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ABSTRACT

This study evaluates the genetic variability, heritability, and correlation among 41 diverse papaya genotypes across 15

traits to identify potential avenues for crop enhancement. Significant variation was observed in traits such as plant height

Received on: (ranging from 90.97 cm to 177.33 cm), flowering initiation (196.67 to 228 days), and flowering duration (210.27 to

24-08-2025 235.33 days). High heritability values were noted for plant height at flowering (98.39%), fruit yield per plant (98.22%),

and fruit length (95.26%), indicating these traits are predominantly influenced by genetic factors and are suitable targets

/Accepted on: for breeding programs. Genetic advance calculations showed substantial potential for improvement in traits like plant

18-09-2025 height at flowering (70.68%) and fruit yield per plant (62.69%). Correlation analyses revealed significant positive

associations between fruit yield per plant and traits such as fruits per plant (0.8406) and plant height (0.612). These
Published on:

findings underscore the potential for effective selection and hybrid breeding programs to enhance papaya yield and

quality. Negative significant effects were observed in certain crosses, suggesting the complexity of heterosis effects and
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the importance of selecting compatible parental lines. Overall, this research highlights the rich genetic variability in
papaya and provides valuable insights for breeding programs aimed at improving crop yield and quality.
INTRODUCTION outlined by Bhatt in 1973. Utilizing heritability alongside genetic

advance assists in making informed decisions for effective

Papaya, scientifically classified under the Caricaceae family and
commonly referred to as ‘papaya,’ originally hails from tropical
America. It holds significance in tropical and subtropical regions
due to its economically valuable edible fruits and latex (Niklas &
Marler, 2007) and (Carvalho & Renner, 2012). Papaya exhibits a
broad spectrum of natural genetic diversity, offering opportunities
for crop enhancement. Variations in flowering and fruiting
behaviors are observed, and insights into genetic variability,
heritability, and genetic advance serve as the foundation for
selecting desirable fruit traits and identifying suitable parental
plants. Understanding genetic variability alongside heritability
provides a reliable estimation of the genetic progress required for
selection, as elucidated (Burton & Devane, 1953) (Jambhale, 2014).
Determining the traits influencing yield involves examining genetic
variability, heritability, and correlation coefficients. Correlation
analysis reveals the genetic relationships among various traits, as

selection based on phenotypic performance, as highlighted by
Johenson et al. in 1955. Understanding the correlation between
yield and its contributing characteristics is crucial for hybridization
programs. Considering the significance of papaya and these
factors, the current study has commenced.

However, more research is needed on this topic; at the same time,
it is important to value the genetic variability present in papaya
plants. This information can help guide the selection of suitable
parents for future breeding programs, greatly impacting the
quality and yield of the crop.

Material and Methods

The present study was conducted at the Horticulture Research
Centre of Sardar Vallabhbhai Patel University of Agriculture &
Technology, Meerut, during season 2019 & 2021. The research
study utilized a total of 11 inbred lines of the 2nd generation,

nameli Pusa Dwarf, Pusa Nanha, Pant Papaya 1, PS 1, and Pusa
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Giant, which were taken as female parents. Additionally, each of
these lines was crossed with six male parents, including Surya, Pusa
Delicious, Pusa Majesty, Red Lady, Washington, and Ultra Dwarf 1.
These selections of inbred lines and male parents aimed to
represent a diverse range of genotypes for assessing combining
ability in papaya.

The seeds of these selected parent genotypes were obtained from
various reputed sources representing different geographical
regions. Pant Papaya 1 was sourced from Govind Ballabh Pant
University of Agriculture and Technology, Pantnagar; Pusa
Delicious, Pusa Majesty, Pusa Giant, Pusa Dwarf, and Pusa Nanha
were obtained from IARI, Regional Station Pusa, Samastipur, Bihar;
Surya was acquired from IIHR, Bangalore; PS 1 was sourced from
SVPUA&T, Meerut. Additionally, other varieties/lines such as Red
Lady and Ultra Dwarf 1 were included in the study. With utilizing
selected genotype the following Cross combination have been
made like Pusa Dwarf x Pusa Majesty, Pusa Dwarf x Surya, Pusa
dwarf x Red Lady, Pusa Dwarf x Washington, Pusa dwarf x Pusa
Delicious, Pusa dwarf x Ultra Dwarf 1, Pusa Nanha x Pusa Majesty,
Pusa Nanha x Surya, Puisa Nanha x Red Lady, Pusa Nanha x
Washington, Pusa Nanha x Pusa Delicious, Pusa Nanha x Ultra Dwarf
1, PS 1 x Pusa Majesty, PS 1 x Surya, PS 1 x Red Lady, PS 1 x
Washington, PS-1 x Pusa Delicious, PS-1 x Ultra Dwarf 1, Pant
Papaya | x Pusa Majesty, Pant Papaya-1 x Surya, Pant Papaya 1 x
Red Lady, Pant papaya 1 x Washington, Pant papaya 1 x Pusa
Delicious, Pant papaya 1 x Pusa dwarf 1, Pusa Giant x Pusa Majesty,
Pusa Giant x Surya, Pusa Giant x Red Lady, Pusa Giant x
Washington, Pusa Giant x Pusa Delicious and Pusa Giant x Pusa
dwarf 1.

Standard horticultural practices were employed throughout the
study to ensure optimal growth and development of the papaya
plants. The crops were grown for consecutive years, and
observations were recorded for various parameters, including
Stem Diameter, Number of Leaves at Flowering, Number of Fruit
Per Plant, Fruit Diameter, Weight of Fruit, Pulp Thickness, Fruit
Length, Days to Flowering, Breadth of Central Cavity, Plant Height
at Flowering, Plant Height at Harvesting, Fruit Yield Per Plant, and
Total Soluble Solids (TSS).

Mean values of the recorded parameters were subjected to one-
way analysis of variance (ANOVA) to determine the significance of
differences among genotypes. Phenotypic and genotypic variations
were computed following the methodology proposed by Burton
(1953). Heritability estimates were calculated for each trait and
categorized as high (above 90 percent), moderate (60 to 90
percent), or low (below 60 percent). Heritability in the broad sense
was determined using the approach outlined by Lush (1949).
Expected genetic advance for different characters under selection
was estimated based on the methods described by Lush (1949) and
Johnson et al. (1955). These statistical analyses provided insights
into the genetic variability and heritability of the traits evaluated
in the study.

Results and Discussion

The study evaluated 41 diverse genotypes across 15
characteristics, presenting the range of mean performance in
Table 2.0. Notably, substantial variation existed across the traits
examined. Plant height ranged from 90.97 cm to 177.33 cm, with
Pusa Nanha x Ultra Dwarf-1 exhibiting the smallest and Red Lady
the largest. Flowering initiation spanned from 196.67 to 228 days,
with Pusa Nanha x Ultra Dwarf-1 initiating earliest and Red Lady
taking the longest. Flowering duration ranged from 210.27 to
235.33 days, with Pusa Nanha x Ultra Dwarf-1 displaying the
shortest and Pant Papaya 1 x Red Lady the longest duration. Various
other parameters such as plant height at flowering, petiole length,
plant girth, number of leaves at flowering, fruit characteristics
including length, girth, central cavity size, pulp thickness, total
soluble solids (TSS), as well as fruits per plant, fruit weight, and
fruit yield per plant, exhibited considerable diversity across the
genotypes studied, indicating potential avenues for further
investigation and breeding efforts.

Heritability estimates were categorized into high (above 90
percent), moderate (60 to 90 percent), and low (below 60 percent).
Heritability (h?b) varied from 60.72% to 98.39%, (Table: 2.0) with
high heritability values recorded for plant height at flowering
(98.39%), fruit yield per plant (98.22%), fruit plant-1 (97.94%),
fruit length (95.26%), petiole length (92.08%), central cavity

(92.74%), plant height (93.09%), and fruit weight (89.4%).
Moderate to high heritability was observed for plant girth (89.74%),
flowering initiation (88.22%), and leaves at flowering (84.39%).
However, lower heritability values were noted for pulp thickness
(80.9%) and TSS (°Brix) (60.72%). These findings suggest that
certain traits such as plant height at flowering, fruit yield per
plant, and fruit length are predominantly influenced by genetic
factors, making them potentially suitable targets for breeding
programs aimed at improving yield and quality in papaya. Singh and
Kumar (2010), Cynthia et al. (2000), and Dash et al. (1998) also
reported similar findings. The high estimate of heritability
primarily stems from additive gene effects, suggesting the
potential for significant genetic progress through effective
selection (Panse, 1957).

Notably, traits such as plant height at flowering, fruit yield per
plant, and fruits per plant exhibited high GCV and PCV, with values
of 34.59, 30.71, and 27.38, respectively, indicating substantial
genetic variability. On the other hand, traits like flowering at days
and total soluble solids (TSS) showed low GCV and PCV, with values
of 3.08 and 4.77, respectively. Genetic advance calculations
revealed significant potential for improvement in traits like plant
height at flowering (70.68%), fruit yield per plant (62.69%), and
fruit length (37.83%). Furthermore, correlation analyses at
genotypic and phenotypic levels elucidated associations between
traits, with fruit yield per plant showing significant positive
correlations with fruits per plant (0.8406), plant height (0.612), and
pulp thickness (0.583). These findings, supported by numerical
data, provide valuable insights for selection programs and
breeding efforts in papaya cultivation.

At the genotypic level, the study revealed significant positive
correlations among various traits in papaya cultivation presented
in Table: 3.0. Fruit yield per plant displayed strong associations
with fruits per plant (0.8406), plant height (0.612), pulp thickness
(0.583), days of flowering (0.561), petiole length (0.527), flower
initiation (0.439), fruit weight (0.435), and plant girth (0.197). Fruit
weight exhibited notable correlations with central cavity (0.334),
TSS (0.326), pulp thickness (0.311), and fruit girth (0.258). Fruits per
plant showed significant associations with plant height (0.677),
petiole length (0.634), days at flowering (0.596), flower initiation
(0.529), plant girth (0.205), and plant height at flowering (0.211).
These correlations highlight key trait relationships essential for
papaya breeding programs, offering valuable insights for genetic
improvement strategies.

At the phenotypic level, significant positive correlations were
observed among various traits in papaya cultivation presented in
Table: 4.0. Yield per plant showed strong associations with fruit per
plant (0.840), plant height (0.576), pulp thickness (0.541), and
other traits. Fruit weight correlated significantly with central
cavity (0.328) and pulp thickness (0.303). Fruits per plant displayed
notable correlations with plant height (0.656), petiole length
(0.588), and other attributes. Total soluble solids (TSS) exhibited
significant associations with leaves at flowering (0.1401) and pulp
thickness (0.122). Pulp thickness showed strong correlations with
plant height (0.465) and other traits. Central cavity displayed
significant associations with plant height (0.575) and plant height
at flowering (0.542). Fruit girth correlated notably with plant
height (0.238) and other characteristics. Fruit length exhibited
significant correlations with flower initiation (0.539) and days at
flowering (0.499). Leaves at flowering showed strong associations
with plant height (0.376) and days at flowering (0.203). These
correlations provide insights into trait relationships crucial for
papaya breeding programs.

At the environmental level, notable correlations were observed
among various traits in papaya cultivation presented in Table: 5.0.
Yield per plant showed significant positive associations with fruit
length (0.620), pulp thickness (0.362), and plant girth (0.288). Fruit
weight displayed significant positive correlations with petiole
length (0.544), leaves at flowering (0.371), and flower initiation
(0.280), among others. Fruits per plant exhibited notable
correlations with plant height at flowering (0.470), plant girth
(0.449), and central cavity (0.326). Total soluble solids (TSS) showed
significant associations with leaves at flowering (0.567) and fruit
girth (0.395). The central cavity displayed a significant positive
correlation with plant height (0.774), while fruit girth exhibited
notable correlations with leaves at flowering (0.224) and petiole
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length (0.222). Fruit length showed significant positive associations
with plant girth (0.420) and plant height at flowering (0.358).
Leaves at flowering exhibited notable associations with flower
initiation (0.192), while plant girth displayed significant
correlations with plant height at flowering (0.400). Petiole length
showed significant positive associations with leaves at flowering
(0.404) and initiation of flowering (0.328), indicating complex
interrelationships among environmental factors and papaya traits.
Plant height at flowering exhibited the highest values of PCV, GCV,
and genetic advance associated with high heritability, followed by
fruit per plant and fruit yield per plant. This aligns with the
observations made by Dwivedi et al. (1995), Ghanta and Mondal
(1992), and Alonso et al. (2008), who similarly noted related to
PCV, GCV, genetic advance, and heritability in papaya.
Conversely, negative significant effects were also observed in
certain crosses, highlighting the complexity of heterosis effects.
For instance, crosses like Pusa Nanha x Pusa Delicious showed
reductions in traits like plant height (-36.23 cm) and fruit yield per
plant (-31.60 kg), suggesting the presence of genetic
incompatibilities or unfavorable interactions between parental
lines.

These findings underscore the importance of understanding
heterosis effects for effective hybrid breeding programs in papaya,
allowing for the selection of superior crosses with improved traits
and yield potential.

CONCLUSION

The study evaluated 41 diverse papaya genotypes across 15
characteristics, revealing substantial variation in traits such as
plant height, flowering initiation, flowering duration, and fruit
characteristics. High heritability estimates for traits like plant
height at flowering (98.39%), fruit yield per plant (98.22%), and
fruit length (95.26%) suggest these traits are primarily influenced
by genetic factors, making them suitable targets for breeding
programs. Significant positive correlations among traits, such as
fruit yield per plant with fruits per plant, plant height, and pulp
thickness, provide valuable insights for genetic improvement
strategies. The findings highlight the rich genetic variability in the
genotypes studied, underscoring the potential for effective
selection and hybrid breeding programs to enhance yield and
quality in papaya. Understanding heterosis effects further aids in
identifying superior crosses, paving the way for significant
advancements in papaya cultivation.
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Table 2.0 Variability of parents and hybrids

Charecters Mean Minimum | Maximum | Heritability | GA GA % GCV | PCV | ECV
Mean

Flower initiation days) | 5,593 | 19667 228.00 8822 1433 6.63 343 | 365 | 125
Flowering at days 22620 | 21027 23533 83.74 13.13 580 308 | 336 | 136
Plant height cm) 139.86 90.97 17733 93.09 4273 3055 | 1537 | 1593 | 419
i 1;'1‘)“ height at flowering | 5, g 29,55 122.78 9839 3837 | 7068 | 3459 | 3487 | 443
Leaves at flowering 29.97 23.04 3503 8439 524 17.50 925 | 1006 | 3.98
Plant girth (cm) 3524 30.00 53.00 89.74 855 2425 | 1243 [ 1312 | 420
Petiole length (cm) 40.45 31.00 5033 92.08 10.80 2670 | 1351 | 1407 | 3.96
Fruit length (cm) 2152 14.83 33.67 9526 8.14 3783 | 1882 | 1928 | 420
Fruit girth cm) 38.76 29.83 4350 85.15 718 18.53 975 | 1057 | 4.07
Central cavity cm) 8.04 577 1130 92.74 227 2819 | 1421 | 1476 | 398
Pulp thickness cm) 219 1.79 253 80.90 033 15.04 812 | 903 | 395
TSS (Brix) 12.35 11.40 13.40 60.72 0.74 596 371 | 477 | 299

Fruits/plant 37.52 15.00 5533 97.94 20.94 5582 | 2738 | 2767 | 397
Fruit weight (g) 118569 | 82198 1368.00 89.40 25380 | 2141 1099 | 1162 | 3.78
Fruit yield/plant (kg) 4439 19.18 72.87 9822 27.83 6269 | 3071 | 3099 | 4.14
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