeds. Therefore,
understanding the simultaneous expression of
heterobeltiosis in F; and inbreeding depression in F;
is crucial for assessing the genetic architecture of
quantitative traits and for formulating effective
breeding strategies to develop stable, high-yielding
mustard cultivars (Singh and Gupta, 2020).

Materials and Methods

The present study aimed to evaluate
heterobeltiosis and inbreeding depression for seed
yield and its contributing traits in four crosses of
Indian mustard. The experiment was conducted at
the Agricultural Research Farm of Janta
Mahavidyalaya, Ajitmal, Auraiya (U.P.). The four
crosses were made during the Rabi 2022-23 seasons.
The resulting F; progenies were sown and selfed to
produce F, seeds, while the parental lines were
maintained by selfing. A complete set of material
consisting of 16 families (8 parents, 4 Fs and 4 F,s)
were evaluated in a completely Compact Family
Block Design with three replications during the Rabi
2023-24 seasons at two different locations. In the
experiment, the parental lines and F; hybrids were
planted in three rows, while the F, populations were
planted in twenty rows. Each row was 3 meters
long, with a 30 cm gap between rows and 10 cm
spacing between individual plants. Standard cultural
practices were followed to ensure optimal crop
growth. At harvest, ten competitive plants were
randomly selected from each plot of the parents and
Fis, and twenty plants were selected from each F,
plot for data collection on various agronomic traits.
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However, the number of days to 50%
flowering was recorded for the entire plot. In each
replication, observations were made on five
randomly chosen plants from each parent and F,
population and on twenty plants from each F,
population. The traits recorded included the number
of days to initial flowering, days to 50% flowering,
days to maturity, plant height (cm), the number of
primary and secondary branches per plant, the
number of siliquae on the main shoot, total siliquae
per plant, siliqua length (cm), the length of the main
shoot (cm), the number of seeds per siliqua and seed
yield per plant (g). Before flowering, the selected
plants were tagged and labelled to ensure accurate
tracking of observations. Mean values for each trait
were calculated from the individual data recorded in
each replication for every cross across the two
locations. The calculation of heterosis over the better
parent, referred to as heterobeltiosis and inbreeding
depression were calculated for yield and other
agronomic traits as determined by the procedure of
(Hayes et al., 1955).

Results and Discussion

The results demonstrated significant
variability in heterobeltiosis and inbreeding
depression across environments and crosses. In PR
36 x Rohini, seed yield per plant exhibited negative
heterobeltiosis (-12.37% in E1 and -16.55% in E2),
suggesting hybrid weakness. However, traits like
siliquae per plant (19.51%) and number of seeds per
siliqua (4.65%) showed positive heterobeltiosis,
indicating genetic potential for selection. Inbreeding
depression was notably high for plant height
(4.10%) and seed yield (-19.77%) in E2, suggesting
genetic instability. In PRE 11 x CS 60, moderate to
high heterobeltiosis was observed for the number of
secondary branches per plant (10.52%) and siliquae
per plant (29.37%) in E2. However, seed yield per
plant (-16.29%) exhibited negative heterobeltiosis,
and inbreeding depression was significantly high (-
28.61%) in E1, indicating a strong impact of selfing
on yield-related traits. PRE 15 x CS 58 exhibited
high heterobeltiosis in siliqua length (36.36%) and
seeds per siliqua (9.30%), indicating a high
genetic potential for selection. However, seed yield
per plant showed negative heterobeltiosis (-8.87% in
El, -1.07% in E2), and inbreeding depression was
notable for seed yield (12.94%) and plant height (-
5.72%), emphasizing the need for hybrid stabilization.
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Table 1. Heterobeltiosis (%) and Inbreeding Depression (%) for yield and its components in four crosses of Indian Mustard across two

environments
Crosses Environments Heterosis No. of No.of No.of Plant No.of No. of No.of No.of Siliqua Length No.of Seed
(H) Days Days Days Height Primary Secondary Siliquae Siliquae Length  of the Seeds  Yield
and to to to (cm) Branches Branches on the per (cm) Main per per
Inbreeding Initial 50%  Maturity per per Main Plant Shoot  Siliqua Plant
Depression Flowering Flowering Plant Plant Shoot (cm) (€3]
(ID)
CrossI El H 0.48 6.22* 0.13 1.33 0.00 244 3.14 8.91 -7.69  -0.84 4.65 -12.37
ID 1.92 0.78 -2.03  1.50 11.11 14.29 2.61 -10.91  0.00 -7.87 4.44 -2.88
E2 H 4.93 -11.24** -381** -8.08 -18.18 -5.00 7.63 19.51 -1539 641 -16.66*%* -16.55
ID 4.03 -2.24 0.00 410 -44.44 0.00 9.44 -7.35 -18.18 18.68 -2.50  -19.78
Cross IT E1 H 5.15 -3.33 0.24 0.57 0.00 10.53 -496  -13.77  9.09 5.82 6.25 7.71
ID 5.59 -3.45 -1.69 131 -10.00 4.76 0.00 -1.85 8.33 3.50 -8.82 -28.62
E2 H 0.00 1.11 1.01  -5.61 18.18 -5.00 11.57 29.38  9.09 0.00 9.09 -16.30
ID -2.01 -3.83 -5.26 099 7.69 10.53 222 -9.22 0.00 -4.52 2.08 17.96
Cross IIIE1 H 292 2.67 0.00 -225 -10.00 15.00 0.00 -1546 -7.69 -2.38 9.30 -8.88
ID 7.09 -3.25 -149  -0.18 -33.33 8.70 -6.16 -18.86 -8.33 0.98 10.64 12.95
E2 H 0.66 5.11 -1.75  -0.73  -833 -4.35 0.00 -0.09 36.37** 4.71 5.13 -1.07
ID 8.55 0.00 -433  -572 -18.18 -13.64 0.59 -1.68  26.67  6.00 -9.76  -1.84
Cross El H -5.46 1.46 3.98 321 10.00 18.18 3.23 -0.86 0.00 2.55 204 -2493
v ID -3.85 1.44 -191 0.78  -18.18 23.08 1.56 -147 3846  0.62 10.00 -35.19
E2 H -5.63 0.57 -047 331 -15.39 9.09 3.60 -18.02 -8.33 1.16 -12.20  6.19
ID 2.99 0.00 -141  -2.60 -18.18 -4.17 -3.47 -8.79 9.09 -7.43 -11.11  5.14
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PRL 26 x Giriraj showed negative
heterobeltiosis in days to flowering and plant height,
but positive heterosis for siliquae per plant (3.59%)
and seed yield per plant (6.18%) in E2. The highest
inbreeding depression was observed for seed yield (-
35.18%) in E1, indicating genetic susceptibility to
selfing. Overall, the study highlights significant
genetic variation in heterobeltiosis and inbreeding
depression, suggesting that selection for yield
improvement should be environment-specific. These
findings provide valuable insights for mustard
breeding programs, enabling the development of
high-yielding, stable genotypes through targeted
hybridization and selection strategies.

The results align with previous studies on
heterobeltiosis and inbreeding depression in Indian
mustard. According to (Barupal ef al., 2017; Singh et
al., 2020; Sharma et al., 2021) significant heterosis
effects were observed in mustard hybrids,
particularly for yield-contributing traits such as
siliqua number and plant height. Similarly (Akbari
et al., 2017; Abhinaya et al., 2021; Singh and
Gupta, 2020) reported that inbreeding depression
was highest for seed yield, suggesting genetic
instability upon selfing. These findings support our
results where high inbreeding depression was noted
in seed yield, particularly in PRL 26 x Giriraj (-
35.18% in EIl). Furthermore, earlier research by
(Meena et al., 2019; Singh et al., 2020; Parmar et
al., 2024) indicated that heterosis 1is more
pronounced in  hybrids under favourable
environmental conditions, which corroborates our
observation that siliqua length and secondary
branches showed enhanced heterobeltiosis in E2.

The results align with previous studies on
heterobeltiosis and inbreeding depression in Indian
mustard. According to (Sharma et al., 2021)
significant heterosis effects were observed in
mustard hybrids, particularly for yield-contributing
traits such as siliqua number and plant height.
Similarly (Singh and Gupta, 2020) reported that
inbreeding depression was highest for seed yield,
suggesting genetic instability upon selfing. These
findings support our results where high inbreeding
depression was noted in seed yield, particularly in
PRL 26 x Giriraj (-35.18% in EIl). Furthermore,
earlier studies by (Hirve and Tiwari, 1991; Thakur
and Bhateria, 1993; Gupta ef al., 2010; Meena ef al.,
2019; Patel et al., 2021; Shekhawat et al., 2021)
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indicated that heterosis is more pronounced in
hybrids under favourable environmental conditions,
which corroborates our observation that siliqua
length and secondary branches showed enhanced
heterobeltiosis in E2.

Conclusion

Significant genetic variation was observed in
heterobeltiosis and inbreeding depression for
different traits across environments. Selection of
hybrids for yield improvement should be
environment-specific. The study provides valuable

insights for breeding programs, enabling the
development of high-yielding, stable mustard
hybrids.
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