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262 M6 mutants of soybean genotype BSS-2 and 254 M6 mutants of soybean genotype RKS-18 were used
in the study conducted in 2019-20. Both genotypes underwent irradiation using five gamma-ray doses
[50Gy, 100Gy, 150Gy, 200Gy and 400Gy] in Kharif 2014 under the BRNS-BARC project at the Department of
Genetics and Plant Breeding, B.A.U., Ranchi. This resulted in 265 M6 mutant plants of BSS-2 and 254 M6
mutant plants of RKS-18 in 2018. Genetic parameters were evaluated. Non-replicated plant-to-progeny rows
were grown for all mutants, and observations for quantitative traits were recorded on ten random plants of
each mutant progeny of both genotypes. Both BSS-2 and RKS-18 demonstrated unique responses to
different gamma-ray doses. RKS-18 displayed notable differences, particularly in the number of pods per
plant, 100 seed weight and yield per plant. It indicated low genetic and phenotypic coefficients of variation,
suggesting minimal environmental influence on trait expression.
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ABSTRACT

Introduction
Most of the world’s vegetarians depend on pulses,

known as the “poor man’s meat,” for protein. Pulses are
highly nutritious and essential for sustainable agriculture
due to their nitrogen-fixing abilities. India is a significant
pulse producer, accounting for 20% of global production
and 37% of consumption, with 28.3 million hectares
dedicated to pulse farming in 2020–21. This crop offers
triple benefits, comprising approximately 40% proteins
with elevated levels of essential amino acids, excluding
methionine and cystine, 20% oil abundant in
polyunsaturated fatty acids, particularly omega-6 and
omega-3 fatty acids, 6 to 7% total minerals, 5 to 6%
crude fiber and 17 to 19% carbohydrates (Chauhan et
al., 1988). Soybeans constitute 61% of global oilseed
production and stand as a prominent commercial crop on
an international scale (SoyStats, 2016). It is the world’s
largest oilseed crop, covering 127.19 million hectares
globally, with India contributing 10.96 million hectares.
(Source: DES, Government of India, Ministry of

Agriculture & Farmers Welfare, 2021-22). Soybeans fulfill
the nutritional requirements of both humans and other
animals (Malek et al., 2014; Ghosh et al., 2014). Soybean
isoflavones have been discovered to offer health
advantages, demonstrating properties such as cancer
prevention, alleviation of menopausal symptoms and
assistance in diabetes recovery (Chauhan et al., 2002).

Soybean cultivation in India thrives in temperatures
between 26.5°C and 30°C, requiring annual rainfall of
750-1000 mm and well-drained, loamy soil with a pH
range of 6.5 to 7.5. In addition to its capacity for nitrogen
fixation, this crop demonstrates versatility in adapting to
various environments, mitigating soil erosion, suppressing
weed growth and accommodating both intercropping and
sequential cropping systems. Understanding genetic
variability and heritability is crucial for successful crop
improvement, aiding breeders in selecting superior parents
to enhance crop yields (Khan et al., 2013). Soybeans
face challenges such as poor seed viability, absence of
early maturation and high-yielding cultivars with stress
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resistance (Bhatnagar and Karmakar, 2012). The legume
breeder aims to develop genotypes that optimize yield
and quality. Today’s soybean varieties originate from a
narrow genetic base. The genetic variability present in
any crop is critical to creating an effective breeding
program. In soybeans, the creation of variation through
hybridization is a tedious process due to the small, fragile
flowers that make it difficult to carry out the process of
emasculation even under favorable conditions. Mutation
breeding, therefore, plays a vital role in improving soybean
plants. The genetic variability generated by induced
mutation can undoubtedly contribute to gaining the alleles
for higher productivity and better plant types. To
effectively choose superior genotypes for hybridization
programs aimed at developing enhanced varieties, it’s
essential to thoroughly investigate genetic variability
resulting from both genetic and non-genetic factors,
alongside other pertinent genetic parameters (Baisakh et
al. ,  2016). Evaluating the genetic makeup is a
fundamental step in crop improvement, as it reveals the
potential for enhancement. Variability in source
populations, genetic progress and heritability are critical
for successful breeding. Genetic parameters such as the
genotypic coefficient of variation (GCV), phenotypic
coefficient of variation (PCV), heritability and genetic
advance (GA) serve as valuable biometric instruments
for assessing genetic variability (Aditya et al., 2011).
Therefore, before initiating any improvement program, it
is crucial to characterize the genetic background of
soybeans and assess breeding values (Agong et al.,
2001). Keeping these in view, the study aimed to identify
traits for genetic improvement by manipulating genotypes,
considering both heritability and genetic advancement in
RKS-18 and BSS-2 mutants. RKS-18 or Pratap Soya-2
mutant’s parentage is MACS450 X Monetta. The growth
type of RKS-18 is determinate; maturity is medium,
flower color is purple, the pod is glabrous, seeds are yellow
with black hilum, and it is tolerant to Bacterial Pustules,
Girdle Beetle and Leaf Miner. BSS-2 or Birsa Safed
Soybean-2 mutant’s parentage is JS 335 X MACS 58,
the growth type of BSS-2 is semi-determinate, maturity
is medium, flower color is white, the pod is pubescent,
the seed is whitish-yellow with light brown hilum, it is
tolerant to bacterial pustules, Frogeye leaf spot,
moderately resistant to Cercospora leaf spot and immune
to Target leaf spot disease. It is also tolerant to Blue
beetle and Defoliator.

Materials and Methods
The experiment was conducted at the Birsa

Agricultural University Research Farm, Ranchi. Row to
Row spacing of 0.45 m was taken and the Row length

taken was 2.5 m. Materials comprised of seeds from
262 M6 mutants of soybean genotype BSS-2 and 254
M6 mutants of soybean genotype RKS-18 whose seeds
were irradiated with five different doses [50 Gy, 100Gy,
150Gy, 200Gy, 400Gy] of Gamma rays in the year 2014
using the Cobalt 60 sources in Gamma Chamber at
Bhabha Atomic and Research Centre, Mumbai as part
of the BRNS-BARC Project on Soybean in the
Department of Genetics and Plant Breeding at BAU,
Ranchi. Non-replicated plant-to-progeny rows of all the
M6 mutants of BSS-2 and RKS-18 were grown along
with their parent genotypes as checks. Observation for
quantitative characters was recorded in ten random plants
of each mutant progeny of both the genotypes BSS-2
and RKS-18. The analysis of variance was done by the
procedures described by Panse and Sukhatme (1967).
The methods adopted for calculating GCV and PCV
parameters used were described by Burton and de Vane
(1953). Heritability (broad sense), genetic advance and
genetic advance as a percent of the mean were calculated
as per the method suggested by Lush (1949), followed
by Johnson et al. (1955).

Results and Discussion
The phenotypic coefficient of variation, genotypic

coefficient of variation and heritability percentage were
estimated along with genetic advance and genetic advance
as percent of the mean within treatments of both the
genotypes BSS-2 and RKS-18 in the different plant
populations of M6 generation.
Mutant Population of BSS-2 and RKS-18 of 50 Gy
dose

Table 1 highlights significant variability in BSS-2’s
yield per plant, with maximum GCV and PCV. In contrast,
RKS-18 showed highest GCV in pod length (63.93)
followed by plant height (21.66), no of pods per plant
(20.37). BSS-2 exhibited lowest GCV value for pod length
(0.92) followed by days to maturity (1.24) and days to
first flowering (4.27). BSS-2 exhibited lowest PCV valuein
days to maturity (1.47) followed by pod length (4.06) and
days to first flowering (4.44), while RKS-18 had lowest
PCV values for days to maturity (2.39) followed by days
to first flowering (3.57) and pod length (5.79). BSS-2
had the highest broad-sense heritability for plant height
(97.20) and days to first flowering (92.60) and moderate
heritability for 100-seed weight (73.63). RKS-18 showed
high heritability for pods per plant (77.63) and moderate
for pod length (27.84). BSS-2 has lowest heritability for
pod length (5.09) and In RKS-18 lowest heritability was
observed for days to maturity (0.94). BSS-2 had the
highest genetic advance for plant height (2122.63), while
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RKS-18 had the highest for pods per plant (1431.16).
Conversely, the lowest genetic advance was in pod length
(1.35) for BSS-2 and days to maturity for (4.29) RKS-
18.
Mutant population of BSS-2 and RKS-18 of 100 Gy
dose

Table 2 highlights significant variability in BSS-2’s
the number of pods per plant with the highest GCV (17.72),
while RKS-18 excels in pod length (63.50) with maximum
GCV. Both varieties exhibit low GCV, for BSS-2 days to
maturity (0.82) and for RKS-18 (0.51), indicating uniform
maturation responses. BSS-2 shows the highest PCV
for yield per plant (24.92), emphasizing variability in yield-
related traits, RKS-18 has maximum PCV for plant height
(34.08), reflecting diversity in plant height. BSS-2 has
the highest broad-sense heritability for plant height (96.60),
while RKS-18 has the highest for 100-seed weight
(97.80), indicating strong genetic influence on these traits.
The highest genetic advance as a percent of the mean is
recorded for plant height in both varieties for BSS-2 (34.21)
and in RKS-18 (67.28), suggesting potential for genetic
improvement, while the lowest values are in days to
maturity, indicating limited scope for genetic enhancement
in maturation.
Mutant Population of BSS-2 and RKS-18 of 150 Gy
dose

Table 3 highlights significant variability in RKS-18’
the pod length with the highest GCV (63.68), while BSS-
2 excels in no of pods/plants (42.63) with maximum GCV.
Both varieties exhibit low GCV, for BSS-2 days to
maturity (0.86) and for RKS-18 (0.23), indicating uniform
maturation responses. BSS-2 shows the highest PCV
for no of pods/plant (44.47), emphasizing variability in
yield-related traits, RKS-18 has maximum PCV for plant
height (22.91), reflecting variation in plant height. BSS-2
has the highest broad-sense heritability for days to first
flowering (93.62), while RKS-18 has the highest for no
of pods/plant (94.18), indicating strong genetic influence
on these traits. The highest genetic advance as a percent
of the mean is recorded for no of pods/plant in both
varieties for BSS-2 (84.19) and in RKS-18 (43.42),
suggesting potential for genetic improvement, while the
lowest values are in days to maturity, indicating limited
scope for genetic enhancement in maturation. Highest
variation in BSS2 and RKS-18 ranged observed in days
to maturity (104-112), RKS-18 (85-96). In BSS-2, Plant
height (cm) shows huge variation ranged from (25-89)
and in RKS-18, days to flowering show huge variation
ranged from (40-44).
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Mutant Population of BSS-2 and RKS-18 of 200 Gy
dose

Table 4 highlights significant variability in both the
genotypes for BSS-2 highest GCV was observed in no
of pods/plants (16.77), similar results was observed in
RKS-18 with high GCV value (19.03). Both varieties
exhibit low GCV, for BSS-2 days to maturity (0.09)
followed by pod length (4.90) and days to 50% flowering
(5.93) and for RKS-18 (1.01), indicating uniform
maturation responses. BSS-2 shows the highest PCV
for yield/plant (23.96) followed by no of pods/plant (22.11),
emphasizing variability in yield-related traits, RKS-18 has
maximum PCV for yield/plant (33.52), followed by no of
pods/plants (31.96) reflecting variation in yield related
traits. BSS-2 has the highest broad-sense heritability for
days to first flowering (96.17) followed by plant height
(92.12) and 100 seed (71.24), while RKS-18 has the
highest for no of pods/plant (97.04) followed by pod length
(94.21), indicating strong genetic influence on these traits.
The highest genetic advance as a percent of the mean is
recorded for no of pods/plant in both varieties for BSS-2
(26.18) and in RKS-18 (63.89), suggesting potential for
genetic improvement, while the lowest values are in days
to maturity, indicating limited scope for genetic
enhancement in maturation. Highest variation in BSS2
and RKS-18 ranged observed in BSS-2 days to maturity
(102-107), RKS-18 (84-96). In BSS-2, Plant height (cm)
shows huge variation ranged from (40-73) and in RKS-
18, days to flowering show huge variation ranged from
(40-45).
Mutant Population of BSS-2 and RKS-18 of 400 Gy
dose

Table 5 highlights significant variability in both the
genotypes for BSS-2 highest GCV was observed in yield/
plant (g) (13.25). In RKS-18 high GCV value was
observed in pod length (63.90). Both varieties exhibit low
GCV value, in BSS-2 days to maturity (0.16) followed
by pod length (4.59) and days to 50% flowering (5.93).
BSS-2 shows the highest PCV for yield/plant (21.99)
followed by no of pods/plant (19.40), emphasizing
variability in yield-related traits, RKS-18 has maximum
PCV for no of pods per plant (27.56), followed by yield/
plant (g) (24.79) reflecting variation in yield related traits.
BSS-2 has the highest broad-sense heritability for days
to first flowering (96.17) followed by plant height (92.12)
and 100 seed (71.24), while RKS-18 has the highest for
no of pods/plant (97.04) followed by pod length (94.21),
indicating strong genetic influence on these traits. The
highest genetic advance as a percent of the mean is
recorded for no of pods/plant in both varieties for BSS-2
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(26.18) and in RKS-18 (63.89), suggesting potential for
genetic improvement, while the lowest values are in days
to maturity, indicating limited scope for genetic
enhancement in maturation. Highest variation in BSS2
and RKS-18 ranged observed in BSS-2 days to maturity
(102-107), RKS-18 (84-96). In BSS-2, Plant height (cm)
shows huge variation ranged from (40-73) and in RKS-
18, days to flowering show huge variation ranged from
(40-45).

Similar findings were observed by Osekita et al.
(2014), Kumar (2003), Baraskar et al.  (2014),
Mulagounda et al. (2013) in soybean.

Genotype BSS-2 exhibits minimal difference between
GCV and PCV, indicating a predominant influence of
genetic factors on observed trait variation. Intermediate
heritability suggests a substantial genetic component,
allowing for potential genetic improvement through
breeding programs, particularly for traits like days to first
flowering, plant height, and days to maturity. The high
genetic advance in various plant populations further
underscores the significant potential for improvement in
these traits through selective breeding.

In contrast, genotype RKS-18 shows a moderate
difference between GCV and PCV, emphasizing a
substantial genetic contribution to the variation in the
number of pods per plant. High heritability indicates a
strong genetic influence, making this trait amenable to
genetic improvement through selective breeding. The
observed high genetic advance suggests a significant
potential for enhancing the number of pods per plant
through selective breeding in the RKS-18 genotype.
Moreover, the stability of the character “number of pods
per plant” across different gamma-ray doses highlights
the robust genetic influence on this trait, with less
pronounced effects from environmental conditions or
gamma-ray doses.

Conclusion
BSS-2, exposed to varied gamma-ray doses, displays

low environmental impact, moderate heritability and
significant genetic improvement potential. This is valuable
for enhancing traits in BSS-2 through breeding programs.
In the M6 generation, RKS-18 shows strong genetic
influence on pods per plant, high heritability, and substantial
improvement potential, making it a promising candidate
for soybean breeding. Traits with high phenotypic variation
coefficients are more influenced by environmental
factors, cautioning against potential pitfalls in selection
programs. This research can develop soybean varieties
suited to Jharkhand’s conditions, enhancing food security
and contributing to economic growth through job creationTa
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and income generation in the soybean sector.
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