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Abstract

Carica papaya L., a fruit crop of high nutritional and economic importance,
faces significant challenges regarding yield stability, fruit quality and
environmental stress tolerance. This study explored genetic variation,
heritability and trait correlations to support targeted papaya breeding
programs. Through a Line x Tester mating design, 40 F1 hybrids were
developed from 14 parental genotypes, revealing considerable genetic
diversity. High heritability values (87.25% - 99.65%) for key traits confirmed
the strong genetic influence on fruit yield, size and number of fruits per
plant. Notable anticipated genetic advances, particularly for fruit yield
(93.16%), emphasize the prospects for substantial improvement through
selective breeding. Traits such as fruit yield per plant (45.30%), fruit weight
(39.06%) and number of fruits per plant (31.46%) showed the highest
genotypic and phenotypic variability. The study also highlighted the impact
of environmental factors, as phenotypic coefficients of variation exceeded
genotypic coefficients across traits, underlining the need for integrating
ecological adaptability in breeding strategies. These results emphasize the
importance of utilizing genetic diversity to enhance papaya yield and
quality, meeting both domestic and global market demands. By leveraging
the observed genetic potential, breeders can develop improved genotypes
that align with sustainability goals, ensuring higher productivity, better
market returns and enhanced food security in papaya-producing regions.

Keywords
breeding; GCV; genetic; genotypes; heritability; PCV; yield

Introduction

Papaya (Carica papaya L.) is a vital tropical fruit crop with significant global
and economic importance. Originating from Central America, papaya has
become a major contributor to both fresh and processed fruit markets
worldwide. Globally, it holds a prominent position among fruit crops due to
its high nutritional value and economic returns. Globally, the papaya
market is projected to grow at a Compound Annual Growth Rate (CAGR) of
3.6%, adding nearly 2.85 million tons by 2027. The variation in papaya
plants is influenced by both their genetic makeup and the environment they
grow in. However, only the genetic traits can be passed on to the next
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generation. India's diverse papaya cultivars present
opportunities to develop high-yielding varieties through
hybridization. The crop's morphological diversity can be
leveraged for improvement. Genetic variability and
heritability are crucial for effective breeding programs,
enabling the simultaneous enhancement of multiple traits.

This study aims to improve papaya yield and quality
by analysing genetic variability among different traits. As
papaya is a cross-fertilizing crop, it displays a wide
diversity of quantitative traits that help in selecting
appropriate parents for improvement programs (1).

Both their genes and the environments in which
they grow contribute to the variations in papaya plants
that we observe. But the only things that can be passed
down to their progeny are the genetic ones (2). The crop’s
genetic base is quite limited (3-6). Posing a significant risk
to its long-term sustainability. One viable strategy to
increase the number of commercial varieties and hybrids
is to expand the genetic diversity of papaya by utilizing the
existing variability in germplasm banks (7-9) and
developing new hybrids through breeding programs.

It is essential to focus on broadening the genetic
base to produce cultivars that align with the demands of
both domestic and international markets, while also being
more resistant to pests, diseases, and various biotic and
abiotic stresses (10, 11). India’s diverse papaya cultivars
offer an opportunity to develop high-yielding varieties
through  hybridization. Papaya shows significant
morphological diversity, which can be leveraged for crop
improvement. Genetic variability and heritability are
crucial for effective breeding programs, enabling the
simultaneous improvement of multiple traits. This study
aims to enhance papaya yield and quality by analysing
genetic variability among different traits. Fruit yield is a
complex trait that is significantly influenced by a variety of
genetic factors and environmental conditions.

On the other hand, traits related to yield components tend
to have simpler inheritance patterns and are generally less
affected by environmental variations (12). In plant
breeding programs, directly selecting fruit yield alone may
lead to misleading results (13). Line x Tester Analysis (LTA)
is a statistical technique for evaluating genotype
performance in various environments. LTA identifies
stable and adaptable genotypes, understands genotype x
environment interactions and selects superior genotypes
for further breeding or commercialization. Applications of
LTA include crop improvement, breeding program
evaluation, genotype selection, seed production, cultivar
recommendation, genetic research and precision
agriculture. By applying LTA, breeders and researchers can
make informed decisions, leading to improved crop
performance and increased food security.

Materials and Methods

The research study was carried out at the Sardar
Vallabhbhai  Patel University of Agriculture and
Technology's Horticultural Research Centre in Modipuram,

2

Meerut and this research is consistent with current
climatic and weather data for the Meerut region.
Subtropical climate is experienced in Meerut which is
located in Uttar Pradesh, India, characterized by
considerable temperature fluctuations between summer
and winter seasons.

Ten papaya parent lines (Arka Prabhat, AC-119, Dwarf Lily,
Red Indian, Washington, Pant papaya-2, Shantha, Line-21,
CO-8, CO-2) were planted with 3 replicates in a
Randomized Block Design and crossed to 4 testers (CO-7,
Lucknow, Coorg Honeydew, Co-4) in Line x Tester mating
system to develop 40 F1 hybrids in the year 2022-23. In the
next year after developing the hybrids, along with their
parents, were cultivated in a Randomized Block Design
with three replications at HRC (Horticulture Research
Centre), Sardar Vallabhbhai Patel University of Agriculture
and Technology, Meerut.

The seeds of germplasm mention in Table 1 were obtained
from ICAR-IIHR, Bangalore, sown in a nursery and later
transferred to raise beds after 45-50 days of growth. NPK
was applied at recommended doses for the fruit crop and
additional nitrogen was sprayed at various plant stages for
better Growth and improvement of the crop. Frost
protection was provided by irrigation and fumigation
during the winter season. The experiment yielded several
key observations and measurements. During flowering,
parameters such as the number of leaves at flowering,
days to flowering and plant height at flowering were
recorded. At harvest, observations were made on plant
height, stem girth, number of fruits per plant and fruit
yield per plant. Quality characteristics were also assessed
and categorized into physical characteristics, including
fruit weight, fruit length, pulp thickness, fruit girth and
breadth of the central cavity, while chemical quality was
estimated by measuring total soluble solids. The data
mean values were given to a one-way ANOVA. Burton's
performance was used to calculate the genotypic and
phenotypic coefficients of variation (14). Heritability in the
broad sense was estimated by the method of applying
Lush's method and the expected genetic development for
different characteristics under selection was calculated
(15).

Meteorological observations during the crop period

Meteorological data was recorded at the ICAR-Indian
Institute of Farming System Research (IIFSR), located in
Modipuram, Meerut, India, during the research duration.
The weekly minimum and maximum temperatures for the
crop season, according to meteorological data 2022,
ranged from 32.3 °C to 43.0 °C and from 20.1°C to 43.1°C
respectively. Total rainfall received was 109.3 mm, during
the entire crop season, and average relative humidity of
morning and evening was found to vary from 92.3% to
65.9% and the evaporation rate was maximum at 68.7 and
minimum was 0.6 mm. The data was calculated as the
standard meteorological week (SMW) during the
experiment conducted from May 2022 to February 2023
and April 2023 to January 202

Heritability
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Table 1. Characterization of fourteen parent genotypes utilized in breeding programme

Variety Origin Characteristics Yield Special features
co-7(T) Tamil Nadu /i;g/,rilan:jlit:ral Universi- Mediu;re—ssri]zyehdigfrr]usixégfﬁgssrange High yielding Good for frgsrgccgsr;?rt:énption and
:I\rka Prab- Indian Institute of Horticultural Medium-sized fruits, red pulp, 1-2 High yielding Suitable for fresh consumption and

at (L) Research (IIHR), Bangalore kg processing
AC-119 (L) Developed in India Medium to large-sized fruits, Good yield potential Tolerant to some diseases
sweet orange flesh

?L\;larf Lilly Various sources Smarlmlq’eddvivl?r:wf-’;iligésfrfj?;:“ to Moderate yield Suitable forcsmg\l/lagt?orgens and pot
?Le)d Indian USA Medigp;—nsézee;:llgsrﬁ’itss‘;vreeetidish— Good yield Attractivefﬁg;i; ::T?;cralz,ei;litable for
}I:l_ai\shington USA or Latin America Largyegl%(\zvntgoagerg:rgléitffésxveet High yielding Popularin trorr_)eigiacl)ﬁgd subtropical
z._r)cknow India Medium-siazr?gef]rctjei;, sweet or- Good yield potential ~ Known for its sweetness and flavor
g;g;%vl'('%“' Coorg region, India Mi‘a\jgg (tjc;éa;)r%;sr:zgi%fer;i]ts, High yielding Excellent flavor and sweetness
Pant-2 (L) Pantnagar University, India . ]flr:Si;s, deep orange Good yield potential Good for frgsrgccg)sr;?#glption and
Shantha (L) Various sources Medium-sized fruits, sweet flesh Moder;itsktjo good Suitable for fresh markets
Line-21 (L) Developed through selection Medium Esvfgtgﬁ:siﬁw fruits, Good yield potential Tolerant to som:scommon diseas-
co-8(L) Tamil Nadu Q;g/)rilcntzjlit:ral Universi-  Medium-sized {{:;E\S’ deep orange High yielding Suitable for g:eé?ecéc;?nsgumption and
co-2(L) Tamil Nadu %g/)rilcnlzjlit:ral Universi- Medi;lvrclweg; l;r;gr:aéseiﬁii;‘]ruits, High yielding Early m?Fggir]ncgovr?;;en:yﬁtsigirfable for
co-4(T) Tamil Nadu/iirilzlélit;ral Universi- MEdium-Siazr?geflr‘reiE% sweet or- Good yield potential Suitable forgreggeic;?nsgumption and
High heritability values indicate traits largely governed by (Eqn.2)

genetic factors and are less influenced by environmental
conditions. This metric aids breeders in identifying traits
with potential for effective selection in breeding programs.
Heritability (h?) is a key parameter that quantifies the

proportion of total phenotypic variance (o2P) attributable

to genetic variance (02G). It is calculated using the
formula:

2

2 0°G

(Eqn.1)
o°G= Genotypic Variance
o°P= Phenotypic Variance

Genotypic Coefficient of Variation (GCV)

Burton's performance was used to calculate the genotypic
coefficients of variation. GCV measures the extent of
genetic variability relative to the mean of a trait. It
provides insight into the potential of a trait for
improvement through selection. The formula for GCV is:

GOV = [-2%6 <100
Mean

Variation (PCV)

Phenotypic Coefficient of

Burton's performance was used to calculate the
phenotypic coefficients of variation. PCV evaluates the
overall variability in a trait, including both genetic and
environmental influences. The formula is:

PCV = [-ZFx100
Mean

Genetic Advance (% of Mean)

Genetic advance (GA) quantifies the expected
improvement in a trait under selection. Expressed as a
percentage of the mean, it is derived using the formula:

(Eqn.3)

GA=Kxh*x.a2p (Eqn.4)

Here, K is the selection differential, which is usually 2.06 at
5% selection intensity. High GA values indicate traits
predominantly governed by additive genetic effects and
are highly responsive to selection. This metric helps
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breeders prioritize traits with maximum potential for
genetic gain.

Statistical Analysis

The data mean values were subjected to a one-way ANOVA
(Table 2). Burton's performance was used to calculate the
genotypic and phenotypic coefficients of variation. The
expected genetic development for different characteristics
under selection was calculated using the formula.

Results and Discussion
Overall Mean Performance of Parents and Hybrids

The hybrids demonstrate a significant improvement over
the parents in several traits. Notably, the average fruit
weight of hybrids is 1.65 kg, compared to 1.40 kg in the
parents. Additionally, the hybrids exhibit a larger fruit
diameter (40.43 cm) compared to the parents (39.05 cm)
and greater fruit length, with hybrids averaging 20.11 cm
and parents at 18.29 cm. Fruit yield per plant also sees a
substantial increase in hybrids, averaging 33.88 kg,
whereas the parents yield 24.66 kg. The total soluble solids
(T.S.S.) content is marginally higher in hybrids (12.44) than
in parents (12.37). Conversely, the parents show superior
performance in certain traits. The days to flowering are
fewer in parents, averaging 98.76 days, compared to
102.83 days in hybrids. Similarly, plant height at flowering
is slightly greater in parents (87.70 cm) versus hybrids
(88.47 cm). Plant height at harvesting also favours the
parents, with an average height of 161.42 cm compared to
160.31 c¢cm in hybrids. In some traits, the hybrids and
parents exhibit comparable performance (Table 3, 4). This
includes the number of leaves at flowering, stem girth,
pulp thickness and breadth of the central cavity. Overall,
while the hybrids show enhanced fruit traits, the parents
maintain better performance in flowering time and plant
height characteristics.

Heritability

Understanding the relationship between genetic and
phenotypic variance is crucial in quantitative genetics (Fig.
2), as it helps researchers to estimate the heritability of the
trait. The heritability estimates for the 13 traits ranged
from 87.25% to 99.65%, indicating a significant genetic
contribution to the variation in these characteristics. The
highest heritability values were observed for fruit weight
(99.56%), fruit yield per plant (99.65%), and number of

Table 2. ANOVA for parent and hybrids

4

fruits per plant (98.50%), suggesting that genetic factors
play a crucial role in determining these traits. Similarly,
high heritability values were found for plant height at
flowering (97.47%) and harvesting (97.91%), as well as fruit
length (98.64%) and diameter (96.78%) (Table 5) (Fig. 1).
These results indicate that selection for these traits is
likely to be effective and genetic improvement programs
can be successfully implemented to enhance the desired
characteristics.

Genotypic Coefficient of Variation (GCV)

The observed GCV values provide insights into the extent
of genetic diversity present in the (Table 5) (Fig. 4) traits
under study. The high GCV observed for fruit yield per
plant (45.30%), number of fruits per plant (31.46%) and
fruit weight (39.06%) indicates substantial genetic
variability for these traits, which can be effectively
exploited in breeding programs to improve overall
productivity. High GCV values suggest that these traits are
under  significant  genetic  influence,  providing
opportunities for selecting high-performing genotypes
through selection and hybridization strategies.

Moderate GCV values were recorded for traits such as the
number of leaves at flowering (19.72%), plant height at
harvesting (17.12%) and fruit length (23.14%), which also
indicate the presence of considerable genetic variability.
Traits with moderate GCV suggest a mix of genetic and
environmental influences on trait expression. These traits
can still be improved through selection, though with
slightly less efficiency compared to traits with high GCV.

On the other hand, traits like days to flowering (6.53%) and
stem girth (7.98%), which exhibited low GCV values,
suggest limited genetic variability. Low GCV indicates a
stronger environmental influence, making these traits less
responsive to genetic improvement through conventional
selection methods. For such traits, the incorporation of
advanced breeding techniques, such as marker-assisted
selection or genomic selection, may help identify and
utilize underlying genetic factors effectively.

Phenotypic Coefficient of Variation (PCV)

The phenotypic coefficient of variation (PCV) values
reveals the combined influence of genetic and
environmental factors on trait expression. Very high PCV
values were observed for fruit yield per plant (45.38%),
fruit weight (39.15%), and number of fruits per plant
(31.69%), indicating a significant contribution of
environmental factors in addition to genetic variability

Bread

Charac- Days at hPeliagr;ltt l:)eliagr;:t llig;lzg Stem h;gu i:f ‘F’: :I'gt df;:i;- Fruit thlI‘(!E- ::I;:_f T.S.S ;:’:llc:
ters oo fltz\:ge " a::%:‘g- ::st;?r:é floalter- (gr:’rtr:‘) per ht ter l??r%:)h ness tral B.ri:() p'l)aer:t
(cm) (cm) ing plant (kg) (cm) (cm) c:\;l- (k)
Ret'i’f;a' 2 1.35 4.56 16.89 1.04 0.26 1.41 0 1.19 0.14 0 0 0.23 0.84
':;ee?:;- 53 139;03* 440;44* 2283.9** 93.70** 15.;59* 347;53* 1.1;5* 92.31%* 62.*26* 0.43** 2.05%* 2.529* 611*.18*
Error 106 6.46 3.78 16.11 1.5 0.54 1.76 0 1.01 0.29 0.01 0.05 0.11 0.72
Total 161 50.04 147.54 762.66 31.84 5.49 115.58 0.38 31.07 20.68 0.15 0.77 1.06 201.68

**significant at 5% and 1% level respectively.
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Table 3. Mean performance of the parents (2022-2024)

Plant Bread .

Days at height hPel?gr;ltt lI:g;lgi Stem "Lof' Fru'it F."‘it Fruit Pylp E:I;r(:f T.S.S ;r:lﬁ

Parents flower- ot er. athar- at girth  fruit w:tlg de':::' lelr':gt t:::slg tral -(° per
ing ing v?z::'l'?g floivrl‘vger- (mm) pllJaer:t (kg) (cm) (cm) (cm) c:;l- Brix) F;lka;)t

(cm) (cm)
(LINE)

Arka Prabhat 97 80.65 144.77 23 29.5 16.33 0.98 35.49 13.6 3.12 8.2 12.1 9.68
AC-119 85.33 69.45 119.97 26 25.89  59.67 0.74 36.8 15.2 2.81 8.1 11.4 25.76
Dwarf Lily 83 71.02 110.17 19 22.87 31.33 0.72 39.11 14.7 291 7.9 13.2 15.39
Red Indian 95 80.45 134.93 29 29.6 32.67 2.2 40.3 28 3.7 7.3 13.1 37.94
Washington 110.33 90.76 210.1 31.67 29.67  26.33 0.89 32.13 13.1 3.29 6.9 11.4 15.38
Pant Papaya-2 98.33 84.09 186.73 23 2698 21.33 1.29 41.17 17.9 2.56 7.8 11.4 18.43
Shantha 104.67 98.05 174 38 31.2 31 1.5 38.2 24 3.34 8.7 13.2 25.39
Line-21 88.33 69.78 112.97 32.33 25.67 17 2.6 43.2 17.9 3.4 8.5 12.4 25.77
CO-8 103 86.79 154.07 33 331 33.33 1.8 33.83 26.44 2.96 8.3 11.4 33.12
CO-2 107.67 103.04 188.93 28.67 30.3 44.33 2.56 55.2 21.2 3.98 10.1 13.6 57.47
(TESTER) 102 9856  181.07 19 301 2 11 384 173 313 7.6 112 1857
Lucknow 99.33 84.45 155.1 26 25.78 17 0.8 36.79 12.77 3.01 6.4 12.6 8.62
Coorg Honeydew 97 129.12 218.9 37.67 27.9 39.67 1.4 39.63 17.67 2.68 7.85 12.8 28.67
CO-4 111.67 81.56 168.2 24 26.41  41.67 1.03 36.42 16.3 3.04 7.7 13.4 24.99
Mean 98.76 87.7 161.42 27.88 28.21 30.98 1.4 39.05 18.29 3.14 7.95 12.37 24.66
Min 83 69.45 110.17 19 22.87 16.33 0.72 32.13 12.77 2.56 6.4 11.2 8.62
Max 111.67 129.12 218.9 38 331 59.67 2.6 55.2 28 3.98 10.1 13.6 57.47

(Table 5) (Fig. 3). These findings highlight the need for
careful environmental management and multi-location
trials to accurately assess the genetic potential of these
traits.

Moderate PCV values were recorded for traits like the
number of leaves at flowering (20.19%), plant height at
harvesting (17.30%), and fruit diameter (14.00%),
suggesting that these traits are influenced by both genetic
and environmental factors to a moderate extent. Selection
efforts for such traits should consider both environmental

100

and genetic variances to achieve reliable improvements.

In contrast, low PCV values for traits such as stem girth
(8.40%) and days to flowering (6.99%) suggest that these
traits are less influenced by the environment and are
relatively stable across different conditions. However, their
low genotypic variability, as indicated by corresponding
GCV values, implies limited potential for significant
improvement through conventional selection. These
results are also following previous findings (16).

Table 4. Mean performance of the hybrids developed by crossing (2023-2024).
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Fig 1. Estimates of genetic advance as percent of mean and heritability percent.

1. Days at flowering 2. Plant height at flowering (cm) 3. Plant height at harvesting (cm) 4. No. of leaves at flowering 5. Stem girth (mm) 6. No. of fruit per
plant 7. Fruit weight (kg) 8. Fruit diameter (cm) 9. Fruit length (cm) 10. Pulp thickness (cm) 11. Breadth of central cavity (cm) 12. T.S.S.13. Fruit yield per

plant (kg)
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Plant . No. Of . - . Breadth F!ruit
Days at height at Plant height No.Of Stem fr|:|it Fruit Fruitdi- Fruit Pulp thick- of cen- yield
Fi-Hybrids  flower- floﬁerin g atharvest- leavesat girth per weight ameter length n egs (cm) tral cavi- T.S.S. per
ing (cm) ing (cm) flowering (mm) plant (kg) (cm) (cm) ty (cm) p(lkagn)t
Arka Eg‘_g’hat ¥ 10333 83.87 144.7 24 2992 19 119  37.82  17.96 3.29 8.32 112 15.65
Arka Prabhatx g3 80.12 139.67 25 2575 1833 096 3639 1315  3.12 823 1243 15.89
Arka Prabhat x
CoorgHoneydew 101 110.32 157.63 3133 275 4167 153 3723 1661 3.11 821 1298 3343
Arka Eg‘_ghat * 107 79.44 1418 27 2641 41 11 3538 1537  3.16 798 1134  27.09
AC-119xCO-7 10233  79.45 126.97 22 275 5167 0.89 3759  17.87 3.19 8.56 111 28.88
Ac'llr?o’;,LUCk' 9467  76.89 143.93 30 265 5267 078 3655 1544 293 849 1324 2578
AC-119 x Coorg
Honeydew 98 89.45 139 21 2779 59.67 144 3961 1824 2.91 842  13.89 4854
AC-119xCO-4 96 73.65 128.81 27 265 50 111 3666 1621 3.08 812 1132 3177
DwarfLilyxCO-7 98 91.43 135.9 16.67 2725 28 112 3887 1811 3.1 7.63 126  20.33
Dwarf h‘g’; Luck- o7 74.35 1238 2267 2369 3233 076 3792 1452 2.9 798 1243 1856
Dwarf Lily x
Coorg Honeydew  95-33 94.34 154.97 36.67 254 33 121 3955 1821 2.98 753 1145 27.54
DwarfLily x CO-4  95.67 76.9 115.93 28 2223 41 0.82 391 1597 3.09 7.97 126 20.98
Red Indianx CO-7 103.33  90.43 158.77 35 295 2867 232 3887  27.93 3.89 749 1249  36.47
Red Indian x
Lok 98 78.57 141.97 25 2792 34 223 389 2775 3.79 712 1298 4234
Red Indian x
Coorg Honeydew 10167 11265 161.63 31 28.88 4233 219 4024  29.12 3.76 761 1167 50.34
Red Indian x Co-4 112 78.45 158.63 22 2628 3633 233 4021  27.67 3.85 7.86 1143 4865
WaSh'”g;O” *CO- 11167 9847 190.8 32 3062 26 117 3488  16.35 3.43 6.89 1254 18.66
Wﬁy?ﬁéw * 11067 85.37 163.5 2667 3158 20 0.8 37.23 13.1 3.21 6.5 1343 1254
Washington x
Coorg Honeydew 108 97.53 209.63 4033 305 39 14 36.89  18.27 3.22 6.8 1299 2854
WaSh'”gflO” *CO- 11467 8867 181.77 27 29.81 3367 113 3542 1544 3.36 7.89  11.67 24.93
Pant Pca})p_?ya‘z X 10367  89.44 181.57 30 2877 2233 124 4312 17.87 2.67 7.87 12 1544
Pa"fup Cak%ag’\fl‘z X 99.67 83.45 151.53 28 282 2233 1.23 4159  17.84 2.1 7.5 1456  16.76
Pant Papaya-2 x
Coorg Honeydew 105 89.59 191.6 19 2832 & 1.58  39.94  18.38 3.23 7.9 12.13  39.43
Pant Pca})p_jya‘z ¥ 10867  86.45 180.6 2733 2813 32 124 4352 1923 2.85 7.88 1298 23.12
ShanthaxCO-7 100.67  96.55 17433 26 2823 27 17 3823 24.21 3.54 8.51 13 2632
Sha“tgi\; Luck- g9 90.68 156.7 32 2972 31 16 37.93  24.92 3.32 849 1592 2843
Shantha x Coorg
Honeydew © 10367  107.89 188.83 31 31.02 3667 17 3897  24.79 3.52 893 1224 3612
ShanthaxCO-4 106.67  87.24 1435 32 2492 4167 17 37.88  23.67 3.56 879  11.56 37.88
Line21xCO-7 96 85.34 1416 22 2922 20 259 425 1873 3.58 8.55 131 2812
L'"e‘znlojv"”‘:k' 9633 7622 138.7 2767 2685 1933 261 4422 1887  3.47 853 1254 30.54
Line-21 x Coorg
Honeydew 96.33 82.88 146.77 3533 2468 4367 231 4429 1868 3.49 848 1141 6212
Line-21xCO-4  97.67 72.54 148.53 29 2623 2733 259 4452 1856 3.62 856 1231 41.32
CO-8xCO-7 108 88 181 2533 2792 35 194 3961 2266 3.1 8.67 123 37.09
CO-8xLucknow 103.67  78.41 134.67 35 3052 3333 192 3489  26.79 2.94 837 1322 36.66
CO-8 x Coorg
Honeydew 105 91.11 164.8 3433 3124 37 159 3623  26.82 2.96 832 1122 3443
CO-8xCO-4  109.67  84.79 161.83 31 3023 37 197 3423 2461 3.27 862  11.11 39.44
CO-2xCO-7 10667  92.56 188.97 20 27.65 4367 253 5522  19.75 3.87 1041 125  60.65
CO-2xLucknow 106 96.9 195.77 34.67 2759 43.67 253 5378  22.22 3.82 10.14 1145 6132
CO-2 x Coorg
Honeydew: 10833 114.33 223.6 36 29.85 4333 262 5587  21.94 3.82 10.16 1443  63.12
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CO-2xCO-4 11133 10422  197.77 2 2032 4267 218 5519 2058  3.03 1015 1165 60.02
Mean 102.83  88.47 160.31 28.2 28 3523 1.65 4043 20.11  3.28 8.26  12.44 33.88
Min 93 72.54 115.93 1667 2223 1833 076 3423  13.1 2.1 6.5 111 1254
Max 11467 11433 2236 4033 3158 50.67 262 5587 2912  3.89 1041 1592 63.12
Mean 101.78  88.27 160.6 28.12 28.06 34.13 158  40.07 19.64  3.24 8.18  12.42 31.49
Min 83 69.45 110.17 1667 2223 1633 072 3213 1277 2.1 64 111 862
Max 11467 12912 2236 4033 331 50.67 262 5587 2912  3.98 1041 1592 63.12
SE(d) 2.08 1.59 3.28 1 06 108 003 08 044 0.07 018 028  0.69
c.D. 412 3.15 6.51 1.98 12 215 007 163 087 0.14 035 055  1.38
cv 2.5 22 2.5 435 263 38 261 251 272 2.67 264 271 2.69
Table 5. Genetic variability among different traits
" 0,
Character Mean Min. Max :(raig:;e Var(i;)n ce Heritability (%) GA ?nll\f.{: ?02‘)’ PCV (%)
Days at flowering 0178 83 M a9 50.65 87.25 1279 1257 653 6.99
Plant heig:‘ct 2 flowering  g557  go4s 121 14555 14034 97.47 2454 278 1367 13.84
Plant heig*}‘(::lt)ha"’e“i“g 1606 MO0 236 75593 772.04 97.91 56.04 349 1712 17.3
No. of leaves at flowering 28.12 16.67 40.33 30.73 32.23 95.36 11.15 39.66 19.72 20.19
Stem girth (mm) 2806 2223 331  5.02 5.56 90.22 438 1562  7.98 8.4
No. of fruit per plant 3413 1633 59.67 11526  117.02 98.5 2195 6431 3146 31.69
Fruit weight (kg) 158 072 262 038 0.38 99.56 127 8029  39.06 39.15
Fruit diameter (cm) 4007 3213 5587  30.43 31.45 96.78 1118 279 13.77 14
Fruit length (cm) 1964 1277 2912 20.66 20.94 98.64 93 4735 2314 233
Pulp thickness (cm) 324 21 398 0.4 0.15 95 0.76 2335 1163 11.93
Breadth °‘;§;’;t"a' cavity 818 64 1041  0.73 0.78 94.03 171 2091  10.47 10.79
T.S.S. 1242 111 1592 096 1.07 89.42 191 1537  7.89 8.34
Fruityield perplant (kg) 3149 862 63.12  203.49 204.2 99.65 2033 9316 453 45.38

Table 6. Promising line and tester genotypes based on their performance

Trait Promising lines

Promising testers

Key observations

Days to flowering AC-119, Dwarf Lily, Line-21

Plant height Shantha, Co-2
Number of leaves Washington, Shantha, Co-8
Stem girth Washington, Co-8

Number of fruits per plant

Fruit weight

Fruit diameter

Pulp thickness

TSS (sweetness)

Fruit yield per plant

AC-119, Co-2
Red Indian, Co-8, Line-21
Line-21, Co-2
Red Indian, Shantha, Line-
21
Washington, Shantha, Co-8

Red Indian, Co-2, Line-21

Lucknow

Coorg Honeydew

Coorg Honeydew

Coorg Honeydew, Co-7

Coorg Honeydew

Coorg Honeydew

Coorg Honeydew

Co-7

Lucknow

Coorg Honeydew

Early flowering was promoted by AC-119;
delayed flowering was observed in Washing-
ton and Co-2.

Increased height linked to Shantha and Co-2;
shorter plants promoted by AC-119.

Positive GCA effects for higher leaf count;
reduced leaves in Arka Prabhat.

Thicker stems were observed in Washington
and Co-8; thinner stems in Arka Prabhat.

More fruits were promoted by AC-119 and Co-
2; reduced fruits in Washington and Line-21.

Heavier fruits in Red Indian and Line-21; light-
er fruits in AC-119 and Dwarf Lily.

Larger fruit diameter linked to Line-21; small-
er fruits in Arka Prabhat.

Thicker pulp was observed in Shantha; thin-
ner pulp in Arka Prabhat and AC-119.

Higher TSS content promoted by Washington;
reduced TSS in Arka Prabhat.

Increased yield in Red Indian and Co-2; re-
duced yield in Dwarf Lily and Co-7.
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Fig 2. Estimates of phenotypic variance and genotypic variance.

1. Days at flowering 2. Plant height at flowering (cm) 3. Plant height at harvesting (cm) 4. No. of leaves at flowering 5. Stem girth (mm) 6. No. of fruit
per plant 7. Fruit weight (kg) 8. Fruit diameter (cm) 9. Fruit length (cm) 10. Pulp thickness (cm) 11. Breadth of central cavity (cm) 12. T.S.S.13. Fruit yield
per plant (kg)

PCWV(%)
50 — S50
as _- asan B as
40 — aggas — 40
35 = 35
E 3ILB9 B
30 - - 30
25 F— -— 25
20 ] - - =0
4 1 | 45
15 A 1 i . 5 -
1 a — 10
16 ] WA I
4 g \\___, - 5
5 s
T T T T T T o
o 2 “1 =] = 10 12 14

Charaters
Fig. 3. Estimates of the phenotypic coefficient of variation.
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Fig. 4. Estimates of genotypic coefficient of variation.
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Genetic Advance (as% of mean)

The genetic advance (GA) as a percentage of the mean
provides a measure of the expected improvement in a trait
under selection, highlighting its potential for genetic gain.
High genetic advance values were observed for fruit yield
per plant (93.16%), fruit weight (80.29%) and number of
fruits per plant (64.31%), indicating that these traits are
governed by additive genetic effects and are highly
responsive to selection (Table 5) (Fig. 1). The substantial
genetic gain expected for these economically important
traits suggests that they can be effectively improved
through breeding programs.

Moderate genetic advance values, ranging between 20%
and 30%, were recorded for traits such as breadth of the
central cavity (20.91%) and pulp thickness (23.35%),
suggesting a moderate scope for genetic improvement.
While these traits exhibit sufficient genetic variability, their
response to selection might be influenced by both genetic
and environmental factors. These traits can still contribute
to overall crop improvement, particularly when combined
with high-yielding genotypes.

Traits with low genetic advance, such as Total Soluble
Solids (15.37%) and days to flowering (12.57%), exhibited
limited potential for improvement through direct
selection. These low values may result from a higher
influence of non-additive gene action or environmental
factors, requiring alternative approaches such as
hybridization or marker-assisted selection to enhance
these traits.

Conclusion

The study establishes significant potential for genetic
improvement in papaya through selective breeding,
emphasizing the variations observed in traits like fruit
yield per plant, fruit weight and the number of fruits per
plant. High Genotypic Coefficients of Variation (GCV)
highlight substantial genetic diversity, while consistently
higher Phenotypic Coefficients of Variation (PCV) underline
the impact of environmental factors, reinforcing the need
to combine genetic and phenotypic data in breeding
programs.

Key findings reveal high heritability (87.25-99.65%) and
moderate to high genetic advance (15.37-93.16%),
underscoring the efficacy of selection for most traits. The
traits identified for targeted improvement include fruit
yield per plant, fruit weight and the number of fruits per
plant due to their optimal combination of high heritability
and genetic advance.

Based on the performance of parent genotype suggested
that AC-119 is best for early flowering and Co-2 and
Shantha for taller plants. Washington, Shantha and Co-8
enhanced leaf count, while Washington and Co-8
improved stem girth. AC-119 and Co-2 increased fruit
count and Red Indian and Line-21 produced heavier fruits
with larger diameters. Shantha improved pulp thickness
and Washington enhanced TSS. Red Indian and Co-2 were
superior for fruit yield, making these lines and testers ideal

for breeding high-yielding, quality papaya varieties (Table
6). These insights can guide breeding programs to focus on
developing sustainable, high yielding and quality papaya
varieties for both fresh consumption and processing,
particularly in subtropical regions. By incorporating
genetic variability and environmental factors, breeders
can enhance crop performance to meet the demands of
industrial markets, contributing to global food security
and agricultural sustainability.
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